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Circulation Patterns of Copper-Based Alloys in the Late 
Iron Age Oppidum of Třísov in Central Europe 

Abstract

This article presents an insight into the sourcing and cir­
culation of copper alloys during the Late La Tène peri­
od in Central Europe where the specialised production 
of metals is regarded as complex and conducted chiefly 
within the bounds of the oppida. Contrary to the logical, 
though not necessarily data-based, assumption that local 
raw materials for the production of bronze were most­
ly used from the local primary deposits, we argue that 
an advanced and complex economy of Late Iron Age al­
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lowed for the steady and consistent material supply even 
from distant areas and that such pattern was possibly 
commonly practised by the oppida sites. Concurrently, 
we do not argue against the possibility of the exploitation 
and processing of the locally mined metal, we only point 
out that in provenance studies the evidence for that is yet 
difficult to find. We back our hypothesis by archaeomet­
ric analysis of the assemblage of bronze objects from the 
oppidum of Třísov (Czech Republic) collected during 
the long-term investigations of this site. The selection of 
objects for analyses covers the spectrum from the local 

Figure 1. Oppidum of Třísov in Southern Bohemia. Graphics: A. Danielisová.
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products to potentially imported items. A provenance 
study based on the analysis of lead isotopes and chem­
ical composition has shown rather homogeneous pat­
tern of lead isotopic values and, on the contrary, quite 
a variability among the chemical composition of the 
individual artefact groups suggesting thus 1) stand­
ardised technological procedures for individual types 
of objects, 2) common recycling of the materials used 
and/or 3) contamination of low-leaded alloys from 
highly leaded bronzes. 

Introduction

There are quite numerous studies on the provenance 
and metallurgy of the copper and its alloys in periods 
from the beginnings of metallurgy or from the specific 
areas like Mediterranean or the Alps, however, the case 
for Late Iron Age (2nd - 1st century BC) remains largely 
obscure. For decades there was an assumption that pri­
marily local deposits were exploited and the proximity 
to sources of polymetallic ores significantly influenced 
the settlement network. However, there is no evidence 
among, now quite abundant, material assemblages of 
how the copper, tin, or lead were exploited or econom­

ically managed; there is only evidence of very intensive 
and well organised local bronze working. The oppida 
are widely perceived as developed cosmopolitan centres 
with long distance economic networks that made possi­
ble imports of various materials from even very distant 
areas; a well-documented trade in raw glass imported 
from the Eastern Mediterranean is a good example of 
this (cf. Roymans, et al., 2014, pp. 223-225; Venclová, 
2016, pp.116-118).

In this contribution, we would like to draw atten­
tion to the outcomes of the analyses of non-ferrous 
metal artefacts assembled during the long-term surface 
prospections of the South Bohemian oppidum of Třísov 
(Figure 1). 

The surveys have produced more than three thou­
sand metal objects that have significantly expanded the 
existing inventory of finds, curiously though, no ev­
idence regarding the procurement of the raw or fresh 
metals was discovered. This naturally raises the question 
of the metal supply pattern of this site that, due to this 
exceptional abundance of finds, indeed constitutes a 
‘metallic site’: a rich settlement with numerous evidence 
of an intensive local bronze working and circulation 
of prestige objects obtained through the long distance 
trade. Several specialised workshops have been discov­

Figure 2. Position of the ‘craft district’ below the North acropolis of the Třísov oppidum. Graphics: A. Danielisová. 
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Figure 3. Selection of finds from Třísov that have been subjected to geochemical analyses (A: jewellery, amulets, republican vessels, 
various fittings; B: chaîne opératoire finds from the workshop below the North acropolis). Photo: A. Danielisová.
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ered during both excavations and prospections forming 
an actual ‘craft district’ known so far only from the oppi-
da sites, such as Manching or Bibracte (Figure 2). 

Due to this abundance and range of finds, the Třísov 
oppidum represents a good medium for studying the lo­
cal practices of the metallurgy of copper alloys that may 
also cast new light on the nature of the specialised pro­
duction and raw materials supply patterns of the Late 
Iron Age period in Central Europe.

Methodology 

Analyses of chemical composition and provenance anal­
yses through lead isotopic ratios have been conducted 
on the total assemblage including artefacts, casting spills 
and technological objects (casting waste and semi-prod­
ucts) (Figure 3). Typically, they should reveal routine 
treatment of the copper, tin and lead alloys by specialised 
workers that have included range of various objects. 

The selection of samples aimed to represent each ma­
jor category of artefacts found at Třísov: ‘imports’ (mostly 
Roman republican bronze ware, mirrors, jewellery etc.), 
‘production’ (semi-products, technological objects, fin­
ished products - beads), ‘brooches’ (Nauheim, Almgren 
65, Mötschwil) and other personal objects (belt fittings), 
spoked wheels (amulets), bronze spur, and small ‘figural’ 
art (cf. Kysela, Danielisová and Militký, 2014, p.574). For 
comparative reasons more than one object per catego­
ry has always been selected. Altogether 72 objects from 
Třísov were analysed for their chemical composition and 

lead isotopic signatures. The analyses were conducted 
on drilled corrosion-free samples in order to obtain data 
from the original metal core of the objects. 

The bulk chemical composition was determined 
following procedures employed for the samples, which 
are given elsewhere (Ettler, Červinka and Johan, 2009). 
The decomposition in mineral acids (HCL/HNO3) 
were used for determination of Ag, As, Bi, Cd, Co, Cr, 
Cu, Fe, Mn, Ni, Pb, Sb, Sn, Zn by ICP-QMS (XSeriesII 
ThermoScientific Bremen, Germany). For the purpose 
of this study, two lead isotopic ratios then were consid­
ered: 207Pb/206Pb and 208Pb/206Pb. The Pb isotopic ratios 
have been determined by ICP-QMS in solutions diluted 
to 20 µg/L (Pb) following the analytical procedures given 
elsewhere (Ďurišová, et al., 2015, Ettler, Mihaljevič and 
Komárek, 2004, Mihaljevič, et al., 2006). Corrections for 
the mass bias were performed using SRM NIST 981. The 
analytical error (expressed as RSD) was 0.02 – 0.2 % for 
207Pb/206Pb and 208Pb/206Pb ratios. Generally, the ICP-
QMS lead isotopic data show larger divergences than 
that obtained by the MC-ICP-MS. 

Results

The alloys and compositional characteristic of vari-
ous artefact groups

Generally speaking, our findings correspond with the 
character of alloys at other oppida sites in Europe (cf. 
Penz, 2012, Schwab, 2011, Schwab 2014). The chemical 

Figure 4. Ratio of Cu-Sn-Pb of 
selected objects from Třísov analy­
sed by ICP-MS (Cu concentrations 
have been divided by 10). The 
main trends in the composition of 
each category of objects (brooches, 
imports, mirrors, amulets, local 
production etc.) are apparent. Gra­
phics: A. Danielisová.
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A33038 „amulet“ - 
rouelle 89,3 0,02 8,07 2,07 0,21 0,096 0,059 <100 <50 310 1000 230 <10 <50 100 98,53

A33041a „amulet“ - 
rouelle 52,3 <0.01 8,02 33,3 0,21 0,483 5,141 500 50 <50 650 3800 <10 100 100 94,43

A33041b „amulet“ - 
rouelle 72,0 0,01 9,90 16,8 0,52 0,302 0,149 <100 <50 480 700 2300 <10 170 100 101,36

A33162 „amulet“ - 
rouelle 68,0 <0.01 10,1 20,4 0,59 <0.1 0,380 <100 <50 <50 890 1800 <10 <50 100 93,75

A33164 „amulet“ - 
rouelle 63,5 <0.01 5,32 26,3 0,13 0,228 3,732 <100 <50 <50 320 7000 <10 <50 100 94,45

A32659 „bead“ 81,6 <0.01 14,2 3,53 0,17 0,188 0,104 <100 <50 110 690 740 <10 130 100 91,01

A32688 „bead“ 78,8 <0.01 9,01 11,2 <0.1 0,161 0,398 <100 <50 <50 1700 2200 <10 430 100 91,36

A32724 „bead“ 84,7 <0.01 14,6 0,44 0,15 0,035 0,031 <100 <50 <50 580 450 <10 60 100 91,11

A32777 „bead“ 76,6 <0.01 11,5 10,4 0,03 0,193 0,998 <100 <50 80 980 1000 <10 150 100 92,68

A32949 „bead“ 65,7 <0.01 16,0 17,7 0,03 0,227 0,143 <100 <50 280 560 780 <10 320 100 96,35

A33104 „bead“ 59,3 0,06 3,52 36,4 0,39 0,066 0,168 <100 <50 10 520 130 <10 <50 100 100,97

A33391 „bead“ 83,9 <0.01 11,9 3,35 0,10 0,093 0,364 <100 <50 40 640 2500 <10 65 100 92,42

A33479 „bead“ 82,9 <0.01 12,3 4,55 0,02 0,117 0,031 <100 <50 60 990 210 <10 <50 100 92,94

A33920 „bead“ 74,1 <0.01 14,1 11,3 <0.1 0,285 0,079 <100 <50 270 620 420 <10 160 100 94,83

A32834 „belt“_
Lochgurtel 83,3 0,08 5,04 11,3 0,30 0,003 0,041 <100 <50 <50 <100 120 <10 <50 100 98,67

A32946 „belt“_
Palmette 85,0 0,33 6,21 7,80 0,44 0,070 0,100 <100 <50 60 650 200 10 65 100 100,52

A32475 „brooch“_
A65 71,8 <0.01 12,7 13,9 0,01 0,273 0,188 <100 <50 200 570 10200 <10 530 100 101,66

A32827 „brooch“_
A65 70,6 0,01 12,9 15,7 0,20 0,207 0,087 <100 <50 120 420 2300 <10 190 100 98,59

A33178 „brooch“_
A65 72,5 <0.01 10,4 15,8 0,04 0,318 0,391 <100 <50 180 1800 2800 <10 650 100 101,66

A33191 „brooch“_
A65 71,9 <0.01 15,1 12,5 <0.1 0,150 0,097 <100 <50 230 390 600 <10 590 100 90,67

A33199 „brooch“_
A65 75,4 <0.01 12,9 11,4 <0.1 0,096 0,044 <100 55 340 390 200 <10 <50 100 101,99

A33201 „brooch“_
A65 64,3 0,01 13,2 21,9 0,02 0,202 0,060 <100 <50 310 320 1400 <10 550 100 97,63

A33194 „brooch“_ 
Ljubljana type 88,9 0,21 6,27 2,10 1,69 0,581 0,120 <100 60 150 840 350 <10 <50 100 94,91

A33190 „brooch“_
Mötschwil 84,2 <0.01 15,0 0,02 0,58 0,127 0,055 <100 <50 190 65 70 <10 <50 100 101,31

A32748 „brooch“_
Nauheim 83,5 0,99 12,6 1,76 0,75 0,057 0,155 <100 70 <50 290 390 1600 <50 100 63,11

A32758 „brooch“_
Nauheim 85,5 <0.01 13,6 0,02 <0.1 0,034 0,020 <100 <50 <50 930 7200 <10 <50 100 101,17

A32924 „brooch“_
Nauheim 84,5 <0.01 14,5 0,02 <0.1 0,047 0,037 <100 <50 <50 820 8100 <10 <50 100 100,80

A32947 „brooch“_
Nauheim 80,3 <0.01 19,1 0,03 <0.1 0,028 0,027 <100 <50 <50 840 4300 <10 <50 100 101,19

A33160 „brooch“_
Nauheim 81,7 <0.01 17,6 0,07 0,02 0,096 0,160 <100 <50 <50 590 3500 <10 150 100 100,30

A33179 „brooch“_
Nauheim 85,7 0,11 13,4 0,47 <0.1 0,046 0,095 <100 <50 <50 740 520 <10 <50 100 101,74

Table 1. Element concentrations in samples (artefacts) from the Třísov oppidum (for details on instrumentation see the text); for 
measurement units and detection limits see second and third row of the table respectively; < = below detection limit. The analytical 
data have been normalised to add up to 100%.
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A33188 „brooch“_
Nauheim 83,4 1,18 12,6 <0.001 2,42 0,071 0,132 <100 210 <50 1100 490 <10 <50 100 94,81

A34019 „brooch“_
Nauheim 81,3 1,18 16,5 0,50 0,35 0,008 0,095 <100 120 <50 550 680 <10 <50 100 95,86

A33209 „figural“- 
duck head 89,4 <0.01 10,1 0,04 0,11 0,161 0,022 <100 <50 <50 800 380 <10 <50 100 98,85

A326838 „figural“-
fitting 82,0 <0.01 16,8 0,49 0,33 0,025 0,082 <100 <50 <50 540 2000 <10 <50 100 95,50

A32878 „figural“-
fitting 88,3 <0.01 7,61 3,35 0,31 0,101 0,208 <100 <50 50 850 280 <10 <50 100 100,62

A33177 „figural“-
human leg 80,9 <0.01 10,1 8,62 0,02 0,099 0,097 <100 <50 <50 1100 750 <10 120 100 94,03

A32480 „import“- 
vessel 86,3 <0.01 12,9 0,11 0,15 0,053 0,269 <100 <50 <50 600 1500 <10 <50 100 94,26

A32483 „import“- 
vessel 69,7 <0.01 4,53 25,5 <0.1 0,111 0,110 <100 <50 90 330 460 <10 <50 100 97,76

A32725 „import“- 
vessel 90,8 <0.01 8,10 0,94 0,05 0,030 0,027 <100 <50 <50 250 190 <10 <50 100 95,77

A32754 „import“- 
vessel 78,5 <0.01 6,35 14,6 <0.1 0,194 0,169 <100 <50 50 570 750 <10 180 100 99,12

A32882 „import“- 
vessel 85,7 <0.01 10,9 2,92 <0.1 0,232 0,086 <100 <50 60 360 210 <10 130 100 100,63

A33069 „import“- 
vessel 59,7 <0.01 6,09 33,5 0,07 0,281 0,139 <100 <50 340 430 490 <10 300 100 101,33

A33080 „import“- 
vessel 81,4 <0.01 10,6 7,63 0,23 0,020 0,053 <100 <50 <50 470 260 <10 <50 100 101,37

A33184 „import“- 
vessel 82,8 0,23 16,5 0,06 0,03 0,091 0,133 <100 <50 <50 560 540 <10 100 100 92,15

A33185 „import“- 
vessel 81,2 0,27 14,3 2,62 1,40 0,081 0,084 <100 90 60 200 480 <10 <50 100 101,12

A33186 „import“- 
vessel 89,7 <0.01 10,1 0,09 <0.1 0,008 0,006 <100 <50 <50 <100 75 <10 80 100 93,20

A33204 „import“- 
vessel 60,2 <0.01 4,12 25,6 2,42 7,218 0,146 <100 70 <50 1400 880 <10 90 100 100,89

A33206 „import“- 
vessel 70,8 0,01 13,5 14,6 0,79 0,127 0,071 <100 <50 280 510 490 <10 380 100 98,57

A33211 „import“- 
vessel 67,6 0,01 7,19 24,3 0,02 0,111 0,015 <100 <50 <50 80 1300 <10 5800 100 96,60

A33218 „import“- 
vessel 80,3 <0.01 11,2 8,30 0,01 0,028 0,038 <100 <50 <50 640 510 <10 50 100 99,50

A33219 „import“- 
vessel 86,9 0,48 5,07 7,30 0,11 0,024 0,056 <100 10 <50 120 340 130 <50 100 98,70

A33602a „import“- 
vessel 72,2 <0.01 5,56 21,3 <0.1 0,346 0,030 <100 <50 <50 280 1600 <10 3700 100 96,33

A32199 „import“-
mirror 64,6 <0.01 34,4 0,60 0,13 0,137 0,042 <100 <50 90 470 240 <10 230 100 98,70

A32339 „import“-
mirror 63,0 <0.01 33,2 3,31 0,05 0,119 0,141 <100 <50 <50 390 500 <10 190 100 94,88

A33208 „import“-
mirror 63,9 <0.01 33,1 2,38 <0.1 0,099 0,352 <100 <50 <50 1600 600 <10 <50 100 93,44

A33892 „import“-
mirror 67,8 <0.01 28,6 3,05 0,01 0,173 0,121 <100 <50 110 860 860 <10 230 100 96,91

A32141 „production“- 
semi-product 89,9 <0.01 8,09 1,58 0,02 0,104 0,153 <100 <50 50 630 590 <10 60 100 98,93

A32282 „production“- 
semi-product 73,4 <0.01 16,4 8,86 0,17 0,265 0,527 <100 <50 130 1200 1700 <10 220 100 94,43

A32409 „production“- 
semi-product 83,5 <0.01 12,2 3,82 0,03 0,098 0,141 <100 <50 120 920 590 <10 60 100 93,07

A32478 „production“- 
semi-product 82,1 <0.01 10,0 6,42 0,04 0,238 0,886 <100 <50 180 1000 1400 <10 160 100 95,50
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A32619 „production“- 
semi-product 78,7 0,01 16,4 3,10 0,95 0,407 0,199 <100 160 100 810 900 <10 200 100 96,09

A32710 „production“- 
semi-product 83,2 <0.01 16,0 0,48 0,08 0,030 0,054 <100 <50 <50 900 520 <10 <50 100 92,34

A32837 „production“- 
semi-product 85,3 <0.01 10,4 4,00 0,08 0,048 0,067 <100 <50 <50 460 470 <10 <50 100 89,95

A33604a „production“- 
semi-product 86,2 <0.01 12,5 0,81 0,02 0,067 0,153 <100 <50 <50 880 800 <10 50 100 90,42

A33604c „production“- 
semi-product 87,6 <0.01 8,93 2,68 0,01 0,173 0,389 <100 <50 <50 1000 1100 <10 130 100 87,67

A32179
„production“- 
technological 
object

85,7 <0.01 11,1 2,49 0,02 0,102 0,319 <100 <50 <50 760 2000 <10 90 100 92,11

A32467
„production“- 
technological 
object

81,1 <0.01 13,5 4,99 0,03 0,073 0,132 <100 <50 <50 890 450 <10 60 100 94,85

A33495
„production“- 
technological 
object

85,9 <0.01 5,30 7,47 0,02 0,227 0,832 <100 <50 80 1000 900 <10 100 100 92,21

A33841
„production“- 
technological 
object

66,3 <0.01 5,27 27,0 0,01 0,250 0,875 <100 <50 140 1300 1200 <10 60 100 95,35

A33846
„production“- 
technological 
object

78,0 <0.01 18,8 2,73 0,04 0,113 0,135 <100 <50 110 930 570 <10 70 100 96,03

A33227 „spur“ 90,7 <0.01 8,38 0,53 <0.1 0,135 0,130 <100 <50 250 820 460 <10 <50 100 100,96

composition of copper-alloys objects from Třísov (Ta­
ble  1) can be characterised by a combination of three 
major elements, copper-tin-lead (Cu-Sn-Pb), with an 
admixture of several trace elements such as antimony 
(Sb), arsenic (As), cobalt (Co), nickel (Ni), silver (Ag), 
or iron (Fe), (Fig. 4, 6). The results confirm previously 
(Danielisová, et al., 2017, pp.90-92) detected uniformity 
in composition of individual typological groups of arte­
facts such as brooches or mirrors (Figure 4, 6:3,4), and 
variability within the ‘imports’ group, especially what 
concerns the bronze vessels and their functional parts 
(handles, bases etc.), that are usually heavily leaded (Fig­
ure 6:2), or within the ‘production’ category (Figure 4, 
6:1). In fact, most of the bronze objects from Třísov re­
vealed quite significant amounts of lead, comparable to 
tin (10-15%), (Figure 4, 5:1,2). There is also quite a sub­
stantial group of items with very little or no amount of 
lead at all; this comprises certain groups of artefacts such 
as Nauheim, Mötschwil or other types of brooches (Fig­
ure 4, 6:3). Some artefacts, most often from the category 
of presumed ‘imports’, also have very small amounts of 
lead and/or tin in their compositions (Figure 6:2). Con­
sidering bulk elements patterns, ‘imports’ also show par­

tially similar values with the possibly locally manufac­
tured bronze objects which generally overlap with other 
items possibly produced by casting (Figure 4). 

Trace elements, beside technological aspects (such as 
smelting conditions), can be symptomatic in the question 
of provenance (cf. Pernicka, 1999, Pernicka, 2014, Villa, 
2016) such is, for instance, the case for elevated content 
of antimony. The leaded antimony bronzes, where an­
timony content could be as high as 10% or more, were 
reported among the copper alloys from the oppidum 
of Manching (cf. Schwab, 2014, pp.177-179) and were 
attributed to the general shortage of metal, when the 
required silvery appearance of the casted objects was 
achieved by adding antimony instead of (increasingly 
scarce) tin. At Třísov, we were able to detect the heavily 
leaded alloys with increased content of antimony (up to 
5%) (Figure 5:3) only in the case of specific amulets - the 
eight-beamed spoked wheels (Figure 6:6). The specific 
character of the alloy required for production of these 
amulets could have a cultural background, which could 
not necessarily reflect a purely practical or technologi­
cal purpose. The trace element pattern can point to the 
origin of the used copper (but not lead, see below) in 
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Figure 5. Lead (1), tin (2) and antimony (3) contents of bronze 
objects from Třísov. Graphics: A. Danielisová.

the Alpine or the low mountains area, specifically the 
fahlores from the Inn valley in Austria (Höppner, et al., 
2005, Krismer, et al., 2011, Pernicka, Lutz and Stöllner, 
2016, p.29, Schwab, 2014, p.183). However, unlike the 
Třísov samples, the Inn valley copper minerals contain 
also 0.1% Bi (Pernicka, et al., 2016, p.39). Tetrahedrite 
minerals with increased contents of antimony and silver 
were also reported from the Příbram area in Bohemia 
that was likely exploited since the Early Bronze Age (Frá­
na, Chvojka and Fikrle 2009). Fahlores also occur in the 

Slovakian Ore Mountains (Pernicka, et al., 2016, p.41) so 
the origin of copper used for fabrication of these objects 
so far remains unclear.

Provenance of the Třísov copper alloys

As the results show (Figure 7, Table 2), despite their low 
precision, the values of 207Pb/206Pb and 208Pb/206Pb are 
quite homogenous and vary as follows: 207Pb/206Pb = 
0.834-0.845 ± 0.002, 208Pb/206Pb = 2.068-2.098 ± 0.002, 
and 206Pb/204Pb = 18.20-18.85 ± 0.03. This is surprising 
considering the presumed typological variability of dif­
ferent artefact groups as to their expected places of origin 
– chiefly ‘local’ or ‘Mediterranean’. More importantly, the 
production-related objects seem to have similar isotopic 
signatures as the category of ‘imports’ as well as other ar­
tefacts. Only few outliers have been detected and mostly 
represented specific kinds of artefacts (Figure 7:1). The 
results also showed similar isotopic ratios independent 
of the lead content of the samples (Figure 7:2) that may 
have been caused by a common source of the lead used 
or by contamination of the low-leaded or non-leaded 
alloys for example by using the same crucibles to melt 
highly leaded alloys.

Overlaying the Pb isotopic values of Třísov bronzes 
with the signatures of Central European and Mediterra­
nean area ores (Figure 8:1,2) shows a (partial) overlap 
with the latter (Figure 8:2). Quadrupole based data are 
sensitive enough to exclude the use of Central European 
sources (Bohemia, Erzgebirge area and South-Eastern 
Alps). Beside the Mediterranean, however, other depos­
its with similar isotopic signatures to Třísov need also to 
be considered:

•	 Slovakia
Tertiary mineralisation of the Central Slovakian ne­
ovolcanites (cf. Černyšev, Cambel and Koděra, 1984, 
Schreiner, 2007, Abb.3.11) has similar isotopic ratios 
to Třísov (Fig 8:3). Exploitation of the local ores has 
been confirmed for the Bronze Age (e.g. Pernicka, 
Lutz and Stöllner, 2016, p.39), but for the Iron Age 
mining, much less the transport of (any form of) ma­
terial to Bohemia, there is no evidence yet. 

•	 South-Eastern Europe and Balkan Peninsula
The corresponding isotopic ratios (Fig 8:4) from the 
areas of Bulgaria or Serbia (cf. Kuleff, et al., 1995, 
Simic, 2001, Stos-Gale, et al., 1998) are associated 
mostly with Pb/Zn or Pb/Ag sources that would re­
quire transport either of the pure lead or it being part 
of the silver trade. The evidence of lead objects from 
the oppida in Bohemia is practically unknown.
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Figure 6. Bulk and trace element patterns of the main artefact groups (1 - objects related to production: casting refuse, semi-pro­
ducts, technological objects etc.; 2 - possible imports: Roman republican vessels, mirror parts etc.; 3 - Nauheim brooches; 4 - Almg­
ren 65 brooches; 5 - beads possibly produced in the local workshop(s); 6 - amulets - spoked wheels; values are normalised to 100%). 
Graphics: A. Danielisová.
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Figure 7: Isotopic ratios of the Třísov bronzes according to their typological groups (1) and Pb content (2). Graphics: A. Danielisová.

Figure 8. 207Pb/206Pb vs. 208Pb/206Pb isotope plot showing the trend of Třísov bronzes in relation to various European and Mediterra­
nean ore deposits: 1 - Central Europe, 2 - Mediterranean and Western Europe, 3 - Slovakia, 4 - Balkan area, 5 - Spain. (data plots ba­
sed on OXALID, Arribas and Tosdal, 1994, Baron, et al., 2011, Černyšev, Cambel and Koděra, 1984, Durali-Müller, 2005, Höppner, 
et al., 2005, Klein, et al., 2004, Kuleff, et al., 1995, Kuleff et al., 2006, Legierski and Vaněček, 1967, Niederschlag, et al., 2003, Pernicka, 
Lutz and Stöllner, 2016, Sayre, et al., 2001, Schreiner, 2007, Simic, 2001, Stos-Gale, et al., 1995, Stos-Gale, et al., 1998, Trincherini, et 
al., 2001, Trincherini, et al., 2009, Velasco, et. al., 1996, Vlad, et al. 2011, own data). Graphics: A. Danielisová.
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sample type of object
207Pb/
206Pb

208Pb/
206Pb

206Pb/
204Pb

A33038 „amulet“-rouelle 0,838 2,093 18,73

A33041a „amulet“-rouelle 0,836 2,073 18,72

A33041b „amulet“-rouelle 0,836 2,085 18,83

A33162 „amulet“-rouelle 0,838 2,089 18,74

A33164 „amulet“-rouelle 0,839 2,098 18,69

A32659 „bead“ 0,837 2,074 18,71

A32688 „bead“ 0,840 2,082 18,70

A32724 „bead“ 0,838 2,088 18,74

A32777 „bead“ 0,838 2,085 18,74

A32949 „bead“ 0,836 2,073 18,75

A33104 „bead“ 0,833 2,056 18,76

A33391 „bead“ 0,838 2,083 18,71

A33479 „bead“ 0,839 2,082 18,65

A33920 „bead“ 0,837 2,080 18,74

A32834 „belt“_Lochgurtel 0,858 2,092 18,20

A32946 „belt“_Palmette 0,840 2,081 18,66

A32475 „brooch“_A65 0,839 2,081 18,79

A33191 „brooch“_A65 0,838 2,089 18,74

A33199 „brooch“_A65 0,838 2,083 18,69

A33180 „brooch“_A65Ag 0,839 2,086 18,69

A33369 „brooch“_A65Ag 0,843 2,088 18,64

A33178 „brooch“_A66 0,835 2,081 18,72

A32827 „brooch“_A67 0,837 2,086 18,67

A33201 „brooch“_A68 0,844 2,095 18,53

A33194 „brooch“_
Ljubljana type 0,838 2,079 18,71

A33190 „brooch“_Mötschwil 0,857 2,105 18,18

A32748 „brooch“_Nauheim 0,838 2,075 18,70

A32758 „brooch“_Nauheim 0,843 2,094 18,43

A32924 „brooch“_Nauheim 0,843 2,089 18,46

A32947 „brooch“_Nauheim 0,839 2,095 18,63

A33160 „brooch“_Nauheim 0,842 2,088 18,53

A33179 „brooch“_Nauheim 0,842 2,081 18,56

A33188 „brooch“_Nauheim 0,845 2,067 18,38

A34019 „brooch“_Nauheim 0,840 2,075 18,62

A33209 „figural“- duck head 0,845 2,090 18,61

A326838 „figural“-fitting 0,840 2,089 18,65

A32878 „figural“-fitting 0,840 2,084 18,64

A33177 „figural“-human leg 0,844 2,095 18,57

A32480 „import“-vessel 0,840 2,084 18,69

A32483 „import“-vessel 0,839 2,080 18,68

A32725 „import“-vessel 0,839 2,087 18,73

Table 2. Lead isotope ratios in the samples (artefacts) from the Třísov oppidum (for details on instrumentation see the text); the 
precision of measurement is ± 0.1 % for ratios with 206Pb in the denominator and up to ± 0.2 % for 206Pb/204Pb (due to larger error 
the 206Pb/204Pb was not used in graphs and in the discussion).

A32754 „import“-vessel 0,837 2,087 18,71

A32882 „import“-vessel 0,838 2,086 18,73

A33069 „import“-vessel 0,837 2,079 18,77

A33080 „import“-vessel 0,839 2,081 18,70

A33184 „import“-vessel 0,840 2,079 18,66

A33185 „import“-vessel 0,838 2,079 18,66

A33186 „import“-vessel 0,836 2,080 18,80

A33204 „import“-vessel 0,839 2,081 18,73

A33206 „import“-vessel 0,837 2,078 18,72

A33211 „import“-vessel 0,839 2,088 18,65

A33218 „import“- vessel 0,838 2,080 18,79

A33219 „import“- vessel 0,841 2,085 18,64

A33602a „import“- vessel 0,838 2,083 18,79

A32199 „import“-mirror 0,837 2,078 18,67

A32339 „import“-mirror 0,837 2,081 18,85

A33208 „import“-mirror 0,840 2,076 18,61

A33892 „import“-mirror 0,840 2,080 18,72

A32141 „production“- 
semi-product 0,841 2,087 18,79

A32282 „production“- 
semi-product 0,837 2,076 18,74

A32409 „production“- 
semi-product 0,844 2,088 18,54

A32478 „production“- 
semi-product 0,840 2,083 18,60

A32619 „production“- 
semi-product 0,855 2,098 18,37

A32710 „production“- 
semi-product 0,837 2,077 18,77

A32837 „production“- 
semi-product 0,837 2,085 18,67

A33604a „production“- 
semi-product 0,843 2,084 18,58

A33604b „production“- 
semi-product 0,840 2,087 18,61

A33604c „production“- 
semi-product 0,841 2,089 18,59

A32179 „production“-
technological obj. 0,834 2,075 18,69

A32467 „production“-
technological obj. 0,839 2,084 18,70

A33495 „production“-
technological obj. 0,838 2,083 18,73

A33841 „production“-
technological obj. 0,834 2,077 18,78

A33846 „production“-
technological obj. 0,837 2,087 18,64

A33227 „spur“ 0,841 2,076 18,62

sample type of object
207Pb/
206Pb

208Pb/
206Pb

206Pb/
204Pb
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•	 Western Mediterranean 
Within the Western Mediterranean area the Pb iso­
topic values are consistent with several possible lead 
deposits including Italy (Tuscany), Aegean (Cy­
clades) and South-Eastern Spain (Murcia, Almeria 
and Cartagena Mazzarón regions), (Fig  8:5). Ac­
cording to historic sources (Trincherini, et al., 2009, 
Hirt, 2010) the only lead mining activities in these 
areas contemporary with the occupation of the op-
pida are those from Spain, which excludes the Tus­
cany and Cyclades from the interpretation. We may 
assume that lead exploited there was transported 
to North Italy (Trincherini, et al., 2009, Fig. 5) and 
from there it was transported to transalpine ar­
eas already in the form of finished (leaded) alloys 
(as the evidence of lead objects from the oppida is 
scarce, cf. above). 

Discussion and conclusion

When dealing with the complex production environ­
ments we may assume that the Pb isotopic signatures 
do not represent one single source, but are the result of 
mixing of several sources. In the case of copper-alloys, 
it is most often due to recycling which was possibly on 
a regular scale towards the Late La Tène period espe­
cially at the oppida (cf. Leicht, Sievers, 1998, pp.60–62, 
Schwab, 2014). However, because of our results we now 
have reason to rethink the general acceptance of the 
local provenance of material used for the bronze pro­
duction. We may be observing hints that it was perhaps 
more effective actually to import readily alloyed materi­
al even from considerable distances than to source it lo­
cally, except for components that tend to get lost during 
the recycling process, such as tin. We may suggest that 
regular recycling of (not only) Mediterranean imports 
probably formed at least some part of the source ma­
terial used for the fabrication of local bronzes. The Pb 
isotopic composition of Třísov samples points probably 
to the area of Western Mediterranean, specifically to its 
Spanish Pb/Zn deposits in Murcia and Almeria regions. 
Widespread reuse and common recycling of scrap metal 
during the period in question allows for a hypothesis 
that the producers at the oppida mostly used the ready 
copper alloys imported from the Northern Italy in the 
form of bronze ware for which the lead ingots from 
Spanish mines were used. Their mixing with lead from 
areas closer by, however, cannot be excluded. In this 
case, data that are more precise (currently under way) 
may help to clarify this issue. 

Despite the lower precision of our Pb isotope data 
caused by the instrumentation used they correspond 
with the results from the oppidum of Manching (Schwab, 
2014, pp.182-183) so we can assume a uniform patterns 
of metal supply from the Mediterranean to Central Eu­
rope. In this case the system of sourcing the bronze alloys 
can be related to the possible system of sourcing silver 
where its Mediterranean origin is also often suggested 
(Bendall, et al., 2009, p.614), though has not yet been suf­
ficiently backed up by data. However, there are still too 
many unknowns in this theory. The case remains open 
also for other possible source areas, such as Slovakian 
Ore Mountains or Balkan area, where the transport of 
pure lead in connection with the silver trade comes into 
consideration, but cannot be proven yet by any other ev­
idence. It is true that the idea of Mediterranean imports 
as the only external source of bronze metal needs fur­
ther verification especially from the point of view of data 
from the presumed areas of origin and (so far unknown) 
potential local sources. In addition, there is no evidence 
of possibly standardised form in which the source ma­
terial may have been transported; at this moment, we 
are really dealing only with the scrap metal. We also as 
yet do not know whether this was the situation exclu­
sively for the oppida or whether it was characteristic for 
other settlements as well. In any case, in order to obtain 
comparative data more analyses from different environ­
ments are needed. This issue, therefore, deserves further 
serious investigation and contextualisation together with 
data from other regions, socio-economic milieus — such 
as oppida contrasting with open settlements — as well as 
evidence from other periods. 
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