THE DEVELOPMENT OF SPANISH METALLURGY
AND COPPER CIRCULATION
IN PREHISTORIC SOUTHERN SPAIN
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1. INTRODUCTION

There is no doubt that in the Spanish Copper Age the earliest technological deve-
lopments of copper smelting, and the extraction of silver and tin, were based on the
mineral resources of the Iberian Peninsula. Much work has been conducted recently
in Spain by scientists trying to link the trace elemental composition of prehistoric metal
artefacts with the known ore sources, in particular a large amount of data on copper
based metals and silver artefacts from all districts of Spain have been published re-
cently by Rovira Llorens [1]. However, the archaeometallurgical survey of mineral re-
sources, that needs to accompany such research, is largely limited to southern Spain,
In particular the south west [2].

In the eastern Mediterranean in the last twenty years there were several projects
combining archacometallurgical surveys and chemical and lead isotope analyses of ores
and Bronze Age artefacts [3 and 4]. The lead isotope compositions of ores and arte-
facts are used as their characteristic ‘fingerprints’ [5]. The analytical method used cur-
rently for lead isotope characterisation of archaeological materials and ore minerals is
Thermal Ionisation Mass Spectrometry (TIMS). This technique provides highly accu-
rate data for lead isotope (LI) compositions of lead present in ancient metals, glasses,
glazes and pigments, even if lead is present only at the level of a few parts per mil-
lion [6]. The LI provenance studies are based on the diversity of proportions of lead
isotope atoms in ore minerals related to their geological history. This feature allows
to characterise geographical sources of minerals according to the pattern of the lead
isotope ratios measured in them. The lead isotope characteristics of ores do not change
during their smelting, carrying the LI fingerprint of the ore into the metal.

The methodology of lead isotope provenance research is based on accumulating
1sotopic, geochemical and archaecometallurgical information about known ore deposits
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3. THE LEAD ISOTOPE CHARACTERISATION OF SPANISH ORES
The lead isotope database for ores from southern Spain currently available is very
tion of possible Bronze Age

limited and quite insufficient for a proper LI characterisa
copper sources. The lead isotope analyses for the south-east are mostly of lead ores

[6 and 20] and there is no systematic and sufficient lead isotope characterisation of
any ancient copper smelting or mining site. For the south-west there are nearly 100
lead isotope analyses of copper btained some years ago by Dr. Mar-

ores and slags ©
cos Hunt in Oxford (mostly unpublished). but these data show quite large range of
isotopic ratios and it i clear t
f copper fro

hat much m ¢ analytical work is needed to

understand the LI patterns characteristic 0 m this region (see figure 1).
However, the current LI data for Spanish 0r€s indicate that the pattern for the south-
east is confined mostly to the ©7Pb/**Pb ratios below 0,84, while the copper ores from
south-western Spain show the values for 07ph/*¢Pb LI ratios mostly between 0,84-
milla have LI ratios similar

0,863 [6 and 20]. It is known that the Ores in Sierra Alha
b-Zn mineralisations there-

to the ores from the south-west, but these occurrences are P! . :
. o of early cOpPer extraction. Also 1t seems that

fore they are not relevant to the

ore systemati
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Argaric
Argaric
Argaric
\ Argaric
\ Argaric
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\ Argaric
\ Argaric

Description
Dagger, four rivets \ Argaric

\ Dagger, two rivets \ Argaric
Axe

\

Sword, five rivets

Bracelet

Small axe
\ Dagger, four rivets

\ Small Dagger
\ Small Dagger

\ Copper droplet
\ Awl

\

Site
Fuente Alamo

Fuente Alamo

\
\

El Argar
El Argar

\ El Argar

\ El Barranquete
\ El Barranquete
\ El Barranquete
\ El Barranquete

Museum Number
Almeria FA 600/5

\

| FA12 | Almeria 1494/6
| FA13 | Almeria 14325

| FAL

AM O \ Almeria No Inv. No. \ Terrera Ventura

\ BA3 | Almeria 52506
| BA4 | Almeria 52507

AM 15 | Almeria 13763
| AM 18 | Almeria 14014

\

AM 20 | Almeria 14025
{BA2 | Almeria 52505

Number ‘

Table 1. Metal composition of copper-based metal artefacts from South-East Spain.
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Small knife
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Xean Bronze Age artcfact.s and !ndiczm-\ the lead-poor-uranium-rich type of the deposit.

mongst ovcr'250 ingots of \'u'n.()us YPes found on Nuragic Sardinian sites and analysed
fo.r their lef'id I1sotope compositions ip our laborators u‘wrc are sev ~|; ingot fragments
“{I[-h LI ratios very close to BAL. Bug ther,. are no '“;ml\w\ of o )'“ . (:—cs from Sar-
dfma matching any of these ratios. Op other hand a few cop ):.rp:;rcg from the Lj-
biola mine (Liguria.'llaly) and some other small occurrences nln the Ligurian coast
show the same lead lSOt.()pc Ch"r“‘-‘l‘!fislics. The other of these two '1rtcfz:cts (MU59)
has also lead isotope ratios that appeyr amongst Sardinian mgots, hu; not the OTES.

l'SmTwo dﬁefd(?'[.S‘, d~d":lgg([:'r~(ré-“ dndm axe (KAL) from Fuente AJamo have .lead

Ope compositions rdenlical respectively with ores from two Sardinian copper mines:
Sa Duchessa and Calabona. There are alg number of Nuragic urlct'-,;“ with the same
lead isotope ratios. The axe containg | e, of tin. the diagocr is ;n'u.Jc of arsenical
copper. Tt ¢

Three objects from three different gjrey, (AMY and 18. MUI15) form a groupP at the
:‘:Pb(-”'rpb range 0'839'0‘8‘,“" On'ﬁg}',m »l .lhcsc three artetacts fall in one liﬂf3 Just on
€ side of the ores from C“lf‘h""" (Sardinia). Two of them are made of arsenical cop-
Per, the dagger MU 15 contains also 0.9% o 1y he pattern formed by these objects
and the range of their LI ratios indicates 1hy they might originate from on€ ore de-
Posit, possibly in SE Spain. but there are no ore analvees mulc]ﬁnu these three objects
At present they are describgd as LI Group A A lwl;l11hcr of lrm; Ag;‘ artefacts from
Menorca [22] and two Argaric copper objects from Gatas (Almeria) i,]m have LT com.
positions consistent with the group A artefyeg The ores from Calabona (Surdinia) ang
two samples of ores from Cerro Minada (Almeria) scem similar in their LI ratios on
the 25Pp/mipp diagram (figurel) to artefacty jp 1) Group A. but on the upper diagram
they are quite different isotopically. Only mqre o4 isotope analyses of copper ores
from the region of Almeria can help in finding the source of these copper artefacts,

Seven artefacts from various sites form angther group falling separately from the
known ore data. They are called here L] Group B. These artefacts do not coincide with
any ore data available at present. Judging fron 1he e of their lea 1aotope Tatiog
and the pattern of datapoints. [hCy-migh( be indicating another group of ores from
Huelva, but without more analyses it is impogible 1o decide if this s the case: Only
two of the artefacts from thiS group contain smgull amounts of added tin (MU48
and 49: 129 and 0,5% respectively).

Finally, seven artefacts, excavated on six different sites. form a lead jsotope 8roup
Consistent with copper ores from Huelva. Four 1 of those are high tin bronzes (aw]
MUS0, dagger AM20, bronze bar FA6. a bruceley MU57). TWo silver rings from La
Bastida and San Anton (MU3 and MU25) a14, 1,11 into this group.

5. MIXING COPPER FROM DIFFERENT REGIONS

The question often asked by the arChaC()l()gists concerns re-using of metal: if ﬂ}e
recycling of metals was widely spread then the isotopic compositions of artefacts will
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not reflect those of the ores used for production of each primary copper metal. This
statement is quite correct, but fortunately it can be tested by looking at the patterns of
lead isotope data of ores and artefacts from the same region. Because each set of lead
isotope data characterising a sample of ore or metal consists of three numbers, and be-
cause these numbers are linearly correlated, a ‘mixture’ of any two isotopically dif-
ferent leads originating from two pieces of metal or mineral of different lead isotope
ratios, will fall on both LI plots (see figure 1) on the straight line joining the points
representing the ‘parent’ metals or minerals. For example, the three artefacts AMI18,
AMO9 and MUI1S5 are on the upper diagram plotting along a line. Therefore one could
suggest that the AM9 was made by melting together two pieces of metal of the same
isotopic compositions as AM18 and MU15. However, on the lower diagram these three
artefacts do not fall on the straight line, so the argument doesn’t hold. One can make
similar comparisons for larger groups of artefacts and ores. For example, the artefacts
forming the LI Group B, could have been made of a mixture of metal originating from
the Calabona and Huelva ores. This argument does not look very likely though, be-
cause the new metal pieces made from such a mixture are not very likely to form a
coherent group; they would ‘slide’ up and down the lines joining the datapoints repre-
senting the ores from these two regions depending on the proportion of lead present
in each set of the initial pieces. Consistent remelting and mixing of metals from dif-
ferent deposits would result in producing a pattern for the artefacts that looks like a
random scatter of points over a range of lead isotope ratios representing the whole
range characteristic of the ores used. The artefacts in Group B show a very small range
of LI compositions, resembling the pattern usual for metals originating from one ore
deposit.

The pattern of the lead isotope ratios representing the Bronze Age artefacts from
Spain might change considerably with the increased number of analyses, but the cur-
rent picture does not suggest a widely spread remelting and mixing together of cop-
per metal originating from different regions. On the other hand, if the production of
new artefacts from old relied on melting down a single piece of metal and re-casting
it, or melting together pieces of metal from the same deposit (or predominantly so),
then the lead isotope compositions of new artefacts will be identical with the initial
ones. Therefore, for example the typology of an artefact made from a Sardinian cop-
per ingot (or a broken Sardinian axe) in south-east Spain will look exactly the same
as any other artefacts made in south-east Spain, but its LI composition will remain
Sardinian.

The type of artefacts in each of the isotopic groups here does not indicate very
clearly such situation. The two artefacts in LI Group O show very low **Pb/**Pb lead
isotope ratios that hardly can be achieved from mixing metals from different sources,
they might be imports from Sardinia or north-west Italy. They are both very small arte-
facts (an awl and a small saw) made of arsenical copper. The three objects from LI
Group A consist of two typologically Argaric artefacts (a sword and an axe) from EI
Argar and a small piece of copper from Terrera Ventura. Until more lead isotope analy-
ses of copper ores from south-east Spain are available, the only possible ores to pro-
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