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Abstract

For a long while, the scope of scientific testing of bronze artefacts was limited, with studies focused primarily on
the composition, the ratio of alloying agents and impurities, and the presence of trace elements in
archaeological objects. From the 1960s, as the technique of spectral (Optical Emission Spectroscopy) analysis
became widely available, tens of thousands of objects were sampled (Schubert & Schubert 1963, 1967), but
metallographic analyses and the investigations concerning the microstructure were only carried out in a few
cases (Szegedy 1954; 1957; Mozsolics & Hegediis 1963). Despite this, by the direct application of
measurements, serious historical and archaeological conclusions were drawn, in relation to raw material
sources and metallurgical centres for Bronze Age Europe. As the metallographic thin-sections prepared from
prehistoric bronze objects demonstrate, the majority of archaeological bronze artifacts are heterogenous in
structure, or even inhomogenous. For this reason, the outcomes of scientific tests must be carried out with the
understanding of microstructure in order to interpret the measurements within safe limits. Only scientifically
accurate data can be used to draw archaeological-historical conclusions.

Kivonat

A bronztargyak vizsgalata soran a kutatds hosszu ideig csak a régészeti targyak anyaganak Osszetételére, az
0tvoz6 és szennyezoanyagok aranydra, a kiilonbézé nyomelemek jelenletére volt kivancsi. Az 1960-as évektol
széles korben elérhetd spektrumanalizis (optikai emisszios spektrometria) elvégzéséhez targyak tizezreibol vettek
mintat, de ehhez képest csak elenyészo esetben készitettek csiszolatokat, vizsgaltik meg az anyagosszetétel
mellett a szévetszerkezetet is. Ennek ellenére jellemzoen a mérési eredmények kozvetlen atvételével jelentos,
torténeti-régészeti szempontu kovetkeztetéseket vontak le pl. az eurdpai bronzkori nyersanyagleléhelyekkel,
kohdszati kézpontokkal kapcsolatban. Az ujabban vizsgalt bronztargyak csiszolati képebdl lathato, a régészeti
bronztdargyak tobbségének szerkezete heterogén, sot gyvakran inhomogeén is. Ezért a miiszeres mérések adatait
alapvetéen a szdvetszerkezet ismeretében lehet biztonsdaggal értelmezni, és a hitelesen vizsgalt és értékelt
adatokbol lehet valos régészeti-torténeti kivetkeztetéseket levonni.
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The first decades of metal analysis

For a long while, the scope of scientific testing of
bronze artefacts was limited, with studies focused
primarily on the composition, the ratio of alloying
agents and impurities, and the presence of trace
elements in archaeological objects. From the 1960s,
as the technique of spectral analysis became widely
available, tens of thousands of objects were
sampled (Schubert & Schubert 1963, 1967), but
metallographic analyses and the investigations
concerning the microstructure were only carried out
in a few cases (Szegedy 1954; 1957; Mozsolics &
Hegedtis 1963). Despite this, by the direct
application of measurements, serious historical and
archaeological conclusions were drawn, in relation
to raw material sources and metallurgical centres
for Bronze Age Europe.

By 1990s, a new situation began to emerge: the
latest generation of instruments and techniques
became available in Hungary too, such as the X-ray
emission spectroscopy (Kolt6 & Kis Varga 1992)
or the neutron activation and laser micro-spectral

analysis (Bakos & Borszéki 1989). Some of these
tests detected unusually high levels of alloys in
archaeological materials for which it was
impossible to provide a metallographic explanation
(Kolt6 1996; Cseh 1997) (Fig. 1.).

Today we are aware that the problem stemmed
from the fact that these artefacts were considered as
homogenous entities, and that the surface
measurements (which were only concerned with a
particular surface area) were extended to the object
as a whole. The characteristics of bronze objects,
including the grain size, can be altered significantly
not only by changing the ratio of alloys, but by
cooling, cold or hot working (Kienlin 2010; Szabo
2013). These altered characteristics can then have
an effect on the object’s microstructure along with
the metal surface and corrosion processes (Szabo
1998, 2001, 2010; Kienlin 2010). Therefore it is
easy to see, how the increasingly modern scientific
techniques — which require very small sample sizes
— can produce results which can be misinterpreted,
especially in the case of non-homogenous metal
alloys with different compositional phases.

Fig. 1.:
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Recent examinations: developing
laboratory environment and increasing
collaboration

In 1996, for the first time in Hungarian research,
the composition and microstructure of metal
artefacts were examined consistently and
simultaneaously on pieces of a bronze depot in the
laboratory at the University of Bradford. The
original objective of the examination was to
understand the relationship between the raw
material composition of bronze objects and their
use. However, it soon became clear that the
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s vizsgalatok alapjan (Szabo
2010, 1. dbra nyoman)

BWet analysis

measurements published during last decades were
not suitable for this enquiry. At the same time, the
results of current scientific tests (targeting the
microstructure of objects) drew attention to the
association between the sampling, the method of
analysis and testing instruments, and the production
and use of the artefacts, as well as the corrosion
processes the object was exposed to (Szabo 1998;
1999; 2001). At this time, these associations only
existed on the level of recognition, and no less than
two decades had to pass in order to establish the
theoretical grounds for these correlations; a process
that is still continuing today.
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Table 1.: Research facilities and relevant technologies available for the archacometrical testing of artefacts in

Hungary (listed by scientific technique)

1. tablazat: Régészeti kori fémtargyak archacometriai vizsgalatanak legfontosabb lehetdségei és helyszinei

Magyarorszagon (mddszerek szerint)
Method
microstructure analysis (thin section)

SEM-EDS, SEM-EDX (scanning electron microscopy
- energy-dispersive X-ray spectroscopy)

EMPA/EPMA (electron microprobe analysis)

microstructure analysis (thin sections, polished blocks
embedded in Duracryl resin), optical emission
spectrometer

NR (neutronradiography, 2D)

NT (neutrontomography, 3D)

PGAA (prompt-gamma activation analysis)

PGALI (prompt-gamma activation imaging)
TOF-ND (Time-of-flight neutrondiffraction, 2D)
PIGE (proton-induced gamma emission analysis)

PIXE (proton-induced X-ray emission analysis)

micro-PIXE emission

micronalysis)

(proton-induced ~ X-ray

ED-XRF (energy dispersive XRF analysis)

p-XRF (portable X-ray fluorescence analysis)

XRD, micro-XRD

FTIR (Fourier-transform infrared spectroscopy)

UV-VIS (ultraviolet—visible) spectrometry

secondary neutral mass spectrometry (SNMS)

Institution
University of Miskolc, University of Debrecen

University of Miskolc, University of Debrecen

University of Debrecen,Institute for Geological and
Geochemical Research, Research Centre for
Astronomy and Earth Sciences (HAS)

Centre for Energy Research (HAS);Research Centre
for Natural Sciences (HAS);

Institute for Geological and Geochemical Research,
Research Centre for Astronomy and Earth Sciences
(HAS)

Centre for Energy Research, Hungarian Avademy of
Sciences (HAS)

Centre for Energy Research (HAS)

Centre for Energy Research (HAS)

Centre for Energy Research (HAS)

Wigner Research Centre for Physics (HAS)
Institute for Nuclear Research (HAS)

Institute for Nuclear Research (HAS)

Institute for Nuclear Research (HAS)
Budapest University of Technology and Economics

Institute ~ for  Geological and  Geochemical
Research,Research Centre for Astronomy and Earth
Sciences (HAS)

Centre for Energy Research (HAS)

Budapest University of Technology and Economics

Institute  for  Geological and  Geochemical
Research,Research Centre for Astronomy and Earth
Sciences (HAS)

Institute for Nuclear Research, Laboratory of Ion Beam
Physics (HAS)

Institute for Geological and Geochemical Research,
Research Centre for Astronomy and Earth Sciences
(HAS)

Institute for Nuclear Research, Laboratory of Ion Beam
Physics (HAS)

University of Debrecen, Institute of Physics
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Table 2.: Research facilities and relevant technologies available for the archacometrical testing of archaeological

artefacts in Hungary (listed by institution)

2. tablazat: Régészeti korti fémtargyak archacometriai vizsgalatinak legfontosabb lehet6ségei és helyszinei

Magyarorszagon (intézmények szerint)

Location Institution Method Research fellow
Budapest Budapesti  Neutron Centre = PGAA, PGAI, Zsolt Kasztovszky,
(BNC)= NR, NT, Zoltan Kis,
EHegtg for Energy Research p-XRF Boglarka Maréti,
Laszlo Szentmikldsi,
Ildik6 Harsanyi,
Veronika Szilagyi
Wigner Research Centre for ) ‘
Physics (HAS) TOF-ND Gyorgy Kali
Budapest Institute of Materials and p-XRF Zoltan May
Environmental Chemistry,
Research Centre for Natural
Sciences (HAS)
Budapest Budapest University of = ED-XRF Ivan Gresits
Technology and Economics
Budapest Institute for Geological and p-XRF BernadettBajnoczi
Geochemical Research, ' pnipa/EPMA, Viktoria Mozgai
Research Centre for . .
Astronomy and Earth Sciences XRD, micro-XRD Maria Toth
(HAS) FTIR
Miskolc University of Miskole, XRD, Péter Barkoczy,
Material Science Institute SEM-EDX Arpad Kovacs
microstructure analysis (thin
section)
Debrecen Institute for Nuclear Research,  Vacuum & In-air PIXE, Zsoéfia Kertész, Laszlo
Laboratory of Ion Beam micro-PIXE), PIGE, XRF, Csedreki, Zita Szikszai, Zsofia
Physics (HAS) FTIR, UV-VIS spectrometry = Torok, Imre Uzonyi
Debrecen University  of  Debrecen, SEM-EDS Szilvia Gyongyosi

Institute of Physics

misrostructure analysis,

optical microscopy

SNMS

However, since the outcomes of the Bradford
examinations were made public, archaeological
considerations have been taken into account —
instead of the pure application of the results — not
only during the interpretation of measurements but
already at the stages of sampling, and during the
planning of scientific testing. In this regard, since
the early 2000s, a major step forward was the
establishment of the modern laboratory
environment with professional staff and cutting-
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edge technology, where expert consultation taking
place between scientists of different fields became
the norm (Table 1-2.).

At the beginning, the scientific testing of metal
artefacts in laboratories were generally carried out
within the framework of particular projects
targeting a single object or were brought about
through the personal arrangements between
individual scientists. However, there has been
increasing collaboration between archaeologists and
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natural scientists including the detailed overview
and  discussion of measurements.  Such
collaborations included the metallographic and
metallurgical testing of a Copper Age hammer axe,
a pair of Bronze Age arm ornaments from
Borsodgeszt and a disc-butted axe from Szendrélad
led by Klara P. Fischl, Péter Barkoczy and Arpad
Kovacs. The microstructure of the samples were
examined by optical microscopy, while their
average and local composition was tested by
scanning electron microscopy with energy
dispersive X-ray spectroscopy (SEM-EDX) in the
LISA laboratories at the University of Miskolc,
where besides the composition of objects, experts
were able to shed more light on their production
technologies as well (Barkoczy et al. 2011; Torok
et al. 2013).

The bronze hoards of Hajdisamson and Téglas
were tested by using the technique of proton-
induced X-ray emission (PIXE) in the laboratories
of Atomki at Debrecen, Hungarian Academy of
Sciences (HAS). The examinations took place in
the MTA Atomki laboratory in Debrecen conducted
by Janos Dani, Zsofia Torok, Laszlo Csedreki,
Zsofia Kertész and Zita Szikszai. The tests were to
map the main components and trace elements,
arsenic (As), antimony (Sb), silver (Ag), nickel
(Ni), iron (Fe), gold (Au), zink (Zn), manganese
(Mn), chromium (Cr) and mercury (Hg, all in ppm)
of tin bronzes which could provide clues for
identifying differences of raw material and
production centres (Dani et al. 2013; Torok et al.
2015).

The testing of the hoard from Zalaszabar was also
carried out in the LISA laboratories in collaboration
with Viktoria Kiss. Following the successful
collaboration, the scope of the project broadened,
and came to include the metallurgy of the
Transdanubian Encrusted Pottery culture as a whole
involving a series of sites and experts (Kiss et al.
2013). These newly established and successful
protocols between archaeologists (particularly
Bronze Age scholars) and natural scientists came to
serve as benchmarks and led the way for Hungarian
research, making it possible to extend the testing
and evaluation even further by studying a diverse
range of objects.

Further tests were carried out on a number of
unique bronze artefacts in the Budapest Neutron
Center (BNC) in order to determine production
locales and the processes of crafting. The
examinations included non-invasive 2D neutron
radiography (NR), 3D neutron tomography (ND),
while prompt-gamma activation analysis (PGAA)
was conducted for the identification of raw
materials. The changes induced to the
microstructure of bronze objects during the
production processes were clearly shown (even
without the preparation of micrographs) by time-of-
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flight neutron diffractometer (TOF-ND)
measurements (Kiss et al. 2015). The establishment
and dynamic operation of the Lendiilet/Momentum
Mobility Research Group within the Institute of
Archaeology of the Research Centre for the
Humanities (HAS) marked a turning point in
interdisciplinary ~ collaborations  (Kiss 2016).
Provided its institutional background, social
network and financial support, the Research Group
was able to maximize its involvement in cutting-
edge laboratory projects but was also able to recruit
expert scholars from the fields of archaeology and
natural sciences. The Group’s primary objective is
to interpret archaeological contradictions by the
development of a range of theoretical frameworks,
particularly to better understand phenomena that
had previously been observed but were considered
as exceptions to the norm. The first outcomes of
this research have now been recognized
internationally as well (Kulcsar et al. 2015). At the
same time, the opportunity rose for the artefacts to
be analysed in laboratories both in Hungary and
abroad, making it possible to compare
measurements taken in  different research
environments. Here we would like to present the
flanged axe from Zalaszabar; an example through
which the scientific methodologies, results and the
issues around direct interpretation and the potential
historical consequences will be illustrated. The
Zalaszabar flanged axe was tested in the BNC in
Budapest and in the Curt-Engelhorn-Centre for
Archaeometry (CEZA) in Mannheim.

Results and questions: possible
interpretations of metal analyses

The provenance of raw materials and the recycling
of objects are among the pivotal questions of
current  prehistoric  metallurgical  enquiries
(Radivojevi¢ et al 2018). The main impurities and
alloys detected in the composition of bronze objects
(e.g. silver, arsenic, antimony, nickel and tin), as
already mentioned, are generally regarded by
current research as indeces for classification and
links to mining areas. A series of examinations
carried out in the 1960s and 70s (Studien zu den
Anfingen der Metallurgie, the so-called SAM
project of Stuttgart) described 29 metal types
(Fig. 2; cf. Junghans et al. 1968, Diagram 1.
Stuttgarter Stammbaum) which were later re-
grouped by Ernst Pernicka and Riidiger Krause by
using cluster-analysis (Fig. 2.; Krause 2003, Abb.
39; Kiss 2009a). The CEZA Ilaboratory in
Mannheim, led by Ernst Pernicka, is one of the
leading centres of European research, focused on
locating prehistoric mining areas by the application
of composition analyses and lead-isotope
measurements of metal artefacts. More recently the
centre began testing for tin isotopes as well, in
order to identify prehistoric tin sources.
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Cluster Copper type
no.
1 Classic ‘Osenringkupfer’
2 Purest copper
3 With occasional traces of Ag
4 Eastern alpine copper
5
6
7 Copper with traces of Sb and Ag
8 Singen copper
9
10 Similar to ‘Osenringkupfer’
11
12 Fahlore copper without Ag
13
14 Possibly pure copper
15
16
17 Arsenic copper with Ni, Bi
18
19 White metal
20
21
22 Unalloyed copper with Ag
23 Copper, low Sb and Ag content
24
25
27
28 Copper, Sb and Ag high
30
31
32

No. of
analyses
3804

3329

2740
6505

774

1275
522
2882
32
2929

375
42
68

82

42
2
284
10
16

110
26

393
[=)

Wk 9w

4

Trace elements (main
elements printed bold)
As, Sh, Ag, (Bi), no Ni

no measurable
elements

As, no Sb, Ni, Bi
As, Ni, Sb, no Bi

trace

As, Ni, no Sb, Ag, Bi

Sb, As, Ag, no Ni, Bi
Sb, Ag, no As, Ni, Bi
As, Sb, Ni, Ag

Sb, Ni, no As, Bi

As, Sb, Ni, Ag, no Bi

Sb, Ag, Ni, no As, Bi

As, Sb, no Ag

As, Bi, scarcely Ni, no As,
low Sb

Ni, Ag, scarcely Sb, no
As, Bi

As, Sb, Ni, Bi

As, Ni, Sb, scarcely Bi

As, Ni, Ag, Bi, no Sb

As, Bi, scarcely Ag, no

Sb, Ni
Ag, As, Ni, scarcely Sb,

Class

Fahlore copper without Ni
(Ila)
Pure copper (I1Ia)

Arsenic copper (Va)
Fahlore copper with Ni
(Ib)

Pure copper, law As and
Ni contect (I1Ib)

Arsenic copper (Vb)
Antimony copper (IVa)
Fahlore copper with Ni (Ia)
Antimony copper (IVc)
Fahlore copper without Ni
(IIb)

Antimony copper (IVb)
Arsenic copper (Vc)

Pure copper (Illc)

Pure copper (111d)

Pure(st) copper (?)

Pure copper (?)

Fahlore copper with Ni (Ic)
°

Fahlore copper with Ni
(Id)

Arsenic copper (Vd)
Arsenic copper (Ve)

Fahlore copper with Ni (Ie)

Bi

Sb, Ni, no As, Ag, Bi Antimony copper (IVd)
?

?

?

Sb, Ag, Ni, Bi Antimony copper (IVe)
?

?

?

Fig. 2.: Dendrogram showing the key copper types produced by the cluster analysis of the SAM project
Stammbaum, based on their occurrance and composition (after Krause 2003, Abb. 39)

2. abra: A stuttgarti torzsfa klaszteranalizissel csoportositott f6 réztipusai gyakorisaguk ¢€s elemdosszetételiik

alapjan (Krause 2003, Abb. 39 nyoman)

However, there are still several issues to overcome
as tin sources show large geographical overlaps
making  the  archaeological interpretation
problematic (Nessel et al. 2015, Fig. 5; Briigmann
et al. 2017, Abb. 1; Radivojevi¢ et al 2018).
Similarly to the cluster anaysis of copper groups of
the SAM project data (based on the presence or
absence of impurities) the University of Oxford’s
FLAME metallurgy project established 16 metal
categories (Fig. 3.; Bray et al. 2015, Fig. 1).

The series of tests carried out in Stuttgart on tens of
thousand samples already indicated a paradigm-
shift in the use of raw materials that had taken place
during the 2™ Millennium BC (Schubert &
Schubert 1967). In the broader region of Central
Europe the artefacts dating to Early Bronze Age
(between 2000/1900 and 1600 BC) can be
classified into several groups: among these are the
pure copper, arsenic copper, and the so-called
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Osenring copper objects (Fig. 2., Cluster No. 1-3,
after Krause 2003) occur in the highest numbers.
The latter (Osenring copper) was coined after neck
rings whose characteristic copper raw material
contained high levels of silver, arsenic and
antimony, while in the period after 1600 BC, the
widespread usage of a copper type rich in arsenic
and nickel, the so-called eastern Alpine copper
type, is detecteed (Fig. 2, Cluster No. 4). Recent
lead-isotope analyses aiming to refine the
provenance of copper ore originate the raw material
of Osenring copper objects from the region of
Slovakia, while the eastern Alpine type copper is
suggested to be derived from the mines of
Mitterberg (Salzburg region, Austria) (Radivojevic¢
et al. 2018, Fig. 7). However, it has to be noted
here, that a technological change has also been
considered among the explanations for this
paradigm-shift (Melheim et al. 2018).
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Copper Category |Copper with... | As|Sb|[Ag]| Ni Fig. 3.:
1 None AW A The 16 ‘copper groups’ as defined by
2 As YES| no | no | no the presence/absence of four trace
3 Sb no |YES| no | no elements (presence is usually taken as
4 Ag no | no |YES| no greater than 0.1%; after Bray et al.
5 Ni no | no | no |YES 2015, Fig. 1)
6 As+Sb YES|YES| no | no oo
7 Sb+Ag no | YES|YES| no 3. dbra:
8 Ag+Ni no | no |YES|YES Négy nyomelem megléte/hianya
9 As+Ag YES| no |YES| no alapjan meghatarozott 16 cluster
10 Sb+Ni no [YES| no |YES csoport (altalaban 0,1% folott
11 As+Ni YES| no | no |YES kimutathaté nyomelemek; Bray et al.
12 As+Sb+Ag YES|YES|YES| no 2015, Fig. 1. nyoman)
13 Sb+Ag+Ni no |YES|YES|YES
14 As+Sb+Ni YES|YES| no |YES
15 As+Ag+Ni YES| no |YES|YES
16 As+Sb+Ag+Ni YES|YES|YES|YES
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Fig.4.: The elemental composition of the

Hajdusamson (in red) and the Téglas hoards (in
blue) compared with the elemental composition of
the eastern Alpine copper mining regions (Pernicka
2013, Fig. 4)

4.abra: A hajdisamsoni kincs (pirossal) és a

téglasi  kincs  (kékkel jelezve) targyainak
elemdsszetétele a kelet-alpi banyak
elemosszetételével Osszevetve (Pernicka 2013,
Fig. 4)

The classification produced by the cluster analysis
of the SAM project’s datacluster analysis has been
accepted and applied by Hungarian research as well
(Fig. 2.). According to analyses of a dagger and its
rivets’ from burial no. 66 of the Early Bronze Age
cemetery of Kiskundorozsma, measuring relatively
high levels of nickel (4.27 and 5.88%), arsenic
(2.16 and 2.45%) besides a low percentage of silver
(0.17 and 0.21%), and iron (0.14 and 0.19%), Klara
P. Fischl and Gabriella Kulcsar suggested that the
raw material could also have contained fahlores
with high levels of nickel and arsenic (P. Fischl &
Kulcsar 2011).

Fig. 5.: Lead isotope analyses of objects from the
Hajdiisamson hoard compared with the analyses of
assemblages from Austria, Romania, and eastern
Alpine copper sources (Radivojevi¢ et al. 2018,
Fig. 7)

5.4bra: A hajdisamsoni kincs targyainak
olomizotép elemzési eredménye (Radivojevié et al.
2018, Fig. 7)

Janos Dani argues that the above mentioned swords
from Téglas and the artefacts of the Hajdiisamson
hoard are — based on trace elements — made of
eastern Alpine fahlore copper (Krause 2003, Abb.
39, Cluster no. 4, Fahlerzkupfer mit Nickel).
Following the system set up by David Liversage, he
categorised the raw materials of the Hajdisamson
hoard to the ‘AsNi’ group and the sword from
Téglas to the °‘ASN’ raw material cluster.
Furthermore, while considering Ernst Pernicka’s
examinations — based on element composition and
complementary, the first published Hungarian lead-
isotope analysis (Figs. 4-5.) a direct,
archaeological-historical link between certain
mining regions and the raw material of the Téglas
and HajdGsamson swords has been drawn.

HU ISSN 1786-271X; urn: nbn: hu-4106 © by the author(s)
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Table 3.: The elemental composition of the Zalaszabar axe measured by ED-XRF analysis (Kiss et al. 2015,

Table 2)

3. tablazat: a zalaszabari balta elemdsszetétele az ED-XRF elemzés szerint (Kiss et al. 2015, Table 2)

Inv. nr Fe Co Ni Cu Zn As
2010.2.1.82 0.02 | 0.01 0.074 91

The axes of the Hajdisamson hoard, the axe of
Vamospércs (dating to the same period), along with
the hilt of the Téglas sword were linked with the
prehistoric mines of the Mitterberg region, south of
Salzburg (Austria), that were exploited during the
16th—14th centuries BC. The ore used for the blade
of the Téglas sword and an axe from the same
hoard could have been mined in the Garam Valley
region, Slovakia (Dani et al. 2013; Pernicka 2013).

The Middle Bronze Age hoard of Zalaszabar
containing over 80 artefacts was subject to a
number of studies (Honti & Kiss 2013; Kiss et al.
2013). One of the artefacts, a flanged axe was made
of, according to the ED-XRF analysis testing for 14
elements (Table 3.), an ore of high silver, antimony
and arsenic content (Kiss et al. 2015). Based on
these measurements, the axe was classified as an
example of the classic tin bronzes (for more detail
on the tin content, see below). Considering the
axe’s worked edge, the production-technological
analysis made by TOF-ND concluded that —
although similar objects are still being interpreted
as bronze ingots — the Zalaszabar piece was indeed
an implement intended for use (see also Kienlin
2010).

Hungarian geologist experts, whose work focuses
on the identification of raw materials, have long
been drawing attention to fahlores (e.g. tetrahedrite,
tennanite) which besides calcopyrite, are the second
most frequently occuring minerals in copper
deposits. These, however, do not contain nickel in
their composition (Anthony et al. 2003; Czajlik
2012, 41, 87-91, 13. abra). This also highlights the
difficulties when it comes to the classification of
copper ores based on impurities. The examination
of the Zalaszabar axe concluded that ‘the raw
material could have originated from a fahlore
copper deposit given the presence of relatively high
levels of arsenic, silver and antimony, where — as
the higher iron levels detected in object 2010.2.1.71
demonstrate — calcopyrite minerals could also have
occurred’ (Kiss et al. 2013). This suggests that
different types of ores either intentionally or
unintentionally could have been combined during
prehistoric metallurgical processes. In this way,
ores containing nickel (or other) impurities could
have made it into the raw material of prehistoric
bronzes.
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0.2 0.129 0.005 0.175

Ag Sn Sb Te Au Pb Bi
8 0.127 | 0.005 0.023 0.028 0.01

Our examinations show that artefacts containing
nickel either in traces or in a low percentage occur
among the Early Bronze Age Bell Beaker, Nagyrév,
Kisapostag, and Early Transdanubian Encrusted
Pottery assemblages and also among the finds of
the Middle Bronze Age Fiizesabony Culture
(Endrédi et al. 2003; Kiss et al. 2013, Table 1). A
range of tests carried out on the Zalaszabar axe also
indicated the presence of small amounts of nickel,
which is not typical for the Osenring raw material
category, characteristic for the metallurgy of the
Transdanubian ~ Encrusted  Pottery  Culture.
Furthermore, the results highlighted some issues
around sampling and testing methodologies: the
object-parts where the sample was taken from and
the instruments involved in the examination
produced — sometimes significantly — different
results. The BNC’s handheld XRF measured almost
four times higher (45 %) tin content than the
measurements by PGAA and time-of-flight
neutrondiffraction (TOF-ND), and also by ED-XRF
in the Mannheim laboratory. The difference was not
so pronounced, when so-called bulk methods were
being applied: samples taken from inside, the pure
metal part of the object tested by ED-XRF
measured 8% tin, while the prompt-gamma
activation analysis (PGAA) indicated 90.2%
copper, 9.6% tin, 0.18% silver, and 0.056 weight%
H content for the axe’s raw material. TOF-ND
measurements resulted in 7.5+0.5 weight% for tin
content. Both PGAA and ED-XRF tests measured
corresponding values for copper and silver content,
while the significant trace elements determined by
the ED-XRF (Fe, Co, Ni, Zn, As, Se, Sb, Te, Au,
Pb and Bi) were beyond the detection limit for the
PGAA (Kiss et al. 2015). Most recently Boglarka
Mar6ti studied the underlying causes for higher tin
values occuring during PGAA tests and worked out
a protocol for non-destructive PGAA tests to be
carried out on archaeological objects (Maroti et al.
2018). With the validation of the method and
according to the new protocol (and the relevant
interference corrections) the tin content of the
Zalaszabar axe measured at 8,4 +/- 0,4 weight%.

The heterogenous measurements of the same object
(i.e. the levels of nickel) raise the question whether
the distinction between raw material categories,
mining areas, and communication trajectories —
often considered as archaeologically and
historically conclusive — are truly well founded.
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Regszilla
Atomdc percent (%)
Spectrum | C 0 S Ni | Cu Sn
1 1353|1075 - 8.57 [48.55 | 18.060
2 786 | 281 |2482| 075 |63.76 -
3 9090|4159 - 018 [3573] 1341
4 890 | 6.382 - - |7936| 492
5 1090 | 3.32 - | 1.270 | 8033 | 499

Fig. 6.: SEM-EDS analysis of the cauldron sample (Regszil 1a) discovered in the tumulus of Regdly Strupka-

Magyar birtok

6. abra: A Regoly Strupka-Magyar birtokon feltart tumulusban talalt bogracsperem Regszil la jelzési

mintajanak SEM-EDS elemzése

In relation to the high percentage of tin and nickel,
the long-ongoing discussion over when and how
alloys entered the copper raw material has to be re-
considered. Evidence for tin being used as a direct
alloy appears only from the 7™ century BC in the
Carpathian Basin. More recently a sample taken
from the cauldron found in the Early Iron Age
tumulus of Regély was tested by electron
microscopy showing a basematrix of Cu-Sn solid
solution (Gyongyosi et al. 2017b). The ‘white
areas’ appearing on the metallographic thin sections
indicate a high nickel content, compared to the
basematrix which contained a lower percentage of
nickel. Nickel is not soluble in tin, it creates an
intermetallic compound with a melting point of
approx. 900 °C. Some of the SnNi content dissolves
into the copper naturally, however the presence of
nickel raises the copper’s melting point which in
turn remains partially solid during the casting
process (thus produces a ‘white area’ on the
metallographic thin-sections). In sum, this indicates
that the nickel entered the alloy along with the tin
(Fig. 6.). Unfortunately, due to the lack of evidence
so far, the question whether this reflects the
appearance of a new technology or these particular
objects were imported, cannot be answered at the
moment (Gyongydsi et al. 2017b, Fig.6) The
scientific examinations in relation to Early and
Middle Bronze Age artefacts raise the possiblility
that differences in nickel content are not always
associated with the composition of the copper raw
material. Data so far suggests that during the Early
and Middle Bronze Age, raw material ingots
arrived in the Carpathian Basin in an alloyed form,
therefore the alloying process must have taken
place in the original mining region (Szabd 1996,
216; Kiss 2009b, 2012). Further research into this
enquiry could provide evidence whether the above
described paradigm-shift following the 17" century
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BC was related to the change in exploitation of raw
material sources or whether it was due to the
introduction of a new technology.

Our examinations clearly show that a distinction
has to be made between the amount of alloying
agents and contaminants present in a given alloy
and how much of these are actually measured.
Scientific instruments do not map the object’s
chemical composition but target and measure one
particular physical characteristic which could be
informative for the rest of the object’s composition.
It is possible, in the case of a homogenous solid
solutions and chemical compounds, that these two
measurements  overlap. However, as the
metallographic  thin-sections  prepared from
prehistoric bronze objects demonstrate, the majority
of archaeological bronze artifacts are heterogenous
in structure, or even inhomogenous. For this reason,
the outcomes of scientific tests must be carried out
with the understanding of microstructure in order to
interpret the measurements within safe limits. Only
scientifically accurate data can be used to draw
archaeological-historical conclusions.

Although the topic of modern scientific instruments
and their related protocols are hotly debated both
nationally and internationally, this does not mean
that there is no relevance or necessity for the testing
of archaeological objects. On the contrary, modern
scientific testing can provide more accurate and
more complex answers to research enquiries. Thus
a way forward could be the conceptualisation of
more precise questions that are taylored to the
abilities of scientific testing methods, and the
development of standardised approaches for the
testing of archaeological materials, as well as the
establishment of wider collaboration for tackling
more complex research enquiries would be
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desirable (e.g. Gyongyosi et al. 2017a,b; Kiss et al.
2017a,b; Kiraly et al. 2017; Tarbay et al. 2018).
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Abstract

We observed a Sn-Ni phase unnoticed earlier during the archaeometallurgical examinations even in several of
the bronze objects of the tumulus of Regoly that can be linked to the early Ha D, period, showing substantial
changes in its finds and traceable via Asia Minor to Central Asia in its interrelations. In examining and
revealing the reasons for the unique phenomenon, focus was being shifted increasingly to the raw material, the
way copper had been alloyed. The fundamental step of bronze workmanship in the prehistoric age that is
alloying copper with tin still triggers a number of disputes. Making tin bronze has basically four options that we
know: melting a mixture of metallic tin and copper; adding naturally occurring tin oxide (tin ore or cassiterite,
Sn0,) to already molten copper,; smelting an ore containing both copper and tin; reducing a mixture of copper
ores and tin ores. Based on archaeological field observations, it is an overwhelming opinion on our continent
that alloying to the raw material for the finds of the European Bronze Age was performed still in the smelting
phase using a mixture of ores of the proper composition. At the same time, successful archaeological
experiments demonstrate that it was possible to directly alloy pure metals, copper and tin, under the technical
circumstances of the age in question. However, Europe shows no sign of having as intense production at
significant archaeological sites of tin ores as at copper mines of the prehistoric age. Moreover, we are not
aware of commerce of tin of any significant volume, the use of objects made from pure tin did not become
widespread up to the end of the Bronze Age anywhere on our continent. The few tin objects known seem to be
extremely low compared to the quantity of bronze produced in that age for the case of alloying pure copper even
if we assume the melting of the majority of tin objects. Also, no proof of alloying pure-metallic tin has been
shown as yet at archaeometallurgical sites in the area of Europe during archaeometallurgical examinations, to
our knowledge. The data referring to the direct alloying of copper unknown earlier in the European material of
the new Sn-Ni phase observed in the Regdly finds examined recently also proves that manufacturisation and the
accompanying explosion-like technological advance is not the outcome of the internal development of the
Hallstatt culture sphere. It had been a ready-implemented practice in Europe by masters of the last lonian
migration starting from Asia Minor in the last third of the 7th century BC in the Carpathian Basin just as had
been the technology of alloying copper directly with metallic tin.

Kivonat

A Ha DI id6szak kezdetéhez kéthetd, leleteiben gyckeres valtozasokat mutaté, kapesolatrendszerében Kis-Azsidn
at Kozép-Azsidig kovethetd regolyi tumulus bronztirgyainak archeometallurgiai vizsgdlata sordn tobb targyndl
is egy korabban nem tapasztalt Sn-Ni fazist figyeltiink meg. A kiilonéds jelenség okainak vizsgalata és feltardsa
soran egyre inkabb az alapanyag, a réz otvozésének modjara terelodott a figyelem. Az Oskori bronzmiivesség
alapveté lépése, a réz onnal valo 6tvozésének modja még ma is sok vitat valt ki. Az onbronzok eléallitasanak
alapvetoen négy lehetosége ismert: fémes on és réz keverékének megolvasztasa; a természetben elofordulo on-
oxid (onké vagy kassziterit, SnO,) hozzaaddsa a mdr olvadt rézhez, rezet és ont egyiittesen tartalmazo érc

* How to cite this paper: GYONGYOSI, Sz.; ERDELYI, Z.; JUHASZ, L.; BARKOCZY, P.; FEKETE, M.;
SZABO, G., (2019): Data on the technological change of copper alloying in the light of finds excavated at the
tumulus of Regoly, Archeometriai Miihely XVI/1 13-28.
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kohositasa, réz- és onércek keverékének redukcioja. A terepi régészeti megfigyelések alapjan kontinensiinkon az
az altalanos vélemény, hogy az eurdopai bronzkor leleteinek nyersanyagdahoz az étvozést meg a kohositaskor, a
megfelel6 dsszetételii ércek keverékének felhasznalasaval vegezték. Ugyanakkor eredményes régészeti kisérletek
mutatnak arra, hogy az adott kor technikai lehetéségei mellett is lehetséges volt a szinféemek, a réz és on direkt
otvozése. Az onércek jelentos lelohelyein azonban Europaban nincs nyoma az olyan intenzitasu kitermelésnek,
mint az oskori rézbanyaknal. Raadasul jelentos mennyiségii on kereskedelmére utalo leleteket sem ismertink,;
kontinensiinkon a tiszta onbol készitett targyak haszndlata a bronzkor végéig sehol sem valt altalanossa. A
néhany ismert on targy a korszakban gyartott bronz mennyiségéhez képest a tiszta réz otvozese eseten rendkiviil
kevésnek tinik még akkor is, ha feltételezziik az ontargyak dontd tobbségének a beolvasztasat. Raaddasul az
eddigi archeometallurgiai vizsgalatok soran tudomdasunk szerint Eurdpa teriiletén az Sskori lelohelyeken még
nem taldltak bizonyitékot a fémtiszta onnal valé otvozésre. A most vizsgalt regolyi leleteknél megfigyelt uj Sn-Ni
fazis az eurdpai anyagban kordabbrol eddig ismeretlen, a réz direkt 6tvézésére utalo adata is megerdsiti, hogy a
manufakturalizalodas, és az azzal egyiitt jaro robbandsszerii technologiai fejlédés nem a hallstatti kultirkor
belsé fejlédésének eredménye. Az a Kdrpdt-medencébe a Kr. e. 7. szdzad utolsé harmaddban a Kis-Azsidbdl
kiindulo utolso ion vandorldas mesterei altal Europaba készen atiiltetett gyakorlat, miként a réz direkt modon,

fémes onnal valo otvozésének technologidja is.
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KULCSSZAVAK: BOGRACS, FUSTOLO LANC, REZ,

MANUFAKTURIALIZALODAS, SOROZATGYARTAS

Introduction, archaeological background

The fundamental step of bronze workmanship in
the prehistoric age that is alloying copper with tin
still triggers a number of disputes. Making tin
bronze has basically four options that we know:
melting a mixture of metallic tin and copper; adding
naturally occurring tin oxide (tin ore or cassiterite,
Sn0,) to already molten copper; smelting an ore
containing both copper and tin; melting a mixture
of copper ores and tin ores (Heeb & Ottaway 2014,
178). Based on archaeological field observations, it
is an overwhelming opinion on our continent that
alloying to the raw material for the finds of the
European Bronze Age was performed still in the
smelting phase using a mixture of ores of the proper
composition (Hauptmann 2014, 94). At the same
time, successful archaeological experiments
demonstrate that it was possible to directly alloy
pure metals, copper and tin, under the technical
circumstances of the age in question (Heeb &
Ottaway 2014). This is also confirmed by the tin
ingots found in the Uluburun and Salcombe ship
finds, based on which the force of the question of
tin commerce necessary for bronze production
arises as well (Harding 2005; Harding 2013, 375).
However, Europe shows no sign of having as
intense production at significant archaeological
sites of tin ores as at copper mines of the prehistoric
age (Wang et al. 2016, 80). Moreover, we are not
aware of commerce of tin of any significant
volume; the use of objects made from pure tin did
not become widespread until the end of the Bronze
Age anywhere on our continent. Views without
proper foundation are not considered in this study,
such as tin pest causing the disappearance of a
significant portion of Bronze Age ingots. Based on
our results from the examinations we specifically
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looked for parallelism in the direction of ore
deposits with high nickel content. Their relative
concentration has so far been observed on the
territory of Switzerland alone where Margarita
Primas collected Bronze Age tin finds that she
dated them back to the late Bronze Age, the
centuries 11th - 10th BC (Primas 1984). These
objects mostly classified as small jewels have lately
been supplemented by a tin ingot found at the
Sursee-Gammainseli archaeological site (Nielsen
2014). However, these couple of objects seem to be
extremely low compared to the quantity of bronze
produced in that age for the case of alloying pure
copper even if we assume the melting of the
majority of tin objects. Also, no proof of alloying
pure-metallic tin has been shown yet at
archaeological prehistoric sites of Europe during
archacometallurgical ~ examinations, to  our
knowledge. Therefore, we handled the phenomena
referring to the alloying in the age in question with
priority when examining the samples from the
mound of Regély (Szabo & Fekete 2011; Fekete &
Szab6 2017a).

The surroundings of the finds, the
archaeological site at Regoly

The archaeological site is located in the Western
half of the Carpathian Basin, in the Southern part of
Transdanubia, at the confluence of the Kapos and
Koppany rivers (Fig. 1.). This site was a place of
excavating of a tumulus in 2011 to 2012 whose
material dates clearly back to the last third of the
7th century BC, the Iron Age, yet, but cannot match
either the finds of the Scythian or that of the
Hallstatt culture (Szabd & Fekete 2011, 49; Fekete
& Szab6 2015).
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Fig. 1.: The location of Regdly in the Carpathian Basin.
confluence of the Kapos and Koppany rivers

Regoly is in the Southern part of Transdanubia, at the

1. abra: Regoly elhelyezkedése a Karpat-Medencében. Regoly a Dunantl déli részén fekszik a Kapos és

Koppany folyok osszefolyasanal

Thus, it is of utmost importance even from this
aspect that two contradicting positions have been
established by the European and the Russian
research in connection with the emergence of the
Hallstatt culture. On the European side, according
to the majority, the continuous internal
development, transformation ongoing even after the
late Bronze Age had been complemented by the
commerce of Eastern objects and cultural influence
(Metzner-Nebelsick 2002). On the part of Russian
researchers, 1. V. Bruyako, the appearance of
Eastern horse harnesses and weapons in the West
can be explained by mass migrations only (Bruyako
2005). As indicated by the latest finds at Regdly,
however, an intermediary solution arises: the
replacement of the ruling elite seems to be the most
probable (Szabd & Fekete 2011, 49-50; Fekete &
Szabo 2015; 2017b; Szabd 2015; Hansen 2011;
2017).

Those who excavated at the mound of Regdly, the
objects revealed can be the legacy of the people
called Sigynnii (sigynnoi) or later Pannoni who
ruled the area of South Transdanubia southward
from Lake Balaton from the second half of the 7th
century to the beginning of the 4th century BC,
almost 3 centuries (Szabo & Fekete 2011, 48-50).
Objects or appearances orientating towards Asia
Minor unknown so far on our territory can also be
observed in the material of the mound showing
close relations to the Hallstatt finds (Fekete &
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Szabo 2015; Szabd et al. 2018). The mound
structure itself built from stamped clay exhibits the
utmost parallelism to one located in Gordion,
Phrygia (Young 1981, 84. Fig. 52;Fekete & Szabo
2017 Fig. 8).We encountered a rare and special
mineral (Cr-spinel) in the ceramic during the
archaeometric examinations, which is unknown in
the area of Europe but can also be found in the
control sample from Gordion (Gyongydsi et al.
2017; Kirthy et al. 2018). At the same time, the
three-feathered bronze arrowheads, reptilian scale
armour sheets (Horvath & Szabd 2015), the
harnesses oriented towards Inner Asia (Szabo &
Horvath 2016), the ceramic fragments, crockeries to
be linked to both the Andronovo culture and the
Ancient East (Kiirthy et al. 2016) reveal, too, that a
nation was reckoned with to be of Eastern roots
who were, though, similar to Scythes of the steppe
in their way of life but had bypassed the Black Sea
not from the North but from the South, Asia Minor.
Based on our current knowledge there was one and
only such a nation in the period examined, the
Cimmerians indicated in ancient sources who, in
part, bypassed the Black Sea from North fleeing
from the Scythes, while their other branch passing
via the Caucasus fought on the territory of Urartu,
Phrygia, and later Lydia already from the S8th
century BC (Bruyako 2005, Fig. 31; Kohler 1995,
185-189). This is how the unique blend of objects
of Eastern horse people and the advanced
technology of the Ancient FEast becomes
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understandable and interpretable in the legacy of
those arriving from the former Median Empire to
South Transdanubia via the Balkans in the last third
of the 7th century BC according to ancient sources
(Szab6 & Czuppon 2014, 50-51. Fig. 1).As a result,
tracing the historic background and connection
system is exceptionally important to understand the
complex data of these objects, showing radical
technological changes in their forms and
manufacturing methods due to the strong mixing of
different traditions. It is considered crucial that the
archaeometrical results of each object are carefully
examined and evaluated together with the
continuously developing historical and social
connections before the disclosure of the full
material on the excavation of Regdly.

When observing a part of the metal objects in a
preliminary manner, we remarked technological
phenomena that had gone undetected so far that is
they refer to serial production and special
technologies assembled from composite elements
(Szabdé 2013; Fekete & Szabd 2017a). We
complemented the wusual search for shape
similarities and the determination of material
composition of these archacological objects by
detailed metallographical examinations. We
selected objects for these examinations that had
been produced in a serial manner and their making
had required special know-how of technology and a
well-equipped workshop. Below we present the
examination results of two object types closely
linked to sacred activities from the line that is a
cauldron used for offerings of food and drink as
well as an incenser chain. These exhibited results
referring to the way of alloying unknown for the
objects of the Carpathian Basin so far.
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Preliminary results, examination of the cauldron
found at Regoly in 1907

Up to now, a relatively intact bronze cauldron
(Fig. 2.) was earlier excavated from Regoly, and
fragments of at least another bronze cauldron has
lately been excavated from the tumulus. The first
one, fitted with doubled cross-shaped slings and
pseudo-twisted nibs, slightly oval, with a flange
diameter of 26 and 27.3 cm, cauldron with a
missing bottom reached the museum of Szekszard
under unknown circumstances in 1907 (Patay 1990,
30). It can be well seen that two parallel lines run in
two bands each under the flange on the external
side on the old Regdly cauldron (Szab6 2009; 2012;
2013). The line design of the ornamentation is
continuous, it seems to be carved. On the flange of
a thickness of about 3 mm, in the proximity of the
slings mounted with 4 cast-looking lens-shaped
rivets on both sides, 2 slightly thickening parts
protruding at 1.5 cm from the flange can be
observed that shows uneven breakage surface in
contrast to the smooth surface of the edge of the
flange. Except for the corrosion phenomena, the
external and internal sides of the cauldron is smooth
in the upper third, whereas its side decreases to foil-
thin towards its bottom. Signs of forging can be
seen on both of its sides. (A considerable part of its
bottom was missing that was complemented by
restorer Mihaly Nacsa using artificial resin.) We
took sample from the part near the sling of the
flange of the cauldron. The sample preparation and
instrumental analysis of sample no. BrWMM63
were performed by support of G. McDonnell and
M. Pollard, Head of Division at the Division of
Archaeometallurgy. Embedded cold in resin and
ground wet, we etched the carefully polished cross-
section using an FeCl; solution.

Fig. 2.:
The intact bronze cauldron found at
Regoly (1907)

2. abra:
A Regolyben talalt (1907)
¢ép bronz bogracs
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Almost nothing can be seen at low magnification on
the cross-section image but the boundary of
relatively large crystallites in the alpha structure is
already silhouetted well at a magnification of 400,
among them the twin-crystallites split along the
straight limiting lines, hidden in some places. The
cross-sectional image reveals copper sulphide
inclusions in the spots located in a dispersed way,
the distribution of tin is even, with a ratio of 8.89%.
The annealed grain structure seen in the cross-
sectional image with the twin-boundaries observed
in some places refers to the fact that the object had
been heat-treated after its plastic deformation. As
few twin-boundaries can be observed, we can
deduce from the grain structure that heat treatment
had not been performed at high temperature and
heat ramp-up had been slow and not shock-like.
This results from the dimensions of the object as
well. The dispersed appearance of the twin-
crystallites refers in general more to the lattice
stresses arising due to heat treatment than a raw
material forged or carved during a post-processing.
Considering the part referring to the place of mould
pin, the enguss, which is protruding and slightly
thickens, observed on the flange, as well as the
forge marks polished surface and the composition,
it can be determined that the than bronze workman
made the cauldron from a semi-finished product of
a raw material produced originally by casting and
suitable for further processing (Szabd 2009, 348).
Our earlier examinations also highlighted that the
cauldron was made in a workshop where it was
fitted with components produced in a serial manner
(doubled cross-shaped sling, pseudo-twisted nibs)
(Szab6 2012).

Metallographical examination of
cauldron fragments and incenser chain
links excavated in the Pannon tumulus at
Regoly

During the excavation of the tumulus at Regdly
(Kiirthy et al. 2013), a half palm-sized flange
fragment of a cauldron was dug out from the yellow
loess layer marked RHQ20 containing many find
fragments, between the burnt, stony layers of the
chamber (Kiirthy et al. 2013), that included the
remainder of a rivet. (The layer mentioned
contained several pseudo-twisted nib fragments,
too, which, however, could have belonged to cysts.)
Similarly, almost one and half dozens of intact and
fragmented, more-or-less square-shaped chain links
were excavated from this and the connected layers
(Fig. 3.).
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Fig. 3.: The excavated chain fragments from the
Pannon tumulus of Regdly

3.abra: A regolyi pannon sirhalomban feltart
lanctoredékek

Objects 8, 10, 14, 20, 22 and 45 of the fill-up of the
tumulus at Regdly contained small-sized, cast,
square-shaped, notched and formed from a stick-
like shape, fragments of bronze chain (s) that were
assembled from lugs fitted with 4 small nibs and
rings bent from a bronze wire, posing apparently
low-level technical challenge, unknown in the
earlier finds material of the Carpathian Basin
(Szabo & Fekete 2011, Table 20). Their function
was clear to be determined at first sight: based on
earlier, but of other design, of the same use, finds
excavated also at Regoly (Fekete 1985b, Figure 1;
1986, Fig. 13). The appearance of incensers and the
belonging chains can be regarded as almost massive
in certain regions of the 7th — 6th centuries BC;
parallel to a specific new cognitive-religious-ritual
function (Fekete 2018).

The square-shaped cast chain links of the tumulus
at RegoOly exhibit many new technological
processes. The jeweller removed all manufacture
marks such that even the making is unclear whether
it was through lost wax or some mould. That is,
there are references uncertain and unclear to both
procedures. There is a little burr at the nibs but it
must be a worn-out, bulked-up part during use by
the chain links. If it was a borehole, it had rather a
mark only on the other side, but here it can be
noticed on both sides of the hole. Small cross-
directional notches can be seen in some places by
the nibs. Such can be caused by gripping into a pair
of pliers or a vice but they had had no such tools, as
far as we know. It could be possibly a mark of
carving or deformation but it seems to be
completely unreasonable on such a small even
surface where they appear.
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Fig. 4.: Magnified photograph taken from a chain
fragment. The photograph reveals some details of
the processing technique and shows the
ornamentation of the chain.

4. abra: A lanctoredékekrol késziilt nagy nagyitast
fotd. A foto felfedi a készitéstechnika par részletét
¢s a lanc diszitését.

One may think that these impressions may have
possibly been generated by tiny differences of
moulds. The linking rings had been clearly made
using a wire processed by hammering. Their
ornamentation is simple, small narrow 2 or 3 bean-
pattern between groups of notches (Fig. 4).

The slightly trapezoid asymmetric shape of chain
links of about 1.9 x 3.7 cm, the design of 4 nibs, the
alternation of sophisticatedly divided beans and
groups of notches are all workshop tricks that pop
up not only in the direct neighbourhood (see Regoly
hoard: Fekete 1995, Kemenczei 1996) but also in
the bronze workmanship of the entire
Transdanubia. In part (their elements) or in entirety,
as copies, local version (s), including the metal
working centres of paramount importance since
centuries (Velem — Szentvid, Celldomolk — Sag-
hegy, Keszthely — Apatdomb) where the new-style
fibulas had been also made massively, as indicated
by the semi-finished products and/or moulds
(Fekete 1985b, Fig. 11-13; 1986, Fig. 8-10; 1995,
42., Fig. 1-5; 2006, 102., Table 61; Kemenczei
1996)

We selected a fragment of the cauldron from layer
marked RHQ20 and that of an incenser chain link
from the same  object for  complex
archaeometallurgical examinations.

Examination methods

Description of sampling, the samples

During sampling, we cut off a slice to be examined
in the full cross-section from the flange-side corner
of the cauldron fragment (Fig. 5.).
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Fig. 5.: The fragment of a cauldron from Regoly.
The positions of the examined samples are signed
in the photograph. The material of the cauldron and
the rivet were examined.

5.abra: A Regolyben feltart bogracs toredék. A
foton a vizsgalt minta helyét jeloltik. A bogracs €s
a szegecs anyagat vizsgaltuk.

We removed the rivet located on the sheet piece
and embedded it fully, the flat polished specimen
was made at the bottom of the rivet. This way, it
was possible to examine its entire cross-section. In
the same manner, we added one of the nib
fragments typically twisted and used frequently for
cauldrons, the sample of whose end was examined
in its cross-section, too.

In the case of the chain link, the longer side of the
fragmented piece selected for examination
remained intact, it contained even a ring. Its size
made it suitable for embedding the entire chain
without sampling and examining the cross-section
of bars via the slight destruction of the object. The
examination spot seemed suitable for examination
of both the production technique and characteristics
of the composition.

Goal and sequence of examinations

Our examinations focussed on the determination of
the composition of alloy used, which is a relevant
piece of information for the description of the
characteristics of the making. The elemental
composition of samples was determined by means
of SEM-EDS (Figs. 6-7, 9-10.). We made use of an
optical microscope for the metallographical
examination of the finds, to study the
microstructure of the objects. Based on the features,
description of the microstructure, we determined
the technique and characteristics of making.
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Fig. 6.: The microstructure of the cauldron-
fragment. Recrystallized grains and intensive
corrosion revealed by the optical micrograph. The
corrosion can be discovered mainly at the grain
boundaries. Zeiss Axio Scope.Al. Magnification.:
50x. Etching.: FeCl; ,Bright Field

6.abra: A bogracs toredék mikroszerkezete.
Ujrakristalyosodtt szemeséket és intenziv korr6zid
nyomait latjuk a mikroszkoépi felvételen. A korrézid
nyomai leginkabb a szemcsehatarok mentén
fedezhetok fel. A felvétel Zeiss Axio Scope Al
mikroszkoppal késziiltek vilagos latotérben, 50x
optikai nagyitasban, FeCl; maratas utan.

q i

Fig.7.: The grain structure of the cauldron in
higher magnification. The colour etching reveals
clearly the grains and the twin boundaries. The
spots show the inclusions or corrosion products.
Zeiss Axio Scope.Al. Magnification.: 100x.
Etching.: K,CrO,4 ,Polarized.

7.abra: A Dbogracs mikroszerkezete nagyobb
nagyitasban. A szines maratasban az iker hatarok
jobban kivehetdk. A fekete pontok zarvanyokat
vagy korrozids terméket jelentenek. A felvétel
Zeiss Axio Scope Al mikroszkoppal késziiltek
polarizalt megvilagitasban, 100x optikai
nagyitasban, K,CrO, maratas utan.

The samples taken out from the selected
archaeological finds were embedded in a cold-
curing two-component resin. The samples were
ground using grades 220, 600, 1200 for flat surface
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specimen at 300 rpm, then polished using polishing
tissue of 3 and 2 p at 150 rpm. The samples
prepared so were immersed in FeCl, and K,CrO,
etching agents for the analysis of grain structure.
The goal of using two enchants was twofold.
During etching with K,CrO,, an optically active
oxide layer is formed on specific grains with a
thickness ~ varying  depending on their
crystallographic orientation. The grains obtain
differing colours in polarised light. By way of this,
one obtains outstanding information about the grain
structure (whether it is a cast, formed, annealed
grained structure). By examining in bright field, the
sample prepared with potassium chromate, the
existing inclusions can be well seen (e.g. copper
sulphide inclusions) as well. The analysis of
inclusions also provides important information on
the making of the specific object or even its use.
However, etching wit potassium chromate is
sensitive to the combined etching of phases with
different material grade. In such a case, etching
with FeCl, makes grain structure optically sharper
and more robust. Thus, it is less sensitive to
enrichments and changes in composition caused by
corrosion effects.

Samples examined recently

Fragment of the cauldron edge (Regszilla)

Taking the average composition of the sample
taken from the cauldron, it is a high tin-containing
bronze. With consideration for the 11.3 w% of tin
and 1.5 w% of nickel, a homogeneous solid
solution phase is expected in the microstructure. As
concerns its composition, this alloy has a high
strength and hardness. It is still fit for cold-forming,
with a high deformation resistance, though. For
such an alloy, a high degree of plastic deformation,
suggested by both the shape of the object and the
hammer marks observed near the bottom of the
cauldron excavated in 1907, cannot be imagined
without annealing. The optical micrograph
examinations revealed an annealed grain structure
(Fig. 6.), just as did that of the cauldron found in
the past. It is well visible in the micrographs taken
in polarised light that the majority of sample is built
by grains falling in the size range of 100 to 150 um.
In correspondence with earlier examinations, few
but well distinguished twin-boundaries point out
that the grain structure is annealed. A bent
boundary surface can be observed in several places,
which refers to the process of grain coarsening
occurred due to increased temperature. The
coarsening of the re-crystallised grains took place
either during annealing or during use. This is a
natural process but as was revealed by preparation
using iron chloride, the grain size at the edges of
the sample was well smaller (40 to 70 um). Here,
we need to consider two processes. The raw
material is hard, difficult to form, thus, however
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thick is the formed part, its transformation needs
significant energy or power. If the transformation is
not successful, the material near the surfaces in
contact with the tool or counterpart undergoes
stronger deformation than the internal parts. This
gradient already present in the deformatedness
appears even during annealing, as tinier grains
come to being near the surface then inside the
sample volume. The degree of grain coarsening
occurred in terms of the grain area does not depend
on the original grain size but time and temperature.
However, naturally due to constraints of geometry,
one experiences other characteristic in the measured
grain diameter. In addition, one can observe at the
edge of sample in the microstructure revealed with
iron chloride that the areas surrounding the surface
are starkly corroded. Mostly corrosion along grain
boundaries can be identified. The cauldron, in
particular attention to its use, spent time in
oxidising atmosphere at an elevated temperature.
Oxygen tends to diffuse towards the internal
volumes of the material along grain boundaries
during the oxidation of copper alloys, and
precipitate on the grain boundary as tiny phases of
Cu,0. If the object is subject to later corrosion
effects, this phenomenon is able to promote
corrosion along grain boundaries. Moreover, it can
slow down grain coarsening process near the
surface. All in all, it can be determined considering
the circumstances of the excavation mentioned in
the introduction to the finds, that both sides were
subject to corrosion effects in the soil in most of the
long period spent there. It can be well seen,
however, that there is a noticeable difference for the
degree of corrosion between the two sides. With a
view to the circumstances of the excavation, the
entire object can be regarded as to have been
exposed to the identical corrosion effect, therefore
the reason for the difference can be sought in the
“history” of the sample. In the light of the
composition of the material and the concluded
properties, this can be the result of, on the one
hand, the two different deformations on the two
sides of the sheet. Considering the geometry of the
object, this assumption can be backed by the fact
that the shape and design carries this difference
intrinsically. This is complemented by the
technique of the period and the hardness of the
metal. On the other hand, it is the use of the object.
One side of the cauldron is in direct contact with
the fire, so it is exposed to higher heat there.
Depending on the fire, the oxidising effect can also
be different, but we draw here attention to the fact
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that we examine the flange where these differences
are by all means of lower degree than in the case of
the cauldron body. However, if we take this into
account, we can expect a corrosion along
boundaries with a different rate of corrosion due to
the differing corrosion effect. In our present study,
we see a more powerful effect in the forming
technology based on our examinations. Our data
indicate that the sheet was subject to an asymmetric
formation (the formation was stronger from one
side) and the transformation of the sheet had not
taken place during the plastic deformation prior to
the last annealing. Therefore, smaller-sized grains
developed along this surface during the re-
crystallisation taking place in the annealing. The
effects occurring during the mentioned oxidation,
which slow down coarsening, could have
intensified this difference during use. The differing
rate of corrosion of the two sides could have been
caused jointly by this difference and the two sides
subjected to uneven oxidising effect. As mentioned,
this coincides to what we may conclude from the
shape and normal use of the object.

As was already mentioned, the analysis of the
inclusion bears great importance, too. The presence
of homogeneous solid solution can be expected,
however, foreign phases can enter the metal both
during smelting and making that can tell about the
way of manufacture. As was shown by preliminary
examinations, copper sulphide inclusions were
found in the grain structure in the optical
micrographs (Fig. 7.).Their size is about 20 pm,
their colour being dark grey on the optical
micrograph. Their shape typically have a rounded
boundary, mostly of globular nature. This make us
conclude that the material spent an extended time at
an elevated temperature after smelting. With
consideration to the use of the object, we cannot
draw any conclusion as to what technique was used
for the making. Literature sources and -earlier
examinations point out that their origin derives
back to smelting. SEM-EDS analyses revealed that
the inclusions have measurable sulphur content in
addition to copper, but no tin can be detected. Tin
can be measured in metallic areas only. No nickel
content can be detected even in some of the
sulphide inclusions. In specific inclusions nickel
can be detected but we note that copper is able to
dissolve nickel in unlimited amounts, which is an
important factor in this case. Phases with high tin
and high nickel content can be mostly located in the
proximity of sulphide phases (Fig. 8.).
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Fig. 8.: SEM micrographs taken from the cauldron. The micrograph shows the inclusions. The large phases are
copper-sulphide inclusions, the small bright ones are SN-Ni rich phases.

8. abra: A bogracs toredék é1ébol vett minta SEM felvételei. A felvételen a zarvanyok lathatok: a nagyméretii
fazisok réz-szulfidok, a kisméret(i vilagos fazisok az Sn-Ni gazdag fazisok.

Table 1.: Results of the local EDS analysis of
cauldron edge

1. tablazat: A bogracstoredékbdl vett minta helyi
SEM elemzéseinek eredményei

Atomic percent (%)

C (¢} S Ni Cu Sn
Fig8a: 943 | 69.19 | 2138
11
Fig8a: 1.93 30.19 67.89
12
Fig8a: 3.57 90.66 | 5.77
13
Fig8a: 238 9050 | 7.13
1.4
Fig8b: = 13.53 | 10.75 8.57 | 48.55 | 18.60

Fig8b: = 7.86 2.81 2482 075 | 63.76

Fig8b:  9.09 41.59 0.18 35.73 13.41
3
Fig8b: 8.90 6.82 79.36 4.92
4
Fig8b: 10.09 @ 3.32 1.27 80.33 4.99
5

The SEM-EDS study provides only compositional
data, whose evaluation requires the consideration
that the examined phases are smaller than the
excited volume, thus, the composition of the solid
solution in the surrounding of the phase distorts its
composition. However, it appears from the data that
nickel content is about 9 w% and tin content is not
lower than 18 w% (Table 1.). Copper dissolves tin
both in liquid and solid state very well and
dissolves nickel in unlimited amounts. (ASM
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Handbook 1994, 318) Based on thermodynamic
relations, a phase can remain in this state only if it
is an intermetallic compound with a high melting
temperature of the tin nickel alloy system. These
are NizSn, and Ni;Sny. Although it cannot be
supported by the presented examinations and is
only a conclusion but it can be either of them based
on the compositions, but Ni;Sn, seems to be more
probable, supported by its melting temperature.
However, if copper and tin had been smelted
together, the development probability of this
compound based on the above dissolution
tendencies is insignificant as the professional
literature does not refer to this phase either. Yet, it
develops easily in the tin nickel system. This leads
to the assumption that metallic tin was alloyed into
copper in this case. A part of the nickel content had
been introduced in the alloy along with tin just as
had been the mentioned compounds. Their tinyness
is explained by the fact that these compounds
dissolve slowly in copper and their tin and nickel
content is transferred into a solid solution.
However, the alloying and afterwards the
crystallisation period had not been long enough to
get dissolved all, the examined sample shows the
remainder. This is backed also by the fact that the
largest part is located near the copper sulphide.
Copper sulphide is a phase with low melting
temperature and solidifies in the last stage of
crystallisation, thus, the inclusions with high
melting temperature not able to dissolve in the melt
shall be located here. These observations all point
out that direct alloying had been applied for the
making the material of the cauldron, the metal-state
copper was molten together with metallic tin.
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Fragment of the incenser chain link (Regszil_1)

Optical micrographs revealed a dendritic structure.
This refers to the making of chain link by casting.
Based on the large size of the dendrites and their
radial arrangements in the cross-section, the melt
had not been overheated much over its melting
temperature. The fine structure of dendrite arms
refers to high cooling rate, which arises from the
dimensions of the object.

Fig. 9.: The microstructure of a chain fragment.
Dendrites with fine secondary arms can be seen on
the  micrographs. Zeiss Axio  Scope.Al.
Magnification.: 50x. Etching: FeCls, Bright Field

9.abra: A lanctéredék mikroszerkezete. Kis
szekunder agtavolsagl dendrites szerkezet lathato a
felvételen. A felvétel Zeiss Axio Scope Al
mikroszkoppal késziiltek vilagos latotérben, 50x
optikai nagyitasban, FeCl; maratas utan.

Fig. 10.: The microstructure of a chain fragment in
higher magnification. A lot of inclusions can be
seen on the micrographs. Zeiss Axio Scope.Al.
Magnification.: 1000x. Etching: FeCl;, Bright
Field.

10. abra: A lanctoredék mikroszerkezete nagy
nagyitasban. A mikroszerkezetben sok zarvany
fedezheté fel. A felvétel Zeiss Axio Scope Al
mikroszkoppal késziiltek vildgos latotérben, 50x
optikai nagyitasban, FeCl; maratas utan.
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The raw material is bronze, which, in addition to its
tin content above 5% contains a considerable
amount of lead (14%). The addition of large
amount of lead had been necessary for the sake of
the high ability of the thin chain link to fill in the
mould (Fig. 9-10.).

Electron  microscopy  reveals  significantly
heterogeneous structure where globular white
phases are the drops of the metallic lead. Several
studies highlight that copper dissolves lead neither
in liquid nor solid state, thus, it creates separate
globular phases. In addition, one can encounter here
lower quantities of copper sulphide inclusions from
smelting.

The material of the chain link similarly includes
high tin- and nickel-containing phases just as in the
case of the cauldron (Fig. 11.). The tin nickel ratio
also in this case assumes the presence of the
mentioned tin  nickel intermetallic  phases
(Table 2.). Also here, these tiny phases can be
found in small quantities, which supports that low
nickel is present in the system and it had been
incorporated in the raw material of the chain link as
the contaminant of the lead during alloying.

The examination of the chain link exhibited the
same material-specific features as also in the case
of the object made by the other basic technique for
making (casting) as was seen in the case of the
object with larger weight formed by hammering,
the cauldron. At the same time, the addition of lead
is specific to the production technique. This is all
supported by the fact that the presence of tin nickel
intermetallic phases is the feature of the raw
material for general use, the specialty of the bronze
raw material. Also, this points out the metal-to-
metal alloying.

» - v
BSE1 24-Dct % 000000 WD20.1mm 15 .0k, x2..5$£0um L&
1

I

Fig. 11.: SEM analysis of the chain fragment
reveals that the majority of the inclusions are lead
drops (white phases)

11. abra: A lanctéredék SEM vizsgalata ramutatott,

hogy a zarvanyok jelentGs része 6lom csepp (fehér
szind fazis)
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Table 2.: Results of EDS analysis of different
phases in chain link

2. tablazat: A lanctoredék kilonbozé fazisainak
EDS elemzése

Chemical composition. wt %
C (6} Ni Cu Sn Pb

Spectrum | 4.10 241 | 724 5096 2526 @ 10.03
6

Spectrum | 12.03 = 5.55 10.44 71.98
7

Spectrum | 1.14 1.73 86.35 | 10.78

8

Evaluation of the results of
metallographical examinations

We carried out metal analyses in the case of the
cauldron found in Regély, on the material of the
cauldron, the rivet holding the nib and the nib itself.
The goal of the analyses was to determine the raw
material and the way of making. Therefore, we
performed optical microscopy (OM) and electron
microscopy (SEM) analyses on the flat polish
specimens of the samples taken from the objects. It
was determined that the cauldron was made of a
high lead-containing raw material, which had
presumably been required to increase strength and
this is supported by the wall thickness of the
cauldron. The cauldron had been formed by
hammering and made by an intermediate annealing.
This is shown by both the dimensions and design of
the cauldron. Due to high tin content, the raw
material is hard and still can be cold-formed
though, but the large deformation necessary for
achieving the wall thickness of the cauldron by
applying annealing, whose traces are reflected in
the microstructure as well. The analysis of the
corrosion effects highlighted that one side of the
cauldron had undergone a stronger deformation-
formation. This is also supported by the shape of
the cauldron as the base plate had to be deepened.
We measured a significant quantity of nickel in the
raw material composition besides tin. This should
not be a surprise based on parallelisms, but we
encountered tiny tin nickel inclusions in addition to
the copper sulphide inclusions usual of origin of
smelting.  Considering  the  thermodynamic
behaviour of the alloy, this phase can be found only
if the tin nickel is an intermetallic compound with
high melting temperature. This is backed by its
measured composition, too. This intermetallic
compound can, however, be included in the copper
raw material by direct alloying during adding lead
if the intermetallic phases had been developed in
the tin prior to alloying. This clearly indicates direct
alloying of the raw material of the cauldron and
requires re-thinking about the source for the ores
used. The high nickel content provides a safe
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fingerprint for the search of the tin source (Fig 8.,
11., Tables 1-2.).

Archaeological parallels, historical background
of the cauldrons of Regoly

The research grouped cauldrons, similar in form to
the ones from Regély, as type C for decades, or
created local groups based on that one. (Merhart
1952, 61; Egg &Kramer 2013, 243-255, Abb. 104;
Patay 1990, 25-30; Jereb 2016, 105). Today it is
clear however, that the traditional grouping method
is not sensible for cauldrons produced in serial
manufacturing, sometimes even made from
different parts. Studies had been written on the
subject earlier, presenting the actual significant
parallelism (Szabd 2009, 348; 2012, 86; 2013, 296;
Fekete & Szabd 2017a). Therefore, these
categorizations are not considered in these
examinations with a technological aspect. The
passage from Bronze Age to Iron Age refers to a
historical, ethnical changeover underlying in the
background of the serial production appearing in
the second half of the 7th century BC in the
Carpathian Basin that these products and the
histories of technologies used for their production
show orientation towards Asia Minor. Thanks to
those arriving from there in several waves, Europe
had been invaded by an elite belonging in part
relative nations/cultural medium and their armed
escorts via the Carpathians, Balkans, Italy and the
Western Mediterranean Basin (Horvath & Szabd
2017). At the time of the first Eastern waves, the
Urnfield culture and the early Hallstatt culture, a
dispersed appearance of the new object types is
typical (Fekete & Szabd 2015; Szabd 2017b). In the
light of newer direct Reg6ly finds showing relations
with Asia Minor, not to be explained by
commercial relations, it can be well seen that metal
workmanship based on workshop practices and
technological know-how of the Ancient East had
been radically transforming the local sheet industry
of Bronze Age origin from the second half of the
7th century BC and it had been already producing
its products locally as well. At this time, it not only
concerned copying object shapes to be observed in
the Urnfield period but an exact knowledge and
application of new technological processes and
work organisation. This indicates that those arriving
in this age in recurrent waves via various paths and
with different destinations had brought their
craftsmen as well, as it was shown in other fields by
technological changes occurring explosively at
almost at the same time across Europe such as in
iron making or pottery. One important element of
these changes was the phenomenon observed first
on Regodly cauldron and chain link fragment that
they had already begun to alloy copper with
metallic tin during bronze making. According to
Lloyd Weeks, the metallurgy and commerce of tin
is one of the most disputed issues of the
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manufacture of bronze (Weeks 2004; 2012, 303).
After some smaller objects appearing from the
middle of 3rd millennium BC, the commerce of
metallic tin appears only in the second half of the
2nd century BC in Assyrian texts. At this time, an
already considerable amount could have been in
circulation as was shown by the ship of Uluburun
sunken around 1300 BC where over a ton of
metallic tin ingots was found (Weeks 2012, 303-
305). It appeared in minor quantities in Europe at
around this time as was indicated by the Swiss finds
(Primas 1984). Maria Fekete drew the attention to
its application in the early Iron Age of the
Carpathian Basin, the ornamentation of clay vessels
with tin foil (Fekete 1981, 151-152; 1985a, 61-63;
2007, 61). However, we had no data for the use in
its metallic state for alloying similarly pure metallic
copper in Europe so far.

The way copper is alloyed in the HaD,
period in the case of examined cauldrons
and chain links

According to our measurements, the difference
between the cast sling of cauldron excavated from
Regoly, Hallstatt burial site no. 696 and Byci skala
Cave is lower than 5% at each point, which
indicates the use of identical matrice or mould
(Szabo 2013, PL. 6. 1). The serial production is just
as a relevant issue in the finds material as the
separation of products made in the same workshop
provides an opportunity to shed light more exactly
on relations in history and time-scale. The use of
bronze casting, matrices and moulds itself carries
intrinsically the opportunity of the serial production
from earliest times and the craftsmen of the period
made use of this for smaller serial production
mainly for local use. From the early Iron Age,
however, in part parallel to the Greek colonisation,
extremely similar objects appear across Europe,
among which often only just some small parts show
a great extent of similarity (Kimmig 1983). Exactly
in the era of changeover from bronze to iron, a new
phenomenon can be encountered: certain objects
are assembled from components produced in serial
production. This is already a higher level of
workshop activities and shows towards the
manufacturisation, whose origins can be found in
the Ancient East and may refer in its background to
the societal structure different from the state of
Europe at the end of Bronze Age. The data referring
to the direct alloying of copper unknown earlier in
the  European material of the current
archacometallurgical examination of the cauldron
fragment of RegéOly and the serially produced
censer chain link based on a similar work
organisation also proves the earlier observations
(Fekete & Szabo 2015, 2017a; Kiirthy et al 2016;
2018), that  manufacturisation and  the
accompanying explosion-like technological
advance are not the outcome of the internal
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development of the Hallstatt culture sphere. It had
been a ready-implemented practice in Europe by
masters of the last Ionian migration starting from
Asia Minor in the last third of the 7th century BC
into the Carpathian Basin just as had been the
technology of alloying copper directly with metallic
tin, one of whose main proofs is the Sn-Ni phase
observed on our objects recently in their raw
material.

Table 3.: Chemical analysis and identification of
the Ni-Sn phases by its composition and the data
from the equilibrium phase diagram

3. tablazat: A Ni-Sn intermetallikus fazisok kémiai
elemzése €s azonositasa az egyenstlyi fazisdiagram
Osszetételi adatai alapjan

measure | Sn (solid | Ni Sn Sn Sn/Ni | phase
solution) (phase)
weight Ni3Sn2
% 11.3 8.66 | 37.44 | 26.14 1.49 (1.35)
weight Ni3Sn2
% 11.3 9.56 | 37.47 | 26.17 1.35 (1.35)
atomic Ni3Sn4
% 5.77 9.43 | 21.38 | 15.61 1.66 (1.33)
atomic Ni3Sn4
% 4.92 857 | 18.6 13.68 1.60 (1.33)
atomic Ni2Sn2
% 4.99 233 | 7.13 2.14 0.92 (0.67)

Weight percent Tin [%]
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Fig. 12.: Sn-Ni Phase Diagram
12. abra: Az Sn-Ni egyensulyi fazisdiagram
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Abstract

X-ray diffraction (XRD) is a widely used method to specify the mineralogical composition of archaeological
artefacts, e.g. the material of inlays or corrosion products of metal objects. Laboratory micro-XRD instruments,
like the RIGAKU DMAX RAPID II micro-X-ray diffractometer (u-XRD), can be used instead of conventional X-
ray (powder) diffraction analysis if sampling is not or just limitedly allowed due to e.g. the high value of the
archaeological object. In these cases, in situ non-destructive measurements directly on the object or on the
detached, small-sized samples are preferred. The possible application of this laboratory micro-XRD instrument
in the analysis of archaeological metal objects is demonstrated on the example of three case studies.

In order to reconstruct the manufacturing technique of Roman-period niello (black metal sulphide), niello inlays
of a late Roman silver augur staff were analysed. Due to the uniqueness and high value of the well-dated and
intact object, only non-destructive analytical methods were permitted. Based on the SEM-EDS and p-XRD
results, five niello types were found on the object: pure silver sulphide and different silver-copper sulphides
(with silver/copper ratio from 3:1 to 1:1). The object was originally decorated with these diverse niello inlays
indicating that silver-copper sulphide niello, even stromeyerite (AgCuS), was used by the Roman craftsmen two-
hundred years earlier (last third of 3" century AD) than the previous studies indicated (end of 5" century AD).

Corrosion products of a large-sized, late Roman copper cauldron were examined in order to characterise the
burial environment. The corroded metal samples taken from the cauldron were analysed in cross section, layer-
by-layer, using electron microprobe and ;1-XRD analyses. Different corrosion products were identified: copper
oxide (cuprite) and copper carbonate (malachite) are the products of passive corrosion indicating burial in a
well-aerated, calcareous soil environment, whereas copper chloride (nantokite), copper hydrochloride
(paratacamite/atacamite) and copper sulphate (brochantite) are the products of active corrosion forming after
excavation.

Material and corrosion products of gold and gilded silver objects of the Hunnic Period were analysed by using
electron microprobe and u-XRD analyses. The surface of the high-purity gold objects is covered by a very thin
reddish layer, which is a tarnish composed of mixture of gold-silver sulphide corrosion products. The silver
objects were completely mineralised into silver sulphobromide and bromian silver chloride (embolite), typical
corrosion products of silver alloys buried in soil environment (rich in organic matter). No copper corrosion
products were detected indicating that the silver objects were most probably manufactured from high-purity
silver alloy.

* How to cite this paper: MOZGAL, V., BAINOCZI, B., MRAV, Zs., KOVACSOCZY, B. & TOTH, M., (2019):
Application of a laboratory micro-X-ray diffractometer (RIGAKU DMAX RAPID II) in the archacometric
analysis of archaeological artefacts — case studies of metal objects, Archeometriai Miithely XV1/1 29-42.
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Kivonat

A rontgendiffrakcio (XRD) széles korben alkalmazott modszer régészeti leletek, pl. kiilonbozé berakasok vagy
korrozios termékek dsvanyos Osszetételének meghatarozasaban. Laboratoriumi mikro-XRD késziilékek, mint a
RIGAKU DMAX RAPID II mikro-rontgendiffraktométer (u-XRD), jol hasznalhatok a hagyomanyos,
porprepardtumot igenylé rontgendiffraktométerek helyett, ha a mintavétel nem vagy csak korlatozott mértékben
engedélyezett, példaul a régészeti targyak nagy értéke miatt. Ezekben az esetekben in situ roncsolismentes
méréseket részesitik eldnyben kozvetleniil a targyak feliiletén, vagy a kivett, kisméretii mintakon. A fent emlitett
késziilék régészeti féemtargyak vizsgalataban valo alkalmazhatosagadt harom esettanulmanyban mutatjuk be.

A romai korban alkalmazott niello (fekete fem-szulfid berakas) készitéstechnikajanak rekonstrukciojahoz egy
késé romai eziist augurbot nielloberakasait elemeztiik. A jol datalt és érintetlen dallapotban talalt targy
egyedisége és nagy eértéke miatt csak roncsolasmentes vizsgalati modszereket alkalmazhattunk. A SEM-EDS és
W-XRD eredmények alapjan a targyat étféle nielloberakas disziti: tiszta eziist-szulfid és kiilonbozo eziist-réz-
szulfidok (eziist/réz arany 3:1-t6l 1:1-ig). A targyat mar a készitése soran ezzel a valtozatos Osszetételii
nielloberakassal diszitették, ami arra utal, hogy mar a romai mesterek hasznaltik az eziist-réz-szulfid niellot,
még a stromeyeritet is (AgCusS), kétszaz évvel korabban (3. szdazad utolso harmada), mint ahogy a kordabbi
tanulmanyok feltételezték (5. szazad vége).

Egy nagymeéretii, késé romai réziist korrozios termékeit vizsgaltuk az eltemetési kornyezet jellemzéséhez. Az
tistbol levett korrodalt rézmintdakat keresztmetszetben, rétegrol rétegre elemeztiik elektron-mikroszondaval és
mikro-rontgendiffraktométerrel. Kiilonbozé korrozios termékeket kiilonitettiink el: a réz-oxid (kuprit) és réz-
karbonat (malachit) passziv korrozios termékek, amelyek jol atszellézott, meszes talajkornyezetben valo
eltemetés soran alakultak ki, mig a réz-klorid (nantokit), réz-hidroklorid (paratacamit/atacamit) és réz-szulfat
(brochantit) aktiv korrozios termékek, amelyek a megtalalas utan képzddtek.

Hun kori arany- és aranyozott eziisttargyak anyagat és korrozios termékeit vizsgaltuk elektron-mikroszondaval
és mikro-rontgendiffraktométerrel. A nagy tisztasagu aranybol késziilt targyak feliiletéet nagyon vekony vordses
bevonat boritja, ami korrozios termékek, arany-eziist-szulfidok keverékebol allo réteg. Az eziisttargyak anyaga
teljesen atalakult eziist-szulfobromidda és bromtartalmu eziist-kloridda (embolit), melyek (szerves anyagban
gazdag) talajokban eltemetett eziisttargyak tipikus korrozios termékei. A rézkorrozios termékek hianya arra utal,
hogy a targyakat feltehetoleg nagy tisztasagu eziistbol készitették.

KEYWORDS: MICRO-X-RAY DIFFRACTION, NIELLO, CORROSION, SILVER, COPPER, GOLD

KULCSSZAVAK: MIKRO-RONTGENDIFFRAKCIO, NIELLO, KORROZIO, EZUST, REZ, ARANY

(SEM)/electron microprobe (EMP) and
petrographic studies, can directly be analysed in
situ without any further preparation. Besides non-
destructiveness, with the RIGAKU DMAX RAPID
II instrument an area as small as 10 um in diameter
can be analysed on the object/sample. However,
some limits should be taken into consideration
during data processing and evaluation. Due to the
geometry of the instrument, the object/sample may
cover certain areas of the imaging plate detector
depending on its actual position in the diffraction
geometry; therefore, some higher dy; values could
not be detected. The areas, where measurements
take place, neither are single crystals, nor represent
an ideal powder. Measured peak intensities are
increased or decreased in  specific  hkl
crystallographic directions compared to that of
powdered specimens due to preferred orientations;
therefore, during data evaluation peak intensities

Introduction

Material analysis of archaeological metal artefacts,
especially their decorations, inlays or corrosion
products, involves not only the study of
microstructure and chemical composition, but in
several cases the determination of mineralogical
composition as well. X-ray diffraction (XRD) is a
widely used method to specify the mineralogical
composition (phase identification) of natural as well
as artificial materials. However, when sampling is
not or just limitedly allowed due to e.g. the high
value of the archaeological object, the conventional
X-ray diffraction analysis performed on powdered
specimens can hardly be used. Laboratory micro-
XRD instruments provide good alternatives, like
the RIGAKU DMAX RAPID II micro-X-ray
diffractometer (u-XRD). One of the main
advantages of laboratory pu-XRD over traditional

(powder) XRD is its non-destructiveness (non-
invasiveness). In most cases, no sampling or special
specimen preparation is needed. Objects and small-
sized, non-flat or non-smooth samples, in addition
polished blocks and thin sections prepared for
other, e.g. scanning electron microscope
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cannot be taken into consideration, only peak
positions are used. Another important issue is that
the smaller collimator is wused, the longer
measurement time is needed in order to obtain
adequate intensities.
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The RIGAKU DMAX RAPID II micro-X-ray
diffractometer has already been used in the
archacometric investigation of cultural heritage
materials, e.g. mortars, glazes, glasses, pigments,
stones (e.g. Benedetti et al. 2004; Bontempi et al.
2008; Swider 2010; Abbe et al. 2012; Kingery-
Schwartz et al. 2013; Takumi & Maeyama 2015;
Bajnoéczi et al. 2016; Howe et al. 2018; Osvath et
al. 2018). In this paper, we present three case
studies showing how this laboratory micro-XRD
instrument can be used in the investigation of
archaeological (and historic) metal objects, where
in most cases no or only very limited sampling is
permitted due to the high value of the objects.

Methodology

Prior to micro-XRD analysis the microstructure and
chemical  composition of the  analysed
objects/samples were studied using a scanning
electron microscope (SEM) or an electron
microprobe (EMP).

A large chamber door (width 290 mm) AMRAY
18301 type scanning electron microscope equipped
with EDAX PV 9800 energy-dispersive X-ray
spectrometer (EDS) was used for large objects
(case study 1). Analytical conditions: 20 kV
acceleration voltage, 1 nA beam current, net
counting time of 100 sec for the point and area
analyses. The results were normalised to 100 wt%.

A JEOL Superprobe-733 type electron microprobe
equipped with an Oxford Instruments INCA Energy
200 type energy-dispersive X-ray spectrometer
(EDS) was used for small artefacts (maximum 5 cm
in diameter, case study 3) or small-sized layered
samples detached from corroded metal objects and
embedded in epoxy resin (case study 2). Analytical
conditions: 20 kV accelerating voltage, 6 nA beam
current, 40-90 sec and 5-10 min acquisition time

collimator P
~
-

CCD camera
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for point and area analyses, respectively. Natural
and artificial materials of the Taylor Co. (Stanford,
California) were wused as standards during
quantitative analyses, specifically gold (Au),
chalcopyrite (CuFeS,) and acanthite (Ag,S) in case
study 3. For considering sufficient amount of data,
totals between 95 wt% and 105 wt% were evaluated
(case study 3).

For the analysis of the largest buckle in case study
3, a ZEISS EVO 40XVP scanning -electron
microscope equipped with Oxford Instruments
INCA ISIS energy-dispersive spectrometer (EDS)
was used. Analytical conditions: 20 kV accelerating
voltage, 6 nA beam current and 30 sec acquisition
time. The results were normalised to 100 wt%.

The mineralogical composition of the samples
presumed on account of the SEM-EDS/EPMA
results was verified with the use of RIGAKU
D/MAX RAPID II micro-X-ray diffractometer (-
XRD), which is a unique combination of a
MicroMax-003 third generation microfocus, sealed
tube X-ray generator and a curved imaging plate
detector (Fig. 1a, for analytical conditions in each
case study see Table 1.). The diffractometer was
operated with CuKa radiation generated at 50 kV
and 0.6 mA. Different types of collimators can be
used (10 pm, 30 um, 50 um, 100 pm, 300 um, 500
um, 800 pm) depending on the size of the measured
area. A built-in CCD camera was used to select the
measurement areas. A laser scanning readout
system reads the imaging plate detector in about 1
min. RIGAKU 2D Data Processing software 2DP
was used to record the diffraction image from the
laser readout. For each XRD pattern the
interpretable 2@ region was selected manually.
RIGAKU PDXL 1.8 integrated X-ray powder
diffraction software was used for data processing.

Fig. 1.:

A: The setup of the RIGAKU
DMAX RAPID II micro-X-
ray diffractometer. B-D:
objects/samples of the case
studies mounted onto the
sample holder.

1. abra:

A: A RIGAKU DMAX
RAPID II mikro-
rontgendiffraktométer
felépitése. B-D: az
esettanulmanyokban vizsgalt
targyak/mintak elhelyezkedése
a mintatarton.
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Table 1.: Analytical conditions of pu-XRD measurements in the case studies discussed in the paper

1. tablazat: A harom esettanulmany p-XRD vizsgalatainak mérési koriilményei

CASE STUDY 1

Sample preparation -

Collimator 100 um

Measurement time 5-20 min
®-axis 20-30°
-axis 0-25°

Case study 1: Niello inlays of a late
Roman silver augur staff

Niello is a bluish black inlaying material, which
was widely used to decorate metal objects from the
1" century AD and is still used today. Its
composition has changed through times depending
on the metal it decorates. As no written sources are
available for niello manufacturing from the Roman
period, our knowledge about the contemporary
technique is very sparse. Based on previous studies,
it has been widely accepted that Roman niello was

CASE STUDY 2 CASE STUDY 3
polished cross sections -
10-100 pm 50-800 um
10-40 min 1-60 min
0-25° 0-35°
20-115° 0-15°

generally composed of one metal sulphide, the
same as it decorates e.g. silver sulphide (acanthite,
Ag,S) was used for silver objects (Moss 1953;
Dennis 1979; Newman et al. 1982; La Niece 1983;
Oddy et al. 1983; Schweizer 1993; Northover & La
Niece 2009). Binary silver-copper sulphide niello
(stromeyerite, AgCuS) was apparently used

intentionally only from the end of 5™ century AD
(Dennis 1979; Newman et al. 1982; La Niece 1983;
Oddy et al. 1983; Schweizer 1993; Northover & La
Niece 2009).

Intensity (cps)

261 A ac

2.08 A ac

5mm

2-theta (deg)

Fig. 2.: A late Roman niello-inlaid silver fibula (photo: A. Dabasi, Hungarian National Museum) and its position
in the micro-X-ray diffractometer. Binocular microscopic image and p-XRD pattern of the niello inlay of the
fibula. Abbreviation: ac = acanthite (Ag,S) (PDF 00-014-0072).

2. abra: Kés6 rémai nielloberakasos eziistfibula (fotd: Dabasi A., Magyar Nemzeti Mazeum) ¢és rogzitése a
mikro-rontgendiffraktométerben. A nielloberakas sztereomikroszkopos képe és diffraktogramja. Rovidités: ac =

akantit (Ag,S) (PDF 00-014-0072).

HU ISSN 1786-271X; urn: nbn: hu-4106 © by the author(s)



Archeometriai Mithely 2019/XVI./1.

In order to better understand the late Roman niello
technique, several niello-inlayed objects (Mrav
2010a, 2010b, 2011), found in the Pannonian
provinces and preserved now in the Hungarian
National Museum, were analysed by using
handheld X-ray fluorescence spectrometry (hXRF)
and proton-induced X-ray emission spectrometry
(PIXE) (Mozgai et al. 2016). Most of the analysed
objects was decorated with one metal sulphide
niello confirming the previous studies, as in the
case of a silver fibula dated to the second half of the
3" century, for which micro-XRD measurements
verified the only presence of silver sulphide
(acanthite, Ag,S) (Fig.2.). However, the niello
inlays of a silver augur staff (lituus) (Fig.3.)
showed elevated and inhomogeneous copper
content (up to 30 wt% based on PIXE analysis).
The object was excavated from an undisturbed
grave in Brigetio (Komarom-Szény in Hungary) in
the 1960s and it is the only known silver augur staff
from the territory of the Roman Empire (Barkoczi
1965, Toth 2017). A more detailed examination
regarding the microstructure and the mineralogical
composition of niello inlays was performed non-
destructively due to the high value of the object by
using SEM-EDS and p-XRD (Fig. 1b).

33

Five niello types were identified, their chemical
compositions range from silver sulphide (acanthite)
to binary silver-copper sulphide of Ag:Cu ratio 1:1
(stromeyerite). Type 1 niello is homogeneous
polycrystalline silver sulphide (acanthite, Ag,S);
Type 2 niello is inhomogeneous silver-copper
sulphide (exsolution of acanthite, Ag,S and jalpaite,
Ag;CuS,); Type 3 niello is homogeneous
polycrystalline silver-copper sulphide (jalpaite,
Ag;CuS,); Type 4 niello is inhomogeneous silver-
copper sulphide (exsolution of jalpaite, Ag;CuS,
and mckinstryite, AgsCusS,); and Type 5 niello is
homogeneous polycrystalline silver-copper
sulphide  (stromeyerite, AgCuS) (Figs. 4-5.)
(Mozgai et al. 2019).

Fig. 3.: The late Roman silver augur staff (lituus)
decorated with niello inlays (photo: A. Dabasi,
Hungarian National Museum)

3. abra: A nielloberakasokkal diszitett késé romai eziist
augurbot (fituus) (fotd: Dabasi A., Magyar Nemzeti
Muzeum)

& @ Type 1 niello ® niello inlays (not analysed)
© Type 2 niello (fighter in BSE images) .:\ gold inlays /4
# Type 2 niello (darker in BSE images) Ny .
50 'y Type 3 niello
A @ Type 4 niello (lighter in BSE images)
@ Type 4 niello (darker in BSE images)
40 i
j‘ A Type 5niello
% stromeyerite 4
3
=30
(5]
mckinstryite .“ °
[ ]
20 % ‘.5‘
jalpaite :
10
" e
10 20 30 40 70
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Fig. 4.: Chemical composition of the different niello types of the augur staff based on SEM-EDS measurements and the
distribution of different types of niello inlays on the augur staff based on the SEM-EDS and p-XRD results. Chemical
ranges for silver-copper sulphides are based on Grybeck & Finney (1968) for jalpaite (Ag; 55Cug45S—Ag; sCuqsS); Skinner
et al. (1966) and Kolitsch (2010) for mckinstryite (Ag; 1sCug g:S—Ag; 25Cug 75S) and Frueh (1955) and Tokuhara et al. (2009)
for stromeyerite (AgyoCu;.1S—-Ag; oCu, ¢S), respectively. Note that Type 5 niello exhibits higher copper concentrations than
ideal stromeyerite due to the presence of surface corrosion products.

4. abra: A kiilonb6z6 niellotipusok kémiai Osszetétele a SEM-EDS elemzések alapjan és a kiilonbozé nielldtipusok
eloszlasa az augurboton a SEM-EDS és p-XRD eredmények alapjan. Az eziist-réz-szulfidok kémiai tartomanya: jalpait
(Ag; 55Cug45S-Ag; sCuysS) Grybeck & Finney (1968) alapjan; mckinstryit (Ag; ;sCugs,S—Ag;25Cug75S) Skinner et al.
(1966) ¢és Kolitsch (2010) alapjan és stromeyerit (Agy9Cu; ;S—Ag; ¢Cu, oS) Frueh (1955) és Tokuhara et al. (2009) alapjan.
Az 5. tipusu nielloban az idealis stromeyeritnél nagyobb réztartalom oka a feliileten jelenlevo korrdzids termékek.
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Fig. 5.: Back-scattered electron (BSE) images and p-XRD patterns of the niello types. A: Type 1 —
homogeneous silver sulphide (acanthite); B: Type 2 — inhomogeneous silver-copper sulphide (exsolution of
acanthite and jalpaite); C: Type 3 — homogeneous silver-copper sulphide (jalpaite); D: Type 4 — inhomogeneous
silver-copper sulphide (exsolution of jalpaite and mckinstryite); E: Type 5 — homogeneous silver-copper
sulphide (stromeyerite), darker phases are copper- and iron-containing surface patches (red arrows). Metallic
gold is accumulated along the grain boundaries in each type of niello forming bright inclusions and strings in
BSE images (yellow arrows). Abbreviations: ac = acanthite (Ag,S) (PDF 00-014-0072); jp = jalpaite (Ag;CuS,)
(PDF 00-012-0207); mc = mckinstryite (AgsCu;S,;) (PDF 00-019-0406); str = stromeyerite (AgCuS) (PDF 00-
012-0156).

5. abra: A kiilonboz6 niellotipusok visszaszortelektron-képei (BSE) és diffraktogramjai. A: 1. tipus — homogén
eziist-szulfid (akantit); B: 2. tipus — inhomogén eziist-réz-szulfid (akantit és jalpait szételegyedése); C: 3. tipus —
homogén eziist-réz-szulfid (jalpait); D: 4. tipus — inhomogén eziist-réz-szulfid (jalpait és mckinstryit
szételegyedése); E: 5. tipus — homogén eziist-réz-szulfid (stromeyerit), a sotétebb fazisok réz- és vastartalmu
feliileti kivalasok (piros nyilak). Az arany mindegyik niellotipusban a szemcsehatarok mentén valt ki, a BSE
képeken vildgos zarvanyok formajaban (sarga nyilak). Roviditések: ac = akantit (Ag,S) (PDF 00-014-0072); jp
= jalpait (Ag;CuS,) (PDF 00-012-0207); mc = mckinstryit (AgsCusS,;) (PDF 00-019-0406); str = stromeyerit
(AgCuS) (PDF 00-012-0156).
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The augur staff decorated with such heterogeneous
niello inlays is the first object ever analysed in this
manner. Based on archaeological arguments the
augur staff is well-dated to 260-280s AD and was
presumably buried with the last augur of Brigetio in
the early decades of the 4™ century AD (Barkoczi
1965; Mrav 2010a; 2010b). Both mineralogical and
archaeological arguments link niello heterogeneity
to the primary production of the object rather than
to any post-production repair or post-burial
corrosion processes (Mozgai et al. 2019). The
variable copper content of the niello decorations of
the augur staff indicates no technological
innovation. The silversmith simply employed not
only silver but in order to make up for the shortage
of silver also differently debased silver, possibly
scrap materials of the workshop for producing
niello (Mozgai et al. 2019). The elevated copper
content of niello inlays shows that silver-copper
sulphide niello, even stromeyerite (AgCuS), was
used by the Roman craftsmen two-hundred years
earlier (last third of 3™ century AD) than the
previous studies indicated (end of 5™ century AD).
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Case study 2: Corrosion products of a late
Roman copper cauldron

Corrosion products of a large-sized late Roman
copper cauldron (Fig.6.), with uncertain
provenance (finding location) and now stored in the
Hungarian National Museum, were examined. The
cauldron is part of the Seuso Treasure, and fourteen
large silver vessels were hidden in it; the imprints
of the rim of the platters were detected on the inner
side of the cauldron (Nagy & To6th 1990; Bennett
1994; Nagy 2012; Visy 2012). The object is rather
large-sized: 83 cm in diameter and 32.5 cm in
height, 150 litres capacity. This cylindrical cauldron
with an originally convex bottom has stepped wall
made of two separate hammered copper sheets
joined together with hammering, riveting and
soldering. The wall is joined to the bottom with
crenelated seam. The cauldron was most probably
manufactured in the 3™ or 4™ century AD. Based on
its shape and manufacturing techniques, it belongs
to a type widespread in the Rhine and Danube
regions of the Roman Empire in the 2"-4"
centuries AD. The southernmost examples of this
type of object were unearthed in the Transdanubian
region of Pannonia around Lake Balaton in
Hungary (Nagy & Téth 1990; Nagy 2012).

Fig. 6.: Late Roman copper cauldron (photo: A. Dabasi, Hungarian National Museum) and one of the corroded

metal samples taken from the cauldron.

6. abra: Kés6 romai réziist (foto: Dabasi A., Magyar Nemzeti Muzeum) ¢s az listbol kivett, korrodalt fémmintak

egyike.
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Fig. 7.: Binocular (A), reflected light microscopy (B) and back-scattered electron (BSE) (C) images of the cross
section of a small corroded metal sample detached from the cauldron. Bright patches in BSE image are lead
globules dispersed in the metal. p-XRD patterns of the layers of the corroded metal: 1. uncorroded copper, 2.
copper oxide (cuprite), 3. copper chloride (nantokite), 4. copper carbonate (malachite), 5. copper sulphate
(brochantite), 6. copper hydroxychloride (atacamite/paratacamite). Abbreviations: Cu = copper metal (PDF 01-
085-1326); cp = cuprite (Cu,0) (PDF 01-078-2076); nan = nantokite (CuCl) (PDF 00-006-0344); mal =
malachite (Cu,CO3(OH),) (PDF 01-076-0660); br = brochantite (CusSO4OH)s) (PDF 01-087-0454); at =
atacamite/paratacamite (Cu,CI(OH);) (PDF 01-077-0116).

7.abra: Az istb6l levett korrodalt fémminta keresztmetszetének sztereomikroszkopos (A), raesdfényes
polarizaciés mikroszkdpos (B) és visszaszortelektron-képe (C). Az 6lom vilagos zarvanyok formajaban
elkiiloniilt a réztél. A kiilonbozd korrdzids rétegek diffraktogramjai: 1. vordsréz, 2. réz-oxid (kuprit), 3. réz-
klorid (nantokit), 4. réz-karbonat (malachit), 5. réz-szulfat (brochantit), 6. réz-hidroklorid (atacamit/paratacamit).
Roviditések: Cu = vordsréz (PDF 01-085-1326); cp = kuprit (Cu,0) (PDF 01-078-2076); nan = nantokit (CuCl)
(PDF 00-006-0344); mal = malachit (Cu,CO3(OH),) (PDF 01-076-0660); br = brochantit (Cus;SO4OH),) (PDF
01-087-0454); at = atacamit/paratacamit (Cu,CI(OH);) (PDF 01-077-0116).

The appearance of the cauldron, the extent of An in situ, layer-by-layer analysis was performed
corrosion, and its overall preservation state on polished cross sections of small corroded metal
indicates that it was kept in a protected samples detached from the cauldron by using
environment. Thick calcareous encrustations and EPMA and p-XRD (Fig.1c). Only the latter
soil remnants on the surface implies that the method enables to determine the mineralogical
cauldron was probably buried in soil for a long composition of the different corrosion products
time. Our aim was to determine and characterise the forming layers separately. The cauldron is made of
burial environment and the corrosion processes unalloyed copper, small (few micrometer-sized)
with the characterisation of the different corrosion lead globules are dispersed in the metal. Two
products found on the cauldron, since they may corrosion zones are present: (1) the original
hold clues about the burial conditions (Eh, pH, etc.) (internal) surface zone of the metallic copper was
of the object. replaced by copper oxide (cuprite, Cu,O), whereas

(2) basic copper carbonate (malachite,
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Cu,CO5(OH),) was deposited (externally) on the
original surface along with calcium carbonate
(calcite, CaCOs) incorporating some soil minerals
(e.g. quartz, feldspars) (Fig.7.). These copper
minerals were formed during long-time burial
(passive corrosion) and protected the cauldron from
further severe corrosion, therefore, their appearance
corresponds well with a well-aerated, calcareous
soil burial environment with moderate pH and Eh
(Fig. 8.) (Tylecote 1979; Miller et al. 1981; McNeil
& Little 1992; Schweizer 1994; Scott 2002). Based
on the absence of copper sulphides, anoxic and
waterlogged environment as burial site can be

passive corrosion 55

active corrosion
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excluded (Tylecote 1979; Miller et al. 1981;
McNeil & Little 1992; Schweizer 1994; Scott
2002). Rarely copper chloride (nantokite, CuCl),
basic copper trihydroxychloride (paratacamite /
atacamite, Cu,CI(OH);) and basic copper sulphate
(brochantite, CusSO4(OH)s) were also identified in
the two corrosion zones (Fig.7.). Their uneven
distribution on the cauldron and their formation
conditions (typically formed on air, in outdoor
environments, not in soil environments) indicate
that these minerals may be the results of active
corrosion, forming most possibly after excavation
(Fig. 8.) (Tylecote 1979; Scott 2002).

Fig. 8.: Pourbaix diagrams of the Cu—CO;—

244

2.0

Eh(V)

copper

antlerite

brochantite
paratacamite

copper

SO,—CIl-H,0 system indicating the stability
field of the different copper corrosion
products for solutions containing 229 ppm
CO, and 46 ppm SO; (after Pourbaix 1977).
Passive  corrosion  products  (cuprite,
malachite) were formed in moderate pH and
Eh conditions, whereas active corrosion
products (nantokite, paratacamite/atacamite,

brochantite) indicate a more oxidative
and/or acidic environment.
8.abra: A  kiilonboz6  rézkorrozios

termékek stabilitasi mezeje a Cu—COs—
SO,~CI-H,0 rendszer Pourbaix
diagramjain (229 ppm CO,, 46 ppm SOs3)
(Pourbaix 1977 nyoman). A passziv
korrézidos  termékek (kuprit, malachit)

Case study 3: Corrosion products of
Hunnic-period gold and gilded silver
objects

A lonely grave (SNR 2785) of an 18-20-year-old
man was discovered during the preventive
excavation of the expansion of the Mercedes
factory in Kecskemét-Mindszenti-dil6 in 2017.
Based on the attire items (gold hair ring, knife with
a gold sheat-decorated handle, different buckles
covered with gold foil) and the sword buried with
the deceased, the grave can be dated to the Hunnic
period. The sword also indicates his high social
status, who supposed to be a noble member of the
society. Both the finds and the rite of this burial
differs from the traditions of the Sarmatians, who
lived in this area during this period. This may prove
that after the arrival of the Huns into the Carpathian
Basin, they chose one of their nobility to be the
leader of the Sarmatians, who lived this area of the
Danube-Tisza Interfluve for hundreds of years. The
deceased can be this nobility or one of his relatives.

HU ISSN 1786-271X; urn: nbn: hu-4106 © by the author(s)

kozepes Eh-pH viszonyok kozt keletkeztek,

12 14 16
mig az aktiv korr6zié termékei (nantokit,
paratacamit/atacamit, brochantit) savasabb
¢és/vagy oxidativabb koérnyezetet jeldlnek.
Fig.9.: The analysed objects from Kecskemét—

Mindszenti-dilé: a gold hair ring, a ribbed gold sheet and
four gilded silver buckles (photo: B. Kiss, Katona Jozsef
Museum of Kecskemét).

9. abra: Kecskemét—Mindszenti-diilén  eldkeriilt  ¢és
elemzett targyak: arany hajkarika, bordazott aranylemez
és négy aranyozott eziistcsat (fotd: Kiss B., Kecskeméti
Katona Jozsef Mtizeum).
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Fig. 10.: A: Macroscopic and back-scattered electron (BSE) images, energy-dispersive X-ray spectrum and p-XRD pattern
of the thin reddish layer (red arrows) on the surface of the ribbed gold sheet. B: Binocular microscopic and back-scattered
electron (BSE) images and p-XRD patterns of the corroded silver alloy of the buckles. Symbols and abbreviations: Au =
gold (JCPDS 04-0784); Ag = silver (JCPDS 87-0720); *: Ag(Cl1,Br) (JCPDS 14-0255); #: Ag;SBr (JCPDS 18-1189).

10. abra: A: A bordazott aranylemez feliiletén megjelend vékony, vordses szinli réteg (piros nyilak) makroszkopos €s
visszaszortelektron-képe (BSE), energiadiszperziv rontgenspektruma ¢és diffraktogramja. B: A korrodalt eziistcsatok
sztereomikroszkopos ¢és visszaszortelektron-képe, és p-XRD diffraktogramjai. Szimbolumok és roviditések: Au = arany
(JCPDS 04-0784); Ag = eziist (JCPDS 87-0720); *: Ag(Cl,Br) (JCPDS 14-0255); #: Ag;SBr (JCPDS 18-1189).
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The material and the corrosion products of gold and
gilded silver objects, namely a gold hair ring, a
ribbed gold sheet and four gilded silver buckles
found in the grave (Fig.9.), were analysed non-
destructively by using EPMA and p-XRD (Fig. 1d).
The silver objects are heavily corroded; therefore,
the original composition of the used alloy can
barely be determined.

The gold hair ring and the ribbed gold sheet were
both manufactured from a high-quality gold alloy
(gold hair ring (n=4): 91.9£2.4 wt% Au, 6.0£1.2
wt% Ag, 0.7£0.1 wt% Cu; ribbed gold sheet (n=4):
96.1+2.8 wt% Au, 3.4+£0.2 wt% Ag, 0.6£0.3 wt%
Cu, 0.2+0.1 wt% Fe). The surface of the ribbed
gold sheet is covered with a very thin reddish layer
(Fig. 10a). The reddish coloration of gold objects is
a well-known and studied phenomena, and can be
related to (1) addition of red materials onto the
surface (coating with cinnabar (HgS) or with iron
oxides) (Shimada & Griffin 2005; Rastrelli et al.
2009), (2) specific composition of alloy (gold alloys
with high copper content) (Lucas 1962; Troalen et
al. 2009), or (3) surface corrosion (presence of
silver-gold sulphides, e.g. petrovskaite (AgAuS),
uytenbogaardtite (Ag;AuS,), in addition, acanthite
(AgyS), silver sulphate (Ag,SO4) and chalcocite
(CuyS)) (Lucas 1962; Frantz & Schorsch 1990;
Randin et al. 1992; Gusmano et al. 2004; Selwyn
2004; Griesser et al. 2005; Mayerhofer et al. 2005;
Bastidas et al. 2008; Tissot et al. 2009; Liang et al.
2011; Guerra & Tissot 2013; Tissot et al. 2015). It
is difficult to identify the mineralogical
composition of the corrosion tarnish, due to its few
hundred A thickness (Ankersmit et al. 2005;
Bastidas et al. 2008; Guerra & Tissot 2013). Based
on the EPMA and p-XRD measurements, the
reddish layer is a tarnish most probably composed
of the mixtures of gold-silver sulphides (and other
corrosion products) (Fig. 10a). Since the tarnish
layer is very thin and p-XRD intensities are not
relevant, we could not determine its exact
mineralogical composition merely taking into
consideration the peak positions.

The buckles were manufactured from a silver alloy
covered with approx. 0.05-0.1 mm thick gold foil
(“foil-gilding’). The gold foils were produced from
high-quality gold: three of the buckles were
decorated with foils of 94.8-96.4 wt% gold content,
whereas one of the buckles was covered with leaf
of 88.0 wt% gold content. The original silver alloy
has completely mineralised during corrosion
processes (Fig. 10b). The EPMA and p-XRD
measurements proved the presence of silver,
sulphur, chloride and bromide in the form of silver
sulphobromide (Ag;SBr) and bromian chlorargyrite
(embolite, Ag(CLBr)) (Fig. 10b). Copper corrosion
products were not determined; therefore, the objects
were most probably manufactured from a high-
purity silver alloy. The silver sulphides and
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chlorides are the typical corrosion products of silver
objects buried in soils, whereas silver bromides are
characteristic only of soils with high organic matter
content (Hedges 1976; McNeil & Little 1992;
Martina et al. 2012; Marchand et al. 2014). The
presence of silver chloride indicates shallow burial
in soil (McNeil & Little 1992).
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Abstract

Jewellery, dress accessories and other personal ornaments made of precious metal and decorated with
gemstones were representative elements (prestige objects) of Migration-period supra-regional fashion in
Europe. Due to their valuable materials and impressive appearance, these polychrome artefacts are highlighted
items in art albums and exhibition catalogues as the key objects of the period. Their vast majority represents
high standard of workmanship even from a modern perspective. A small minority comprises, however, objects of
lower or even poor quality, falling below the standard. This paper focuses on these exceptions. Dozen finds
showing low-quality workmanship are collected, analysed and interpreted below, with special attention to their
technical features, material compositions as well as their functions as status indicator.

Our results indicated that the poorly-made objects were produced in workshops of local significance following
and imitating high-standard models. The observed technological features pointed out that their makers were
inexperienced in techniques requiring meticulous work and precision. The analytical data revealed, however,
that they were dominantly made of high purity gold with a composition of partly or wholly identical to that of the
technically outstanding items. Apparently, the high social status was not so demanding on the workmanship,
rather the quality of the processed gold.

Kivonat

A szines ékkdvekkel berakott, nemesfémbdl késziilt ékszerek, viseleti targyak és egyéb diszitmények a
népvandorlas kori divat meghatdrozo elemei (presztizstargyai) voltak Eurdpdaban. Ezek a polikrom otvosmunkak,
ertekes alapanyagaik és latvanyos megjelenésiik miatt a korszak leleteit bemutato miivészeti albumok és kiallitasi
katalogusok elmaradhatatlan elemei. Dénto tobbségiik technikai kidolgozdsa modern szemmel nézve is
kiemelkedd szinvonalu, de sziik kisebbséget képezve vannak kézottiik olyan darabok is, melyek (joval) alulmuljak
a sztenderd mindséget. Jelen irasban ezekrol a kivételekrdl lesz szo, Osszesen tizenkét targyrol. Elemzésiink és
ertelmezésiink soran foként technikai jellemzdikre, anyagosszetételiikre, valamint statuszjelzo szerepiikre keriilt
hangsuly.

Eredményeink azt tamasztjak ala, hogy a gyengebb kivitelii targyak lokalis jelentoségii miihelyekben, mindségi
elokepe(ke)t kovetve és imitalva késziiltek el. A megfigyelt technologiai jegyek azt a benyomast keltik, hogy
készitéiknek nem volt elegendd tapasztalata az aprolékos munkat és precizitast igenylo eljardsokban. A
vizsgdlatok ugyanakkor ravilagitottak, hogy anyagosszetételiik részben vagy egészében megegyezik a
technikailag kiemelkedo darabokéval, ebben a mindségiikben tehat nem, vagy csak pontszeriien mutatkozik éles
kiilonbség. Mindez arra utal, hogy a targyak viseldinek tarsadalmi megitélése fiiggetlenedett a technikai
szinvonaltol, és inkabb a feldolgozott alapanyagok mindségen, abszolut értelemben vett érteken mult.

KEYWORDS: 5""-CENTURY ELITE, POLYCHROME METALWORK, HIGH PURITY GOLD, WORKMANSHIP, IMITATION

KULCSSZAVAK: 5. SZAZADI ELIT, POLIKROM OTVOSSEG, NAGY TISZTASAGU ARANY, KIVITELEZES, IMITACIO
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Fig. 1.: Chemical composition of the objects discussed in the paper, plotted in the gold-silver—copper ternary
diagram: a) shoe buckles, b) bracelets with animal-head terminals, ¢) sword accessories. The colouring indicates
the colours of various gold—silver—copper alloys (after Leuser 1949). Diagram: Viktoria Mozgai

1. abra: A cikkben emlitett targyak kémiai Osszetétele az arany—eziist-réz haromszog diagramon abrazolva: a)
cip6esatok, b) allatfejben végz6dd karperecek, c) kard szerelékek. A szinezés a kiilonféle arany—eziist-réz
6tvozetek szinét jelzi (Leuser 1949 nyoman). Diagram: Mozgai Viktoria

Introduction

In the Carpathian Basin, the first bloom of the
polychrome metalwork can be dated to the late 4™ and
5™ centuries AD, which corresponds to the Hunnic
period and the subsequent decades. This group of
goldsmiths’ works — unearthed mainly from
aristocratic burials, hoards and ritual deposits — are
generally interpreted as the legacy of the elite members
of the barbarian communities of these times, primarily
as markers of prestige (e.g. Tejral 1999; Schmauder
2002; Quast 2009). Their owners — chiefly military or
political officials in alliance with the Roman Empire
and their relatives — were in a privileged position. They
could afford to display their wealth, authority, and
power through valuable objects with special decoration
and workmanship (Hardt 2004, 60-96.). Their sources
were diplomatic gifts accepted from the Empire, as
well as the golden tribute (t7ibutum) received annual in
terms of the alliance (Kiss 1986, 108-110; Hardt 2004,
187-190.)

Although most of the 5™-century polychrome
goldsmiths’ works were made for the needs of the elite,
the sites and organisational framework of their
production are little known. There are only indirect
evidence derived from the analysis of the finished
products. Based on the previous studies (Horvath 2012;
2013), some the objects were made in the Barbaricum
and some in the Roman Empire, either in a local or
central workshop — actually, there are examples for any
combinations of these categories. The manufacturing
process involved at least two craftsmen — specialised in
the gem-processing and the metal-working.
Cooperation between them was not usual but rather

HU ISSN 1786-271X; urn: nbn: hu-4106 © by the author(s)

occasional. The phases of workflow were characterised
by low degree of standardisation. Gold of high purity
even up to a fineness of 99 wt% was often used as raw
material of the objects. In these cases, Roman solidi,
available in large quantities due to the tributum, could
have been directly processed (Hawkes et al. 1966, 99;
Kovrig 1985, 129; Giumlia-Mair 2013, 27.). Among
the coloured inlays, red garnets originating from India
and Sri Lanka were dominant, obtained in sets, ready
for setting or in pre-cut form, which still needed to be
shaped and sized (Horvath & Bend6 2011; Horvath
2013, 290-291.). Their acquisition required the
maintenance of long-distance trade relationships with
the sites where their extraction and/or preparation was
carried out.

The vast majority of the objects represents high
standard of workmanship even from a modern
perspective. They comprise simpler artefacts rich in
identical details and more complex, unique
masterpieces. Gold items are outstanding even in this
context: their shaping and decorating phases of
production usually relies on meticulous, time-
consuming techniques. Normally, they were crafted of
a large number of components — pieces of sheet metal
and small elements of filigree and granulation — which
were fixed to each other by precision soldering. All of
these indicate experienced and skilful makers. The
polychrome jewellery is however far from being
uniform in quality. In contrast to the splendid
exemplars some items are of lower or even poor
quality, falling below the standard described above
from one or more aspects. The present paper focuses
on these exceptions.
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Table 1.: Short catalogue of the low-standard objects discussed in the paper.

1. tablazat: A cikkben targyalt gyenge kivitell targyak rovid katalogusa.
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Presentation of the objects

The finds representing low-quality workmanship form
a small minority of polychrome fine metalwork pieces.
Although further items may later be added to the list,
from the currently known nearly 250 late 4™-5"-
century gold objects (Horvath 2012, Table 4.1), only
twelve belong here. These artefacts involve a pair of
buckles from the Egger’s collection preserved in
Budapest and London, another buckle of an unknown
provenance, three earrings with polyhedral beads from
Miskolc and Békéscsaba, a bracelet with animal-head
terminals from the Karasz’s collection without any
indication of the provenance, as well as five sheet
mounts decorating the double-edged sword (spatha) of
the ritual deposit from Bataszék (Table 1.).

With the exception of the Bataszék finds, all of them
are stray items — there is no information about the
context of their discovery or their owners. In terms of
their function, the artefacts show a mixed picture: they
can be identified as jewellery, dress accessories, or
ornaments of weaponry. Qualitative differences are
most discernible with respect to their object types.
Accordingly, the examples are described in four
groups: 1) shoe buckles; 2) earrings with polyhedral
beads; 3) bracelets with animal-head terminals; 4)
sheet mounts.

The following descriptions are based on our
technological and material analyses extended with
available  previous data. The technological
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characteristics were observed by optical microscope at
the accessible finds. In those cases where no previous
analyses were performed, the chemical composition of
the objects (their metals) was determined non-
destructively by handheld X-ray fluorescence analysis
(hXRF) (Fig. 1, Table 2)

Shoe buckles

The first examples belong to a notable object type of
the Hunnic period, a distinctive form of buckle with a
stumpy plate and a long tongue bent onto a massive
loop, made in gold. The small and medium-sized items
of this type form a significant part of 5™-century
polychrome gold finds in the Carpathian Basin
(Fig. 2d). Their characteristic feature is the golden
cellwork executed in standard cloisonné technique on
the plate (Horvath 2012b, 215, Fig. 2b). This was the
most time-consuming phase of the workflow, which
required special attention because of the multiple
joining and soldering. From the nearly thirty gold
buckles preserved in Hungarian museums, only two
items have their surface decorated with simpler bezel
settings instead of cellwork. One of them has a pair
currently found in the collection of the British
Museum. Their sizes indicate that all three pieces were
used to decorate the straps of footwear. In their
appearance, they are far below the average level of
Hunnic-period polychrome metalwork (Fig.2, Table
1.1-3.).
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Fig. 2.: Hunnic-period shoe buckles of the Egger’s collection from the British Museum (a) and from the Hungarian
National Museum (b), of unknown provenance (c¢) and from Bataszék (d). Photo: Trustees of the British Museum (a),

Eszter Horvath (b-d)

2. abra: Hun kori cipdcsatok az Egger gy(ijteménybdl, a British Museumbol (a), és a Magyar Nemzeti Muzeumbol (b),
ismeretlen leléhelyr6l (c) és Bataszékrol (d). Fotod: Trustees of the British Museum (a), Horvath Eszter (b-d)

Fig. 3.: Garnet inlays and granulation on the shoe buckle of unknown provenance. Photo: Eszter Horvath

3. abra: Az ismeretlen lel6helyii cipdcsat granatberakasai és granulacios diszitése. Foto: Horvath Eszter

e

Fig. 4.: Garnet inlays on the shoe buckle of the Egger’s collection from the Hungarian National Museum. Photo: Eszter

Horvath

4. abra: A Magyar Nemzeti Mzeumban 6rzott Egger-féle cipdesat granatberakasai. Fotd: Horvath Eszter

Two of the buckles survived thanks to the collecting
activity of the Egger brothers, who were influential
goldsmiths and antiques dealers during the dual
monarchy of Austria-Hungary (Kemenczei 2011). The
buckles originating from the region of Szeged
(Csongrad) (erroneously noted Tolna by Kiss 1969-70)
had different fates after the private collectors died in
the late 19™ century. Following a brief interlude, one
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was purchased by the Hungarian National Museum,
and the other by the British Museum (Boéna 1993, 256,
Fig. 93.5). The wunity of the two finds, their
identification as a pair has never been questioned in
scholarship. Their technical execution is surprisingly
unhandy and negligent. Their plates are unusually plain
constructions made of folded sheet metals shaped as
irregular triangles.
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Table 2.: Chemical composition of the objects discussed in the paper. 'SEM-EDS data from Craddock et al. 2010;
‘new hXRF data, not published yet; *hXRF data from Horvath 2012; *AES data from Vorsatz 1985. (< LOD=below
limit of detection) Elements deriving from surface contamination or corrosion (e.g. Si, Fe, S) were not taken into
account during data evaluation.

2. tablazat: A cikkben emlitett targyak kémiai Gsszetétele. 'SEM-EDS adatok Craddock et al. 2010 alapjan; *aj,
kozoletlen hXRF adatok; *hXRF adatok Horvath 2012 alapjan; *AES adatok Vorsatz 1985 alapjan. (< LOD=kimutatasi
hatar alatt) Az adatok kiértékelésénél a feliileti szennyez6désbdl, illetve korrdziobol szarmazo elemeket (pl. Si, Fe, S)
figyelmen kiviil hagytuk.

Ref.nr.| Measurement points Chemical composition (weight %) .
Au | Ag | e | m Bi
1 shoe buckle from the Egger's collection [British Museum}j
1.1 plate 99.3 0.7 0.2 < LOD < LoD
1.2 loop 90.7 8.1 1.2 = LOD < LOD
1.3 tongue 85.1 13.8 1.1 < LOD < LOD
2 shoe buckle from the Egger’s collection {Hungarian National Museum)?
2.1 plate 99.5 0.4 0.1 = LOD =< LOD
2.2 loop 99.7 0.3 0.0 = LOD < LOD
2.3 tongue 99.5 0.4 0.1 < LOD < LOD
3 shoe buckle of unknown provenance ?
31 plate (back) 895 9.6 0.9 < LOD < LoD
3.2 plate (side) 87.8 9.1 3.0 < LOD < LOD
3.3 plate (front) 88.0 9.9 1.6 < LoD = LOD
3.4 loop 1.1 939 3.7 0.6 0.1
3.5 tongue 0.9 936 4.3 0.6 0.1
7 bracelet from the Kdrdsz's collection”
7.1 ring 93.7 3.5 0.2 = LOD =< LOD
7.2 bezel 95.3 3.8 0.8 < LOD < LOD
A bracelet from Beregszdsz”
Al ring 947 | 3.8 1.4 <lOD | <lOD
B bracelet from Bakodpuszia (1) ?
B.1 ring 1 95.0 3.3 0.6 = LOD < LOD
B.2 ring 2 94.9 3.2 0.7 = LOD =< LOD
C  bracelet from Bakodpuszta (2) ?
C1 ring 1 96.2 3.0 0.7 = LOD =< LOD
C.2 ring 2 95.7 3.0 1.3 = LOD < LOD
&8-11 sheet mounts from Bataszék ?
8 scabbard mouthpiece 98.7 0.6 < LOD =< LOD < LOD
9 sheet mount 1 97.0 1.1 1.0 < LOD < LoD
10 sheet mount 2 98.7 0.7 0.1 < LOD < LOD
11 sheet mount 3 97.8 0.8 0.6 < LOD < LOD
D sword-bead from Bataszék *
D1 cloisonné mount 95.0 4.0 1.0 < LOD < LOD
D.2 rivet 0.4 99.4 < LOD = LOD < LOD
Note to Table 2.:

1: New hXRF data were acquired by a SPECTRO xSORT Combi type handheld X-ray fluorescence spectrometer
(Peltier cooling, Rh anode X-ray tube, energy-dispersive, SDD detector, 15-50 kV, 30-120 pA, ‘Light Elements’
built-in calibration, 3 mm measured area in diameter, 30 sec acquisition time).
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According to the results of material analysis, the
buckle kept in the British Museum was made up of
parts of extremely different quality, which were
certainly used secondarily (Fig.2a). The material of
the plate is pure gold (99.3 wt% Au, 0.7 wt% Ag, 0.2
wt% Cu), like Roman solidi, whereas the loop and the
tongue are alloys containing more silver and copper,
(loop: 90.7 wt% Au, 8.1 wt% Ag, 1.2 wt% Cu; tongue:
85.1 wt% Au, 13.8 wt% Ag, 1.1 wt% Cu) (Table 2.1.)
(Craddock et al. 2010, 57-59, Table 1). Similarly, the
surface of the buckle was decorated with re-used
inlays. The settings enclose two flat beads (one of
which is broken in half) and a flat-cut, lozenge-shaped,
chipped slab, with bevelled edges. Thus, the buckle
comprises the remains of three or four individual
objects.

The other piece of the pair, kept in the Hungarian
National Museum, is much more homogenous in
general (Fig. 2b). Its components were all made of
gold of great fineness (99.5-99.7 wt% Au, 0.3-0.4
wt% Ag, 0.03-0.1 wt% Cu) (Table 2.2, Fig. 1a). It is
inlaid with regular-shaped garnet slabs, however one of
the lozenge-shaped slabs has a rough or chipped
surface, which indicates that still not only carefully
processed gemstones were selected for the decoration
of this item (Fig. 3.).

The third buckle, which is of unknown provenance,
was also acquired by the Hungarian National Museum
towards the end of the 19" century (Fig. 2¢). It can be
connected to the previous pair of buckles since its
maker was also inexperienced and had little artistic
sense. Among the three examples it represents the
lowest material quality. Based on the results of the
metal analysis, its plate was made of less pure gold
(87.8-89.5 wt% Au, 9.1-99 wt% Ag, 0.9-3.0 wt%
Cu) (Table 2.3.1-3, Fig. 1a). The low purity is even
reflected by the dull colour of gold (Fig.2c). In
contrast with the plate, the loop and the tongue were
made of a silver-copper alloy (loop: 93.9 wt% Ag, 3.7
wt% Cu; tongue: 93.6 wt% Ag, 4.3 wt% Cu). The
chemical composition of the two parts is quite similar,
even in minor and trace element composition (loop: 1.1
wt% Au, 0.6 wt% Pb, 0.1 wt% Bi; tongue: 0.9 wt%
Au, 0.6 wt% Pb, 0.1 wt% Bi (Table 2.3.4-5, Fig. 1a).
Apparently, the object was patched together from
elements of different origins. Similarly to the examples
above, the plate of this buckle is decorated with
secondarily used garnet inlays enclosed by poorly
made, irregular bezel settings, accompanied by three
awkwardly arranged granules (Fig.4.). One bezel
contains the broken angle of a concave, triangular slab
decorated with concentric circles, while the other
contains another chipped triangle. The third inlay of
the buckle is missing, but the shape of its setting
suggests that it was again irregular.

Earrings with polyhedral bead

The next three examples represent another
characteristic type of 4™ and 5"-century polychrome
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jewellery, the earring with polyhedral bead. The
appearance of the earrings is greatly unified in the
discussed period, which is primarily due to the same
material and construction they have, as well as their
distinctive form that resembles rhombic dodecahedron
garnet crystals. They were made from relatively plain
elements, with a simple workflow. Normally, their
hoop is a single undecorated wire most often made of
gold, occasionally of gold-plated copper alloy. Seldom,
it was made by twisting three or four fine round wires
(for the examples see Horvath 2012). Their ornament —
the bead — was crafted of a single hammered sheet of
gold, cut-out for the inlays, which was then folded
serving as the edges of a polyhedron, soldered at its
vertices (Fig. 5a-b).

a N s

Fig.5.: Earring with polyhedral bead from
Bakodpuszta (a), polyhedral bead fold-out (b). Photo:
Eszter Horvath

5.abra: Poliédergombos fiilbevald Bakodpusztarol
(a), a poliédergomb Kkiteritett rajza (b). Foté: Horvath
Eszter

Inside, the bead was filled with backing paste, in which
the garnet slabs of matching size and shape were set.
There are only minimal differences in the design of the
openwork settings — occasional enrichment or division
of the central settings or alternative shapes of inlay on
the triangular faces of the beads (Horvath 2012).

Among the multitude of uniform pieces in the
collections of Hungarian museums there are only two
stray finds that stand out. One was found in Miskolc,
on the bank of River Sajo (Borsod-Abatj-Zemplén),
and the other (a pair) was discovered in the area of a
brick factory in Békéscsaba (Békés) (Fig. 6., Table
1.4-6.). Similarly to other items, these earrings were
made of gold sheets (unfortunately, chemical analysis
was not yet performed on them) and garnet slabs, but
with unusual technical and geometric solutions. All
three lack the characteristic network structure. The real
openwork settings were replaced by an alternative.



Archeometriai Mithely 2019/XVI./1.

e

Fig. 6.: Earrings with polyhedral bead from Miskolc
(a) and Békéscsaba (b). Photo: Eszter Horvath

6. abra: Poliédergombos fiilbevalok Miskolcrol (a) €s
Békéscsabardl (b). Foto: Horvath Eszter

lcm
Tl

The earring from Miskolc more or less resembles the
other items in shape. As a significant difference from
the standard, its polyhedral bead is formed from two
four-pronged sheets, folded and soldered to each other
on their vertices (Fig. 6a, 7a). The sheets enclose four
rectangular holes, but no additional shapes (round or
triangular) were cut out. As a consequence, the earring
could be set only with four inlays instead of the usual
twelve pieces. The maker of the pair from Békéscsaba
was apparently unaware of even the basic steps of
producing a polyhedral bead. The basis of the
ornaments is a rectangular prism, onto which the bezel
settings of the lozenge-shaped, rectangular and round
inlays were soldered (Fig. 6b, 8a). Both of the beads
could be set with altogether five inlays.

In addition to the structural differences, the hoops of
the earrings were also produced and adorned in an
unusual way. While in the case of the Miskolc
example, the maker tried to prepare beaded wire using
a single-bladed tool (Fig. 7b), in the case of the pair
from Békéscsaba, twisting was employed to a simple
wire of square cross-section (Fig. 8b).

Finally, the objects are also outliers as their technical
execution falls below the standard. In the case of the
item from Miskolc, the jagged edges of the gold sheets,
the uneven and unfinished character of the beaded
wire, whereas at the pair from Békéscsaba, the
irregular twisting of the wire and the unaligned beads
of unequal size and shape suggest careless, negligent
work.
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Fig.7.: Details of the earring from Miskolc, a)
polyhedral bead, b) hook, c) garnet inlay. Photo: Eszter
Horvath

7.abra: A miskolci fiilbevalo  részletei, a)
poliédergomb, b) karika, c) granatberakas. Foto:
Horvath Eszter

Fig. 8.: Details of the earring from Békéscsaba, a)
polyhedral bead, b) hook, c¢) garnet inlay. Photo: Eszter
Horvath

8.abra: A békéscsabai fiilbevald részletei, a)
poliédergomb, b) karika, c) granatberakas. Foto:
Horvath Eszter

The irregular shape and the uneven edges of the
majority of the garnets, which might have been shaped
by breaking, convey an even more clumsy impression
(Fig. 7c, 8c¢).

Bracelets with animal-head terminals

Our next example leads to the golden bracelets
terminating in animal heads. The earliest examples of
this jewellery type — combining Greek Hellenistic and
Early Roman elements with the Sarmatian polychrome
animal style — is dated as early as the 1% century AD
(Schiltz 2006, 173, 272, Cat. 58; Mordvinceva &
Treister 2007). These are particular items produced in
relatively small quantities — only six whole examples
are known from the 5"-century Carpathian Basin.
Compared to the buckles and earrings discussed above,
they are more diverse in manufacturing technique,
construction and ornamentation.

Four bracelets are solid casts with a simple, open ring
construction, ending in robust or plane heads.
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Fig. 9.: Bracelets with animal-head terminals from Bakodpuszta (a, d), Beregszasz (Berehove/Beregovo, Ukraine) (b,
e), and from the Karasz’s collection (c, f). Photo: Eszter Horvath

9. abra: Allatfejben végz6dd karperecek Bakodpusztardl (a, d), Beregszaszrol (b, e), és a Karasz gytijteménybdl (c, f).

Foto: Horvath Eszter

Examples with robust heads are from Beregszasz
(today: Berehove/Beregovo, Ukraine) (Hampel 1905,
418.), and from the Karasz’s collection (Fig. 9b-c,
Table 1.7, 1.A), whereas pieces with plate heads are
from Didsjend (unpublished material). In contrast with
them, the pair of bracelets discovered in grave No. 1 at
Bakodpuszta (today: Dunapataj-Bodpuszta, Bacs-
Kiskun) (Fettich 1951, 22-23, 82.) represents a special
technical solution with hollow structure, hinged
construction and screw-clasp (Fig. 9a). In addition to
its exact parallel from the Kiev treasure
(Merowingerzeit 2007, 363, Cat. 111.18.1.), analogues
are known only among the early Byzantine goldsmiths’
works, such as the extraordinary pieces from the
princely grave at Malaya Pereschepina, dated to around
600 (Werner 1984, 19, Taf. 25; Deppert-Lippitz &
Krause 1995, 171-172, Abb. 134).

Despite the decisive structural differences, the
bracelets from Beregszasz and the Karasz’s collection
show similarities with the Bakodpuszta pair in terms of
the decorative techniques and ornamentation. Their
settings played essential role in the design of the
animal heads. While the eyes and ears were
highlighted by bezel settings, the collars were formed
by cellworks executed in standard cloisonné technique
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(Fig. 9d-f). This latter ornamentation — being unusual
on polychrome bracelets, occurring rather on other
object types of the period (Nagy 2007, 31) — is of key
importance.

With regard to the quality of workmanship, different
levels including extremities can be discerned. While
the highest level is shown by the Bakodpuszta pair,
which can be considered as a kind of prototype, the
example from the Karasz’s collection represents the
lowest standard. This latter one is even the most
robust, with a weight of over 150 grams. Comparing
with the Beregszasz item, the quality of its casting
process shows a significant decline from technical and
aesthetical aspects. This can be observed especially on
its surface; the simplified workflow lacked the post-
casting treatment. The bezels and the cell walls
forming the eyes, ears and collars were clumsily set to
the raw cast (Fig. 10a). They are almost completely
empty now, only one single backing foil has remained
as a possible evidence to the former inlays (Fig. 10b).
The rough edges and the lack of inlays suggest that it is
an unfinished object. Nevertheless, it must have been
in use, as the round bezels are fragmented, and the
central part of the ring is broken (Fig. 10c-d).
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Fig. 10.: The raw cast surface (a), a backing foil (b), fragmented round bezels (c), and the broken ring (d) of the

bracelet from the Kardsz’s collection. Photo: Eszter Horvath

10. abra: A Karasz-féle karperec nyers oOntvény felillete (a), megmaradt folia alatéte (b), toredékes allapoth
pantfoglalatai (c), és megrepedt karikéja (d). Foto: Horvath Eszter

The technical and quality differences are not reflected
by the material composition. Based on the performed
analyses, the four bracelets with cloisonné cellwork
were made of high purity (but not pure) gold, without
significant differences in the fineness (93.7-96.2 wt%
Au, 3.0-3.8 wt% Ag, 0.6-1.4 wt% Cu) (Table 2.7,
2.A-C; Fig. 1b). The measured silver and copper
amount can suggest conscious alloying and primary
natural gold-silver alloy as well (Craddock 1995, 111;
Mozgai 2017, 232-233.).

Sheet mounts

Qualitative difference can be observed among items of
the same find assemblage or even among ornaments of
a particular artefact. An example of this is the ritual
deposit from Bataszék (Tolna), and within that, those
pieces of polychrome metalwork, which decorated the
accessories of the spatha i.e. the handle, the scabbard
as well as the sword-bead (Fig.11., Table 1.8-12,
1.D). These gold ornaments with garnet inlays do not
represent the same technological standard in spite of
that they were set together during the ritual. Their
common origin and workshop affinity can be clearly
excluded, as Ilona Kovrig had already deduced in her
detailed analysis of the finds (Kovrig 1985, 129).

The sword-bead is adorned with a cellwork (standard
cloisonné) of high technical quality: the appearance of
the wing-shaped inlays is uniform and regular, the
finishing of the upper rims of the cell walls was carried
out with great care, the cells enclose patterned backing
foils, and the beaded wire frame is evenly distributed
(Fig. 12a). As opposed to this, the mounts of the
handle and scabbard — one wider and four narrower
sheets — show extremely poor workmanship. The edges
of the sheets are uneven, the length of the bezel
settings does not correspond to the circumference of
the inlays, and the size and shape of the garnet slabs
are not uniform, either. The latter is particularly true
for the widest sheet, which is decorated with slabs of
mixed size and irregular shape — including a flat bead
broken in half (Fig. 12b). Besides, one of the narrower
sheets was also inlaid with secondarily used garnet
slabs (Fig. 12c¢).
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Fig. 11.: Sword accessories from the ritual deposit
from Bataszék, a) scabbard mouthpiece, b-e) various
sheet mounts, f) sword-bead. Photo: Wosinsky Mor
Museum (a, c-d), Eszter Horvath (b)

11. abra: Kard szerelékek a bataszéki aldozati
egyiittesb6l, a)  tokszajveret, b-e)  kiilonféle
lemezveretek, f) kardfiiggesztd gomb. Fotd: Wosinsky
Moér Muzeum (a, c-d), Horvath Eszter (b)
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Fig. 12.: Details of the garnet inlays and their settings
on the sword-bead (a), scabbard mouthpiece (b) and
one of the sheet mounts (c) from Bataszék. Photo:
Eszter Horvath (a), Wosinsky Moér Museum (b-c)

12. abra: Granatberakasok és foglalasuk részletei a
bataszéki kardfliggeszté gombon (a), tokszajvereten
(b) és az egyik lemezvereten (c). Foto: Horvath Eszter
(a), Wosinsky Mor Mazeum (b-c)

Based on the results of the previous material analysis,
even the metal composition of the ornaments is diverse
(Vorsatz 1985, 146-147, Table 1. nr. 3, 12; Horvath
2012, Table 6.2.). The mounts of the handle and
scabbard were made of unalloyed gold (97.0-98.7 wt%
Au, 0.6-1.1 wt% Ag, 0-1.0 wt% Cu) (Table 2.8-11;
Fig. 1¢), most probably obtained directly by the
melting of solidi. However, the cloisonné mount of the
sword-bead was made of less fine gold (95.0 wt%),
containing considerable amount of silver and copper
(4.0 wt% Ag, 1.0 wt% Cu) (Table 2.D.1; Fig. 1c). The
fineness of gold and the delicacy of workmanship are
in inverse relation. A similar phenomenon occurs in
case of analogous gold mounts from Nagyszéksos
(Giumlia-Mair 2013, 29-35).

The differences above can partly be explained by the
different purposes of the objects. The decorated sword-
bead — including both the magnesite bead and the
mounted cellwork — clearly bear the signs of use. The
sheet mounts, on the other hand, — which are damaged
but not worn — were obviously designed for a single
use. The simpler design, and the less elaborate details
are generally typical of the garnet inlaid sheet gold
ornaments belonging to Hunnic-period ritual deposits.
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Fig. 13.: Bow brooch with spiral ornamentation from
Szilagysomly6 (Simleu Silvaniei, Romania) (a), details
of the irregularly arranged filigree ornaments and
inlays. Photo: Eszter Horvath

13. abra: Spiraldiszes kengyelfibula Szilagysomlyorol
(a), a szabalytalanul elrendezett ratétdiszek ¢és
berakésok részletei (b). Fotd: Horvath Eszter

The pieces from Bataszék represent the lowest quality
even among them. Analogues of extremely poor
quality are known only from outside the Carpathian
Basin, from Jakuszowice (Poland) (Kiirti 1987, 180,
Taf. 8. Kat. 111.49.d; Bona 1993, 233). The scabbard
mount from Pécsiliszog reflects a barely better
workmanship, whereas the horse harness ornaments
from Pécsiiszog and Nagyszéksos bear more
adornments, and their inlays are in greater harmony in
terms of shape and size (Alf6ldi 1932, 65, 67; Fettich
1953, 21.). Furthermore, the cross-guards of the
spathae discovered in Pannonhalma (Tomka 1986,
438-441, Fig. 18; Bona 1993, 250, Fig.58.) and
Katzelsdorf (Austria) (Miiller & Nowotny 2018, 955-
956, Abb. 3.) as well as the dagger mouthpiece from
Telki (Szenthe et al. 2019, Fig. 10.) were decorated
with more massive and compact cloisonné cellworks.

The twelve examples presented here were dominantly
made of high purity gold with poor workmanship.
Their special position is manifested in the selection of
the ornaments and related goldsmiths’ techniques, as
well as the quality of execution of the latter. These
products must have been made by craftsmen, who did
not reach up to the general outstanding level of the
period, either in terms of their knowledge (i.e. “know-
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how”) or their skills in practice. The organisational
framework and infrastructure of production -—
reconstructed indirectly — also point out more primitive
conditions.

In case of the objects normally rich in identical
features, the distinctive forms and techniques are
missing, as if the standard design had not been known
to the makers. Some ornaments and mounts were
carried out in a specifically amateur manner or poorly.
This is shown by the clumsy use of tools, the uneven
and irregular features, as well as the imprecise joining
and soldering. There is a lack of consistency in size
and design. Further common phenomena are the
secondary use of items or their remnants that became
unsuitable for wearing, the shortening of workflow,
and the replacing of certain procedures with simpler
techniques (such as employing casting instead of
hammering and soldering). The result gives the
impression that the makers were inexperienced in
techniques requiring meticulous work and precision.

The metallic raw material of the objects is gold, or
gold and silver. Their composition — based on the
available data — is partly or wholly identical to that of
the technically outstanding items. Consequently, there
is no or little difference in the quality of their material.
This consistency rules out the option of forgery,
implied by the obscure context of the objects
(Craddock 2009, 370.). The direct use of the gold of
great fineness available in the form of solidi must have
been disadvantageous from a practical aspect. Pure,
unalloyed gold is too soft, and has little tensile
strength. Although it can be shaped well, it is less
resistant to be damaged, and the surface of finished
objects gets easily worn. Thus, the purity of gold may
indicate not only the status of the customers, but the
professional knowledge of the makers as well. Ideally,
the craftsman adjusted the raw material to the character
of the object: prepared and alloyed the gold according
to need. In the majority of the discussed items, this step
— by negligence or through necessity — was omitted
from the workflow.

Discussion

These artefacts raise many intriguing questions. The
low technical standards, the contrast between the high-
quality raw materials and the poor workmanship, the
similarities between high standard masterpieces and
these items combining poor technical quality with high
valued materials: how could we explain the low
technical standards? What does it imply? Who were
the owners? Same of the high-quality counterparts or
others?

All of the poorly-made items — whether unique
artefacts or objects rich in identical traits — have high-
quality analogues among the pieces of fine metalwork.
Due to their rare occurrence they are typically
overlooked. The lower level of workmanship observed
is not related to the traditions of the region or to the
typical characteristics of the individual artefacts. It
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may be explained by the practices special for the
particular production sites or makers. Necessity driven
unique conditions as well as intentional individual
decisions played decisive roles in the development of
the special practices of individual workshops. The
organisational frames of workshops, the available
equipment and set of tools limited the technical
possibilities of goldsmiths working there. Similarly,
the knowledge and skills of the goldsmiths were
restricting them to certain techniques at a certain level,
setting thereby the steps of manufacturing workflow,
as well as the quality of the execution. On the other
hand, the individual styles of goldsmiths also had
decisive impact on the workshops. The artistic
intention — practically the taste and creativity of
goldsmiths — could have influenced the practice of
workshops by setting the conservative or innovative
steps of production (Horvath 2018, 356-357.). The
finds discussed here represent particular cases, where
the identified imperfect technical solutions were
consequences of different constraints.

The differences versus good-quality analogues are
much more obvious today due to the methods of
archaeometry than it was for the naked eye at the time
of wearing. The similarities, however, could be
perceived in the past, just like today. This was
certainly the intention of customers or makers. The
latter ones might have consciously used other objects
as models and had their own ideas how to reproduce
them. However, the result was below the standard of
the original items due to the lack of a profound
knowledge of them or certain professional skills. The
design suggests that the customers did not have
(regular) contact with workshops and goldsmiths
making high-quality products. That is why they had
their objects manufactured by less skilled craftsmen.

All of the listed items must be regarded as products of
workshops of local significance following high-
standard contemporary models, in other words, they
may be labelled as imitations. If the imitation was the
intention of the maker, he was most probably focusing
on the quality of the object; if it was driven by the
customer, the mediated status and prestige could have
been an additional motivation. Unfortunately, we do
not have any evidence about the identity of the
customers/owners, except for the Bataszék find
assemblage, which certainly represented a prominent
member of the ruling circles. In the absence of an
archaeological context, we can only set hypotheses
within the frames of the given economic and social
conditions.

On the one hand, we can start with the assumption that
the owner did not belong to the elite, but wanted to
appear as he was — hence, he imitated not only the
object, but also the related content, i.e. status and
prestige. From the examples discussed above, the three
small buckles can be connected to this interpretation
the most. Their incongruously varied parts suggest that
their wearers were not the primary recipients of
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obtained gold (presumably the golden tribute) but
acquired the valuable raw materials and other
components in alternative ways. The processing — i.e.
their reuse — was also unusual. It cannot be explained
by a general shortage of raw materials. The abundant
gold supply attested by written sources and
archaeological evidence, as well as the average quality
of 5"-century finds rule out this explanation.

On the other hand, we must also consider the
possibility that the goldsmiths’ items owned by the
members of the elite did not represent equally high
standards. The status and wealth of the customers did
not necessarily go hand in hand with the demand for
high-quality fine metalwork. Despite their high status,
they might have had to settle for the products of less
experienced goldsmiths and their potentially available
raw materials, for example, due to craftsmen working
at a high standard becoming temporarily inaccessible.
A similar scenario could explain the production of the
solid gold bracelet terminating in animal heads of the
Karasz’s collection. The weight of the object and its
gold material imply a wealthy customer, belonging
probably to the elite. The clumsy design of the animal
heads, the simplified production technique, the lack of
post-casting treatment as well as garnet inlays,
however, indicate the poor skills of the maker and his
limited access to resources.

The sheet mounts of the Bataszék spatha, might lead to
the same conclusion except the difference in their
use/function. The thin sheets prepared for a ritual
deposit were primarily of symbolic significance and
were not intended for permanent use. That is why they
were originally made during a simplified and shortened
workflow, and it also provides a reasonable
explanation for the direct use of the metallic raw
material without alloying (corresponding to the
fineness as solidi). However, it does not explain the
poor workmanship below standards: the careless
execution of the chosen techniques and the
mismatched character of the garnets, some of which
showed the signs of secondary use. The context of the
finds and their gold material — considered to be the
highest standard in this period — leave no doubt that
they were indicators of status: their owner certainly
belonged to the ruling circles. Therefore, although they
were produced as imitations, the meaning conveyed by
them is authentic.

Concerning the earrings from Miskolc and Békéscsaba,
we do not have enough information to decide between
the options mentioned above or to derive another one.
In their case, material analysis may again provide
further, valuable insights. However, the production of
the Karasz’s bracelet and the Bataszék mounts raises
another intriguing question: how important was the
technical execution of the objects in the period under
discussion? Was there a generally accepted quality, a
required standard of appearance in the case of status
indicators? The case of the bracelet gives the
impression that the large amount of gold alone was
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sufficient for representation. Furthermore, the garnet
inlaid sheet mounts of the spatha make it clear that —
despite the technical deterioration — the sacrifice was
considered to be complete and the ritual took place.

Considering the question further, in addition to the
examples above, mention must be made about a pair of
brooches decorated with spiral ornaments belonging to
the hoard from Szildgysomlyd (today: Simleu
Silvaniei, Romania) (Fettich 1932, 30-32.) (Fig. 13a).
Although the hoard clearly comprises the most
outstanding finds of the era, these brooches show some
kind of imperfection in their details. The gold-plated
silver brooches are decorated with filigree ornaments
and gemstone inlays, the quality and technical
execution of which are not uniform. While the
cellwork reflects careful design and perfect
implementation, the bezel settings were made
carelessly. The inlays equally comprise beautifully cut
garnets, as well as secondarily used pieces and
replacements in glass. The strip-twisted and beaded
wires were manufactured evenly and accurately, but
they were used imprecisely and negligently (Fig. 13b).
The general picture is therefore rather controversial.
This unusual phenomenon rules out the possibility of
imitation, in contrast with the items above. The lack of
consistency may have been caused by co-operation
within the workshop (i.e. the division of work between
craftsmen). On the basis of the differences observed,
the pair of brooches must have been manufactured by
two craftsmen, at least: one of them was responsible
for the preparation of small ornaments and the other
for their arrangement and fixing (Horvath 2018, 365-
366.).

Artefacts that are different from the average are always
exciting, valuable parts of find assemblages, as through
the analysis of these, we may arrive at fundamental
questions, or gain fresh insights about the whole
period. This holds true here as well, even though the
number of finds discussed in our paper is relatively
small. Summarising our work, we can conclude that
the polychrome gold artefacts from the 4™- and 5"-
century Carpathian Basin do not represent uniformly
high standards. As the twelve items presented above
attest, the high-quality raw materials do not necessarily
go together with high-standard workmanship. We have
discussed some of the potential background aspects,
and addressed topics such as the differences between
the influence of the customer or the craftsman, and the
distinction between conscious imitation or the force of
circumstances as possible explanations.

It is important to note that although the discussed
technological differences were visible at the time of
wearing, they must have been less disturbing than one
would interpret today. Based on these concrete
examples, lower technical standards had presumably
no major consequences for the judgment of their
wearers. It rather depended on the outstanding quality
of the processed gold — that is its value in absolute
terms. As the saying goes, dress does not make a man
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great, to which we may add that in the Hunnic period it
was not even the perfect technical execution of
jewellery that made a man look great, but the quality
and quantity of gold used for it.
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Abstract

One has to know the geographical environment determining the possibilities of people living in a particular
geographical region, in order to attain knowledge on their everyday life. Oroshdza is a very important city in
this point of view and it had an outstanding road-network. In the surrounding of this city a large number of
metal artefacts was discovered in a Muslim settlement next to Oroshdza dating back to the 12-13" century. The
majority of these artefacts are coins, including few dozens of denars coming from Friesach. According to
archaeological assumptions most of them are counterfeit. These fake coins are very exciting for us because they
refer to the period and the place of the money exchange and may shed light to methods and variegation of
forgery in that time. Due to this we aimed to accomplish archaeometric studies on these coins. The first method
was non-destructive chemical analysis with handheld and portable X-ray fluorescence spectroscopy (pXRF). The
chemical composition of 25 coins was determined and the first results show that most of the coins are bronzes
(tin-copper alloy) with 1-4 wt% lead content, yet, there was one coin with significantly high lead content (14
wt%). In three coins high level of silver content was measured (86 - 97 wt%) but according to the concentration
of some trace metals (Cu, Bi, Pb, Au), which can indicate different provenance of the silver material, these three
coins differ from each other. Among these 25 pieces of coins, mercury was detected on the surface of 14
indicating amalgam silvering which could be a method of counterfeiting. Besides pXRF which is fundamentally a
surface analytical technique, further examinations are planned to get more precise and suitable information.

Kivonat

Ahhoz, hogy egyes foldrajzi régiokban él6 emberi kizosségek életét megismerhessiik, meg kell ismerntink magat
a foldrajzi kérnyezetet, ami nagyban meghatdarozza a benne élck lehetdségeit. Oroshdza tekintetében, annak
kivalo uthalozatat kell elsésorban kiemelniink, valamint azt, hogy a varos kérnyékén igen nagy szamban keriiltek
eld femleletek egy 12-13. szazadi, muszlim kereskedok lakta teleprdl. Az itt talalt femleletek tobbsége pénzérme,
melyek kozott megtalalhato par tucat friesachi déndar is, amik tobbségiiken korabeli hamisitvanyok a régészeti
feltételezések szerint. Ezek a hamis érmék a legizgalmasabbak, melyek a korszakolas mellett kijelolik a
pénzvaltas helyét is szamunkra, és ravilagitanak a korabeli pénzhamisitas sokszintisegére is. Hogy kizelebb
Jussunk ehhez a kérdéskorhoz, archeometriai vizsgalatokat terveztiink a pénzérméken, amely soran elvégeztiik az
érmek roncsolasmentes kémiai elemzését kézi hordozhato rontgenfluoreszcens spektrométerrel (pXRF).
Meghataroztuk a 25 darab pénzérme kémiai dsszetételét, amely azt mutatta, hogy a legtébb érme anyaga bronz
(on-réz otvozet) 1-4 tomeg % olomtartalommal. Ezek koziil volt egy pénzérme jellemzéen magas (14 tomeg %)
dlomtartalommal. Harom érme esetében mutattunk ki kiemelkedéen magas eziisttartalmat (86 — 97 tomeg %),
valamint eltéré nyomelem osszetételt (Cu, Bi, Pb, Au), ami az eziist alapanyag eltéré proveniencidjara, igy a
harom eziist éerme kiilonbozo eredetére utalhat. A 25 darab vizsgalt pénzérmeébdl 14 esetben mutattunk ki higanyt

* How to cite this paper: ROZSA, Z., TOTH Sz. & MAY, Z., (2019): Preliminary archacometric studies and
results of fake denars from Friesach found in the inheritance of a community in the Arpad-era dealing with
money exchange, Archeometriai Mithely XV1/1 57-62.
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a feliileteken, ami a tiizi eziistézésre utal, amely technika a pénzhamisitas egyik lehetséges modszere. A pXRF
technika mellett, ami alapvetéen feliiletanalitikai modszer, egyéb mérési modszereket is terveziink a még

pontosabb és megbizhatobb informdciok szerzése céljabol.

KEYWORDS: FRIESACH DENARS, FORGERY, SILVERING, PXRF, MULTIVARIATE DATA ANALYSIS

KULCSSZAVAK: FRIESACHI DENAROK, HAMISITAS, EZUSTOZES, PXRF, TOBBVALTOZOS ADATELEMZES

Introduction, archaeological background

Oroshaza played an important role in merchantry
among Hungarian cities in the 12-13™ century
owing to its excellent road-network (Langd &
Roézsa 2012; Rozsa & Tugya 2012; Rozsa 2017). At
the bend of the ancient Maros river an earth fort
was formed in the Late Bronze Age and in the 20"
century there was an army base at the border which
was located at the ancient salt trading route
explaining the presence of Muslim money-changers
at that time (Rozsa & Toth 2018). The heritage of
this community is well-known for archaeologists
from excavations and intensive metal detecting
works in the area. During this activity several
weights made of lead and parts of balances and
many coins from Friesach, called Friesach denars,
were found and this latter has special information
for us due to their importance in dating. The most
exciting denars artefacts are the counterfeits or fake
Friesach denars showing us location of the money
exchange and various methods of contemporary
forgery. In the first half of the 12" century the
Salzburgian archbishop founded a mint in Friesach,
a city located in Carinthia, from the name of denars
is originated. There are other coins which were
produced in other mints of the archbishop, dukes
and lords from Carinthia and South Austria are
called Friesach denars as well. Therefore this kind
of denars was produced mainly in the area of
Austria and Slovenia (Baumgartner 1949). By the
end of the 12" century the Hungarian denar became
weaker comparing denars from Kd&ln, Friesach and
Regensburg due to inflation (Homan 1916) and
owing to rising of the economy and prosperity of
trading connections outlandish currency played
more significant role in the cash flow of the
Kingdom of Hungary resulting the dominance of
Friesach-type money at the turn of 12-13"™ century.
This kind of denars form the biggest part of
treasure-trove and coin artefacts from the first half
of the 13" century in Hungary (Téth 2007). Among
these coins there are no any faked ones at all
excepting denars found in village of Bonum located
next to Oroshaza and these fake denars were
strained off presumably by the Muslim money-
changers working in this village (R6zsa 2018). By
studying and examining these denars we may get
more complete knowledge about counterfeit and
money circulation of the Arpad-era and the history
of Bonum village as well.

HU ISSN 1786-271X; urn: nbn: hu-4106 © by the author(s)

Materials and methods

Handheld, portable X-ray fluorescence analysis
(pPXRF)

The non-destructive chemical analysis of the coins
was performed using a Thermo Scientific Niton
X13t GOLDD+ instrument with 50 kV X-ray tube
with silver target (Ag anode) and geometrically
optimized large area drift detector which is able to
detect the elements from Mg to U. This
spectrometer has company-preset calibrations for
given matrices and in our case “General Metals”
and “Precious Metals“ were used. For all analysis
two energy filters for radiation were applied
including ‘Main’, and ‘High’ filter. The third one
(‘Light’ filter) was not used in order to get
complete and real composition of the studied alloys
eliminating non-relevant elements (Si, Al, Ti)
coming from surface contaminations (soil or dust
layer). Measuring time was 60 sec in all cases using
30-30 sec for each filter. Measuring spot size
(irradiation area on the object surface) was § mm in
diameter. Before measuring the surface of the coins
was cleaned to remove contaminations (dust, soil,
etc.) to measure real material of the artefacts.
Standardless fundamental parameters method with
Compton-normalization is used by the pXRF for
quantitative analysis and results were also checked
by evaluating the corresponding spectra with NDT
software (Niton Data Transfer, version 8.0.0).
Mathematical and statistical data processing was
done with Excel and Statistica 12 software.

Results and discussion

The chemical composition of the coins (Fig. 1a,
Fig. 1b) is reported in Table 1. The concentration
values are given with taking into account the
average uncertainty of pXRF method (5-10 %).
Most of the analysed coins were made of bronze
with varying Cu-Sn ratio, according to the pXRF
results. In case of two coins the Sn content is higher
than the Cu content. In all cases a slight
concentration level of Zn was measured (0.15 — 2.5
wt%) except two coins with very high copper
content (97 wt%) close to pure copper. Every coin
has a few percent Pb (0.1 — 7.0 wt%) content,
except one coin where this value is 14 wt%. Among
the 25 analysed coins there are three with
significantly high Ag content (86 — 98 wt%) so
these can be considered as silver coins or silver
denars (23, 24, 25).
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Table 1.: Results of the pXRF measurements of the coins expressed in wt%. In the column of Hg, the ++
indicates the presence of mercury. The exact value of mercury concentration is not indicated because
quantitative evaluation of this element is not included in the calibration package of the pXRF.

1. tablazat: A pénzérmék kémiai Osszetétele tomeg %-ban kifejezve a pXRF mérések alapjan. A Hg oszlopban
1évé ++ jelek mutatjak a higany jelenlétét az adott érme feliiletén. A szamszerinti higanykoncentracio nincs

Sample

number Cu Sn Zn Sb Pb Bi Ag Au Hg
1 935  3.96 0.15 0.12 0.92 0.08 0.42 0.14 ++
2 872 | 17.10 0.66 1.37 1.89 0.02 <0.02 <0.002

3 97.3 191  <0.02 0.21 0.07 <001 <0.02 <0.002

4 854 | 9.61 0.30 0.03 3.49 0.07 0.36 0.24 ++
5 44.0 44.1 2.49 0.05 6.90 0.04 <0.02 <0.002

6 354 603 0.30 0.11 098 <0.01 <0.02 0.04 ++
7 67.2 264 0.29 <0.05 2.73 0.08 0.33 <0.002

8 542 385 0.83 0.05 3.88 0.15 0.76 0.32 ++
9 91.8  3.87 0.12 0.05 2.66 0.23 0.45 0.03

10 90.5 4.55 0.17 0.08 2.77 0.26 0.39 <0.002 ++
11 95.0 1.56 0.15 0.11 1.37 0.04 0.38 0.16 ++
12 81.3 143 1.03 0.38 2.27 0.08 <0.02 <0.002

13 525 322 0.17 <0.05 13.6 0.07 0.53 <0.002 ++
14 65.7 255 0.55 <0.05 | 4.53 0.11 0.77 0.25 ++
15 86.1 103 0.27 0.03 241 0.06 0.26 0.22 ++
16 78.0 199 0.39 0.39 0.67 0.01 <0.02 <0.002

17 179 753 0.24 0.06 4.04 0.10 <0.02  <0.002 ++
18 94.1 2.86 0.12 0.35 1.19 0.02 0.32 0.06 ++
19 65.1 = 30.8 0.52 1.08 0.51  <0.01 0.22 <0.002 ++
20 704 26.0 0.25 <0.05 | 1.64 0.04 0.27 0.27 ++
21 81.7 142 0.30 0.85 045 <001 <0.02 <0.002

22 96.7 094 <0.02 0.10 031  <0.01 0.36 0.10 ++
23 127 <03  <0.02 0.24 1.30 0.27 85.8 <0.002

24 146 <03 <002 <0.05 0.19 0.46 97.6 0.05

25 317 <03  <0.02 <0.05 056 0.03 96.3 <0.002
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Fig. 1a-b: Photo of the front and back side of studied coins
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Fig. 2.: A detailed and magnified XRF spectra of an amalgam silvered (red spectrum) and a non-silvered (blue
spectrum) coin surface.

2. abra: Egy tlizi eziistozott és egy nem eziistozott pénzérmérdl felvett XRF spektrum nagyitott részlete.
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Tree Diagram for 22 Cases

Ward's method
Euclidean distances

61

Fig. 3.:
Diagram of the cluster
analysis (dendrogram)

of 22 coins based on
their chemical
composition measured
with pXRF.

3. abra:

A 22 pénzérme pXRF
modszerrel mért
kémiai Osszetétele
alapjéan ébrazolt
dendrogram

|_

(klaszterelemzés).

6 8
Linkage Distance

This result is in good accordance with an earlier
study about coins from the time of Tatar Invasion
(Nagy 2013). In the case of 14 coins Hg content can
be detected according to the XRF spectra as it can
be seen in Fig. 2. Exact values of Hg concentrations
are missing at the moment due to the limits of the
factory settings of the XRF device. The presence of
mercury on the coin surfaces may indicate a method
of forgery where the silvering process of the bronze
coin was done with amalgam silvering, producing a
coin that looks like a real silver one. The three
silver denars do not contain mercury.

Projection of the variables on the factor-plane { 1x 2}

Factor 2 : 30,16%

05
Bi | fay

Ag

-1.0 -05 0.0 05 1.0
Factor 1:31,92% o Aclive

Fig. 4.: Diagram of the principal component
analysis of 22 coins based on their chemical
composition measured with pXRF.

4. abra: A 22 pénzérme pXRF modszerrel mért
kémiai Osszetétele alapjan szamolt fékomponens
elemzés abraja
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Scatterplot of FACTOR2 against FACTOR1
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Fig. 5.: Diagram of the factor analysis
(dendrogram) of 22 coins based on their chemical
composition measured with pXRF.8 coins (number
11, 18, 22, 1, 15, 4, 9 and 10) belong to a well-
defined group (green circle) indicating the same
workshop of producing them.

5. abra: A 22 pénzérme pXRF moddszerrel mért
kémiai Osszetétele alapjan szamolt faktorelemzés
abraja. 8 pénzérme (mintaszam szerint: 11, 18, 22,
1, 15, 4, 9 és 10) egy jol meghatarozott csoportot
alkot (z6ld korben jeldlve), ami arra utal, hogy ezek
azonos mithelyben késziilhettek.

We conducted multivariate data analysis on the
pXRF results in order to find tendencies, groups
and connections between the analysed denars based
on their chemical composition. The three silver
coins are not included in this statistical evaluation,
because they form a very differing group separated
from the other 22 pieces of coins due to their very
high silver content.
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Results of cluster, principal component and factor
analysis of the 22 pieces of denars can be seen in
Fig. 3., 4. and 5. In Fig. 4. (PCA) the chemical
elements measured with pXRF can be seen and the
directions in this new coordinate system of Factor 1
and 2. With comparison of PCA and FA figure we
can clearly see which elements cause separation of
the samples into groups during statistical
evaluations. Similarly cluster analysis (CA) also
gives useful information about similarity and
groups of the analyzed samples but this method
itself without PCA or FA is not reliable enough. In
our case there is an important group of eight pieces
of coins (1, 11, 18, 22, 4, 15, 10, 9) according to the
FA analysis (Fig. 5., in the green circle) and four of
them form a subgroup (1, 11, 18, 22) which can be
also seen in the CA figure (Fig.3.) having
relatively high Cu content (> 93 wt%) and coins
number 11, 18 and 22 belong to the same type of
blank according to archaeological studies.

Conclusions

Most of the analysed (25 pieces) denars are made of
bronze with various Cu/Sn ratio. More than half of
the coins have mercury content which may indicate
amalgam silvering method of forgery. During the
first macroscopic examination it could be stated
that there is a close connection between three coins
(11, 18, 22) historically and it was supported by this
preliminary pXRF measurements. This group of 3
denars was completed by further 5 pieces of coins
with help of multivariate data analysis methods.
These denars are supposed to have been produced
in the same workshop and they imitate three types
of real denars which were minted between 1170-
1200, 1181-1202 and 1200-1246 suggesting that the
workshop, where the counterfeits were produced,
operated in the first or second decade of the 13"
century (Koch 1994). The relatively large number
of coins originating from the same place may
indicate an adjacent counterfeiter workshop.

These preliminary results and work will be
continued and it is planned to accomplish other type
of examinations and methods such as SEM-EDX,
ICP-AES, ICP-MS to make more precise
measurements and get more information and it is
also planned to increase the number of analysed
coins extending our dataset to do further statistical
evaluations.
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KOZLEMENYEK

\

Két
vilag
hataran

Két vilag hataran. Természet- és
tarsadalomtudomanyi tanulmanyok a 70 éves
Kolté Laszlé tiszteletére. Szerkesztok: Varga
Maté, Szentpéteri Jozsef. A kaposvari Rippl-
Roénai Mizeum Kozleményei 6, Kaposvar, 2018.
389 p.

Természetesen szubjektiv a véleményem, arrol a
szines, kemény tablas boritoji remek munkardl,
amely Kolté Laszlot tinnepli €lete jeles napjan. A
boritoportrét Kohari Gabriella fotézta és Balla
Krisztian tervezte. A targyszerli, de mégis barati
hangvételi  ,,El6sz6”-t Abraham Levente, az
innepeltnek muzeumi vezet6i székében utddja
jegyzi. A vegyészt és régészt, a két tudomany és
vilag hatardn tevékenykedd embert joggal emeli
piedesztalra a konyv cime. A kdszontét, ,,Egy igaz
ember” cimmel Padanyi Joézsef, a Nemzeti
Kozszolgalati Egyetem rektorhelyettese,
vezéréragy irta. O az utdbbi években Zrinyi-
Ujvéarnal Kolté kutatotarsa. Jol fogta és fogalmazta
meg Koltd Laszld6 emberi-kutatéi nagysagat:
»Egyszerl, érthetd, vilagos és mégis zsenidlis.”

E  helyiitt engedtessék meg nekem némi
»szemeélyeskedés”. Ha jol emlékszem Lacival a
MTA VEAB (Veszprémi Akadémiai Bizottsag)
Iparrégészeti Munkabizottsaga egyik — az 1980-as
évek masodik felében tartott — iilésén, Veszprémben
ismerkedtem meg. Orék alatt jutottunk el az avar
kori szijvégek vizsgalatatol a késé bronzkori
bronztargyak elemzésének sziikségességéig. Ez
azutan évtizedekig volt meghatarozoja
kapcsolatunknak, baratsdgunknak. Meghivtam és
1994-t61 rendszeresen tombdsitett orakat tartott a
szombathelyi Tanarképz6 Foiskola régésztechnikus
képzésén. Természetesen , A régésztechnikus
kézikonyve L7-be (1998, 2002) O irta az
»Archaeometria” alfejezetet. Jartam Nala,
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amikor a Régészeti osztalyt iranyitotta, vagy
amikor tanitvanyaim a vorsi asatason dolgoztak.
2000-bdl kozos cikket is jegyziink az egyik, a
velemi bronzkincsrdl. Itt keriilt el6 az az ont6forma
is, amelyrdl ebben a kotetben irtam. ....2013-ban
Vele egyiitt oriiltem, amikor akkori lakéhelyemen,
Koszegen vehette 4t a Schonvisner Isvan-
emlékérmet.

A Figgelékben, a kotet végén (pp. 353-356.)
olvashatjuk 10j4 értékelését
professzora, Laszlo Gyula tollabol. De itt (pp. 357—
371.) talaljuk 1975 és 2018 kozotti szakirodalmi
munkassaganak bibliografiajat, amit a szerkesztok,
Varga Maté és Szentpéteri Jozsef allitottak Ossze.
Ezt a ,,Hetven év emlékei fényképeken” kdveti (pp.
373-387.), egyuttal zarja a tisztelg6 kdnyvet.

Lacit 32 szerz6 21 tanulmannyal koszonti. A
szerzok kozott értelemszertien a
természettudomanyokat képviseld- tobbek kozott —
antropologusok, metallurgusok ¢és  vegyészek
mellett régészeket talalunk. Erkezésiik” feldl
nézve lefedik az egész orszdgot Vas megyétdl
Szolnokon at Szabolcs megyéig. Ez vilagosan leirja
Kolté Laszld6 emberi ¢és szakmai kapcsolati
halézatat. Az avar (7) és a honfoglalas kort (3)
targyald tanulmanyok képezik a kotet gerincét. Ez
azonos az Ot évtizedeken at leginkabb érdekld
torténeti  idészakkal. Az iinnepelt elsddleges
munkateriiletét, azaz Somogy megyét 6 tanulmany
(M. Aradi Csilla, Buzar Agota, Bernert Zsolt,
GOomori  Janos, Molnar Istvan, Nagy Laszlo,
Négyesi Lajos, Padanyi Jozsef, Rozsas Marton)
reprezentdlja, ami nem kivan magyardzatot. A
vaskohaszat és a vasfeldolgozds 4 tanulmany
(Gallina Zsolt és Torok Béla, GOomori Janos,
Madaras Laszlo, Rozsas Marton) targya, ami nem
meglepd, hiszen a somogyfajszi kohotelep feltardjat
és a bemutatohely megvaldsitojat iinnepli a kotet.

Kérem a Tisztelt Olvasokat és a Szerzoket, nézzék
el nekem, hogy az irasok koziil a szamomra a
legkiilondsebb élményt nyujtokat emelem csak ki.

Forizs Istvan, Rozsa Zoltan, Mester Edit, Szabo
Maté és Toth Maria tanulmanya (pp. 51-60.) egy
Oroshaza hataraban talalhato Arpad-kori — a
tatarjarassal megsziint — muszlim telepiilés 2 db
ivegtoredékének problémakorét jarja koril. Ez
valdban problémakdr, hiszen a korai iszlam és a
velencei iivegek kémiai Osszetétele szinte teljesen
azonos. Raadasul mindkét ,gyartdé” féltékenyen
Orizte a titkot. Ugyanakkor az iszlam teriiletén
bizonyosan tobb mihely tevékenykedett. Mindezek
megnehezitik a  két  toredék  eredetének
megallapitasat. Ezt a szerz6k a nemzetkdzi
szakirodalomban megjelent adatok széleskor
Osszehasonlitasaval tudtak elvégezni.
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Osszegzésiikben megallapitjak, hogy elsésorban a
nyomelemek vezethetnek el a gyartd mihelyhez.
Végezetiil egy sziriai eredeti nyers iivegbdl
dolgozd velencei fabrika mellett teszik le a
voksukat.

Gallina Zsolt és Torok Béla (pp. 61-75.) az avar
kori  vasmiivesség  munkafolyamatainak  ¢és
mesterségeinek tomor Osszefoglalasat adja a
legujabb, jol dokumentalt nagy kohotelepek
(Kaposvar, Zamardi) alapjan. A részletes és remek,
latvanyos  mellékletekkel ellatott  logikus
feldolgozast olvasva bennem azonban az alabbi két,
megvalaszolatlan kérdéskor meriilt fel: 1. egy
kohételepen egyszerre valoban csak 2-3 koho és
csapat dolgozott? (p. 64.) Es egy évben vajon hany
olvasztast végeztek? Azaz ezek Gsszességében hany
kg nyers vasbucat eredményezhettek? 2. Ha a
vasfeldolgozas kozpontilag (p. 72.) a kovacsmunka
pedig falusi (p. 72.) szinten szervezett, akkor ebbdl
hogyan lesz(nek) szervezett modon felfegyverzett
tobb ezer fot szamlaldo hadsereg(ek)? ... a
munkaeszk6zok gyartasa esetében el tudom
képzelni a falusi szintii szervezést. En ugy latom,
hogy a tobb mint 6 évtizedes multra visszatekintd
intenziv és céltudatos régészeti-térténeti vasas
kutatds ellenére még jonéhany probléma var
megvalaszolasra.

Jar6 Marta tobb  évtizedes  archeometriai
tevékenységének ¢és firott forrasokat feldolgozo
kutatasainak itt olvashaté summazata (pp. 139—
155.) lenytig6z6. A ,,magyar” illetve ,,torok” arany-
¢és eziistfonalak meglétérol értekezik a 17. szézadi
magyar himzések kapcsan. A fémfonalaknak a
korabeli forrasokban eléforduld négy alaptipusatol
(2. abra) indulva csak néhany magvas, de vilagosan
kifejtett végeredményére utalnék. Az egy oldalon
aranyozott eziistfonal az ezredfordulon tint fel
Eurépéaban, amit azutan a 14-16. szazad kdzepéig
szinte ,,egyeduralkodoként” hasznaltak (p. 144.). A
14. szazadtol Kozép-Azsiaban mar ismert és a 16.
szazadban torok teriileten is elterjedt, két oldalon
aranyozott eziist himzo6fonalak ,népszerlisége”
kiemelkedd. 27 targybol vett 34 minta ebbe a
csoportba tartozik (p. 145.). Az 1600-as évek
himzéseihez importbol szarmaz6é fémfonalakat
alkalmaztak, amelyeket els6sorban Bécsben és
Konstantinapolyban szereztek be (pp. 147-148.).
Véleménye szerint a ,,torok” jelzbs arany- és
eziistfonal nagy valosziniséggel a selyem
bélfonatra szakaszosan font eziist- illetve két
oldalon aranyozott eziistszalag lehetett (p. 150.). A
lajstromokban szereplé ,,magyar” kifejezéssel a
jobb mindségre aranyozott eziistfonalakat irtak le,
fiiggetlentil att6l, hogy ezek honnan szdrmaztak. A
himz6édrotot skofiumnak nevezték, utalva ezzel vélt
vagy valds keleti/torok eredetére. Ilyenkor a
szakaszosan font, két oldalon aranyozott eziist- és
eziistfonalat, bélfonalra font drdtot, vagy egyéb
drotokbdl alld fémfonalat irtak le (p. 151.).
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Madaras Laszlo az Alfold kozepe tajan €16 avar
kori 6tvosok és kovacsok emlékanyagat vizsgalta
(pp. 171-185.). Ennek soran  ujrakozolte
Kisujszallas—Nagykert téglagyari agyagbanyaszas
soran feldult oOtvossirjanak anyagat. Kozben
megjegyzi (p. 173.): ,,Minden kétséget kizardéan a
halott mellékletei kozé tartoztak a neolit
kéeszkozok. A mester munkavégzéséhez
gyakorlati koziik aligha lehetett. ... Minden tovabbi
talalgatds az igazolhatatlan feltételezések vilagaba
vezetne benniinket, ezért még csak tippelni sem
szandékozunk ebben a kérdésben.” Ugyanigy,
minden értelmezés nélkiill kozolte a kérdéses
kétargyakat Racz Zsoéfia 2014-ben, Mainzban
kiadott Die Goldschmiedegriber der Awarenzeit
cimii munkajaban (pp. 161-164.). Nekem viszont
lenne néhany megjegyzésem. Az eltemetett mellett,
edényben talalt k6 véso-baltakat a neolitikumtol a
késoé bronzkorig igazolhatéan hasznaltak, ahogy a
feje mellé helyezett nyéllyukas kobaltat is (7-9.
abra). A halott nyakdban taldlt neolit
kégyongyokon kivil — a sir nem azonosithato
részébdl — néhany darab olyan gémb és kocka alaka
valamint ellipszis atmetszeti, csiszolt k& is
szarmazik, amelyeket a nemzetkodzi kutatas Gskori
sulyokként értelmez. Sulyadatokat azonban egyikiik
sem publikalt. Bizonyos, hogy minden kotargy
ujkokori? Nem elképzelhetd, hogy a nyilvan
véletlenill talalt kotargyak egy részét azutan mégis
csak tudatosan (mérésnél?) hasznalta az O6tvos?
Ezért is tartom fontosnak e kotargyakat miel6bb
alaposan megvizsgalni.

Szentpéteri Jozsefnek az avar kori Kérpat-medence
targyairol ismert, oroszlan-motivumot targyald
nagyivi tanulmanya legalabb harom tudomanyos
,»vildg” hataran mozog (pp. 321-342.). Ezek a
régészet, a mitologia és a miivészettorténet. Térben
Eszak-Afrikaté] Eurazsidig, idSben pedig az 6kori
Egyiptomtol a Romai Birodalmon at az egyiptomi
kopt kereszténységig vizsgalodik. A targyakon, az
elsOként altala alkalmazott szinezési technika, mint
virtualis dombormii segiti Ot a sokszor kaotikusnak
tin6 motivumelemek lathatova tételében, ezaltal
tanulmanyozasukban.

Végezetiil szeretném kijelenteni, hogy az Unnepelt
évforduloja kapcsan egy kivaldo szakirodalmi
gyljteménnyel gazdagodott a magyar
tudomanyossag tobb teriilete, igy az archeometria
is.

A kotet az alabbi honlapon érhet6 el:

http://smmi.hu/publikaciok/2018/ketvilag/ketvilagh
ataran.html
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