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The aim of this study is to further the discussion as to whether copper was extracted locally or imported
to Sweden during the Bronze Age or if both of these practices could have coexisted. For this purpose, we
have carried out lead isotope and chemical analyses of 33 bronze items, dated between 1600BC and
700BC. Among these are the famous Fröslunda shields and the large scrap hoard from Bräckan and other
items from three regions in southern Sweden which are also renowned for their richness in copper ores.
It is obvious from a comparison that the element and lead isotope compositions of the studied bronze
items diverge greatly from those of spatially associated copper ores. Nor is there any good resemblance
with other ores from Scandinavia, and it is concluded that the copper in these items must have been
imported from elsewhere. The results furthermore indicate that there are variations in metal supply that
are related to chronology, in agreement with other artefacts from Scandinavia as well as from other parts
of Europe. Altogether these circumstances open up for a discussion regarding Scandinavia’s role in the
maritime networks during the Bronze Age.

� 2012 Elsevier Ltd. All rights reserved.
1. Introduction

A new and original Bronze Age culture, displaying a high level of
technical and artisticmastery, emerged in Scandinavia about 1600BC
(Kristiansen,1998;Vandkilde,1996). For instance, Scandinavia shows
the highest amount of bronze swords in Europe dated to
1500e1300BC (mostly from barrows) and the Scandinavian hoard
finds from the Late Bronze Age include numerous spectacular bron-
zes such as lures and shields (Harding, 2007;KristiansenandLarsson,
2005). There are also lots of remains of crucibles and moulds from
Bronze Ageworkshops in Scandinavia and some ingots of tin, copper
and lead have also been found. These facts show that the metal was
refined and alloyed in Scandinavia into finished objects, from
about 1700BC and onwards (Hjärthner-Holdar, 1993; Oldeberg,
1942e1943). This sudden rise of the Nordic Bronze Age (Fig. 1) is an
enigma that still lacks satisfactory economic and social explanatory
models. Thus, a classic issue has beenwhether copper was imported
to Scandinavia ormined locally. A traditional standpoint, falling back
on Oscar Montelius (1872, 1888) notion “ex-oriente-Lux” about the
þ46 10 4808047.
e (J. Ling), ehh@raa.se
din), kjell.billstrom@nrm.se
).

All rights reserved.

al., Moving metals or indigen
aeological Science (2012), ht
diffusion of objects, states that all the copper and tinwas imported to
Scandinavia during the Bronze Age, even if the casting and some-
times alloying took place locally (Kristiansen and Larsson, 2005;
Montelius, 1872; Oldeberg, 1960, 1942e1943; Thrane, 1975; Vand-
kilde, 1996). Another school favours a local extraction of copper, and
that the material upswing during the Bronze Age partly was con-
nected to extraction of copper fromdomestic ores (Forssander,1936;
Janzon, 1984). Recently, several researchers have contributed to this
issue (Melheim, 2012, 2009; Prescott, 2006).

The general arguments for the different theories could be
summarised as follows, starting with those ones in favour of import
of copper.

� Observations, based on typological/chronological grounds
point at transmission of copper from continental sources
(Montelius, 1986 [1885], 1885).

� Complete bronze objects are interpreted to have been impor-
ted to Scandinavia from the Carpathian basin and Central
Europe (Liversage, 2000; Montelius, 1888; Thrane, 1975).

� There is no concrete evidence of mining in Scandinavia during
the Bronze Age (Janzon, 1984; Oldeberg, 1942e1943).

� A chemical resemblance can be noted between Scandinavian
bronze items and objects from Central Europe (Cullberg, 1968;
Junghans et al., 1968; Liversage, 2000).
ous mining? Provenancing Scandinavian Bronze Age artefacts by lead
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Fig. 1. Schematic overview of Bronze Age chronologies. After Kristiansen (1998).

Fig. 2. Map illustrating the main geological provinces, with approximate ages given in
billion years (Ga), which characterise the Fennoscandian shield. Encircled areas mark
ore districts of different ages; one of these corresponds to the Värmland-Dalsland area
which carries vein-type deposits (extrapolated to include the geologically similar
Brustad Cu-occurrence (B) in Norway; Ihlen, 1986), whereas the base-metal rich
Bergslagen region (including Småland) is displayed as two mineralised sub-areas. Each
of these districts contains several dozens or hundreds of ore mineralisations of
different sizes. Open circles are used to show examples of Cu-rich mineralisations that
have been mined in historical times in the considered areas with archaeological bronze
finds. Solid circles correspond to major (ZneCuePb) ore deposits (see Frietsch et al.,
1979); Bo ¼ Boliden, Va ¼ Vassbo (mainly ZnePb), Fa ¼ Falun, Sa ¼ Sala,
Zi ¼ Zinkgruvan and Be ¼ Bersbo.
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� On the basis of a few published lead isotope analyses on
Scandinavian objects from the Bronze Age (Kresten, 2005;
Schwab et al., 2010), and from the Neolithic (Klassen and
Stürup, 2001), it is shown that their isotopic signatures
diverge greatly from those of Scandinavian copper ores.

There are also a number of facts that are consistent with the idea
of prehistoric copper mining in Sweden.

� The suddenly increasing number of indigenous artefacts from
1600BC onwards. Southern Scandinavia is the region in the
whole of Europe that has the largest number of bronze swords
dated to 1500 to 1300BC (Harding, 2007; Kristiansen and
Larsson, 2005; Vandkilde, 2007).

� Scandinavia is one of Europe’s richest areas of sulphide ores,
including e.g. Cu-rich deposits in southern and south-central
Sweden (Frietsch et al., 1979).

� Findings of large stone hammers in the northernmost regions
with copper ores in Scandinavia (Janzon, 1984).

� Findings of a copper slag at the famous Late Bronze Age
workshop of Hallunda, in the county of Södermanland, could
indicate that local ores were used (Hjärthner-Holdar, 1993;
Melheim, 2012).

2. Aims and theory

Since archaeological evidence is not conclusive and geochemical
and isotope data are few, it has not been possible to make firm
Please cite this article in press as: Ling, J., et al., Moving metals or indigen
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statements concerning the origin of copper. Given this lack of
analytical data, the aim of this project is to further the discussion as
to whether copper was extracted locally or imported to Sweden
during the Bronze Age or if both of these practices coexisted. For
this purpose, we have carried out lead isotope and chemical anal-
yses of 33 bronze artefacts, being spatially associated with local
copper ores, and compared them with corresponding data for
Scandinavian copper ores (Figs. 2 and 3).

2.1. Archaeological aim and theory

In explaining technological introduction and change one must
also consider the relevance of social networks, geographical rela-
tions and the role of innovation (Hjärthner-Holdar and Risberg,
2009; Vandkilde, 2007). The mechanisms of innovation include
not only the process of introducing something new; a new idea,
material, method or device but also a successful acceptance and
exploitation of these new ideas and methods (Hjärthner-Holdar,
2006; Kristiansen and Larsson, 2005). For instance, if the lead
isotope data together with the trace elements show that the copper
derives from Scandinavian ores, it will be necessary to re-assess the
existing import “paradigm” (Melheim, 2012; cf. Fleck, 1979; Kuhn,
1962). We then need to establish new theories concerning local
mining processes, production, logistic systems, networking and
interaction (cf. O’Brien, 2004; Shennan, 1998) and the social
mechanism behind the import paradigm that ruled research for
more than a century (Melheim, 2012). However, if the analytical
ous mining? Provenancing Scandinavian Bronze Age artefacts by lead
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Fig. 3. Map showing the distribution of the analysed bronze artefacts from the
counties of Dalsland, Värmland, Västergötland and Småland. The encircled areas
denote the ore districts, corresponding to Fig. 2.
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signatures point to a continental origin, there will be a need to
discuss facts and theories about Scandinavia’s role in the complex
maritime networks and alliances that involved larger parts of the
coastal regions of Europe during the Bronze Age (Earle and
Kristiansen, 2010; Kristiansen and Larsson, 2005; Needham,
2009). The results could also indicate that both local extraction
and import coexisted in Sweden during the Bronze Age which also
leads to a re-assessment of the existing paradigm. Another major
aim of this project is to see if the lead isotope or chemical signatures
could verify, falsify or modify certain typological/chronological
trends in the material. A further question is if it is possible to
distinguish certain ore regions for certain periods.

2.2. Ore provinces known for finds of bronze artefacts

The comparison between isotope data for ores and artefacts is
essentially based on published data from three different ore
districts in Sweden (Fig. 2). Copper-rich vein- and skarn-hosted
ores, which outcrop at the surface, occur in these districts where
early mining is documented from the 16th to 18th centuries
(Tegengren,1924). Copper ores in Dalsland, along thewestern shore
line of Lake Vänern, are dominated by chalcopyrite (CuFeS2). They
also contain bornite (Cu5FeS4), chalcocite (Cu2S) and malachite
(Cu2CO3(OH)2) and often silver, and sometimes also zinc. In a few
localities, minerals (as the fahlore mineral freibergite) containing
silver, arsenic and antimony are present. However, in other ores in
Dalsland, antimony is only rarely reported. Still others have
accessory sulphide minerals with various combinations of cobalt,
nickel and arsenic. In western Värmland, some deposits are domi-
nated by bornite and chalcocite but also chalcopyrite and trace
amounts of gold, silver and bismuth are typically present. Other
ores are dominated by chalcopyrite, with chalcocite and bornite in
Please cite this article in press as: Ling, J., et al., Moving metals or indigen
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minor amounts along with quite abundant silver and lead. Copper
ores in the (western) Värmland and Dalsland ore districts were
formed by similar processes about 1000 million years ago (Alm
et al., 1997; Alm and Sundblad, 1994; Johansson, 1985; Tegengren,
1944).

The two mentioned regions grade eastwards into the huge
Bergslagen ore district, which stretches across the Baltic Sea to
southern Finland, including the famous Falun copper mine (Fig. 2).
Småland is a part of this district, where ore-forming processes
occurred between c. 1900e1800 million years ago. Copper ores in
Småland are dominated by chalcopyrite but do also contain other
copper sulphides, generally with complex compositions. Zinc, iron,
lead and silver are common in these assemblages as well as cobalt
and/or nickel (Magnusson, 1973). In addition, there are also much
younger (ca 400 million years) complex ZneCuePb ores, which
rarely carry fahlore minerals in the Caledonian mountain range
further north, along the border between Norway and Sweden
(Frietsch et al., 1979).

2.3. Geochemical fingerprints

The applicability of trace element signatures in copper based
alloys as a discriminating fingerprint in provenancing copper ores
has been widely debated. Numerous papers have discussed the
behaviour of trace elements in an archaeological context, and the
main issue is if the ratios of trace elements that characterise
a specific ore remain intact, or not, during extraction, smelting and
casting. The elemental behaviour in theory and studied by experi-
ments is comprehensively described and evaluated by Pernicka
(1999). We have adopted the principles outlined by Pernicka
(1999) who suggested that some elements in artefacts, such as
gold, silver and nickel, which are quite stable during the mentioned
processing steps are directly correlative with the ore source. Other
elements, e.g. arsenic, cobalt and antimony are volatile to different
degrees and their contents may be reduced to some extent during
processing; however, they are still useful indicators for tracing the
appropriate ore source. Finally, some elements are more strongly
affected and are less suitable in a correlation procedure. Among
these are iron and zinc, which are elements that are frequent in
some of the ore regions in this study.

2.4. Pb isotope geochemistry

A few theoretical aspects of lead isotope geochemistry may be
recalled as an introduction to the section dealing with lead
isotopes. In an archaeological approach the aim is to trace the
source of lead in the artefact, i.e. use the lead isotopic signature of
an artefact as a finger-print and match this with that of an appro-
priate ore, or ore district. For a bronze, a copper-tin alloy, it is most
likely that two types of ores (Cu and Sn-bearing, respectively) have
been used, and for geological reasons the lead component is
assumed to be dominantly derived from the copper ore. This
implies that conclusions drawn from lead isotope data typically
involve a comparison between the isotope signatures of the arte-
facts and those of hypothetical copper ores which were mined in
pre-historic times.

Lead isotope signatures vary significantly between the ore
provinces located adjacent to areas with bronze finds, which is due
basically to large differences in ore formation ages. Such isotopic
differences are favourable for pin-pointing the source of copper,
and it is also fortunate that the “local” Swedish ores are generally
much older than ores from continental Europe. The latter are nor-
mally of Phanerozoic age (i.e. around 500 million years old, or
younger) and the implication is that ores occurring relatively close
to the studied artefacts have strongly deviating lead isotope
ous mining? Provenancing Scandinavian Bronze Age artefacts by lead
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Table 1
Information about the county, find circumstance, category of item, typology and chronology of the analysed Bronze Age artefacts.

Samplea In figure Landscape Parish Area Circumstance Artefact Type Stadiumb Chronology Ref chronology

SHM 273741 4 Dalsland Järn Bräckan Hoard Socketed axe L IV (1100e900BC) Baudou, 1960:17, 169
SHM 417322 4 Dalsland Järn Bräckan Hoard Rod L IV (1100e900BC) Baudou, 1960:325
SHM 971194 4 Dalsland Järn Bräckan Hoard Sprue L IV (1100e900BC) Baudou, 1960:325
SHM 362388 4 Dalsland Järn Bräckan Hoard Melt L IV (1100e900BC) Baudou, 1960:325
SHM 411836 4 Dalsland Järn Bräckan Hoard Tanged sword A2: Schlanke

Griffangelschwerter
L IV (1100e900BC) Baudou, 1960:10, 325

SHM 362390 4 Dalsland Järn Bräckan Hoard Rod L IV (1100e900BC) Baudou, 1960:325
SHM 411852 4 Dalsland Järn Bräckan Hoard Sickle L IV (1100e900BC) Baudou, 1960:325
SHM 362391 4 Dalsland Järn Bräckan Hoard Sprue L IV (1100e900BC) Baudou, 1960:325
SHM 96775 7:17 Dalsland Ånimskog Österbosjön,

Ruvön
Stray find Lance head Ullerslev type E II (1500e1300BC) Jacob-Friesen, 1967:146

SHM 884943 7:15 Dalsland Ör Säter Stray find Solid hilted dagger Malchiner III LN LN II (2000e1700BC) Schwenzer, 2004:34
SHM 971151 7:5 Dalsland Färgelanda Västra stigen Stray find Flanged axe Spatulate or spoon

shaped blade
E Ia (1700e1600BC) Vandkilde, 1996:94

GSM 1255 7:4 Dalsland Frändefors Frändefors Stray find Shafthole axe Fårdrup or Valsømagle E Ib (1600e1500BC) Vandkilde, 1996:227, 238
SHM 414088 5 Värmland Grava Hjärpetan Hoard Armring L IV-V (1100e700BC) Baudou, 1960:64e65
SHM 414103 5 Värmland Grava Hjärpetan Hoard Socketed axe C 2 a: Common Nordic L V (900e700BC) Baudou, 1960:182
SHM 414117 5 Värmland Grava Hjärpetan Hoard Sickle XIV B L V (900e700BC) Oldeberg, 1928:324
SHM 884946 5 Värmland Grava Hjärpetan Hoard Lure fragment L V (900e700BC) Oldeberg, 1928:326;

Baudou, 1960:325
SHM 414109 5 Värmland Grava Hjärpetan Hoard Hilt-plate sword A1: Griffzungenschwerter mit

schmaler zungen
L IV (1100e900BC) Baudou, 1960:9

SHM 148960 7:3 Värmland By Rud Hoard Rod L V (900e700BC) Baudou, 1960:325
AM 1205 7:1 Värmland Glava Gränsjön Stray find Hilt-plate dagger E II (1500e1300BC) Montelius, 1917:60;

Engedal, 2010:67
AM 786 7:14 Värmland Ny Stjälpfallet Stray find Shafthole axe Fårdrup E Ib (1600e1500BC) Vandkilde, 1996:227
AM 1213 7:16 Värmland Sunne Gunnarsbyn Stray find Tanged sword E IIIeIV (1300e900BC) Montelius, 1917:66, 71
AM 1214 7:9 Värmland Östra Ämtervik Fryksdalen Stray find Palstave CII: Y- decorated,

“Norddeutsche typ”
E II (1500e1300BC) Kersten, 1936:78;

Engedal, 2010:89
AM 576 7:8 Värmland Köla Lernäs Stray find Socketed axe C 2 a: Common Nordic L V (900e700BC) Baudou, 1953:256, 1960:185
AM 580 7:11 Värmland Östervallskog Strömmer Stray find Socketed axe B 2c: Mixform, Västergötland L IVeV (1100e700BC) Baudou, 1960:22
VM 2931 7:7 Värmland Övre Ulleryd Mosserud Stray find Hilt-plate dagger E II (1500e1300BC) Montelius, 1917:60;

Engedal, 2010:67
VM 21916 7:10 Värmland Östra Fågelvik Sundstorp,

Bastugärdet
Stray find Flanged axe C1: Underåre type E Ib (1600e1500BC) Vandkilde, 1996:113

SHM 884944 7:6 Värmland Ölme Stray find Spear head Bagterp E Ib (1600e1500BC) Vandkilde, 1996:229
SHM 971152 7:12 Småland Gamleby Hoard Palstave CII: Y- decorated,

“Norddeutsche typ”
E II (1500e1300BC) Kersten, 1936:78,

Engedal, 2010:89
SHM 971153 7:13 Småland Gamleby Hoard Flanged axe C1: Underåre type E Ib (1600e1500BC) Vandkilde, 1996:113
SHM 884947 7:2 Småland Gladhammar Fårhult Hoard Rod L V (900e700BC) Baudou, 1960:56, 325
VGM 5A 6 Västergötland Sunnersberg Fröslunda Hoard U-notched shield Herzsprung type L V (900e700BC) Coles, 1962:161;

Gräslund, 1967:60
VGM 11A 6 Västergötland Sunnersberg Fröslunda Hoard U-notched shield Herzsprung type L V (900e700BC) Coles, 1962:161;

Gräslund, 1967:60

a Sample identities are museum identity numbers. AM ¼ Arvika Museum, GSM ¼ Göteborgs stadsmuseum, SHM ¼ Historiska museet (The National Historical Museum), VGM ¼ Västergötlands museum and VM ¼ Värmlands
museum.

b In the column stadium LN represents items from the Late Neolithic, E the Early Bronze Age and L the Late Bronze Age in accordance with the Nordic Bronze Age chronology. More specific chronology is given in the column
chronology. There are about 30 locations (mainly stray finds and hoards) of bronze objects from Värmland, and 14 objects from 11 different locations are analysed. From Dalsland there are about 10 locations (mainly stray finds
and hoards) of bronze objects of which 13 objects from 5 different locations are analysed. There are 9 known locations with bronze objects from the ore bearing district of North-eastern Småland (mainly hoards and graves), and
we have analysed 3 objects from 2 different locations.

J.Ling
et

al./
Journal

of
A
rchaeological

Science
xxx

(2012)
1
e
14

4Please
cite

this
article

in
press

as:Ling,J.,etal.,M
oving

m
etals

or
indigenous

m
ining?

Provenancing
Scandinavian

Bronze
A
ge

artefacts
by

lead
isotopes

and
trace

elem
ents,Journalof

A
rchaeologicalScience

(2012),http://dx.doi.org/10.1016/j.jas.2012.05.040



J. Ling et al. / Journal of Archaeological Science xxx (2012) 1e14 5
signatures from those characteristic for regions further south in
Europe. This implies that the task of finding out if copper in the
artefacts are made from Swedish or imported copper should be
resolvable. Another fact to keep in mind is that any matching of
isotopic signatures must be based on three independent parent-
daughter decay systems which ultimately produce 206Pb, 207Pb
and 208Pb (Faure and Mensing, 2005). Therefore, three different
isotopic ratios must be considered, and in this paper we chose to
use two diagram types in which the 206Pb/204Pb, 207Pb/204Pb and
208Pb/204Pb ratios are shown (Figs. 10 and 11).

3. Materials and methods

Obviously, an important point in a study of this kind is to find
out if there are geochemical and isotopic variations within the data
set (Tables 2 and 3). In order to address this question we have used
a number of aspects during the process of selecting artefacts.
Fig. 4. Photo of the scrap hoard from Bräckan in the county of Dalsland. It constitutes one of
includes lots of material from bronze casting processes, e.g. spruces, melts, rods, as well as

Please cite this article in press as: Ling, J., et al., Moving metals or indigen
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Among these are typological and chronological criteria as well as
geographical coverage and item functionality, as further discussed
below.

3.1. Description of the bronze objects

Priority has been given to artefacts that are considered to belong
to the Nordic Bronze Age tradition (1700e500BC) (Baudou, 1960;
Montelius, 1917, 1885; Sprockhoff, 1956; Vandkilde, 1996).
Following this chronology, we have analysed 32 bronze items,
dated between 1600BC and 700BC, and one artefact dated to Late
Neolithic (LN) (Table 1, Figs. 4e7).

The analysed finds from three different, ore-bearing regions
comprise e.g. material from bronze production and casting sites
(sprues, melts, rods), which allow a direct comparison between
bronze items and local Cu ores with respect to isotope and
geochemical signatures (Figs. 2 and 3).
the largest scrap hoards in Sweden, dated to the Late Bronze period IV (Baudou, 1960). It
weapons, socketed axes, jewellery and tools. Photo by ATA.

ous mining? Provenancing Scandinavian Bronze Age artefacts by lead
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Fig. 5. Photo of the hoard from Hjärpetan located in the county of Värmland. The hoard includes typical examples of Nordic craftsmanship from period V, such as a hanging vessel,
two fibulae in the shape of spectacles and razors with engraved ships characteristic of the period in question. Photo by ATA.
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Two samples are also included from the county of Västergöt-
land; these are spatially related to samples from Dalsland, being
found at the other side of Lake Vänern. To obtain a maximum
chronological distribution and account for different functional
aspect we have included various types of axes, swords and daggers
of different kinds along with spearheads and fragments of shields,
lures, sickles, armrings, and material from bronze casting (Table 1).

Among the 33 studied artefacts 20 are derived from hoards and
thirteen from stray find locations (Table 1). No artefacts from
a grave context could be sampled. Moreover, most of the single
finds are fromwet locations such as bogs, lakes or streams. All stray
find are all well defined in terms of chronology and typology
(Baudou, 1960; Engedal, 2010; Montelius, 1917; Sprockhoff, 1956;
Vandkilde, 1996). Due to space limitations, it is not possible to
give a comprehensive description of individual objects. Instead, we
are presenting some basic facts for the two largest hoards and
certain stray finds.
Please cite this article in press as: Ling, J., et al., Moving metals or indigen
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The scrap hoard from Bräckan in the county of Dalsland (Fig. 4)
is one of the largest scrap hoards in Sweden (Oldeberg, 1929). Most
bronze items from this locality could be related to the Late Bronze
period IV, (Baudou, 1960:225; Montelius, 1917: 1154, 1060, 1138).
The scrap hoard from Bräckan is characterised by the fact that most,
but not all, items are broken or deliberately chopped up into small
pieces (Fig. 4). In addition, this scrap hoard contains lots of material
from bronze casting processes, e.g. spruces, melts, rods, as well as
weapons, socketed axes, jewellery and tools. From this context we
have analysed eight artefacts (Table 1, Fig. 4).

Moreover, five items have been analysed from the hoard from
Hjärpetan, located in the county of Värmland (Table 1, Fig. 5), which
shares some features with the hoard at Bräckan. However, the
former contains items both from Late Bronze Age periods IV and V
(Baudou, 1960). Another fact of interest is that the Hjärpetan hoard
seems to be a so called personal hoard, because it includes
“personal” male and female artefacts (Fig. 5, see also Kristiansen,
ous mining? Provenancing Scandinavian Bronze Age artefacts by lead
tp://dx.doi.org/10.1016/j.jas.2012.05.040



Fig. 6. Photo of one of the magnificent Herzsprung shields from Fröslunda, in the
county of Västergötland. One fragment of this shield has been analysed in this study.
Photo by Ulf Nordh, Västergötlands museum.
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1998). Among the most spectacular finds are six fragments
belonging to a bronze lure (Oldeberg, 1928).

The discovery of the hoard of Herzsprung shields in Fröslunda,
the county of Västergötland, is still considered to be one of Scan-
dinavia’s most spectacular find from the Bronze Age (Fig. 6). The
hoard of Herzsprung shields in Fröslunda could be related to the
concept of community hoard; “ritual hoarding of costly gear, nor-
mally not linked to other forms of metal deposition” (Kristiansen,
Fig. 7. A compilation of the remaining finds analysed finds. The figure shows one solid hilted
flange axe, a lance head of Ullerslev type and two specimens of Y-decorated palstaves of “Nor
number corresponds to Table 1 where more detailed information is given about the finds.
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1998). In fact, it is the largest hoard in Europe with shields of this
kind. The excavation in the 1980s revealed 16, so-called U-notched,
Herzsprung shields and additional fragments belonging to at least
two more shields. About 30 U-notched shields have been recorded
in Europe. Of these 19 are from Sweden, 5 from Denmark, 4 from
Germany, 1 from Ireland and 1 from Italy (Uckelmann, 2011). They
are in general considered to belong to the LBA period IVeV (Coles,
1962; Gräslund, 1967; Hagberg, 1994, 1987; Harrison, 2004;
Sprockhoff, 1931).

Looking at the analysed stray finds (Table 1, Fig. 7), one could
point out the solid hilted dagger with triangular blade from the Ör
parish in the county of Dalsland (SHM 3456). This is the only
specimen of a so-called “Malchiner type IIIa” known from Scandi-
navia (Schwenzer, 2004). Schwenzer (2004) has performed
chemical analyses of 24 daggers of Malchiner type and some of
these display similar signatures similar to the Ösenring copper,
typical for the LN II period. Other stray finds, such as two Fårdrup
axes, a Bagterp spearhead and an Underåre flanged axe (Vandkilde,
1996, see also Table 1, Fig. 7), constitute typical examples of
craftsmanship from period Ib. Moreover, there are also some typical
artefacts from period II; a lance head of Ullerslev type (Jacob-
Friesen, 1967) and two specimens of Y-decorated palstaves of
“Norddeutsche” type (Kersten, 1936). Four socketed axes from
period IVeV; three of Nordic type and one of amixed form between
the Scanian and Mälardalen types of socketed axes were also
included. Finally two separate rods, one from the hoard in By,
Värmland and one from the hoard in Fårhult, Småland, are among
the objects analysed.

3.2. Analytical procedures

The treatment of artefacts was carried out in the following way.
A piece from the selected object was cut by a saw, using a single-use
blade, or by a pair of tongs for thin artefacts. Subsequently the
dagger of Malchiner type IIIa, two Fårdrup axes, one Bagterp spearhead and a Underåre
ddeutsche” type. Four socketed axes from period IVeV and two rods from period V. The
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material was split into one part used for elemental analyses and
another for lead isotope analyses.

Samples for elemental analyses were then mounted in resin,
ground and finally polished. Subsequently, an optical microscope
with polarised reflected light was used in order to define the
structure and texture and prepare for succeeding wavelength
dispersive (WDS) electron microprobe analyses (EMPA). Analytical
details are given in Ling et al. (in preparation). We carried out the
analyses at the Centre for Experimental Mineralogy, Petrology and
Geochemistry at Uppsala University. Briefly, two instruments have
been used; a CAMECA SX 50 (upgraded to SX 100) and a field
emission electron microprobe (JEOL JXA-8530 F). A selection of
samples was used to correlate the results from the respective
instruments (Ling et al., in preparation). The results are equivalent,
although detection limits, in particular for arsenic, are improved for
the JEOL JXA-8530 F instrument. Point analyses as well as area
scans were made. The latter (50 by 50 microns) were distributed
along traverses to attain the bulk chemical composition of the alloy.
Due to the common heterogeneity of copper alloys multiple area
scans were made and mean values calculated. The obtained
analytical datawere related to standards (oxides, sulphides, metals)
and ZAF corrected.

Lead isotope analyses, carried out at the Laboratory for isotope
geology at the Swedish Museum of Natural History (Stockholm),
took into account that samples occasionally contain oxidised and
corroded surfaces. A leaching step for approximately 2e3min in 6M
HNO3 of suprapur quality removedmost of the oxidised, outer parts
of a sample. We also carried out separate Pb isotope determinations
on someof the leachates and the resultswerewithin, or only slightly
beyond, the analytical error of those of the residuals (Ling et al., in
preparation). Following this, the residuals were dissolved over
night in the same type of acid and dried and redissolved in HBr,
Table 2
Geochemical data for the studied artefacts, obtained by EPMA analyses. Data are mean v
below detection limits.

Sample County Stadium Chronlogy S Fe Co

SHM 884943 Dalsland LN LN II 0.04 0.01 0.01
SHM 971151 Dalsland E Ia 0.11 0.01 0.03
SHM 971153 Småland E Ib 0.30 0.03 0.02
GSM 1255 Dalsland E Ib 0.12 0.03 0.03
AM 786 Värmland E Ib 0.58 0.15 0.03
VM 21916 Värmland E Ib 0.08 0.02 0.03
SHM 884944 Värmland E Ib 0.19 0.04 0.06
SHM 96775 Dalsland E II 0.27 0.03 0.03
AM 1205 Värmland E II 0.24 0.04 0.04
AM 1214 Värmland E II 0.46 0.03 0.02
VM 2931 Värmland E II 0.41 0.04 0.03
SHM 971152 Småland E II 0.42 0.31 0.05
AM 1213 Värmland E III 0.27 0.04 0.04
SHM 362388 Dalsland L IV 0.20 0.01 0.02
SHM 411836 Dalsland L IV 0.26 0.02 0.01
SHM 273741 Dalsland L IV 0.28 0.02 0.02
SHM 417322 Dalsland L IV 0.10 0.02 0.02
SHM 362391 Dalsland L IV 0.13 0.02 0.01
SHM 362390-1 Dalsland L IV 0.15 0.02 0.03
SHM 362390-2 Dalsland L IV 0.13 0.02 0.03
SHM 411852 Dalsland L IV 0.19 0.03 0.03
SHM 971194 Dalsland L IV 0.07 0.01 0.03
SHM 414109 Värmland L IV 0.10 0.01 0.06
AM 580 Värmland L IV-V 0.11 0.02 0.03
SHM 414088 Värmland L IV-V 0.12 0.02 0.11
SHM 884946 Värmland L V 0.10 0.05 0.04
SHM 414103 Värmland L V 0.05 0.01 0.10
SHM 414117 Värmland L V 0.04 0.00 0.06
SHM 148960 Värmland L V 0.91 0.54 0.19
AM 576 Värmland L V 0.04 0.02 0.08
SHM 884947 Småland L V 0.18 0.01 0.05
VGM 5A Västergötland L V 1.93 0.02 0.13
VGM 11A Västergötland L V 0.39 0.03 0.17
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and further treatment in ion exchange columns which resulted in
purified lead samples. Pb isotopic analyses were performed on
a Micromass Isoprobe multi-collector ICP-MS (de Ignacio et al.,
2006). The total error for reported Pb isotope compositions of
unknowns is estimated to be �0.1% or lower.

4. Analytical results

4.1. Element chemistry

The results from the elemental analyses of copper-based alloys
(Table 2) show a compositional variation. Some general trends can
be distinguished which form various groupings that may be
compared to metal groups previously identified in other parts of
Scandinavia and Europe. These are, at least to some extent, related
to chronology, partly to geography and typology that to some
extent also are mutually dependent. The following points
summarise the overall results.

� One of the analysed artefacts, a dagger from Late Neolithic (LN),
is copper with impurities. All the other artefacts are made of tin
bronzes, varying from low tin (3%) to high tin (16%) bronzes.
This variation is in part related to chronology, cf. Fig. 8.

� The lead content is generally a few tenths of a percent, only
occasionally reaching ca 1%. Accordingly, we can assume that
no lead has been added to the alloys (cf. discussion in e.g.
Liversage, 2000). Hence, the results from the lead isotope
analyses are expected to successfully trace the relevant source
of copper ore.

� The artefacts contain one or several elements at trace or
impurity levels. Most objects have considerable amounts of one
or several of arsenic, antimony, nickel and silver. A fewartefacts
alues, calculated from multiple area scans. Numbers in italics indicate results at or

Ni Cu Zn As Ag Sn Sb Au Pb

0.04 91.89 0.03 1.71 1.42 0.04 2.15 0.06 0.05
1.01 83.94 0.04 0.72 0.48 9.10 0.82 0.08 0.07
0.37 89.58 0.04 0.16 0.04 7.92 0.05 0.08 0.10
0.46 87.96 0.02 0.31 0.03 8.14 0.05 0.09 0.11
0.09 92.25 0.02 0.33 0.04 4.27 0.05 0.06 0.11
0.11 87.55 0.03 0.15 0.04 10.02 0.21 0.06 0.15
0.50 91.21 0.01 0.49 0.38 5.52 1.25 0.10 1.30
0.44 84.74 0.02 0.39 0.03 9.03 0.11 0.04 0.07
0.25 83.70 0.05 0.29 0.02 11.18 0.24 0.07 0.10
0.22 84.49 0.04 0.13 0.02 10.45 0.05 0.13 0.14
0.59 82.28 0.03 0.26 0.04 12.63 0.11 0.09 0.16
0.51 84.63 0.03 0.23 0.03 11.95 0.09 0.06 0.09
0.24 86.38 0.06 0.04 0.04 10.14 0.07 0.10 0.11
0.32 85.63 0.02 1.09 0.74 6.75 3.05 0.10 0.18
0.46 89.02 0.02 0.80 0.53 2.81 2.18 0.02 0.20
0.44 88.13 0.03 0.94 0.58 3.12 2.41 0.04 0.11
0.37 85.75 0.03 0.70 0.35 5.36 1.27 0.01 0.06
0.48 80.94 0.02 1.02 0.60 2.85 3.16 0.07 0.08
0.38 90.00 0.03 0.48 0.25 5.71 1.15 0.09 0.12
0.40 90.13 0.03 0.79 0.44 4.25 1.85 0.09 0.11
0.39 90.63 0.04 0.77 0.26 4.28 1.54 0.08 0.19
0.44 90.08 0.03 0.74 0.47 3.73 2.30 0.09 0.14
0.21 84.72 0.03 0.57 0.09 7.10 0.34 0.02 0.48
0.05 84.95 0.04 0.11 0.02 10.65 0.05 0.12 0.21
0.09 85.84 0.01 0.33 0.07 9.43 0.20 0.05 0.33
0.05 79.59 0.02 0.34 0.02 15.68 0.10 0.00 0.08
0.53 90.74 0.03 0.44 0.25 4.37 0.99 0.10 0.57
0.36 86.66 0.03 0.61 0.27 5.30 0.92 0.01 1.12
0.19 87.16 0.03 0.30 0.05 8.12 0.14 0.06 0.22
0.43 89.85 0.03 0.43 0.34 3.98 0.99 0.07 0.49
0.37 89.20 0.02 1.19 0.20 4.01 1.19 0.06 0.64
0.10 81.87 0.02 0.36 0.05 9.43 0.06 0.04 0.27
0.08 81.21 0.03 0.50 0.06 10.65 0.19 0.01 0.67
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have low concentration of iron and/or cobalt, whereas zinc in
general is very low. The element ratios vary to such an extent
that it is possible to distinguish groupings which may be iden-
tified as coming from different ore types or sources, most of
which are sulphide ore sources and most prominently fahlores.

� Bronze compositions appear to show a complex relation to
chronology (Figs. 8 and 9). Tentatively, every single Bronze Age
period has its own metal distribution pattern. Furthermore,
within periods II and IV, the metal composition is quite
homogeneous in the studied material. The opposite is true for
the periods I and V.

� All analysed artefacts from the Bräckan scrap hoard in Dalsland
(period IV), comprising items as well as casting debris, belong
to a group with homogeneous metal characteristics. This is
suggesting that themetal was supplied from a single source. On
the other hand, the personal hoard from Hjärpetan in Värm-
land (mainly period V), including a socketed axe, a sickle, a lure
Fig. 8. Graphical presentation of tin content vs. content of arsenic, antimony, nickel and

Please cite this article in press as: Ling, J., et al., Moving metals or indigen
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and a sword, has a far more heterogeneous metal composition
implying several sources for the metal.

� The two Herzsprung shields (period V) from the county of
Västergötland, are very similar in composition and can be
distinguished from most other artefacts e.g. by their elevated
content of cobalt.

4.2. Pb isotopes

The obtained Pb isotope compositions for artefacts, sorted in
chronological order, are given in Table 3. The data spread is
considerable with e.g. the 206Pb/204Pb ratio ranging from 18.14 to
19.68 (Figs. 10 and 11). To help understand the significance of the
isotope results for the artefacts, certain reference data have been
plotted in Figs. 10 and 11. The latter include ore data, mainly results
from galena (PbS) and a few copper minerals, which represent both
the local copper ores found near the finds and distal copper-bearing
silver respectively in the artefacts. Chronology in periods are defined in Tables 1e3

ous mining? Provenancing Scandinavian Bronze Age artefacts by lead
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Fig. 9. Ternary diagrams presenting the mutual relationship of four of the present trace elements, As, Sb, Ni, and Ag in various combinations, discriminating several groups of
composition, related to chronology.
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ores in Bergslagen and in the Caledonides. Twomain features show
up in the isotope diagrams;

� Although the artefacts display a considerable data range, it is
obvious that the majority of published data from the local (and
distal) ores plot far away from those of the artefacts. A few ore
minerals plot in the same region as the artefacts and this merits
some further attention.

� Artefact data tend to form different groups as defined by their
chronological affiliation. This grouping is also, to some extent,
illustrating geographical divisions as for instance all period IV
artefacts are fromDalsland and almost all period V artefacts are
finds from Värmland.

5. Discussion

Both the lead isotope and elemental analyses show that there
are variations in metal supply related to chronology. The results
also indicate that several ore types must have been processed
during artefact production and that local ores were not used at all
for producing the analysed artefacts. We will now look at
Please cite this article in press as: Ling, J., et al., Moving metals or indigen
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geochemical and lead isotope results in more detail and discuss
their archaeological impact.

5.1. Trace element characteristics

Some elements are more useful than others in discriminating
ore sources. Arsenic and silver are present in many of the Swedish
ores and the artefacts, suggesting that these elements are better
used in multi-element plots rather than used one-by-one. As
mentioned previously, zinc is a common element in the ore regions,
but is lacking in the artefacts. This incoherence may, at least to
some extent, be explained by the volatile behaviour of zinc. Nickel
is common in many artefacts, and is present in ores in the Småland
region, often in combination with cobalt, and more rarely in Dals-
land ores. However, artefacts that contain cobalt are from Väst-
ergötland and Värmland.

Generally, from the trace element composition we can conclude
that several ore sources are required to explain the variation in
chemical signatures of artefacts. Furthermore, there is no strong
chemical correlation between the artefacts and the hypothetically
suggested local ore regions in Sweden and, importantly, more than
ous mining? Provenancing Scandinavian Bronze Age artefacts by lead
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Table 3
Pb isotope compositions for the studied bronze artefacts.

Samplea County Chronology 206Pb/
204Pb

207Pb/
204Pb

208Pb/
204Pb

SHM 884943 Dalsland LN II 18.469 15.664 38.514
SHM 971151 Dalsland Ia 18.656 15.671 38.564
SHM 971153 Småland Ib 19.251 15.722 39.305
GSM 1255 Dalsland Ib 19.678 15.720 39.505
AM 786 Värmland Ib 1s8.608 15.651 38.677
VM 21916 Värmland Ib 18.587 15.656 38.611
SHM 884944 Värmland Ib 18.340 15.653 38.463
SHM 96775 Dalsland II 18.237 15.664 38.421
AM 1205 Värmland II 18.739 15.678 38.859
AM 1214 Värmland II 18.193 15.654 38.356
VM 2931 Värmland II 18.268 15.651 38.395
SHM 971152 Småland II 18.413 15.663 38.549
AM 1213 Värmland III 18.221 15.655 38.397
SHM 362388 Dalsland IV 18.292 15.674 38.477
SHM 411836 Dalsland IV 18.247 15.668 38.427
SHM 273741 Dalsland IV 18.257 15.662 38.425
SHM 417322 Dalsland IV 18.270 15.673 38.470
SHM 362391 Dalsland IV 18.331 15.669 38.483
SHM 362390-1 Dalsland IV 18.263 15.659 38.462
SHM 362390-2 Dalsland IV 18.278 15.659 38.453
SHM 411852 Dalsland IV 18.363 15.671 38.544
SHM 971194 Dalsland IV 18.297 15.671 38.465
SHM 414109 Värmland IV 18.337 15.662 38.518
AM 580 Värmland IV-V 18.459 15.653 38.581
SHM 414088 Värmland IV-V 18.301 15.664 38.538
SHM 884946 Värmland V 18.289 15.660 38.472
SHM 414103 Värmland V 18.344 15.645 38.440
SHM 414117 Värmland V 18.337 15.650 38.460
SHM 148960 Värmland V 18.340 15.665 38.556
AM 576 Värmland V 18.327 15.658 38.486
SHM 884947 Småland V 18.445 15.605 38.468
VGM 5 A Västergötland V 18.327 15.664 38.549
VGM11 A Västergötland V 18.310 15.660 38.511

a Further details about the analysed samples are found in Table 1.

Fig. 10. PbePb isotope diagrams showing the obtained isotopic compositions for
artefacts in relation to data for some selected reference ores from Sweden (Fa ¼ Falun,
Sa ¼ Sala are located in northern Bergslagen; Be ¼ Bersbo, Gl ¼ Gladhammar and
Sk ¼ Skrikerum are located in Småland). Data sources: Alm (2000), Johansson (1985),
Romer and Wright (1993), Sundblad (1994), Sundblad and Stephens (1983); Billström
(unpubl. results).
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one ore type is implied from the trace element pattern. Although
certain chemical signatures are compatible with an origin from
sulphide ores, like for instance chalcopyrite, the majority indicates
that a particular type of sulphide ore, i.e. fahlore was used. In
general, this ore type containing the combination of arsenic, anti-
mony, silver and nickel is not present in the adjacent ore regions. A
few minor zones with fahlore-type chemistry are present in some
deposits in Dalsland, the region from where the artefacts with the
highest content of antimony are found. However, their combination
of arsenic, silver and nickel can not be accounted for, according to
the present knowledge of the ore composition. The discussed
features allow us to conclude that although some of the artefacts
with less characteristic elemental compositionmay be theoretically
explained by local ores, the vast majority is not compatible with
contemporaneous local ore production.

Another distinctive feature is the chronological patterns
distinguished in the trace element signatures, with multiple shifts
in metal composition (Figs. 8 and 9, Table 2). This is in accordance
with the general description for artefacts from many parts of
Europe, including Scandinavia. Among these are the much quoted
SAM analyses and definedmetal groups (Junghans et al., 1968) with
focus on Late Neolitihic and Early Bronze Age, and more recent
studies by e.g. Krause (2003) describing metal groups and their
spatial distributions. However, for a first assessment of the chro-
nological chemical pattern, we will make a brief comparison with
Scandinavian, mainly Danish, artefacts presented in a comprehen-
sive study by Liversage (2000) also including artefacts from the Late
Bronze Age. This is also discussed by Liversage and Northover
(1996) in terms of defined metal groups focussing on the content
of arsenic, nickel, silver and antimony. Altogether, more than 2200
artefacts from the Bronze Age in Scandinavia have been analysed,
Please cite this article in press as: Ling, J., et al., Moving metals or indigen
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including ca 1000 from Sweden. Among the latter are approxi-
mately 300 artefacts with partly semi-quantitative data given in
Oldeberg (1942e1943). Some databases have focus on the Neolithic
and the Early Bronze Age (e.g. Junghans et al., 1968; Oldeberg, 1976;
Vandkilde, 1996) whilst others also include Late Bronze Age arte-
facts (Grandin and Willim, 2011; Kresten, 2005; Liversage, 2000;
Melheim, 2012).

The only analysed late Neolithic artefact in this study (the solid
hilted dagger of Malchiner type), without tin, can clearly be
discriminated from the other ones containing elements character-
istic of Ösenring copper, also containing bismuth (not recorded
in Table 2). This dagger has, however, somewhat higher concen-
trations of arsenic, antimony and silver than recorded by
Schwenzer (2004) for the same type of Malchiner dagger made
from Ösenring copper.

Some of the artefacts from period Ia and Ib contain all four of
arsenic, antimony, nickel and silver, similar to the defined “mS”-
metal group (Liversage, 2000), while others only contain arsenic
and nickel, comparable with the “AsNi”-group, and still others with
even lower nickel content do not fit any of the other metal groups.
ous mining? Provenancing Scandinavian Bronze Age artefacts by lead
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Fig. 11. PbePb isotope diagrams illustrating period-wise isotopic variations among the
artefacts (this study). Added are published isotope data for ore minerals; symbol M
(from reference ore districts depicted in Fig. 10) which plot within the scale limits. Also
shown (encircled symbols) are two published analyses of Swedish bronze artefacts;
a period I sword (Schwab et al., 2010) and a period V axe (Kresten, 2005).
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Interestingly, the two Fårdrup axes from period Ib, from Dalsland
and Värmland respectively, can be separated by their elemental
composition. The former contains both nickel and arsenic while the
nickel content in the latter is an order of magnitude lower. This
makes the Fårdrup axe from Dalsland (“AsNi”) similar to the
majority of Fårdrup axes from Sweden (Cullberg, 1968; included in
the SAM analyses and defined to their group FB1-2), Denmark
(Vandkilde, 1996; with the corresponding label FAARDMET) and
from Norway (Engedal, 2010; Melheim, 2012).

Artefacts from period II demonstrate a more homogeneous
elemental pattern, generally with a considerable nickel concentra-
tion, somewhat lower arsenic, even lower antimony and much
lower silver content (Fig. 8). This is in agreement with the “AsNi”-
metal group that is dominating in the Danish Early Bronze Age
artefacts and also in Norway, where “AsNi” is strongly present
throughout the Late Bronze Age (Melheim, 2012). The nowanalysed
artefacts are also characterised by a higher tin content than those
fromperiod I as well as from period IV (Fig. 8). A uniform, but totally
different, pattern is observed among the artefacts from period IV,
most of them from the same scrap hoard in Bräckan. These are
Please cite this article in press as: Ling, J., et al., Moving metals or indigen
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characterised by elevated content (Fig. 8) of antimony, arsenic,
silver and nickel; in accordance with fahlores and the metal group
“NS”. The absolute content of these four elements varies (Fig. 8), all
with a negative correlation to tin, but their ratios are more even
(Fig. 9), indicating various proportions of alloying. The “NS” metal
group is also prominent during the same period and continues in
period V and VI in the Danish material (Liversage, 2000), and
dominates in Norway in the Late Bronze Age (Melheim, 2012). A
similar, but not identical, signature is observed in some artefacts
from the counties of Värmland and Småland from period V.
However, from the same period also other metal compositions are
present, generally with lower content of most elements except
arsenic, comparable with the “as”-group. Among these are the two
Herzsprung shields that additionally have a content of cobalt
somewhat higher than average in most analysed artefacts.
However, among the Danish artefacts presented by Liversage
(2000) are a few with similar composition, mainly from period V.

In contrast to the geochemically homogeneous period IV scrap
hoard from Bräckan, the personal hoard from Hjärpetan is less
uniform. It comprises a variation of artefacts and a time span in
chronology from period IV to period V. Several metal compositions
have been recorded which indicates various metal supplies for
these items, reflecting more general circulation of metals rather
than a local consistency. The most homogeneous patterns are
observed in period II and IV respectively, and more varied distri-
butions during the earlier and later periods. However, some of the
analysed artefacts, within many of the periods, cannot be accoun-
ted for by these dominant metal groups.

5.2. Pb isotope characteristics

The origin of copper in Swedish bronze items can be further
discussed based on lead isotope data displayed in Figs. 10 and 11.
Fig. 10 serves to illustrate the relationship between lead isotope
signatures of ores and analysed bronzes. This figure clearly shows
that neither isotope data from local ores (occurring near to the
findspots), nor from Cu-bearing ores from the Swedish, or Norwe-
gian (Björlykke et al., 1993), part of the Caledonides match those of
the artefacts. Although a few oreminerals plot relatively close to the
data cluster formed by the artefacts, there is a deviationwith respect
to the 207Pb/204Pb ratio. This deviation is even more pronounced
when comparing the 208Pb/204Pb ratios; the latter are always
significantly higher in artefacts than in any identified ore mineral
signature ofwhich only a single analysis plotswithin the scale limits
used in Fig. 11. Furthermore, even if future analysesmay enlarge the
isotopic fields of both artefacts and of ores, thereby somewhat
modifying the present isotopic pattern, it is significant that no
artefacts plot near the bulk of Swedish ore signatures. If, for
example, only a small portion of lead and copper-bearing ores in
Bergslagen or Dalsland had contributed to the bronzemelts used for
casting this would have showed up as artefact data plotting much
closer to ore signatures, e.g. atmuch lower 206Pb/204Pb ratios. This is
not the case, and it can therefore be concluded that the coppermetal
was imported to Sweden during the Nordic Bronze Age.

Fig. 11 is a close-up and demonstrates that there is an isotopic
variability among the artefacts. Actually the data range is so large
that it seems very unlikely that a single ore district could account
for this variability. From this follows that in order to model the
origin for copper in different artefacts one has to assume that two,
or more, sources of ore have been utilized. From the way data of
artefacts plot in isotope diagrams (cf. Fig. 11) one could make a few
generalisations. This could be exemplified as follows; late Neolithic
and period I artefacts mainly show relatively radiogenic isotopic
compositions (i.e. having elevated 208Pb/204Pb, 207Pb/204Pb and
206Pb/204Pb ratios), period II artefacts, with one exception, have
ous mining? Provenancing Scandinavian Bronze Age artefacts by lead
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Fig. 12. Depicted swords and ships from Early Bronze Age (Ekenberg, Östergötland,
Sweden) which may manifest the praxis of moving metals during the Bronze Age.
Documentation by Evers, SHFA.
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relatively uniform isotopic signatures and include the least radio-
genic compositions encountered in this study; period IV artefacts
have uniform, and intermediate, isotopic compositions, period V
artefacts are similar to period IV data but sometimes extend to low
207Pb/204Pb ratios. This is to say that the trade routes for import of
copper changed with time, and apparently copper was imported
from different ore districts during discrete periods.
6. Conclusion

We are presenting analytical data for 33 bronze artefacts,
ranging from the Late Neolithic to the Late Bronze Age from the
copper ore bearing districts of Dalsland, Värmland and Småland,
and none of these items matched the local ore signatures. This
finding is consistentwith previous analyses of bronze artefacts from
Sweden (Kresten, 2005; Schwab et al., 2010). Moreover, there are no
evident traces of Bronze Age copper mining from these districts,
neither numerous finds of stone hammers nor prehistoric mines
(Janzon,1984; cf. O’Brien, 2004). Another important fact to consider
is that manufactured metal (typology) from a certain region should
not automatically be equated with the use of ores from the same
region (Chernykh, 1992; O’Brien, 2004). It is therefore important to
stress that it could be vast distances between the different steps
involved in the metallurgical “chaîne operatoire” (Ottaway, 2001):
from ore extraction via refining, transport and exchange to local
manufacture which will make the picture even more complex.

Thus, it is highly likely that copper was imported during the
BronzeAge. Fromthis follows that SwedenandScandinavia tookpart
in thecomplexmaritimemetal tradenetworks that existed inEurope
in the Bronze Agewhere different sources ofmetal were dominating
in certain periods. Thus, maritime networks, changing sources of
metal and the trading of amber formetal seem to have been a crucial
feature for Northern Europe during the Bronze Age (Beck and
Shennan, 1991; Earle and Kristiansen, 2010; Kristiansen, 1998). At
the same time, numerous ships were depicted on the Scandinavian
rocks (Fig. 12) and bronze items, a praxis that might have reflected
the maritime trade of precious metals (Kaul, 1998; Ling, 2008).

The next step is to identify which ore-bearing region in Europe
that shows the closest match to the signatures of our analysed
artefacts. It is also necessary to take into consideration the possi-
bility of metal recycling, and available sources of tin (Haustein et al.,
2010; Rohl and Needham, 1998). The observed geochemical and
isotopic grouping would indeed suggest that several ore districts
must be considered, but given the limited number of available
analyses it is premature to draw any definite conclusions regarding
the source of copper. At this stage, one can note that the obtained
Please cite this article in press as: Ling, J., et al., Moving metals or indigen
isotopes and trace elements, Journal of Archaeological Science (2012), ht
trace element signatures showa chronological dependence, and the
results bear a resemblance with data not only from elsewhere in
Scandinavia but also with other parts of Europe indicating analo-
gous trade routes for copper, during the respective periods. The
large range in lead isotope compositions of Swedish bronze arte-
facts (Table 3) requires import of metal from several ore districts
and work is in progress to test the isotope matching with a number
of well-known Bronze age mining districts in Europe; such as the
Inn Valley in Austria, British Isles and the Mediterranean countries
(Höppner et al., 2005; Rohl and Needham,1998; Stos-Gale and Gale,
2010; Stos-Gale et al., 1995). Although no analytical evidence point
at a contemporaneous local extraction of copper in Sweden, this
possibility cannot be completely dismissed. For example, the find of
a piece of copper slag at the famous Late Bronze Age workshop of
Hallunda could indicate that local sulphide ores were smelted and
refined here in the Late Bronze Age (Hjärthner-Holdar, 1993). In the
next phasewe are about to analyse 40 additional Bronze Age objects
including material from Hallunda and other sites located in, or
adjacent to, ore bearing districts in southern Sweden.

Both the lead isotope and chemical analyses have undoubtedly
showed that the copper from the 33 Scandinavian Bronze Age
artefacts diverges significantly from Scandinavian copper ores and
that the copper must have been imported from elsewhere. The
results furthermore indicate that there are variations in metal
supply that are related to chronology, in resemblancewith artefacts
from Scandinavia as well as from other parts of Europe indicating
analogous trade routes for copper, during the respective periods.
Maritime networks and changing sources of metal seem to have
been a key feature for Scandinavia in the Bronze Age.
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