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Zusammenfassung Summary

Zum besseren Verstandnis der metallurgischen Praktiken The mixing and recycling of metals in prehistoric societies
der Aunjetitzer Kultur: Die Beile aus Halle-Kanenaill und are two still underestimated aspects of archaeometallurgical
das Konzept des Metallmischens in der frihen Bronzezeit research, often disregarded or overlooked due to challenges
in reconstructing them from available information. How
Das Mischen und Recyceln von Metallen sind zwei fir pral@ser, understanding these metallurgical processes is crucial
torische Gesellschaften nach wie vor unterschéatzte Aspektxause of their signi cant impact on scienti c data and
in der arch&ologischen Forschung, die aufgrund ihrer sehwiee resulting cultural historical conclusions. Speci cally, the
ren Nachweisbarkeit anhand vorliegender Informationehlending of di erent materials leads to changes in analytical
leicht Gbersehen und teils sogar bewusst ignoriert werdsignatures, making conclusions about the origin of metais dif
Das Verstandnis dieser Prozesse ist jedoch entscheidend,cdéd or even impossible.
sie erheblichen Ein uss auf chemische und isotopische DatenThis article aims at contributing to the discussion on
und sich ergebende Schlussfolgerungen haben kdnnen- Instieéng and recycling processes in the Bronze Age and at
sondere die Mischung mehrerer Komponenten unterschieitllistrating how these practices can be deduced from scien
cher Materialien fuhrt in den analytischen Signaturen zu-Vei ¢ data sets. It focuses on metal artefacts from the Early
anderungen, die Schlussfolgerungen beziiglich der HerkuBfonze Age Un tice Culture in Central Germany, with-par
der Metalle erschweren oder sogar unmdglich machen. Dasilar emphasis on anged axes and rings from the hoard
wiederum erschwert archéologische Interpretationen. of Halle-Kanendll, Saxony-Anhalt. These items underwent
Der vorliegende Artikel stellt einen Beitrag zur Diskussi@mmemical and isotopic characterisation through a multi-proxy
Uber Misch- und Recyclingprozesse in der Bronzezeit @goproach of trace elemental as well as lead and copper iso
indem er aufzeigt, wie die Praktiken aus wissenschaftlichéope analysis. The application of this integrated analytical
Datenséatzen abgeleitet und dennoch wertvolle Erkenntnisteategy, especially the inclusion of copper isotopes, proved
beziglich Herkunftsfragen erzielt werden kénnen. Der Fokadvantageous in identifying two-component mixing -pro
liegt hierbei auf friihbronzezeitlichen Kupfer- und Bronzeesses with metals, since so-called mixing lines from the com
artefakten der Aunjetitzer Kultur in Mitteldeutschland (Cirbined assessment of the di erent parameters can be used to
cumharzer Gruppe) unter besonderer Bericksichtigung aeconstruct mixing/recycling with greater certainty. At the
Randleistenbeile und Ringe aus dem Depotfund von Hadlame time, mixing lines assist in determining the end mem
Kanenalll, Sachsen-Anhalt. Die Objekte wurden chemistlers of the copper, i.e. the initial sources or raw materials
und isotopisch in einem Multi-Parameteransatz aus -Spuixed, used in these processes, thus increasing the likelihood
renelement- sowie Blei- und Kupferisotopenanalyse chamiklocalising the original ore sources despite blending. How
terisiert. Diese Strategie erwies sich als vorteilhaft bei dever, only by integrating information from the archaeological
Identi zierung von Mischprozessen mit Kupfer, insbesondemmntext and observations of the artefacts is it possible to-even
durch das Einbeziehen von Kupferisotopendaten. Sogenantut@lly distinguish between mixing and recycling, which is not
Mischungslinien, die aus der kombinierten Auswerturfgasible with scienti c data alone.
der verschiedenen isotopischen und chemischen ParametetUltimately, the study reveals that Un tice metallurgists
resultieren, erlauben eine weit bessere Rekonstruktion weare adept at mixing di erent sorts of fahlore copper (rick
Misch-/Recyclingprozessen als die isolierte Betrachtung eihrich fahlore copper, Osenrirmppper) as early as the Early
zelner Parameter. Gleichzeitig erleichtern Mischungslini@ronze Age, a practice argued to have occurred in the-terri
die Ermittlung der Ausgangskomponenten des verwendeteny of the Un tice Culture itself, rather than in the copper
Kupfers, was wiederum die Wahrscheinlichkeit erhdht, dseurce regions (most likely the Alps and/or the Slovakian
urspringlichen Erzquellen trotz Mischung zu lokalisiere®re Mountains). This highlights the ability of craftspeo
Allerdings gelingt es nur durch das Einbeziehen von Infernpde to handle and manipulate materials according to the
tionen aus dem archaologischen Kontext und durch Beebaglyuirements. But why di erent types of copper were mixed
tungen an den Artefakten, zwischen Mischen und Recycedmains an open question. Nonetheless, the insights gained
zu unterscheiden, was anhand der Daten allein nicht zweifétem this case study signi cantly enhance our understand
frei moglich ist. ing of Bronze Age metallurgy, asrming that copper mixing
Die Studie zeigt, dass die Metallurgen der Aunjetitzer Katust have been a more widespread practice than hitherto
tur bereits in der Fruhbronzezeit verschiedene Sorten vassumed.
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Fahlerzkupfer (nickelreiches Fahlerzkupfer, Osenringkupfé@ywords Un tice Culture, Early Bronze Age, metallurgy,
mischten. Héchstwahrscheinlich fand das innerhalb des Thlore copper, metal mixing
ritoriums der Aunijetitzer Kultur selbst und entgegen friiheren

Annahmen nicht in den Ursprungsregionen des Kupfers statt,

die wahrscheinlich in den Alpen und/oder im Slowakischen

Erzgebirge zu suchen sind. Das unterstreicht die Fahigkeit der

Handwerker, verschiedene Materialien zu verarbeiten und

entsprechend den Erfordernissen zu manipulieren. Allerdings

muss der Grund fur das Mischen verschiedener Kupfersor

ten o enbleiben. Nichtsdestotrotz erweitern die Ergebnisse

dieser Fallstudie unser Verstandnis der friihbronzezeitlichen

Metallurgie erheblich und bestatigen, dass das Mischen von

Kupfer wohl eine deutlich weiter verbreitete Praxis war als

landlau g angenommen.

Schlagwdrter Aunjetitzer Kultur, Friihbronzezeit, Metallur
gie, Fahlerzkupfer, Metallmischen

Introduction cultural heritage, but identifying objects made from mixed
or recycled material, not to mention quantifying the amount
The Untice Culture —extending roughly from to  of such objects within a collection, is a challenging task.
BC - represents a crucial archaeological epoch in Ceifhese considerations are all the more topical as there has
tral Europe and marks the transition from the Neolithic been growing evidence over the last decade that the mixing
to the Early Bronze Age (EBA). Situated predominantly if metals was practiced more often than has previously been
the areas of present-day Germany, the Czech Republic, aassumed, even in the EBA
Poland, the Un tice people of the various regional groups are The axes of the Untice Culture and the Circum-Harz
renowned for their advanced metalworking skills and theirgroup in particular are predestined to serve as objects in
creation of intricate and sophisticated artefacts. Thousandany investigation of this topic (see Bunnefeldat in this
of metal objects, including weaponry, tools, and ornamentavolume). Firstly, there is a plethora of over  axes from
items, bear witness to the rich metallurgical tradition andacross the entire region, which derive from secured and
underscore the cultural and technological achievements aflosed archaeological contexts. Most of them were found
the time. Objects were deposited in graves or as individuassociated in c. hoards surrounding the Harz Moun
nds, but in Central Germany the vast majority was foundtains, some containing anywhere from up to axes,
in hoards, some of which may contain several hundredén addition to other artefacts (Fig). There is thus a large
of single items (von Brunn ; Meller ). In addition proportion of directly related artefacts. Secondly, axes are
to rings, tools such as axes and weapons dominate, whidkipologically well de ned and can be dated by associated
is why H.Meller ( ; )and R. Schwarz ( ) argue nds, which helps to monitor metallurgical developments
that especially the hoards from the Central German -Cirover time. And, thirdly, axes occur from the early Un tice
cum-Harz group are representations of the hierarchical an@€ulture c. BC until its very end around BC, and
military organisation of the Un tice society. Irrespective of thus the metal composition in the hoards can be perceived
this hypothesis, metal hoards are valuable archives of metads a re ection of the usage of copper and its alloys.
lurgical developments over time. They provide information All these aspects are expedient prerequisites for recon
about the metals and alloys used, but can also yield evidensé&ucting mixing processes. The most important factor, how
for the provenance of raw materials when the chemical ana@ver, is the availability of a large set of analytical data, as
isotopic compositions are assessed. However, inferring thmost metal objects of the German branch of the Un tice Cul
origins of metals may be compromised by speci ¢ techture were analysed in the past during the FMZMnd FOR
niques of metal processing such as the mixing of ores and  projects. These datasets have recently been extended by
metals, or even the recycling of material, which in turn mayanalyses during the BronzeAgeTin projectdding in par
have a bearing on archaeological interpretations. Beinticular data from new analytical tools such as tin and copper
aware of such practices is therefore key to understanding thisotopy. Thanks to these initiatives, we now have a very good

Zich ;Bartelheim ;Schwarz ; Stiftung with atotal of  individual analy - total of individual analyses of Neolithic
Schwarz . ses of metal objects using X-ray uorescence and EBA metal objects using X-ray uorescence
Melheim ; Stéllneret al. ; Grutsch analysis. analysis and approx. lead isotope and cop
etal. ;Mdodlingeret al. ;Ngrgaardet al. FOR =Research group »Der Aufbruch per isotope analyses.

;Bergeret al. ;Bergeret al. a;Ber - zuneuen Horizonten: Die Funde von Nebra, BronzeAgeTin = ERC-Project »Tin Isotopes
geretal. . Sachsen-Anhalt, und ihre Bedeutung fiir die  and the Sources of Bronze Age Tin in the Old

FMZM = Project »Friihe Metallurgie im zentra Bronzezeit Europas«, funded by the Deutsche World«, funded by the European Research
len Mitteleuropax, funded by the Volkswagen  Forschungsgemeinschaft, - ,witha Council (ERC) from -
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Fig. The geographic distribution of the Circum-Harz group (left half of the map) of the Un tice Culture and locations of metal hoards with anged
axes. In the micro-region around Halle and Dieskau (map inset), several hoards with to objects were discovered, including the Halle-KHhena
assemblage.

Abb. Die geogra sche Verbreitung der Circumharzer Gruppe (linke Kartenhalfte) der Aunjetitzer Kultur und die Fundorte der Metallhorte-mit Rand
leistenbeilen. In der Mikroregion rund um Halle und Dieskau (Kartenausschnitt) wurden mehrere Horte mit bis  Objekten entdeckt, darunter das
Depotlll von Halle-Kanena.

understanding of the metallurgy of the Un tice Culture, its way to a more holistic study of the material. By using eop
organisation and the procurement and processing of metal.per isotopes, for example, Nockho etal. ( ) were able

It was a time when bronze was rst utilised extensivelyto di erentiate the various copper types of the Un tice Cul
in Central Europe, and the use of various copper typesire by their isotope values. This was an important result,
evolved over time (Ngrgaard at. ). Arsenical copper as was the observation that the widespread fahlore copper
dominated the earliest phase, followed by either tin-free otype with variable nickel concentrations shows a distinct
tin-containing nickel-rich fahlore and Osenringppper as parallel alignment of data points with little or no change in
well as fahlore copper with varying nickel contents in thethe silver concentration at ¢.% combined with large varia
classical Un tice phase. In its later phase, a transition frontions of nickel in the objects (Fig; Lutz etal. ; Krause
high-impurity fahlore copper to low-impurity chalcopyrite , ; Lockho et al. ). Since there is no obvious
copper is observed along with an increase in tin concentraexplanation for this arrangement, Lockho etl. ( , —
tions in bronzes (Lutz edl. ; Rassmann ; Lockho ) suggested that artefacts consisting of nickel-rich fahl
etal. ). The metallurgists of the Un tice Culture appar ore copper may have been mixed with artefacts of copper
ently had access to only a limited number of sources witlmesembling the classical Osenrirgppper. Ultimately, the
speci ¢ ore types; an observation that applies also to otheauthors were unable to substantiate this hypothesis based
Central European cultural regions (Krause/Pernicka ; on their data.
Krause ). The location of these ore sources remained This is where our work comes in. We take up the hypeth
largely unclear for a long time, but thanks to an enlargedsis of metal mixing again, whereby we draw on a larger
database of lead isotope ratios and trace elements of botlumber of isotopic and chemical data and evaluate these in
(Un tice) metal objects and copper ores, we now have theombination with each other. The Halle-Kanetahoard in
right tools at hand to uncover the provenance of the speSaxony-Anhalt from the classical Un tice phase serves as an
ci ¢ copper types. On the other hand, new isotope methodexample, not least because it has been extensively analysed,
developed in the last years can signi cantly contribute to but also because all three copper types are associated in this
disentangling the relationships of artefacts. They paved thassemblage.
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Fig. a—b Bi-variate plots of silver (Ag) versus nickel (Ni) and antimony (Sb) versus arsenic (As) of metal artefacts from the Central German Un tice
Culture analysed in the FMZM and FOR  projects. The ellipses show the typical composition of nickel-rich fahlore copper (orange), Osenring copper
(red), and copper with variable nickel (blue). Note the pronounced alignment of Ag-Ni data of the variable nickel copper parallel to the y-axis.

Abb. a-b Bivariate Streudiagramme der Anteile von Silber (Ag) gegen Nickel (Ni) und Antimon (Sb) gegen Arsen (As) von Metallartefakten aus der mittel
deutschen Aunjetitzer Kultur, die im Rahmen der Projekte FMZM und FOR  analysiert wurden. Die Ellipsen zeigen die charakteristische Zusammenset

zung nickelreichen Fahlerzkupfers (orange), Osenringkupfers (rot) und Kupfers mit variablen Nickelanteilen (blau). Man beachte die au llige Anordnung

der Ag-Ni-Daten des Fahlerzkupfers mit variablem Nickelanteil parallel zur Y-Achse.

The Halle-Kanenalll hoard in stone, clay or sand moulds, the blanks were forged at the
anges and the blade to achieve the nal shape to the axes

The Halle-Kanendll hoard was discovered in dur - (see Michael dl. in this volume).

ing mining operations in the former lignite mine »Alwine«

in the eastern part of Halle (Saale), Germany, close to the

sites of two other hoards (Halle-Kanehaand I1) found Chemical and isotopic composition of the

somewhat earlier (von Brunn , ). They add to a Halle-Kanenalll objects
series of large hoard nds of the EBA in the vicinity (Halle,
Dieskaul-Ill, Grobers-Bennewitz, Schkopau), making theThe Halle-Kanendll assemblage underwent comprehen

micro-region around Halle and Dieskau, Saalekreis districsive analytical examination as part of the FOR  and
one of the richest within the whole Un tice Culture (Fig. BronzeAgeTin projects All items were drilled for this pu¥

e.g., Filipp/Freudenreich ; Bunnefeld etal. ). pose to extract samples of pure metal shavings, which were
Hoard IIl from Halle-Kanena dates to the classical Un ticethen subjected to analysis using energy dispersive X-ray
phase, c. — BC; in total, objects were found here, uorescence spectroscopy (EDXRFat the Curt-Engel

carefully placed within a ceramic vessel (Tah.The hoard horn-Zentrum Archdometrie Mannheim (CEZA), Germany.
comprises four Osenring@artly fragmentary), ve heavy, The analysis by EDXRF closely adhered to the method out
oval and open rings, three arm spirals (one notably thick)iined by Lutz/Pernicka ( ). Additionally, three-quarters
one halberd blade, and axes (Fig-; von Brunn of the samples were characterised for their isotopic compo
Pl. , - ). All axes are of the anged variant and belong to sition with multi-collector inductively coupled plasma mass
the prevalent Saxon type during this period. Numerous axespectrometry (MC-ICP-MS) at CEZAThis involved deter
exhibit subtle or pronounced signs of extensive use, whilenining the lead and copper isotope composition of and
others could probably be viewed as intermediate products items, respectively. Tin isotope values were speci cally
(Fig. —; Tab. ). Certain of these pieces show signi cant determined for a few artefacts, revealing them to be either
aws from casting, likely deemed spoiled castings (see Burbronzes or possessing elevated tin contents. For detailed
nefeld etal. in this volume). Metallographic examinationsinformation on the isotopic measurements, readers can
of two axes from the assemblage revealed that, after castimgfer to the relevant literature

Only the halberd blade (HK : k; The device used: ARL Quant’X EDXRF speetro The device used: Neptune Plus HR-MC-ICP-MS,
MA- ) was analysed before these two meter, Thermo Fisher Scienti c. Quanti cation Thermo Fisher Scienti c.

projects by Otto ; Otto incorrectly assig- occurred using a set of copper and copper alloy Niederschlag eal. ; Brigmannet al. ;

ned the object to hoard Il from Halle-Kanena, reference materials. Bergeretl. ;Bergeret al. a.

which does not contain a halberd blade.
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Sample no. Inventory no. Object Analyses Sample no. Inventory no. Object Analyses
MA-071652  HK 34:305i Arm spiral EDXRF MA-071870  HK 34:3050, 12 EDXRF
MA-071653  HK 34:305k Halberd blade EDXRF, LIA MA-071871  HK 34:305, 32 EDXREF, LIA; CIA
MA-071668  HK 34:305b Osenring EDXRF, LIA MA-071872  HK 34:305|, 34 EDXREF, LIA; CIA
MA-071669 HK 34:305d Massive ring  EDXRF, LIA; MA-071873 HK 34:305I, 35 EDXREF, LIA; CIA
CIA, TIA MA-071874  HK 34:3050, 11 EDXRF
MA-071670  HK 34:305m Osenring EDXREF, LIA; CIA MA-071875  HK 343050, 2 EDXRF
MA-071671 HK 34:305¢c Osenring EDXRF, LIA MA-071876 HK 34:3050, 8 EDXRF
MA-O71672  HK 34:305n EDXRF, LIA; MA-071877  HK 34:305|, 10 EDXRF; CIA
- CIA, TIA EPARR MR
£ ] )
MA-071673  HK 34:305f e EDXRF, LIA; MA-071878  HK 34:305, 17 EDXRF
Z CIA, TIA MA-071879  HK 34:3050, 6 EDXRF
@
MA-071674  HK 34:305¢ = EDXRF MA-071880  HK 34:305|, 25 EDXRF, LIA
MA-071675  HK 34:305g EDXRF, LIA MA-071881  HK 34:305, 28 EDXREF, LIA; CIA
MA-071676 ~ HK 34:305a Osenring EDXRF MA-071882  HK 34:305I, 5 EDXRF, LIA; CIA
MA-071706  HK 34:305h Arm spiral EDXRF, LIA MA-071883  HK 34:305I, 18 EDXRF, LIA
MA-071780  HK 34:305, 33 EDXREF, LIA MA-071884  HK 34:3050, 3 ® EDXRF, LIA
o EPARREA
MA-071781  HK 34:305|, 03 EDXRF, LIA MA-071885  HK 34:305l, 9 % EDXRF; CIA
R R . 53
MA-071782  HK 34:3050, 09 EDXRF, LIA;ClA ~ MA-071886  HK 34:3050, 5 5 EDXRF, LIA
- . [
MA-071783  HK 34:3051, 31 EDXRF, LIA MA-071887  HK 34:305), 30 EDXRF
MA-071784  HK 34:305|, 04 EDXRF, LIA; CIA MA-071888  HK 34:305, 7 EDXRF, LIA; CIA
MAO71832  HK 343051 11 EDXRF. LIA MA-071889  HK 34:3050, 7 EDXREF, LIA; CIA
MA-071890  HK 34:305l, 27 EDXREF, LIA; CIA
MA-071833  HK 34:3050, 10 EDXRF; CIA bl i
MA-071891  HK 34:305, 26 EDXREF, LIA; CIA
MA-071834  HK 34:305I, 15 o EDXRF, LIA -
@ MA-071892  HK 34:305, 19 EDXRF, LIA
MA-071861  HK 34:3050, 4 3 EDXRF; CIA -
= MA-071893  HK 34:305, 13 EDXREF, LIA; CIA
MA-071862  HK 34:305l, 20 ks EDXRF —_—
o — MA-071894  HK 34:305l, 6 EDXREF, LIA; CIA
MA-071863  HK 34:305], 1 EDXRF, LIA; CIA T —
T T MA-071895  HK 34:305, 36 EDXRF; CIA
MA-071864  HK 34:3050, 1 EDXREF, LIA; P —
MA-071896  HK 34:305¢, 22 EDXRF, LIA;
CIA, TIA
CIA, TIA
MA-071865  HK 34:305l, 12 EDXREF, LIA; CIA
T TR T MA-071897  HK 34:305, 29 EDXRF, LIA
MA-071866  HK 34:305], 2 EDXRF; CIA
MA-071898  HK 34:305, 24 EDXRF
MA-071867  HK 34:305, 21 EDXRF; CIA
MA-071899  HK 34:305¢, 08 EDXRF, LIA;
MA-071868  HK 34:305l, 23 EDXRF; CIA CIA, TIA
MA-071869  HK 34:305l, 14 EDXRF, LIA; CIA MA-071900  HK 34:305l, 16 EDXREF, LIA; CIA

Tab. List of analysed objects from the Halle-KaneHbhoard (with inventory nos. of the State O ce for Heritage Management and Archaeology
Saxony-Anhalt in Halle). The analytical methods in column are: EDXRF — energy-dispersive X-ray uorescence spectrometry; CIA — copper isotope
analysis; LIA —lead isotope analysis; TIA —tin isotope analysis.

Tab. Liste der analysierten Objekte aus Defibvon Halle-Kanena. Bei den Analyseverfahren in der vierten Spalte handelt es sich um: E&W¢Rfre-
dispersive Réntgen uoreszenzspektrometrie; CIA — Kupferisotopenanalyse; LIA — Bleiisotopenanalysénhigotopenanalyse.

As outlined in the introduction, the Untice Culture range, especially of arsenic and antimony, but also of silver
resorted to a specic range of copper types, the usage aind bismuth (Fig.). Typically, arsenic and antimony domi
which evolved over time. Notably, during the classicahate, but their speci ¢ proportions in the metal inherently
Un tice phase, there was a distinct prevalence of high-imrely on the ratio of tennantite (ClAs S ) and tetrahedrite
purity fahlore copper, deriving from ores containing min (CuSb S ) in the smelted ore charge, as well as the smelting
erals of the tennantite-tetrahedrite series. Depending ononditions . The contents of these elements serve as a €rite
the composition of these mostly sulphidic copper ores, theion for copper classi cation, alongside the presence of fur
smelted copper could contain impurities in the percentageher elements such as bismuth, silver, and nickel (Junghans

It has to be assumed that these ores were roas parts of arsenic and antimony as oxides (Tyle
ted before smelting, which would remove large cote eal. ; Pernicka ).
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Fig. axes of overall from the Halle-Kanenalll hoard on an old image in the publication of von Brunn

Abb. von insgesamt Beilen aus Depdil von Halle-Kanena auf einer alten Abbildung in der Verd entlichung von Brunn

etal. ;Junghansetal. ). Eventhough the latter does copper can be subdivided into types with elevated and-var
not derive from fahlore minerals directly, because they eanying nickel concentrations, on the one hand, and the fahl
not accommodate nickel in the crystal lattice, the fahloreore copper type without nickel but with high silver and bis
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Fig. Four massive rings and the halberd from
the Halle-Kanenall hoard.

Abb. Vier massive Ringe und die Stabdolch
klinge aus Depatl von Halle-Kanena.

Fig. Arm spirals from the Halle-Kanen#l
hoard.

Abb. Armspiralen aus Depdtl von Halle-
Kanena.
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HK 34:305I, 13
MA-071893

HK 34:3050, 9
MA-071782

HK 34:305I, 8
MA-071899

Fig. Some axes from Halle-KanerH with inventory numbers of the State O ce for Heritage Management and Archaeology Saxony-Anhalt in Halle
tory numbers of CEZA (cf. TabExemplarily shown here are three axes from copper with variable nickel concentrations (top panel),

(Saale) and lab

HK 34:305I, 2
MA-071866

K 34:3050, 3
MA-071884

HK 34:305I, 21
MA-071867

K 34:305I, 33
MA-071780

HK 34:305I, 17
MA-071878

two from nickel-rich copper (centre panel) and three from Osenring copper (bottom panel). They show no di erences in typology.

Abb. Einige Beile aus Depdt von Halle-Kanena mit Inventarnummern des Landesamtes fir Denkmalp ege und Archaologie Sachsen-Anhalt in Halle
(Saale) und Labornummern des Curt-Engelhorn-Zentrums Archdometrie Mannheim (vglB&épielhaft abgebildet sind drei Kupferbeile mit variab
lem Nickelanteil (oben), zwei Beile aus nickelreichem Kupfer (Mitte) und drei Beile aus Osenringkupfer (unten), die typologisch keine Unterschiede zeigen.

muth, commonly known as classical Osenriogpper, on the Un tice Culture, marking a gradual shift towards low-impu
other . In later periods, fahlore copper with generally lowerrity chalcopyrite copper at the end of the Un tice Culture.
nickel and silver supersedes the other copper types of th&rsenical copper also exists but is largely con ned to the
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earliest Un tice phases (before  BC) as a relic from the
Chalcolithic era (Rassmann , ;Lockho et al. ).

The metal composition of the Halle-Kanerk nds
closely mirrors the broader metallurgical pattern on
smaller scale. The collection encompasses most of the c(
per types named above, with fahlore copper containing
high, varying, and very low quantities of nickel being the
predominant materials used for the majority of the artefacts
(Fig. ; Tab. ). Only the halberd blade and one of the axes
consist of arsenical and low-impurity copper, respectivel
(see also Otto ). Twelve objects, including axes, mas
sive rings, and a spiral arm ring, fall into the category o
nickel-rich fahlore copper exhibiting nickel contents from
over % to almost % . In these items, arsenic levels var
between . % and . %, whereas antimony consistently
ranges from % to %. Interestingly, the ve massive arm
rings are the only proper bronzes in the hoard, with tin con
tents from % to %, but they also show the highest con
tents of antimony (up to %), which is quite unusual. The
spiral ring and the axes, on the other hand, either have no ti
or contain only very low concentrations between % and

%. However, all artefacts with high nickel have low bis
muth (<. —. %) and lead (< —. %) concentrations
in common and exhibit a very narrow range of silver con
centrations of around %, which averagesto . +. % for
theringsandto . =. 9% forthe axes (Tab).

A very similar silver average of . £. % was deter
mined for the twenty objects crafted from Osenrirappper o )
(Tab. ). This set includes four Osenringsvhich are known Abb. Zwel_Be|IrohI|nge aus Deptit von.HaIIe—Kanena ohne ausgeafbg

tete Randleisten und geschéarfte Schneiden, aus denen gebrauchsféahige
to have been mainly produced from this copper type andseile entstehen sollten.

HK 34:305I, 28
MA-071881

HK 34:305I, 36
MA-071895

Fig.
and sharpened cutting edges intended to be shaped into nal axes.

Two blank axes from Halle-Kanen# without elaborated anges
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Fig. a—b Chemical composition of the objects from Halle-Kaneltlacategorised by metal types. For data see Takll data in mass%.

Abb. a-b Chemische Zusammensetzung der Objekte aus Diépon Halle-Kanena nach Metallarten. Daten siehe Tadlle Angaben in Massen-
prozent.

All element concentrations in this article are
reported in mass%.
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