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Editorial

The round table held at Chauvigny last December
was an occasion for gathering together researchers of
many nationalities : English, German, Italian, Austrian,
Swiss and French. It was equally, for |. Bertrand,
S. Clément-Gillet and myself, an opportunity to get
to know better those authors who from now on will
be more than just internet acquaintances. Even if the
Web no longer has to prove its usefulness, we must
not yield to the temptation of believing that only
members of our immediate family unit merit a warm
embrace. To work on Roman /] means
that we must flirt with mind-sets, and decipher
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gestures, body-language ; we must get as close as
possible to those ancient intellects that inform our
modern lives. Finally, we must eradicate the avatars of
our own egos so that we do not confuse words and
ideas, so that we draw attention to our research
rather than to ourselves. This abnegation of self,
always vital in order to prolong the life’s work of
classical scholars, does not always receive a good
press today. More favoured are those sudden
masterstrokes (media, administrative, political) that
undoubtedly give spectacular but ephemeral insights
but that do not provide a sound basis for long-term
study.

Thanks to Michel Feugére and the occasional help
given to him by a few other people, the members

of Jnsbrumentum confirm their willingness to

n° 23 juin 2006

perpetuate this biannual publication that is so vital to
the exchange of information between archaeological
researchers, specialists and non-specialists, and also
heritage professionals (in museums, etc.).

The CRAFTS colloquium, being organised by our
Swiss colleagues for 2007, offers us afresh the chance
to reinforce our ties of friendship and enrich our
thoughts. We hope that all events of this type will
assure the promotion of our group and strengthen its
aims, and that one day our bulletin will receive the
recognition of European funding and support.

Max Aubrun
Instrumentum President
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The Proceedings of “Archaeometallurgy in Sardinia : from the Origins to the early Iron Age”

Iron Age” were reported and discussed in

by M.Feugére) as vol. 30.
An Italian version to be printed in Cagliari is also planned.

The program and the contents of the workshop “Archaeometallurgy in Sardinia : from the Origins to the early

nr. 21, June 2005.

We are now also publishing the proceedings in the journal Justumentum.

The workshop was held on the 10th and | Ith of September 2004 in Cagliari and Iglesias and was organized by
The Universita degli Studi di Cagliari, the Associazione Italiana di Metallurgia, the Associazione per |'Universita del
Sulcis Iglesiente. The members of the Organizing Committee were Prof. M. Cavallini, University “La Sapienza” Roma,
Prof. G.L. Garagnani, University of Ferrara, A. Giumlia-Mair, AGM Archeoanalisi, Merano (BZ), O. Lecis, at the time

President of AIM, F. Lo Schiavo, at the time CNR Rome, Prof. W. Nicodemi, University (Politecnico) of Milan, and
President of AIM, Prof. U. Sanna and Prof. R.Valera, both University of Cagliari.

Aim of the workshop was to launch a multi-authored study dealing with all aspects of prehistoric metallurgy on

Sardinia : the volume ArchaeoMetallurgy in Sardinia, from the origin to the beginning of Early Iron Age, 2005, F. Lo Schiavo,
A.Giumlia-Mair, U.Sanna & R.Valera (eds) has now appeared in the Collection “Monographies Instrumentum” (dir.

At the workshop several studies on different aspects of European metallurgy in relation with Sardinia were presented and
are now collected here in short form in the review Judtuunentim. The papers which are missing in this number will appear in

the next.

EYRTTEE—

Aemciasont por avenich el Tk Irses

I | Archaeometallurgy in Sardinia :
A general metallurgical evaluation ()

Among the early metallic materials excavated from Sardinia have been
copper, alloys of copper, lead, silver and iron. The one piece of metal
classified as iron was found from an early context at Antigori (Farrarese
Ceruti 1986 ; Lo Schiavo 2005) but was totally corroded and disinte-
grated on attempts to examine it.

The most numerous items excavated by the hundreds from primarily
sites have been copper pieces considered to be, for the most part, from
oxhide ingots. There are also the three complete ingots found at Serra
llixi now in the museum in Cagliari (Spano 1857 ; Lo Schiavo volume in
preparation). An illustration, Fig. I, shows the places where copper
fragments were excavated in Sardinia. A map accompanying the volume
of this workshop shows also where ingots and fragments of ingots were
uncovered from the nearby islands of Sicily, Lipari, Corsica and other
nearby regions. In addition, the data base assembled by Farinetti and Lo
Schiavo contains data from other regions in the eastern Mediterranean,
as well. The most obvious question is : “Do all these fragments come
from oxhide ingots ? How many individual ingots are represented by
these fragments” ? The second question is most difficult to answer and
must await a more accurate technique in order to distinguish the
relation of one fragment to another. | see no easy answer to this
problem unless it is to establish groupings from exceedingly accurate
trace element studies, a task with little chance of yielding a convincing
result and one which also is not cost effective.

A primary question arises immediately ; how many complete ingots
are we concerned with here ? This may easily be estimated making some
crude assumptions ; the size of an oxhide ingot and an average size for
the pieces of oxhide ingots reported as excavated. An average piece
weighs of 1/4 kg and an assumed weight of a complete ingot of 30 kg
gives the ratio to be about 120 pieces per ingot.The data base lists 1473
of which 360 are labeled as “oxhide”. This simple calculation shows that
of the hundreds of fragments of ingots excavated in Sardinia these pieces
represent only three complete ingots. The excavation of plano-convex
ingots indicates a wide variety of sizes. Hence it is meaningless to
calculate the number of complete plano-convex (referred to in the
literature also as “bun” ingots).

Concerning the question of identifying fragments as coming from
oxhide or other shape ingots, identifying is made simply from their
external characteristics. In most cases, there appears to be clear
evidence as coming from an oxhide ingot, if, for example, the piece
comes from one of the ears of the ingot or contains a portion of readily
recognized rim On the other hand, some fragments do not always show
any oxhide ingot identification characteristics. Quite a few plano-convex
ingot fragments have shown up in Sardinia meaning that some fragments
may have come from these shapes, as well. There are numerous cases
where the fragments could not be assigned to any particular shape.

For many years, many of us have been perplexed by why a metal as
malleable as copper could be broken into the many pieces found so

Alessandra Giumlia-Mair
AGM Archeoanalisi

Via E-Toti 8

39012 MERANO (BZ), Italia
giumlia@yahoo. It

ubiquitously in Sardinia. It is difficult to break into
pieces or by chisel or cut into pieces. Indeed,
examining the pieces macroscopically shows no cut
or chisel marks in any of the pieces nor was there
any clear indication of how the pieces were
produced except in the case of some of the ingots
from Lipari (Giumlia-Mair, volume in preparation).
Recent studies of the fully formed ingots,
particularly those from Uluburun, show the
presence of between 20 and 30 per cent porosity
along with large amounts of copper oxides
(Hauptmann et al. 2002). In addition, a number of
cores showed the same porosity although the
characteristics of the porosity are somewhat
different from the top to the bottom of the cast. See
for example Fig. 2. Such copper with this large
amount of porosity accompanied by the large
amount of copper oxides is in fact brittle and when

Fig. 2 — Porosity in oxhide ingots from Uluburun
(Hauptmann et al. 2002).
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Fig. | — Distribution of ingots and ingot fragments (Lo Schiavo, volume in
preparation).

o

AS8in|pr1sawoabydsuy,,

!

| pubp yig|] - .28y uoud] Aj4p?d

|
urpins u

Yl
DI

07 19quardag
O 2Yy1r wouj

14

]

!

(A|p2]) ¥
9yl o} su



maquette INSTRUM23

13/07/06 9:38 Page 3

dropped from, say, six feet would fracture into small pieces and into
shapes exactly like those found in Sardinia.Also, if the ingots were heated
to temperatures on the order of 300 ° C, the oxides would decompose
and add internal pressure for this disintegration. This blister copper
requires re-melting (i.e. refining) to become a forgeable product. From
even a cursory examination of the fragments, one can now easily see
how the fracture surfaces correspond to ‘random’ fracture paths among
the holes characterizing the porosity. On the other hand, consider
examples of the porosity (Giumlia-Mair, volume in preparation) noted in
some of the ingot pieces from Lipari (Fig. 3 a, b). Here the porosity
shows up as horizontal layers as if they resulted from gases evolved by
pouring one layer of copper over another. Between the layers, the
copper appears to be reasonably solid copper. Such copper would have
had to have been broken into pieces, not in the simple manner of the
highly porous blister copper (from Uluburun) but by means such as a
chisel and hammer, again as shown in some of the pieces from Lipari.

What do these two examples of oxhide ingots say about the process
that produced these different pieces ? Another observation has recently
come up ; that is the multi-pouring of oxhide ingots (Hauptmann et al.
2002). The observations by Giumlia-Mair (Giumlia-Mair, volume in
preparation) on the ingot pieces from Lipari suggest that the layers of
porosity shown in many of the pieces may have been formed in the
multi-pouring of the ingots. If those observations and those in other
ingots (Muhly personal communication) and in the Uluburun ingots were
the result of more than one pouring must we now reconsider the
casting of the smelted copper to have resulted from a sort of tandem
furnace arrangement ! Furthermore, does this now suggest a size of the
smelting furnace !

What can | say about chemical analyses of the trace elements
of fragments from individual sites ! Here, analyses have been only
somewhat useful. Trace element studies show, in many cases, some
similarities from site to site. Consider the analyses of fragments from
Ittireddu, Abini, Corte Macceddos and Albucciu (Lo Schiavo et al. 1990),
there are similarities in the trace elements in at least As, Pb and Fe.Are
these similarities real or are they from averages of Cu of many different
ingots and hence meaningless ? This matter is most difficult to resolve
unless the fragments can be identified as coming from individual ingots,
in my view, an extremely low probability.

A matter where careful chemical analysis is definitive is, for example,
in determining if pieces from the same hoard come from the same item.
An example illustrating this point is from the work of Begemnann et al.
(Begemann et al. 2001). They show that twelve pieces from what are
described as votive swords come from at least three or four different
items (swords ?). Another example of where chemical analyses have
proven useful is distinguishing the similarity or differences between
pieces from one hoard to another. Chemical analyses of ‘trace elements’
show sufficient differences in some of the trace elements so as to permit
an arguable conclusion that they have come from different batches of
copper.

Less clear is the identification of fragments from the same hoards
containing small amounts of tin. At what composition of tin is the
fragment part of a primary ingot or part of a secondary billet ? The
answer here is certainly based in part on the geology of the ores from
which the copper came. An important question immediately arises : at
what minimum composition of tin in the copper can one say that the tin
originated from the ore or was added either as an alloying element or
originated from the additions or melting of scrap (that is, recycled
bronze) ! This is both a geological as well as a metallurgical question.
Geologists tell us that the occurrence of tin in copper minerals is usually
quite low, on the order of a few hundreds of a per cent. Metallurgically,
there is little reason to add intentionally less than one percent since less
than this amount would have no noticeable effect on the observable
properties of the resulting bronze. | underscore noticeable since the
effects of amounts of tin this small would not have been detectable by
early metal smiths or users either in its effect on the melting point, its
strength or its reflectivity. For example, one per cent tin would reduce
the melting point no more than about 10 o, i.e. undetectable by smelters
in Late Bronze Age. Again, the color would not noticeably change
(Varoufakis 1975) nor would the strength or its work hardening
characteristics have been noticed. Consequently, when elemental
analyses indicate the presence of tin with less than one percent, scrap
bronze was most likely used and the result would be a billet for further
fashioning.

What about the value of metallography ? Observation and analyses
of the grains and grain characteristics of ingots and artifacts do yield
valuable information. For example, such analyses should provide
information about the smelting and casting conditions, the cleanliness
of the metal or alloy as well as about the forging and annealing
characteristics. The price for these types of analyses is however at the
cost of destroying a piece of the artifact often not permissible. In rare
cases metallography could provide information as to similarities or
identities of specific manufacture. Other than these possible results,

Fig. 3 — a, b) Porosity in fragments on ingots from Lipari (Giumlia-Mair,
volume in preparation).

| consider the necessity of metallography in most cases to be
archaeologically cost ineffective.

The source or sources of the copper is a matter for discussion. Trace
element analysis is used often in collaboration with other methods such
as lead isotope analysis. The publications of excavations usually include
chemical, metallurgical, lead isotope and geological analytical results. For
these results to be helpful, even meaningful, these data must be put
into a form understandable to all scholars/scientists. For example, the
accuracy and reproducibility of published elemental analyses are always
in question. | cite the results of the inquiries on this subject by
Northover and Rychner (Northover, Rychner [998). Still another matter
is the quite different units often used in the publications, units which
vary from cpm (counts per minutes), per cent, ppm (parts per million),
ppb (parts per billion), etc. Furthermore, the chemical techniques
(atomic absorption, ICP, XRF, EPMA, PIXE, etc.) used in determining the
trace elements vary considerably in their accuracy, their sensitivity and
the representative sample size studied. The relational data base now
assembled does tabulates the published chemical methods used. The
compilation, primarily for oxhide ingots, is being put into a generally
accepted format using a popular software program which permits
various queries seeking retrieval of data and information. The plan
includes data not only from Sardinia and Sicily but also from other
Aegean areas. Included in this ambitious plan are other archaeometry
data including also related photographs and drawings.

Robert Maddin
robertmaddin@comcast.net

Note :

(1) Abstracted from Oxhide ingots in the Central Mediterranean eds. F. Lo Schiavo,
A. Giumlia-Mair, R. Maddin and J.D. Muhly, in preparation.
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|
2 | Lead Isotope Studies -
Sardinia and the Mediterranean
Provenance Studies of Artefacts Found
in Sardinia
Introduction

| do not in this paper examine the origins of metallurgy in Sardinia in
the late Neolithic period and its development in the Chalcolithic and
EBA periods (1), but it may be pertinent to recall that those origins have
been attributed to the East, and have been linked to the obsidian trade
networks (Lo Schiavo 2001, 135). Later developments were influenced
by the western Megalithic and Beaker cultures, whilst in the MBA local
imitations appear in Sardinia of central European and Italian Peninsular
flanged axes and daggers (Lo Schiavo 1989, 1992). Here | limit myself to
the Late Bronze Age which, in Sardinia, embraces the Recent Bronze Age
(about 1350-1150 BC) and the Final Bronze Age (about | 150-1000 BC).
In the RBA hoards there occur fragments of copper oxide ingots and of
plano-convex copper ingots and the use of lead metal, whilst to the RBA
we may also date the use of stone moulds, the production of simple
tools and weapons and experiments with copper alloys. RBA metallurgy
was the precursor of a boom in Sardinian metallurgy in the FBA, but the
beginning of the new wave in metallurgy was slow, spread all over the
island and was linked to the East and especially Cyprus by many artefacts
of Cypriote type found in Sardinia (Lo Schiavo et al. 1985). “Current
archaeological evidence suggests that Sardinians became reacquainted
with copper via the arrival from Cyprus of metal and metallurgical
expertise during the twelfth century BC” (Begemann et al. 2001, 58).
There is, however, no existing evidence that proves that Cypriot
metalworkers settled in Sardinia ; it may rather be that the metal objects
in Sardinia clearly based on Cypriot types reflect the presence of
Cypriot itinerant metalworkers who came by sea and settled in Sardinia
on a regular, but temporary, seasonal basis. It may be their presence
which stimulated the search for, and exploitation of, local Sardinian
copper ore sources, and the transfer of metallurgical and mining
expertise to Sardinia.

Oxhide ingots

These ingots, formerly thought to be in the shape of the flayed hide
of an ox and weighing on average about 30 kilogrammes each, were of
course a principal form in which copper was traded around the
Mediterranean region in the period roughly between 1700 BC and
1000 BC (Buchholz 1959 ; Bass 1967). Such copper oxhide ingots are
found all over the Mediterranean (a distribution map is given by Gale
and Stos-Gale 2005, 1 17), especially on the islands of Cyprus, Crete and
Sardinia, but also in Turkey, Bulgaria, Greece, Sicily etc., with so far the
only known oxhide ingot mould being found at Ras Ibn Hani in coastal
Syria (Lagarce et al. 1983). The largest group of copper oxhide ingots
found so far, now over 300 in number and weighing some |0 tonnes,
come from the Uluburun shipwreck (Pulak 1988), dated to about
1300 BC ; this ship also carried about | tonne of ingots of tin metal. The
ship which sank off Cape Gelidonya about a century later (Bass 1967)
also carried many copper oxhide ingots, both whole and including many
fragments. To establish the trading patterns, which may have been
different in different phases of the Late Bronze Age, we need to know
the sources of the copper from which they were made. Normal
archaeological methods, based on typological studies or studies of
impressed signs, have failed to establish where any particular ingot
originated. In spite of much effort by Muhly, Maddin and Stech, chemical
analysis and metallographic examination have, by themselves, also failed
to contribute much to the provenance question, however much they
may have contributed to an understanding of the technological aspects
of these ingots (their work is now largely superseded by Hauptmann et
al. 2002).

In 1983 we began in the Isotrace Laboratory in Oxford a programme
of work using lead isotope analyses to trace the provenance of the
copper used to make oxhide ingots, with samples of such ingots from
Crete and Cyprus. The first oxhide ingots were reported in the

—p—

archaeological literature from Serra llixi (Nuragus, Nuoro) in Sardinia by
Spano in 1858, with many more known by the 1980’s (indeed Lo Schiavo
2001) lists 31 separate sites in Sardinia which have yielded such ingots,
or fragments thereof) — Sardinia clearly needed to be included. This was
made possible by the generosity and enthusiasm of Fulvia lo Schiavo,
who arranged for us to sample oxide and plano-convex ingots and a
range of ore deposits in Sardinia in 1984. Preliminary findings from
analysis of these ores and artefacts were presented at a Colloquium
in Rome in 1986 (Gale, Stos-Gale 1987). The data presented showed
clearly that the lead isotope data for the 22 ‘Sardinian’ copper oxhide
ingots then analysed in Oxford did not match the isotopic composition
of the 80 Sardinian ores then analysed (2) nor any of the nuragic objects
then analysed, but did overlap the isotopic compositions of the
8 analysed copper oxhide ingots from Cyprus. Nonetheless we were
careful not to draw premature conclusions, stating (Gale, Stos-Gale
1987, 162) “Nevertheless we must stress that we cannot yet be
absolutely sure that the Sardinian (oxhide) ingots are foreign imports.
Before drawing such a conclusion it is clearly necessary to analyse ores
from other Cretaceous and younger ore deposits in Sardinia.” Some
further advances were reported by Gale (1991) and by Stos-Gale, Gale
(1992), which directly disproved suggestions by Muhly (1991, 190) and
by Cherry and Knapp (1991, 100) that lead isotope compositions of ores
from Spain, the Negev Desert or Oman might overlap with those for
Cyprus, presented new lead isotope data for ores and artefacts from
Sardinia and also showed that the lead isotope compositions of ores
from the Colline Metallifere in Tuscany did not overlap the isotopic
compositions of oxhide ingots found in Sardinia. Stos-Gale and Gale
(1992, 332) emphasised also that trace Au and Ag contents in the
Sardinian copper oxhide ingots overlapped with those for oxhide ingots
excavated on Cyprus but still urged caution, stating that “It would at
present be presumptuous to make a final judgment about the origin of
the oxhide ingots found in Sardinia ..”. Apart from the necessity then
identified of increasing the lead isotope data base for Sardinian copper
ores, especially for Tertiary and younger ores such as Calabona, in 1994
we had only 43 accurate lead isotope data for Cypriot ore deposits
including but one ore from Apliki, given to us by Tylecote, yet there were
already indications that various regions in the Cypriot ore deposits had
lead isotope compositions separable from each other (Hamelin et al.
1988 ; Gale, Stos-Gale 1995) and that the single available Apliki ore
plotted at the extreme lower boundary of what we then accepted as
the Cypriot lead isotope field (Gale, Stos-Gale 1995, Fig. ). We were
fortunate that on a field trip in Cyprus in 1994 we fortuitously met
Dr G. Maliotis of the Hellenic Mining Company, who personally showed
us and gave us access to a great many ore and slag deposits in Cyprus,
including the rarely accessible Apliki mine near the border with Turkish
occupied Cyprus, which we visited with the permission of the Greek
Cypriot military authorities.As a result Gale et al. (1997) published some
210 lead isotope analyses of Cypriot ores from 27 ore deposits which
showed that a single lead isotope field for Cyprus had to be abandoned,
and which were compared by Stos-Gale et al. (1997) with the lead
isotope compositions of 79 copper oxhide ingots from sites in Crete,
Greece, Cyprus, Sardinia, Turkey and Bulgaria. The 29 analysed oxhide
ingots from Sardinia overlapped the isotopic compositions of the ores
from Apliki and the oxhide ingots found on Cyprus, but we still urged
caution, writing (Stos-Gale et al. 1997, 115) “We still would like to
withhold final judgment about the origin of the copper used to make
these ingots found on Sardinia until we have analysed Sardinian copper
ores from the Calabona deposit in north-west Sardinia...”. By 1998 lead
isotope analyses had been made in Oxford of about 65 oxhide ingots,
20 bun ingots, 75 artefacts and 270 ores from Sardinia (including 12 from
Calabona), together with 210 ores from a range of Cypriot deposits
(Gale et al. 1997 ; Stos-Gale et al. 1997). Gale (1999) discussed this data
especially concerning the Cypriot and Sardinian ore deposits and its
bearing on the sources of copper for copper oxhide ingots from land
based sites and the Bronze Age shipwrecks of Cape Gelidonya and
Uluburun. He showed that the lead isotope data for 31 copper oxhide
ingots found on Sardinia did not overlap the isotopic data for any
Sardinian ore deposits, including Calabona, Castello di Bonvei or Capo
Marargiu, but did closely overlap the isotopic data for oxhide ingots
found in Cyprus and the lead isotope data for the ores from the Apliki
mine in Cyprus.Together with the supporting evidence of the overlap of
the gold — silver content of the Sardinian oxhide ingots with those for
Cypriot oxhide ingots (Stos-Gale et al. 1997, 112), it had become
inescapable in 1999 that the copper oxhide ingots found on Sardinia had
been made of copper smelted from ores from the Cypriot deposit of
Apliki. The Cypriot origin of the oxhide ingots found on Sardinia has
been accepted by Kassianidou (2001, 110), Scaife et al. (1999, 131) and
Lo Schiavo (Begemann et al. 2001, 71).

However the Bradford group correctly, in accordance with usual
scientific practise, hoped for confirmatory analyses from an independent
laboratory (Scaife et al. 1999, 131). The work of Begemann et al. (2001)
has provided that confirmation. These researchers made chemical
and lead isotope analyses of 29 Sardinian copper oxhide ingots,
10 planoconvex ingots, 45 artefacts and 54 ores from Sardinian deposits.
Their trace element data show that the Au and Ag contents for Sardinian
oxhide ingots fall with the data measure in Oxford for other Sardinian
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oxhide ingots and oxhide ingots found in Cyprus (see Begemann et al.
2001, 56, Fig. 7a ; Gale, Stos-Gale 2005, 122, Fig. 4). Figure | plots the lead
isotope data of Begemann et al. 2001 for Sardinian copper oxhide ingots
together with data measured in Oxford for 32 different Sardinian
copper oxhide ingots and data for ores from Cypriot ore deposits. It is
clear that the majority of the Sardinian oxhide ingot data measured in
Mainz overlaps the oxhide ingot data measured in Oxford, overlaps the
isotopic data for oxhide inﬁots found on Cyprus and the data for
the Apliki ores from Cyprus (3).A comparison of the lead isotope data
for about 3000 ores throughout the western, central and eastern
Mediterranean regions, Serbia, Bulgaria, Turkey, Feinan, Timna, Oman,
Saudi Arabia and Egypt shows that none of it overlaps the data for the
Apliki ores.The lead isotope composition of ores from Apliki stands by
itself, so that the coincidence with it of the isotopic data for oxhide
ingots from Sardinia and Cyprus argues extremely strongly that both
sets of ingots were made from copper smelted from copper ores from
Apliki. We agree with Begemann et al. (2001, 45) when they write that :
“Contrary to widespread belief (e.g. Chippindale 1994), the information
to be gained from lead isotope plus trace element concentrations is not
redundant. Rather, the combination of the two has turned out to be a
much more powerful tool than each by itself for identifying ore
sources...”. Indeed Stos-Gale and Gale (1992, 332) showed how the
gold and silver contents of copper oxhide ingots found on Sardinia and
Cyprus occupied the same region in Au-Ag space, well separated from
nuragic bronzes from Santa Maria in Paulis, a conclusion supported by
the new analyses reported by Begemann et al. (2001, 56) for oxhide
ingots found on Sardinia. Some years ago Budd et al. (1995, 25-27),arising
out of their belief that it would not be possible to separate the lead
isotope compositions of the Cypriot and Sardinian ore sources,
proposed the hypothesis that oxhide ingots represented the mixture of
both recycled metal and copper that originated from various mines
around the Mediterranean which belonged to a Koine. It is now clear
that Cypriot and Sardinian ore sources can be discriminated by their
lead isotope compositions and that copper alloy artefacts can be
assigned to them, whilst detailed examination of the idea of a recycling
Koine has shown that insuperable scientific and archaeological difficulties
prevent its acceptance (Gale, Stos-Gale 1995, 35-36 ; Knapp 2000, 43 ;
Kassianidou 2001, 102-103), so that the Budd et al. 1995 paper is now
wholly redundant.

Oxhide ingot moulds

It is well known that the only mould for an oxhide ingot yet
discovered is that reported at Ras Ibn Hani by Bounni et al. (1998 ; see
also Klengel 2005). Scattered around this mould were droplets of copper
metal, ejected from the mould when molten copper metal was poured
into it to cast an oxhide ingot. Some samples of these droplets were
acquired in Oxford from the excavators via U. Zwicker ; lead isotope
analyses of three of these copper droplets are plotted in Figure |.They

clearly plot with the lead isotope compositions of oxhide ingots found
in Cyprus and with the Cypriot ores from Apliki. Consequently copper
smelted from Apliki ores was being cast into oxhide ingot form in at
least one mould at Ras Ibn Hani.

Planoconvex ingots found in Sardinia

Table | gives the lead isotope compositions and lead concentrations
for a number of planoconvex copper ingots found in Sardinia ; data for
10 different planoconvex ingots is given by Begemann et al. (2001, 54).
Figure 2 plots the lead isotope data in relation to isotopic data for
Sardinian ore deposits. It is clear that 26 planoconvex ingots are
consistent with their metal having been smelted from Sardinian ores,
including six ingots matching copper ores from NW Sardinia. Of these
seven contain less than 0.06 % Pb,and on any basis cannot have had the

Sample No. Site Nuraghe etc. “pb/ P | *"Pb/Pb | *Pb/*Pb | % Pb
OL-2 Oliena (NU) Sa Sedda e sos Carros 211213 0.86460 18.113 0.1
OL-3 Oliena (NU) Sa Sedda e sos Carros 2.09853 0.85656 18.264 30.56
OL-13 Oliena (NU) Sa Sedda e sos Carros 2.10010 0.85895 18.157 215
OL-14 Oliena (NU) Sa Sedda e sos Carros 208418 0.84527 18.455 0.029
OL-15 Oliena (NU) Sa Sedda e sos Carros 212039 0.87378 17.879 47
OL-15a Oliena (NU) Sa Sedda e sos Carros 212289 0.87413 17.916 32
OL-15b Oliena (NU) Sa Sedda e sos Carros 212299 0.87401 17.890 15
SS-A (10265) Alghero (SS) Nuraghe Flumenelongu 2.06185 0.82793 18.868 0.18
SS-AT (10268) Alghero (SS) Nuraghe Flumenelongu 206214 0.83044 18816 | <0.01
SS-A2(10240) [bar] | Alghero (SS) Nuraghe Flumenelongu 210249 0.85495 18.333 16.81
$S-A3 (10260) Alghero (SS) Nuraghe Flumenelongu 209389 0.85352 18.335 0.06
SS-A4 (10274) Alghero (SS) Nuraghe Flumenelongu 210137 0.85491 18.36 25.39
$S-A5 (10262) Alghero (SS) Nuraghe Flumenelongu 1.84977 0.75512 2092 | 0051
SS-E (107 08) Bonnanaro (SS) Funtana Janna 2.08235 0.84246 18.55 0.015
SS-F (10709) [cone] | Bonnanaro (SS) | Funtana Janna (cone) 2.06652 0.83087 18.833 0.05
§S-G (10710) Bonnanaro (SS) Funtana Janna 207434 0.83720 18.621 0.26
SS-H (10711) Bonnanaro (SS) Funtana Janna 2.09045 0.84787 18.445 0.065
§S-0 p.135-139 Ossi (SS) Sa Mandra'e Sa Giua 2.11864 0.87021 17.929 1.01
§S-Pp.135-139 Ossi (SS) Sa Mandra'e Sa Giua 211858 0.87009 17.969 0.22
$5-Q Ossi (SS) Sa Mandra'e Sa Giua 2.10763 0.86163 18.170 017
$S-S 0Ossi (SS) Sa Mandra'e Sa Giua 212068 0.87132 17.921 215
§S-T Ossi (SS) Sa Mandra'e Sa Giua 1.95421 0.82028 19.146 0.067
SS-W 0Ossi (SS) Sa Mandra'e Sa Giua 211906 0.87105 17.902 0.01
CA-5 (CA 46) Sarroch (CA) Monte Arrubiu 207314 0.84106 18.543 0.013
CA-10 (CA 47) Sarroch (CA) Monte Arrubiu 209728 0.85205 18.405 0.52
BS6 Villanovaforru (CA) | Baccu Simeone 211829 0.86919 17.985 0.52
BS11 Villanovaforru (CA) | Baccu Simeone 207169 0.84141 18.489 <0.01
BS13 Villanovaforru (CA) | Baccu Simeone 2.10231 0.85961 18.151 <0.01
BS27 Villanovaforru (CA) | Baccu Simeone 211106 0.86578 18.020 0.51
BS34 Villanovaforru (CA) | Baccu Simeone 2.11386 0.86716 18.025 <0.01
BS45 Villanovaforru (CA) | Baccu Simeone 210871 0.86124 18.166 0.011
BS53 Villanovaforru (CA) | Baccu Simeone 2.11560 0.86961 17.915 020
BS59 Villanovaforru (CA) | Baccu Simeone 1.76992 0.74462 21.168 0.021
Table | — Lead isotope analyses of planoconvex ingots found on Sardinia

Re-classified to planoconvex from the classification in Quaderni 17 (1990).

Lead isotope analyses of "Sardinian’ oxhide ingots, in Oxford & Mainz

Plano-convex Cu ingots found in Nuragic sites on Sardinia
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lead isotope compositions of the relevant source copper ores masked
by the addition of lead metal to the ingot. Consequently they are clear
evidence for the production by nuragic people of planoconvex copper
ingots by smelting Sardinian copper ores ; there is no reason to doubt
that another 14 ingots with lead contents between 0.1 % and 2.15 % can
be interpreted in the same way (4). There is another group of nine
planoconvex ingots found in Sardinia which overlap with Cypriot and
Sardinian oxhide ingots and ores from Apliki ; these ingots parallel
Cypriot planoconvex copper ingots carried with Cypriot copper oxhide
ingots on the Cape Gelidonya ship (Gale 1999, |18). These nine ingots
no doubt came to Sardinia on a similar ship from Cyprus. Thus the
majority of the analysed planoconvex ingots support that nuragic people
were smelting copper ores found on Sardinia itself, whilst others
represent ingots smelted from Cypriot Apliki copper ores and coming
from Cyprus to Sardinia together with copper oxhide ingots smelted
from Apliki ores.

Copper based artefacts found in Sardinia and leaded bronze

In 1987 we reported lead isotope and chemical analyses (Gale and
Stos-Gale 1987) of nuragic bronzes from the Sardinian hoard of Santa
Maria in Paulis (Macnamara et al. 1984) held in the British Museum.We
found them to match isotopically ores from Sardinia, not Cyprus,and to
be distinguished from Cypriot copper oxhide ingots not only isotopically
but also by the much higher concentrations of silver in the nuragic
bronzes. This prompted the perhaps premature response (Muhly 1996,
49) “Even worse was the situation on Sardinia. There none of the
analysed artefacts, especially those from Santa Maria in Paulis, was made
of Cypriot copper. What happened to all the Cypriot copper exported
in the form of copper oxhide ingots ?” Kassianidou (2001), who accepts
the lead isotope evidence that the copper oxhide ingots found on
Sardinia come from Cyprus, sought to explain this away by suggesting
that even if Cypriot copper was used to make some of the Santa Maria
in Paulis objects, it could not have been detected by lead isotope analysis
if the very low lead (~0.01 % Pb) Cypriot copper had been deliberately
mixed with some local Sardinian lead “to facilitate the casting”. In
developing her argument Kassianidou (2001, 105-108) criticizes Gale
and Stos-Gale (1987) for failing to report lead concentrations for the
artefacts from Santa Maria in Paulis, but Kassianidou has missed the
point that we had no need to do so, because Craddock and Tite (1984) ()
had already published these as part of their chemical analyses of the
Hoard. These analyses showed that the mean lead content of the 31
Santa Maria in Paulis artefacts was 0.8+£0.4 % Pb [95 % confidence level] ;
these low lead concentrations led Gale and Stos-Gale (1987) to
interpret the lead as coming from the smelted copper ores, so that their
lead isotope compositions give the provenance of the smelted copper
ores. In considering Kassianidou’s arguments we are brought up against
the question as to how is it possible to determine whether lead has
been deliberately added to a copper based artefact, and why ? Many
archaeologists and archaeometallurgists assume that a lead content
above | % (sometimes 2 %) denotes the deliberate addition of lead, but
we have seen no logical arguments underpinning such assumptions.
Work done by Northover and his colleagues in Oxford and Warwick
(Young 1972 ; Staniaszek 1982 ; Staniaszek, Northover 1982) showed
that addition of quite small amounts of lead to a tin-bronze lowered the
melting point and greatly improved the fluidity of the molten alloy,
allowing easier pouring and casting of complex shapes. Maximum fluidity
was achieved at 2 % Pb, further additions of lead achieving little in this
regard. There is little evidence that nuragic smiths exploited these
effects. Elaborate plaques, tripod stands and jugs from Santa Maria in
Paulis contained from 0.02 % to 0.28 % Pb, levels too low to affect
fluidity and castability.Addition of large quantities of lead, as in the British
Late Bronze Age (Brown, Blin-Stoyle 1959), could be to economize in
the use of more precious copper metal, but again there is no support for
this practise in nuragic Sardinia. Figure 3 shows a histogram of lead
contents in 92 copper based artefacts from nuragic sites in Sardinia ; the
majority contains less than 0.5 % Pb, far too low to save any appreciable
amount of copper metal.

Thus far too little regard has been paid by archaeologists and
archaeometallurgists to the amount of lead in copper metal which may
result accidentally from Bronze Age smelting and refining of lead
containing copper ores, such as exist in Sardinia. A guide to the
possibilities can be derived from reports of the analyses of copper from
|9th. Century smelting furnaces as recorded by Percy (1861 ; 1880),
reproduced below in Table 2.

Tylecote et al. (1977) undertook direct copper smelting and fire
refining experiments, including chemical analyses of the smelted ores
and the various products. They found that the lead concentration in the
smelted copper was roughly half that in the smelted copper ores and,
with a suitable lead containing copper ore, they produced a raw copper
naturally containing as much as 2 % lead, thus confirming the possibility
of the levels of lead in smelted copper recorded by Percy.The possibility
that Bronze Age copper metal could contain elevated contents of lead
coming from the ores was further confirmed by the finding of Tylecote
et al. (1977) that fire refining which largely removed the iron content

—p—

g of Pb { in ian copper based artefacts
Data from Maddin & Merkel 1990, Begemann et al. 2001 & Craddock 1984,

Fb concentrations in 9z copper based artefacts from nuragic
sites in Sardinia

BMean concentration for artefacts is 0.55% Ph, with a
93% confidence interval from 0.36 to 0.74 % Ph

For 85 oxhide ingot samples found in Sardinia the mean Pb concentration is
0.0082 % Pb. with a range at the 95% confidence level of 0.0073 to 0.0106 % Pb

Mo of artefacts

oo 05 10 15 20 25 a0 5 40 45 50 55 80 65 170
Figere 3 % Pb
Fig. 3 — Histogram of lead concentrations in Sardinian copper based
artefacts.
Smelter Product %Pb | %Fe |Reference - Percy
Rammelsherg | Black copper 0.97 4.23 | 1861, p.422
Rammelsherg | Black copper 2.79 1.38 1861, p.422
Riechelsdorf | Black copper 0.89 141 1861, p. 429
Mansfeld Rosette copper 1.09 043 1861, p. 503
Avesta, Sweden | Refined copper 048  0.05 |1861, p.503
(Genth, analyst) | Japanese copper  |0.74 | 0.07 | 1861, p.503
Mansfeld Black copper 2.19 1.38 11880, p. 307
Freiberg Black copper 2075 331 | 1880, p. 307

Table 2 —

from the smelted copper, did not much reduce the content of lead. Thus
all the available evidence supports that it is completely possible for
Bronze Age fire refined copper metal, smelted from lead containing ores,
naturally to contain a few per cent of lead. It is therefore mistaken
to conclude, as did Kassianidou (2001, 107), that lead contents of a
few percent in a Bronze Age bronze artefact “can be shown to be a
deliberate addition”.

Kassianidou (2001, 106) also suggested another reason why, in nuragic
bronzes, the isotopic composition of Sardinian lead might have masked
that of Cypriot copper, by suggesting that the tin added to Cypriot
copper might have been derived by adding Sardinian cassiterite which “in
at least one area ... was found to contain lead (Tylecote et al. 1984, 129)”.
Kassianidou probably did not read Tylecote’s source for this idea, which
was Botti (1936), who was writing about the first exploration and ore
analyses from the Sardinian deposit of Canali Serci of the commune
Villacidro (CA), owned by the Societa Anonima Miniera di Montimannu.
We visited this ore deposit in 1984 (Gale, Stos-Gale 1987, 165,
note 14), noting that the chief ore is a finely and intimately intergrown
mixture of sphalerite, galena, pyrite and cassiterite, in which the
cassiterite can be recognized only under the microscope, so that it is
most unlikely that cassiterite could even have been recognized in it in
the Bronze Age, far less separated or utilized. Botti (1936) confirms all
our observations, whilst Valera et al. (2005) in their review of tin
deposits in Sardinia write of Canali Serci that “Minor cassiterite is finely
intergrown with major zinc and lead sulfides, and it is only visible under
the microscope. Again the same questions arise : was a primitive tin
metallurgy viable for such a primary ore association ? Was a cassiterite
placer concentration possible in the local morphology ? Both answers
are negative, because only a modern flotation process can separate and
concentrate each ore mineral from such a primary mixture, and only a
weak geochemical increase may be expected in the stream sediments
derived from the erosion of the Canali Serci lode”. Thus the idea that a
Sardinian lead rich cassiterite might have been added to Cypriot oxhide
ingot copper to make a bronze, masking the Cypriot lead isotope
composition with the Sardinian isotopic composition, collapses entirely,
being based on a careless and misleading reading of the published
evidence, and lack of personal observation of the Sardinian ore deposits.
Valera et al. (2005) confirm our own observations that there is no
source of lead containing tin in Sardinia available in the Bronze Age, and
indeed that the tin occurrences in Sardinia are mostly mineralogical
occurrences only, “with the only hypothetical possibility, though very
weak, of a Sardinian tin beneficiation being offered by an eventual small
“placer” from the Perdu Cara mineralisation”. Begemann et al. (2001, 67-
68) discuss in some detail the question whether lead may have been
introduced to nuragic tin bronzes with the added tin, mention the low
content of lead in analysed tin ingots from Uluburun, Hishuley Carmel
and Kfar Shamir (Begemann et al. 1999 ; Stos-Gale et al. 1998), and
generally find the idea implausible. The trace element analyses of ancient
tin ingots by Begemann et al. (1999) also show that the silver contents
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are very low,and cannot account for the high silver contents in the Santa
Maria in Paulis artefacts.

Thus the available evidence, together with the generally low lead
contents of the Santa Maria in Paulis bronze artefacts (Craddock, Tite
1984), reinforces our original assumption that the lead in these nuragic
artefacts was not deliberately added, but came from the copper ores
smelted to provide the copper metal of the artefacts, so that lead
isotope analyses would properly provenance the copper in the bronze
artefacts. However it would be better if we could actually prove that
lead was not deliberately added to the Santa Maria in Paulis artefacts. It
transpires that such proof is available from the trace element analyses of
the objects. Gale and Stos-Gale (1987, 156, 159) showed that the
artefacts from Santa Maria in Paulis contained about 10 times more
silver than did the copper oxhide ingots found on both Sardinia and
Cyprus. If these nuragic artefacts had, as suggested by Kassianidou (2001,
106, 108), been made from Cypriot oxhide ingot copper “mixed with
some local lead to facilitate the casting”, then the only possibility (since
the idea has been discounted that lead was introduced with tin) to
account for the much higher silver content of the nuragic artefacts is
that it was introduced with the hypothetically added lead. This can be
assessed quantitatively, now that we have fairly extensive trace element
analyses of nuragic lead artefacts (Lo Schiavo et al. 2005 ; Gale, Stos-Gale
1987, 167) ; the mean silver content of lead artefacts from |3 nuragic
sites was 130 ppm with a standard deviation of |13 ppm and a range
from 14 to 432 ppm. If we take the worst case that the Santa Maria in
Paulis bronze artefacts were made by adding tin and Sardinian lead
containing 432 ppm silver to Cypriot oxhide ingot copper containing
100 ppm Ag, then from the measured lead content in these bronzes
the amount of silver in the resulting bronzes would be from
12 to 7 times less than that actually measured in these artefacts by
Craddock and Tite (1984). The hypothesis of Kassianidou (2001, 106)
that the reason that no nuragic bronze artefacts have the lead isotope
composition of Sardinian/Cypriot copper oxhide ingots is that the lead
in the conjectured oxhide ingot copper was swamped by the addition of
Sardinian lead ; we now see that this hypothesis fails because it cannot
explain the silver content of the nuragic artefacts. This is true also for
the nuragic bronze artefacts for which trace elements and lead isotope
analyses were reported by Begemann et al (2001) ; they all have higher
silver contents than the oxhide ingots, have lead isotope compositions
different from the oxhide ingots and matching Sardinian ores, and have
lead contents consistent with their copper having been smelted from
polymetallic Sardinian ores. Some of the polymetallic Sardinian ore
sources are known to have had high silver grades and were sources of
copper, lead and silver (), which is a further point in favour of the high
silver nuragic bronzes having been made using copper smelted from such
Sardinian ores.

That nuragic bronzes were, at least in many cases, not made by adding
tin and Sardinian lead metal to oxhide ingot metal is also proved by a
detailed examination of lead isotope data, as in Figure 4.Work by Valera
et al. (2005) (7) shows that the lead isotope data for lead metal from
I4 nuragic sites clusters together at about 208Pb/206Pb = 2,12,
207pp/206Ph = 0.874 and 206Pb/204Pb = 17.87 ; this agrees with more
precise lead isotope analyses by TIMS at Oxford for lead metal artefacts
from the sites Nuraghe Antigori and Nuraghe Albuccio (Gale, Stos-Gale
1987, 167). It seems that lead metal of a fairly restricted range of lead
isotope compositions was used by nuragic metal workers ; it would be
lead of this isotopic composition that would have been available to add
to copper, if this was ever done.A copper or bronze artefact containing
0.05 % Pb made by adding lead of this isotopic composition to oxhide
ingot copper (containing 0.01 % Pb) would have an isotopic composition
of 208pp/206ph = 2 |1, 207Ph/206ph = 0.867, 206Pb/204Ph = [8.0. In
Figure 4 ellipse A includes Sardinian copper ores, and nuragic artefacts
from six sites with Pb contents ranging from 0.02 % to ~5 %. These
measured lead isotope compositions, as indicated, do not approach the
nuragic lead metal isotopic composition, but do overlap with Sardinian
copper ores. Consequently none of these 13 nuragic bronze artefacts
could have been made by mixing nuragic lead metal with oxhide ingot
copper metal — they are most naturally explained as having been made
from copper smelted from Sardinian ores which contained lead to
varying degrees.

Conclusions

* The Sardinian oxhide ingots were not made of copper smelted from
Sardinian ores, but were made of Cypriot copper from the same Cypriot
ore source(s) which were used to make oxhide ingots found on Cyprus
and those excavated from the Cape Gelidonya shipwreck.

* The majority of these oxhide ingots have lead isotope analyses (LIA)
which overlap only ores from the Apliki mines in Cyprus, but some
overlap also the LIA of the Mavrovouni and Skouriotissa mines on Cyprus.

* It is not suggested that the LClI site of Apliki-Karamallos on Cyprus
was the only site which produced copper for making the copper oxhide
ingots found on Cyprus, Sardinia or the Cape Gelidonya Bronze Age
shipwreck.

—p—

* LIA of Cypriot ‘bronze’ artefacts show that these were made of
copper smelted from a number of copper deposits around the Troodos
in Cyprus, not just the Apliki deposit. One such smelting site was
Politiko-Phorades, though this seems to have been operating too early
to have been a source for oxhide ingots.

+ Of 53 analysed copper bun ingots found on Sardinia, 46 have LIA
indicating that they were produced from Sardinian ore deposits, whilst 9
have LIA indicating they were produced from copper from the Apliki
deposit in Cyprus. Since the Cape Gelidonya ship carried both oxhide
and bun ingots produced from the same deposit, one can surmise that a
similar ship came from the east to Sardinia with a similar cargo, probably
including Sn.

* The 46 bun ingots, and 4 copper slags, with Sardinian LIA show that
nuragic metal smiths were exploiting the Sardinian copper ores.

* LIA of most analysed nuragic bronze artefacts match Sardinian
copper ores — they do not match the Iglesiente-Arburese galena LIA
composition which has been shown (Valera et al. 2002, 2005) to
characterize Pb metal from [4 nuragic sites. Nor do they match the LIA
of the Zn, Pb, cassiterite bearing deposit at Canale Serci,Villacidro (from
which cassiterite could not be extracted, or even recognized, in the
Bronze Age). Current evidence, embracing both lead isotope analyses
and silver contents, does not support the suggestion (Kassianidou 2001 ;
2005) that some nuragic bronze artefacts were made of oxhide ingot
copper to which Sardinian Pb- bearing cassiterite was added.

* The Pb content of nuragic bronzes averages ~0.5 %, far too low for
Pb to have been added deliberately to economize on use of Cu, and in
the main too low materially to enhance fluidity or reduce freezing
temperature.

* Though the very low Pb content (~0.01 %) of oxhide ingot copper
would result in even small additions of Sardinian Pb metal swamping its
LIA, the above considerations together with detailed examination of the
actual LIA and Pb content of individual nuragic bronze artefacts and
their silver content does not provide any evidence that this occurred.

* Evidence drawn from Tylecote (1977) and from J. Percy’s treatises
on Metallurgy (1861 ; 1880) show both that Pb can occur naturally at
fairly high levels in smelted copper, and is difficult to remove by fire
refining.

+ Consequently the existing evidence suggests that most nuragic
bronze artefacts were made from copper smelted from Sardinian

Lead isotope analyses (LIA) of some Cu based Sardinian artefacts

. [the per ge of Ph is given for some artefacts]
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Fig. 4 — Lead isotope analyses of some copper based Sardinian
artefacts.
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copper ores, not from the oxhide ingots which came from Cyprus to
Sardinia, attesting to active nuragic exploitation of Sardinian copper ores.

* The suggestion (Gale et al. 1987) that the Sardinian copper oxhide
ingots may be made of Cypriot copper was at first strongly resisted
using the ‘Coals to Newcastle’ analogy ; an argument only partially
countered by the fact that the Cu ore resources of Cyprus dwarf those
of Sardinia.

* Present evidence strongly supports that Sardinian oxhide ingots
were of Cypriot copper, but that most Sardinian bun ingots and bronze
artefacts were of Sardinian copper, 3. The 9 nuragic bun ingots now
proved to be of Cypriot copper suggest that a ship or ships, similar to
C. Gelidonya, laden with both bun and oxhide copper ingots, came to
Sardinia from the East. Such a ship, on the analogy with Cape Gelidonya
& Uluburun, is likely to have been carrying also tin metal.

* Though such a ship may have been en route further west, or even
stranded or wrecked on Sardinia, it may have been bringing to Sardinia
primarily tin metal, vital for the nuragic bronze industry but, as we now
know from Valera et al. (2005), virtually unavailable from Sardinian ores.

* It would not be at all unreasonable if a condition of the supply
of vital tin was to accept also some copper ingots from the ship. As
Kassianidou (2005) has suggested, copper metal, even though available
from Sardinian ores, might not be unacceptable, since it avoided the
laborious processes of smelting and refining.

* Might, however, the nuragic smiths have found the ultra low Pb
Cypriot Cu had less desirable casting properties than that smelted from
Sardinian ores ? Pliny (XXXIV, Il) writes that even the Romans eventually
found Cypriot copper of lower value compared with that from other
sources.

« Since royal gift exchange, or a princely cargo going to Sardinia, seem
unlikely, in view of the lack of archaeological evidence in Sardinia for rigid
differences in classes or the existence of kings, what was sought by the
voyagers from the east in exchange for tin or copper !

* Perhaps we should rather think in terms of free lance trade and
tramping (Braudel 1972, 107 ; Cherry, Davis 1982,339), which gave ample
opportunity for bargaining both for the crew and for merchants who
would travel with their wares, and where the round trip was a long
succession of selling, buying and exchanging. In the course of the voyage
the cargo would change its nature, being partly depleted and replaced by
local goods, trading being based on the chances encountered in each
port,and not necessarily on a pre-arranged scheme between, say, Cyprus
and Sardinia.

* As Muhly et al. (1977, 361-62) wrote : “The organisation and
administration of the metals trade must have been on several levels. It is
conceivable that some central authority exercised control over the
mines in certain areas ... Smelting probably took place close to the mines
and may also have been subject to a loose central control.” Is it not
possible that this model may be applicable to the production of Cypriot
copper for export, centered on Apliki, whilst copper for consumption
within Cyprus itself might have been produced at a number of centres
around the Troodos ?

N.H. Gale,
Isotrace Laboratory,
Nuffield College, Oxford, OXI INF

Notes :

(1) For Sardinian chronology see Lo Schiavo 2005, fig. 8, p. 466.

(2) There were also available for comparison lead isotope data for Sardinian
ores accumulated by isotope geochemists (e.g. Swainbank et al. 1982 ; Boni,
Koeppel 1985 ; Ludwig et al. 1989 ;Boni et al. 1992 ; Caron et al. 1993), but they
were of limited use because they included no Sardinian copper ore deposits
other than Funtana Raminosa and Rosas.

(3) Oxhide ingots 62395 and 62414 from Ittireddu, analysed by Begemann et al.
2001, fall just beyond the range of presently analysed ores from Apliki, but do
fall with copper oxhide ingots from the Uluburun shipwreck.

(4) We shall see later that there is absolutely no reason to believe that copper
based alloys with lead contents of the order of | % - 5 % represent the
deliberate addition of lead to the alloy.

(5) Whom we quoted in our 1987 paper.

(6) E.g. Correboi, Rosas/Sa Marchesa (Valera et al. 2005).

(7) It is unfortunate, as Begemann mentioned at the Workshop in 2004, that the
lead isotope data reported by Valera et al. 2005 was measured using quadrupole

ICPMS, since this technique is about an order of magnitude less precise and
accurate than either thermal ionisation mass spectrometry (TIMS) or multi-

—p—

collector inductively coupled mass spectrometry (MC-ICPMS), which makes
conclusions drawn from Valera et al’s data less conclusive than desirable.
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3 | The production, use and trade
of metals in Cyprus and Sardinia :
so similar and yet so different ()

Recent archaeological research has shown that during the later part
of Late Bronze Age, Cyprus and Sardinia developed a trading relationship
which brought copper, ceramics and new metalworking techniques to
Sardinia. This special relationship has been extensively studied by Fulvia
Lo Schiavo, Lucia Vagnetti, Vassos Karageorghis and others, and it is not
the purpose of this paper to summarise their findings. Instead what this
paper will do is compare and contrast what is currently known about
the archaeometallurgy of the two islands and, through this exercise, try
and understand better the metals trade network that was established
between them.

Cyprus and Sardinia are both large Mediterranean islands rich in
natural resources. Their mountain regions provided timber for building,
shipbuilding and most important fuel for lime production, ceramic
production and last but not least metal production. Both islands are at
important geographical crossroads, and throughout history have played
an important role as way stations for sea-borne trade. Finally, both
islands are endowed with rich mineral deposits. Their geology, however,
is very different not only in terms of age (which is important for Lead
Isotope Analysis) but also in terms of mineralogy.

Cyprus is very rich in copper and was known in Antiquity as one of
the most important sources for this metal. Polymetallic ores are known
from one area, the so-called Limassol forest area, but in general the
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were capable smiths. The discovery of
numerous moulds attests to the local
production of these artifacts. Crucibles are
also known and, there is at least one mention
of a tuyere (Usai 2005, 270). There is no
doubt that the Sardinian copper industry was
booming in the Late Bronze Age and the
Early Iron Age and according to the lead
isotope data the industry was using locally
produced metal (Begemann et al. 2001, 65).
Why are we not finding more of the waste
from the production of the metal ? This is a
question that remains open for the moment.

Sardinia may lag behind Cyprus when it
comes to slag but it more than makes up for
it in sheer quantities of bronze artifacts and
copper ingots. According to the latest
published data, oxhide ingots and fragments
of oxhide ingots have been found in 31 sites
on Sardinia (Lo Schiavo 2005). In sharp

copper ore deposits consist mainly of iron and copper sulphides and are
often associated with zinc sulphides (Constantinou 1982, 15). Arsenic,
antimony and lead are only found as traces in the ore and subsequently
in the metal produced. In modern times, gold and silver were also
extracted, but the production of the precious metals was not possible in
Antiquity because of the nature of minerals. In other words, lead, silver,
gold and of course tin were metals that had to be imported to the island.

Sardinia on the other hand is characterized by its lead-zinc
mineralizations which are often argentiferous (Valera et al. 2005a).
Indeed in Antiquity, Sardinia was known as a source of lead and silver;and
was given the name of aPyVPOPAELS VNOOG, the island of the silver
veins, by the ancient Greeks. There are also numerous copper ore
deposits, some of which are polymetallic and often associated with lead.
Sardinia also possesses tin deposits, and these have been mentioned in
the past in the literature, as possible sources for the metal in the Bronze
Age. Valera et al. (2005b, 363), however, have convincingly argued that
these could not have been exploited in Antiquity. Like Cypriot gold and
silver, Sardinian tin is only a product of the recent mining industry.

The study of ancient mining and metallurgy in both islands has been
greatly hampered by the intense exploitation of the industrial age. In
Sardinia, the problems created by the modern industry are even worse,
as ancient slags were systematically exploited and completely processed
during the 19th and 20th centuries (Valera et al 2005a, 85). In Cyprus on
the contrary, although in the recent past slag was used as road metal,
there are still numerous slag heaps, some measuring several thousands
of tons, around the Troodos mountains. As metallic copper was never
produced by pyrotechnological methods in modern times, we know that
every single piece of slag found in Cyprus was produced in antiquity.

The use of metals on both islands follows the normal path of
development from pure copper, to arsenical bronze and finally tin
bronze. However, there seem to be some differences both in the nature
of the archaeometallurgical remains that have survived in the
archaeological record but also in the apparent “value”, allotted to
various metals in each of the islands during the Late Bronze Age and
Early Iron Age.

The most striking difference between the two islands, is that in
Cyprus in practically all excavated sites dating to the Late Bronze Age,
there is a plethora of finds including, metallurgical waste, relating to
the production and treatment of copper. These include fragments of
refractory ceramics such as smelting furnaces, crucibles and tuyéres, as
well as, bellows. Slag is found in a variety of shapes such as plano-convex,
plano-concave and tap slag, and sizes that range from large cakes to small
pieces (for a collection of papers relating to the Archaeometallurgy of
Cyprus the reader is referred to the book by Muhly et al. (1982). All this
metallurgical debris bears witness to the intensity and widespread
extent of metal production in Late Bronze Age Cyprus. One of the most
important recent developments in Cypriot archaeometallurgy is the
discovery, excavation and detailed study of the primary smelting
workshop of Politico Phorades (Kassianidou 1999 ; Knapp et al. 2001). In
this rather unimpressive site, where there are no architectural remains,
3,5 tons of slag, 1000 large and 4000 medium and small sized fragments
of furnace material, and 50 almost complete tuyéres, were collected.
Radiocarbon dating suggests a calendar age for the metallurgical
processes sometime during the |6th-I5th centuries BC.

In contrast to the situation in Cyprus, in Sardinia slag is an extremely
rare find ! In the latest publication, a few examples are mentioned but
only a couple of small pieces seem to be smelting slags (Atzeni et al.
2005, 137). The almost total absence of smelting slag is very difficult to
understand, especially if we consider the amount of metal artifacts found
on the island.The variety of local types of bronze tools and weapons but
most importantly of bronze statuettes, clearly show that the Sardinians

contrast, fragments of oxhide ingots are

known only from eight Late Bronze Age
Cypriot sites (Kassianidou, forthcoming). According to the Lead Isotope
Analysis the vast majority of the oxhide ingots found on Sardinia is
consistent with a Cypriot provenance (Gale 1999, |17 ; Begemann et
al. 2001). In other words according to the Lead Isotope Analysis Cypriot
copper was imported to Sardinia, an island which possesses copper
deposits ! In a paper entitled Cypriot copper in Sardinia.Yet another case of
bringing coals to Newcastle ? | discussed this issue in detail (Kassianidou
2001). The Lead Isotope Analysis of ingots and bronzes from Sardinia
came up with rather intriguing results : Although almost all the analysed
oxhide ingots are consistent with the Cypriot field, all the analysed
bronze objects are consistent with the Sardinian field (Gale 1999, 117 ;
Begemann et al 2001, 65). A few notable exceptions have recently
been published : two oxhide ingots fragments are consistent with the
Sardinian field and a spearhead matches closely the Cypriot field (Atzeni
et al. 2005, 115). What the analytical data seems to imply is that
significant quantities of copper metal was imported to Sardinia from
Cyprus and yet it was not used for producing any artifacts. How can this
paradox be explained ? |, and indeed others (e.g. Begemann et al. 2001,
66) have suggested three possibilities : The first, and more simple,
explanation would be that indeed Cypriote copper was not used. This,
however, does not seem to have been the case, as ingots are usually
found in fragmentary form and are often part of what are identified
as founders hoards (Kassianidou 2001, 105). When | wrote the
aforementioned paper, | found some references to Sardinian polymetallic
tin ores which also contained lead. |, therefore, suggested that perhaps
local tin, which was rich in lead, may have been used to produce tin
bronze (Kassianidou 2001, 106). In the presence of extraneous lead, lead
isotope analysis can no longer identify the provenance of copper but
instead identifies the provenance of the lead. As pointed out earlier,
however, it is now known that tin was not produced in Sardinia during
the Late Bronze Age, and therefore this is no longer a plausible
explanation.

This leaves a third explanation, which is that the bronzes may have
been a mixture of Cypriot copper,imported tin and Sardinian lead, as the
only possible one. In the paper | published in 2001, | lamented the lack
of published chemical analysis of Sardinian bronzes that would help to
monitor the concentration of lead in the alloys used for casting in
Sardinia (Kassianidou 2001, 107). This is no longer the case, as a plethora
of geological, chemical and isotopical data for both Sardinian ores and
artifacts have since been published by Atzeni et al. (2005) and Begemann
et al. (2001).

The chemical analyses show that indeed Sardinian bronzes were
leaded and in some cases this seems to have been a deliberate act
(Begemann et al. 2001, 74 ; Atzeni et al. 2005, 152). As stated above the
presence of Sardinian lead, even in small quantities, would render
Cypriot copper invisible to the Lead Isotope Analysis. In other words, it
is impossible to know whether Cypriot copper was used to produce
bronze artefacts in Sardinia, as local lead was often added to the alloy. It
is interesting to note that the one object that was found to be consistent
with the Cypriot field is of an early date and is made of unalloyed copper
(Atzeni et al. 2005, |17). The point made here is not that all Sardinian
bronzes were made of Cypriot copper. Rather what is argued is that, it
can no longer be maintained that Cypriot copper was not used at all in
Sardinia for the production of metal artefacts, because this conclusion
was based on Lead Isotope Analysis, a technique, which cannot detect
the correct provenance of copper, in leaded bronzes.

Whatever the case may be regarding its use, the Lead Isotope Analysis
clearly suggests that Cypriot copper in the form of oxhide ingots was
imported to Sardinia. An even more intriguing question is what were the
Cypriots getting in return for their copper. A possible answer may be
extracted through a closer look at the use of precious metals in the two
islands. Gold is not available in either of them. However, gold objects,
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mainly jewellery, are often found in Late Bronze Age and Early Iron Age
tombs in Cyprus, sometimes in significant quantities. In a sharp contrast,
gold is virtually unknown from excavated sites of this period in Sardinia
(Atzeni et al. 2005, 174). The absence of gold objects is interpreted as
the result of a lack of interest in personal adornment on the part of the
Nuragic people (Lo Schiavo 2005, 350). On the contrary the Cypriots
were clearly interested in possessing gold, but that it is not simply
because of personal style. The possession of gold and gold jewellery was
a way of expressing high status throughout the Eastern Mediterranean
and, of course, in Cyprus. The absence of the metal from Nuragic
contexts may indicate that in Sardinia it was not given the same value,
and high status was expressed in a different way.

Even more striking, is that in Sardinia, the island that was known in the
later periods as an important source of silver, objects made of this metal
are rarely found in Nuragic contexts (Atzeni et al. 2005, 173). Native
silver is rare and the metal is usually extracted from argentiferous lead
minerals with the method of cupellation. The absence of silver artifacts
may, therefore, be due to the fact that cupellation was not yet known in
Sardinia. This, however, does not seem to be the case as, silver objects
are known from the Pre-Nuragic era. Furthermore, analysis of lead
objects dating to the Late and Final Bronze Ages were found to contain
low amounts of silver (Valera et al. 2005, 60-63). There are two
possibilities why the silver content is so low.The metal could either have
been extracted from lead ores which were not argentiferous, or it could
have been a by-product of the cupellation process through which silver
was deliberately removed from argentiferous lead. Indeed, based on the
analytical data, some of the lead does seem to have been desilvered
during the Nuragic period (Valera et al. 2005, 47). There is in other
words indirect evidence for the production of silver during the Late
Bronze Age. What, however, was this metal used for, as it is not used to
produce personal ornaments or vessels, the most common types of
artefacts made of silver, at least in the Eastern Mediterranean (Moorey

1994,238) ?

In a recent conference entitled “Egypt and Cyprus in Antiquity”, |
discussed the importance of silver for Late Cypriote society, using
as pretext the pressing demands for silver that the king of Alashiya
expresses to the Pharaoh of Egypt in the well-known Amarna
correspondence (Kassianidou forthcoming). In fact, a relatively small
number of silver objects, which include jewellery, vessels, and two silver
ingots have been found on the island. That the king of Alashiya asks for a
metal, which seems not to be commonly used in his realm, at first seems
irrational. In fact there is a good reason behind his demand for silver.

Ancient texts from the Near East and Anatolia clearly show that from
the Akkadian period onwards the most important role of silver was as
an index of value (Moorey 1994, 237). In other words, although we are
in a pre-monetary society the value of raw materials and finished objects
is expressed in terms of silver. The texts show that silver is used to pay
for raw materials and finished objects purchased, the value of which is
always given in terms of silver. In the Hittite empire fines imposed by the
courts are paid in silver, as are salaries, tribute, as well as, ransom to
release hostages (Floreano 2001).

As the Cypro-Minoan script remains undeciphered similar
information does not exist from Cyprus and, therefore, we are not in a
position to know whether silver was used on the island in a similar way
as in the Hittite kingdom and the Near East. Considering, however, that
Cyprus was part of the same trading network, it is not hard to suggest
that silver would be required both for internal and external economic
activities. We often assume that copper and pottery, the two Cypriot
products, which were systematically exported, would have been traded
for all the materials and objects imported to Cyprus, but is this really the
case ! In a letter from the palace of Ugarit, dating to the reign of
Amenophis Il in other words the first half of the fourteenth century BC,
permission is asked to sell ships to an Alashiyan who will only pay the
requested silver once the permission for the sale has been granted
(Lipinsiki 1977, 216 ; Knapp 1983). Here we, therefore, have clear
evidence that at least for this commercial transaction, the purchase of
ships, silver and not copper would be used for the payment.

What the texts suggest, therefore, is that Cypriots too may have used
silver for the payment of services, for the acquisition of raw materials
such as tin, gold, ivory, and finished objects, and for the payment of
tribute, should the need arise. The metal is not available on the island,
therefore, it would have to be imported. Laurion was probably Cyprus’s
main supplier for this metal : the Lead Isotope Analysis suggest that the
silver ingots from Pyla are consistent with a Laurion provenance (Gale,
Stos-Gale 1984, 97), but perhaps other sources would have been needed
especially when the production at Laurion was disrupted with the
collapse of the Mycenaean world.

Based on the available evidence, Cypriot copper was exported in
significant quantities to Sardinia. In Cyprus, however, there are no visible
Sardinian imports, such as pottery or other finished objects in quantities
that would show a reciprocal commerce, although clearly something
must have been given in return for copper. In the past, | wondered
whether it was Sardinian tin that was traded in return for Cypriot

—p—

copper. The recently published comprehensive study of Sardinian
geology and archaeometallurgy has shown that this was not the case.

Perhaps the Cypriots exchanged their copper for Sardinian silver,
which does not seem to have been of any interest to the locals. The
situation echoes one described for a later period by Diodorus Siculus
(Book V. 35). The author writing on the silver mines of Spain states that :
“The country has the most numerous and excellent silver mines ... The
natives do not know how to use the metal. But the Phoenicians, experts
in commerce would buy this silver in exchange for other small goods.
Consequently, taking the silver to Greece,Asia and all other peoples the
Phoenicians made great earnings. Thus practising this trade for a long
time, they became rich and founded many colonies some in Sicily and on
the neighbouring islands, others in Libya, Sardinia and Iberia”.

In fact, the situation is not exactly the same, as Sardinians would trade
their silver not for small goods but for copper, a metal, which was clearly
very important to them.Why import copper, however, if the metal was
also available on the island. Perhaps the local demand for copper was so
intense, that it could not be satisfied solely by the local production. In
this case, by trading silver, a metal they were not interested in, for
copper, they in fact stroke a rather good deal.

Clearly the interpretation of the evidence is speculative, and is based
largely on negative evidence (absence of silver from Sardinia, absence of
Sardinian imports in Cyprus, absence of silver in Sardinian lead, etc.)
rather than positive evidence (remains of the cupellation process, silver
ingots and artifacts of Sardinian provenance in Cyprus, etc.), but it does
have a logical basis. The subject of trade in precious metals in the
Mediterranean has received little attention, mainly due to the scarcity of
archaeological evidence : gold and silver ingots unlike copper ingots and
even tin ingots are extremely rare. However, there was clearly much
demand for precious metals in the Late Bronze Age at least in the
Eastern Mediterranean and an equally well developed exchange system
must have been operating in parallel with that for base metals :
otherwise there would be no gold and silver objects in Cyprus, an island
which produces neither of the metals and yet seems to have access to
both.

In brief, the conclusions of this paper can be summarised as follows.
Cyprus has no gold, silver or tin and yet all three were important (if not
essential) for the Late Bronze Age and Early Iron Age society of the
island. At the end of the Late Bronze Age, established trading networks
in the Eastern Mediterranean were disrupted, and perhaps Cyprus was
cut off from her usual suppliers for these metals. It is not, therefore,
unreasonable to believe that as trading routes with the Central
Mediterranean became open with the collapse of the Mycenaean city-
states, the Cypriots searched for new sources to the West. In Sardinia,
they found silver but perhaps also tin imported to the island from the
West and perhaps the North. The archaeological evidence shows
Sardinia had also established a trading network with the Western
Mediterranean, and it is, therefore, not unlikely that in Sardinia Cypriots
first came into contact with traders from the West, and vice versa. At
the moment there is no evidence that Cypriots ever made it further
west than Sardinia, but the recent discovery of an oxhide ingot in
Marseille and Corsica may mean that we will soon have to revise this
point of view as well. But this is what makes archaeology interesting !

Vasiliki Kassianidou
Department of History and Archaeology University of Cyprus,
P.O. Box 20537 Nicosia 1076 CYPRUS

Note :

(1) This paper was first presented during a workshop entitled “Archaeometallurgy
in Sardinia. From the Origins to the Beginning of Iron Age” and organised by Fulvia Lo
Schiavo, Ulrico Sanna and Roberto Valera in Cagliari. The visiting speakers,
including the author, were asked to prepare their presentations having
first read through the newly published book of the same title where the
archaeometallurgy of Sardinia was presented through a plethora of archaeological
and analytical data. | would like to thank the organisers for inviting me to
participate and for giving me the opportunity to reconsider a subject that has long
been discussed in the literature : that is the nature of the metals trade which was
forged between the two islands in the later part of the Late Bronze Age. Due to
restrictions in the size of this publication, the readers are referred to this book
for a much more complete bibliography than the one that it is possible to present
here.
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4 | Georesources in Bronze Age
Sardinia

Introduction

Starting from the early Paleozoic Era, the long geological history of
Sardinia has given rise to the forming of several types of rock complexes :
sedimentary sequences, magmatic massives, volcanic bodies, and low to
high grade metamorphic formations. The orogenic cycles, chiefly the
Hercynian, and the related magmatic and metamorphic processes were
accompanied by the emplacement of mineralisations of different kinds
and sizes. Thus an important mineral wealth was created in Sardinia, and
exploited for different uses since the primitive man.

—p—

Non metallic minerals were first beneficiated. Flintstone and
soapstone, obsidian, clays, ochre etc. were for long time mostly “mined”.
Soon appeared the metals, but the archaeological finds demonstrate that
at the beginning they came to Sardinia from abroad, although practically
all metals are present in the island. The metallurgic know-how was
acquired rather rapidly, probably exhorted by the existence of so
many outcrops of ore minerals, scattered everywhere in the Sardinian
Paleozoic landscape.

Sardinian Mineral Georesources

Sardinia is an important metallogenic province for Pb-Zn-Ag. Copper
ore mineralisations often occur as well, but their individual consistence

Fig. | — Distribution of the
Nuragic sites in Sardinia.
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Fig. 2 — Distribution of the most important mineralisations in Sardinia :
a) Cambrian hosted Pb-Zn-Ag deposits ; b) polymetallic mixed sulphides ;
¢) Hercynian Pb-Zn-Ag veins ; d) copper deposits.
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is rather small. From the metallogenic view-point, supported by the lead
isotopic ratios (Valera et al. 2002, 363-364), we can recognise 3 Pb-
bearing ore deposit classes : Cambrian hosted, polymetallic mixed
sulphides of the Silurian-Devonian age, Hercynian veins. The lead scraps
unearthed in several Nuragic sites, according to the lead isotopic ratios,
mostly belong to the first class, which is confined within the south-
western part of the island.

In order to evaluate the influence exerted by the mineral occurrences
over the human settlements it is interesting to compare a map of
the distribution of the Nuragic sites (i.e., the Bronze age culture in
Sardinia ; Fig. 1) with a map of the Pb-Zn-Ag, and Cu most important
occurrences (Fig. 2). Of course it is to be expected that the human
settlement was essentially controlled by some basic conditions,
depending on favourable environments, chiefly good land for husbandry
and sheep-farming, and water availability. In Fig. | we have plotted the
Nuragic sites recorded in all available maps, supported by several field
controls : their number (c.ca 3500) is about 50 % of the sites supposed
to exist. It is in good agreement with Lilliu (1988, Fig. 177), therefore we
consider the map sufficiently representative of the actual situation.

On that map only SW Sardinia, where the Cambrian Metalliferous
complex crops out, seems to be characterised by a crowd of Nuragic
sites since the earliest times (“Bonnannaro” culture, EBA | : Lilliu 1988,
Fig. 43) (Fig. 3), whereas other interesting mineral occurrences (e.g. the
well known Funtana Raminosa, the only one exploited for copper in the
Sardinian historical times, until the last century) seem to have not been
matter of particular interest, due to the paucity of Nuragic settlements
in the environs. Actually, and contrary to what is seen in the
neighbouring southern district of Pranemuru — Nuraghe Arrubiu, where
I'5 Nuragic buildings in 50 square km occur, the Funtana Raminosa mine
lies alone in an area where the closest few Nuragic sites are arranged to
the south according to a sort of half-crown at a minimum distance of
5/10 km in a crow line from the mine. The same observation can be
made about the other known copper occurrences in Sardinia, besides
the two (Sa Duchessa and Sa Marchesa :Valera et al. 2005, 65-66) which
lie in the Sulcis area, probable object of the same attention given to the
close Pb-Zn-Ag deposits of the Cambrian class.

As far as the Pb-Zn-Ag deposits are concerned, we must make a
distinction between the Cambrian hosted class, and the others. Actually,
the Cambrian sequences (““Metalliferous Complex”) are strictly confined
in the Sulcis-Iglesiente district (SW Sardinia, Fig. 4), and this area
corresponds to a favoured primitive settlement of the earliest Nuragic
culture (Bonnannaro culture : Fig. 5).All the deposits of the other classes
do not seem to have excited the same interest. If we compare the
Nuraghe distribution of Fig. | with that of the other classes of lead
bearing ore deposits (Fig. 2) we do not observe any particular
concentration around the mine locations, and this observation agrees
with the very rare occurrence of lead scraps out of the Cambrian
hosted class (according to the lead isotopic ratios) unearthed from the
Nuragic sites. We could say that in general the occurrence of metals
doesn’t seem to have been the cause of any visible competition for the
ground occupation, according to the Nuraghe distribution.

The Origin of the Cambrian Hosted Lead

A geological approach to the problems concerning the identification
and the interpretation of the trade and/or the exchange routes among
the ancient European peoples can provide very useful elements, suitable
for clearing up some otherwise incomprehensible sights in such a
peculiar framework. An example may be given by the answer(s) to
the question: what kind of geological features occur in the regions
inhabited or frequented by the cultures whose mutual relationships
are considered ? Are there any characteristics in common, and how
important (if any exist) are they ! It is clear that strict geological
analogies might have guided a corresponding path to the georesources
discovery and exploitation, and could have been made the transmission
of information easier about the possibilities and the technologies bound
to such an exploitation, also among cultures which could be different as
models and possess different levels of development.

Similarly, we may explain the fast spread of metallurgy, whose know-
how was at first the heritage of few peoples, sometimes belonging to
regions poor or absolutely lacking outcrops of metalliferous minerals, as
e.g. Mesopotamia. In this case they conveyed the knowledge, and were
an interface between regions bearing strong analogies of metallogenic
characteristics.

A geological approach may put into evidence the existence of
similarities between regions although far away from each other, and
provide the hint for hypotheses otherwise groundless, which in any
case need documents and further investigation. A typical, appropriate
example is given by the Sardinian Cambrian sequence, hosting frequent
and abundant lead-silver mineralisation, proved to be the major source
of supply of the lead used in Nuragic times (Valera et al. 2002 ; 2005).
Analogous coeval sedimentary formations occur in the French Central

Fig. 3 — Distribution of the
Bonnannaro sites (modified from
Lilliu 1988, Fig. 43 ; the symbols
concern the different facies of the
culture).

Fig. 4 — Excerpt of Fig. 3

distribution of the Bonnannaro sites
in the Cambrian district (Sulcis-
Iglesiente, SW Sardinia). To be

compared with Fig. 5.

Fig. 5 — The Cambrian “Metalliferous”
carbonatic sequence in SW Sardinia
(full black). Dotted : the Paleozoic
undiferentiated complexes.
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Massif and in the South of the Iberian peninsula, likewise rich in lead-
silver mineralisations. These occurrences provided some authors (Atzeni
et al. 2005, 171) with the hint to raise some doubts about the origin
from the Sardinian Cambrian galenas of the leads found in the Nuragic
sites, because of the obvious overlap of the lead isotopic ratios. Facing
the local availability of the Sardinian Cambrian lead, it is convenient to
note that :

|.The Iberian lead-bearing mineralisations of the Cambrian age lie in
the middle of Sierra Morena (Santos Zalduegui et al. 2004), at 360 km
from Valencia as the crow flies, which can be reached only crossing
Mancha, and the mountains of the Pais Valenciano. Moreover, probable
trade routes to the southern coast, at 200 km as the crow flies through
the Betic System chains, with Spain’s highest mountain peak, the
Mulhacén (3841 msl), seem to be hardly tenable.

2.The French Central Massif could have been (relatively) more easily
accessible, but the lead bearing mineralisations that occur there (Brevart
et al. 1982 ; Sinclair et al. 1993) are mostly of the post-Paleozoic age,
therefore with lead isotopic ratios well different from those of the
Cambrian age. The possibility of an exploitation through sorting of
Cambrian ore by the ancient miners should be excluded, according to
our opinion.

We can therefore confirm the interpretation of the Nuragic leads as
being mostly obtained from the Sardinian Cambrian hosted galenas. The
problem remains unsolved : why were the galenas of the other classes,
so frequently occurring everywhere in the Paleozoic rocks of the island
(in Fig. 2 only the main ore occurrences are reported) not employed
during the Bronze Age ?

Starting from the evidence of the above mentioned Bonnannaro
settlements, concentrated (Fig. 4) in the area characterised by the
occurrence of the Cambrian Metalliferous complex (Fig. 5) we may list a
number of reasons supporting the hypothesis of the lead provenance
from the Sardinia “Cambrian district” :

- the present landscape, with many open pits, and small to big trenches,
holes, adits in great numbers, a lot of dumps of various sizes, together
with the remains of the ancient mining life found in underground stopes
of uncertain age, testify the long history of this mining district, very
probably occupied originally by the first miners because of its
appearance of a true “bonanza” for silver and lead ;

- many Roman authors mentioned the Sardinian wealth of silver, and
traditionally silver was exploited in the area of the Cambrian district
already well known since the Phoenician and Carthaginian times, when
Plumbea and Metalla were important towns, and the small island of
S.Antioco (west of the SW Sardinian coast, tied to the motherland by a
short narrow isthmus ; Fig 1) was called by Ptolemy “Molibodes nesos”,
the lead’s island ;

- the host rocks of the Cambrian mineralisations are limestones and
dolomites, easier to be treated for the extraction of ore than those of
the Hercynian veins, usually formed by quartz gangue ;

- the ore mineral association is rather simple, having galena and
sphalerite as major components, and silver bound to galena, whereas the
polymetallic mixed sulphides of the Silurian-Devonian formations are
poorer in silver, and difficult to be processed for silver recovery ;

- the silver grade of the ore was rather high (a famous stope in the last
exploitations is still mentioned with the name of “Rich in Silver”, having
up to 8 kgs Ag per Pb ton), but the lead scraps from the Nuragic
sites mostly show definitely low silver contents (Valera et al. 2005) :
desilveration as example of advanced metallurgic know-how ;

- the rich silver-bearing Hercynian veins of SE Sardinia (*“Sarrabus
Silver Lode” :Valera et al. 2005), exploited and exhausted in the late
|9th century AD, were first discovered only in the |7th century AD.

Concluding Remarks

The lead isotopic data, and the above considerations support the
origin of the Nuragic leads mostly from the Sardinia Cambrian hosted
ore deposits. The exploitation of some Hercynian veins (namely
Montevecchio, the huge E-W trending lode at the North of the
Cambrian district) probably gave a minor contribution, and fully started
when the Romans occupied the island, demanding as much silver as
possible. Before that time only SW Sardinia was a true mining district,
brought out and exploited by an “enterprise”of well skilled miners, and
metal workers. This is probably the main explanation of a peculiar
situation, where all mineral occurrences other than the Cambrian
hosted ores were at first discarded, and no competition for any mineral
resource property was apparently exhorted, neither for silver, lead, nor
for copper. Actually miners and metal workers were the truly precious
resource, owners of the “magic” technology able to transform the ores
into metals, so that their dwelling site corresponded to the most useful
ore occurrences, and their centre of activity was also centre of
irradiation of their precious metallic production. It is the same high
evaluation displayed in the face of what in ltalian is called “Arte
Mineraria” : not simply “Mining”, but the “Mining Art” We may realize the
same attitude in the behaviour shown in the Lugalbanda poem, where
metalworkers and jewellers are considered as precious as the precious
metals themselves (Pettinato 1972, 132-133).

—p—

Sardinia’s mineral wealth was soon appreciated by the Phoenicians
who expanded its fame, readily received by the Carthaginians, and finally
by the Romans : the competition for the mineral resources, competition
neglected for long time by the Nuragic culture, immediately developed,
and the “bonanza” region of SW Sardinia rapidly became merely a
colonial mining district.

Roberto G.Valera and Paolo G.Valera
Department of Geoengineering and Environmental Technologies,
University of Cagliari, Italy
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5 | Metallurgical analyses on the Lipari hoard

Introduction

During the researches carried out in the seventies on the acropolis
of the isle of Lipari, the famous archaeologists Luigi Bernabo Brea and
Madeleine Cavalier discovered under the wall of the o Il hut one of the
largest metal hoards found on Italian soil : 75 kilograms of copper-based
finds dated to the Bronze Age (Bernabo Brea, Cavalier 1980).

The hoard was hidden in a large clay vessel, a pithos (Fig. I) placed in
a round hole (diam. 70-90 cm) and covered by a flat stone slab. Under
the vessel there were four large stones which kept the pithos in place,
while the voids around the ceramic body had been filled out with sea
gravel, which acted as draining material. Because of the care taken during
the burial of the pithos the material inside the vessel is in excellent
conditions. This paper presents the results of the analyses carried out on
the copper-based finds belonging to the hoard and on those from the
excavations in the settlement.
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Fig. | — Large LBA ceramic vessel, containing 75 kg of copper and
bronze fragments, found under the wall of the hut alpha on the >
acropolis of Lipari (Photo :A.Giumlia-Mair).

The material

The hoard found on the acropolis of Lipari is extremely important for
the researches on exchange and trade routes in the Mediterranean, as it
contains many classes of objects : ox-hide ingots, plano-convex ingots,
different types of axes, swords, daggers, spearheads, sickles, razors, tools,
sheet metalwork, drippings, casting remains, a round mirror, perhaps
parts of armours and decorative objects. None of these objects is
complete. All pieces are in fragments or broken, clearly on purpose. Up
to now not a single piece could be joined to another, apparently every
single piece comes from a different item.

This suggests that the fragments of the hoard were kept for their
metal value. As already noted in the first publication (Bernabo Brea,
Cavalier 1980), between the earliest and the latest datable piece
belonging to the hoard, there is a great difference in time.

The material selected for the analysis comprises not only ingots, but
also as many kinds of objects as possible (for example large and small,
tools, weapons, decorative objects, casting remains and drippings) and
also the various types of manufacturing techniques (castings, sheet
metalwork, wrought pieces etc.). A rather large variety of items could
be selected gives a fairly good idea of the metallurgical techniques
employed for the different classes of objects.

Analyses

We did not receive permission to take samples from all selected
objects, therefore atomic absorption spectrometry (AAS) — which gives
a very precise quantitative analysis — was employed only for a small
group of objects, only one tenth of the examined pieces. For the
remaining pieces a non-destructive method, i.e. X ray fluorescence
spectrometry (XRF), was used.

A few significant fragments were also examined and analysed by
scanning electron microscopy and by energy dispersive spectrometry
(SEM/EDS).

To minimize errors due to the presence of corrosion, at least 3
measurements were carried out on all fragments. In this way the results
can be considered more reliable. The AAS analyses were carried out to
obtain a comparison and check the semi-quantitative data obtained by
XRF.

Discussion of results

The analysed objects belong to four different classes. The first
contains ox-hide ingot fragments, the second comprises the plano-
convex ingots. The third group contains all shapeless cast pieces,
drippings, the so-called “frittate” and all pieces which were difficult to
classify.

To the fourth class belong all different kinds of
objects identified and analysed in the course of the
study. A smaller group of objects also comprises the
analysed copper-based finds from the settlement.

In the Late Bronze Age, different shapes of copper
ingots circulated in the Mediterranean. The best
known were the oxhide ingots, but plano-convex
ingots and other shapes were also common.

The largest amount of copper ingots, discovered up
to know, comes from the ship wrack found in the sea
on the southern coast of Turkey near Cap Uluburun
with 475 ingots (10 t of copper and It of tin !), the
second largest one is the group of ingots from the
ship wrack of Cap Gelydonia with 35 oxhide ingots
and 12 plano-convex ingots. There are several finds in
Cyprus, in Asia Minor in various sites, but particularly
around Antalya, in Greece, for example at Kyme,
Mycenae and on the Marmara Sea, and even in
Mesopotamia at Bogazkdy, at Dur-Kurigalzu and at
Goksu, but a large amount of whole pieces and
fragments of ingots comes from the Central
Mediterranean, in particular from the islands Sicily,
Sardinia and Lipari, and even from Corsica. Some
fragments were also discovered in Southern Germany
(Yalgin et al. 2005 ; Muhly 2005 ; Primas 2005 ; Lo

Mair).
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Fig. 3 — a) Rim fragment of oxhide ingot  Fig.4 — a) Small fragment of plano-convex ingot
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Fig. 2 — Detail of one of the round huts on the acropolis of
Lipari (Photo :A.Giumlia-Mair).
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In the last decade several researchers tried to determine the
provenance of the different kinds of ingots. Many lead isotope analyses
were carried out by different scholars and the results of the analyses
indicated in most cases that the copper comes from Cyprus (for an
overview see Gale, Stos-Gale 2005). This is not surprising as it is well
known that Cyprus was the “island of copper” and even gave to this
metal its Latin name cuprum. However it is quite amazing that Cypriot
copper was transported to Sardinia, but it was not employed for the
huge bronze production of the Nuragic civilization. Apparently, for the
many Sardinian bronze artefacts only Sardinian copper was used (Lo
Schiavo et al. 2005).

Together with the pieces from the hoard and from the settlement
also the few ingots from Sicily, i.e. the oxhide ingot from Thapsos and the
smaller bars from Thapsos and from the Lipari settlement, have been
studied and analysed by the author by AAS and XRF.

The results of the analysis demonstrate that there is no
compositional difference in the copper used for the oxhide- and for the
plano-convex ingots. However the plano-convex ingots which circulate in
Northern Italy show a very different composition.

The copper of the ingots seems in this case to have been used also
for the locally produced objects. The features which allow to distinguish
the fragments of oxhide ingots (fig. 4a,b) from those of plano-convex
ingots (fig. 5a,b) will be briefly described here. Fragments of oxhide
ingots can be mainly recognized because of their layered structure which
seems to indicate that the metal was poured from several different
crucibles. Plano-convex ingots show instead a columnar structure, due
to a relatively quick cooling of the metal, with the release of oxygen,
carbon monoxide and dioxide, sulphur dioxide and vapour into the air.
The gasses escaped from the metal and caused the formation of
the characteristic vertical “columns”. The basis of the oxhide ingots is
rather smooth, while the upper surface is more irregular and blistery.
The plano-convex ingots show a very smooth basis, but the surface is
extremely porous and bubbly. They are usually thinner, the shape is
rounded or oval and the rim shows a sharper edge.

The copper of both kinds of ingots is very pure, with 99 % of copper
and very little impurities. The main trace elements are arsenic, with
max. |,| % and antimony with max.1,0 %. Only one oxhide ingot contains
6.5 % of lead, but this seems to be exceptional. Indeed, the mean content
of lead in the remaining ingots is 0.2 % only. Many of the fragments,
particularly those from plano-convex ingots, are covered by iron oxides
and dark and vitreous crusts which resemble purification slag.

It is quite clear that both kinds of ingots are not the first raw copper

—p—

which comes from the smelting process, but they have been somehow
re-processed.

The Lipari hoard also contains objects from other Italian regions and
from various other Mediterranean countries and demonstrates that the
island belonged to a wide trade net.

Up to now no lead isotope analyses have been carried out on the
fragments form the Lipari hoard, however the chemical composition
does not contradict a Cypriot origin.

This paper is a short overview of part of the work which will be
published in the volume “Oxhide ingots in the Central Mediterranean”
by Lo Schiavo F, Muhly ).D., Maddin R. Giumlia-Mair A. now in
preparation.

Alessandra Giumlia-Mair,

Dr. Phil., MSc. AGM Archeoanalisi

Via E.Toti 8,1 — 39012 Merano (BZ) Italy
giumlia@yahoo.it
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6 | South Western German Late Bronze Age
Circulation of Raw Materials and Remarks to
the Recycling of Bronze Objects

Only some years ago some fragments of a metal cake from
Oberwilflingen (Southwestern Germany) could be identified by
Margerita Primas and Ernst Pernicka as parts of a broken ox hide-ingot.
Just as a Sardinian ox hide-ingot it is made of Cypriot copper.The small
hoard of Oberwilflingen is dated to the in the late Middle Bronze Age or
14./Early 13. cent. B.C. (contemporary with Late Helladic II/ Illa) by the
associated palstaves. Except for some miniature ox hide-ingots dated to
the Late Bronze Age from the Pannonian Region, these fragments of
ox hide-ingot are the first found North of the Alps. The way in which
they reached this region is still unknown, perhaps it happened on a
transalpine route from northern Italy (cf. Frattesina). However, we don’t
suggest an interregional exchange — for example as a gift — but in
contrast with the trade and exchange of Mediterranean ox hide-ingots
including the Sardinian examples we prefer an interpretation as usual
exchange “down-the-line”. In this respect it is of some interest that one
ingot fragment was secondarily used as an anvil.

After the case of the ox hide-ingot from Oberwilflingen, the0th. BC.
with the Late Urnfield grave of Lachen-Spayerdorf reveals the second
connection between Southwest Germany and Sardinia. Associated with
an anvil with traces of gold- and copper-work and two razors is one half
of a typical pick-ingot made of lead (Fig. I).The distribution of pick-ingots
shows clearly the interactions concerning this special ingot-type and
metal in such regions as the Eastern Alps, northern Italy, Sardinia, the
Western Alps and the Rhine down to the Atlantic coast (Fig. 2).

There is no doubt that these ingots were traded over a long distance.
They demonstrate us for example that the stock of European metal was
accumulated from metals from different sources and different regions.
Today’s archaeometallurgy is able to define these metal varieties in the
same way as medicine defines the blood groups or genetic science the
DNA-components. In Central Europe there are a lot of metal deposits

Fig. | — Lachen-Speyerdorf (Palatia, Germany). Gravegoods of a Ha BI-
inhumation grave (I Knife ;2. 3. Razors ; 4 Anvil ; 5 Half of a pick-ingot)
(Scale 1:3).
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Fig. 2 — Distribution of Late Bronze Age pick-ingots.

exploited from the Copper Age time through all ages up to modern
times. From the Later Neolithic times a different metal was fed into the
circulation of metal over one and a half millennium mainly as. ingots, bars
and cakes, starting with Late Neolithic copper axes, followed by loop
neck-ring ingots, the rib-ingots (both Earlier Bronze Age) and ending
with the international and “timeless” planoconvex cakes. The stock of
the Southwestern German Bronze Age raw metal could be accumulated
from : local ores ; Alpine ores ; Mediterranean ores ; unknown ores
(perhaps Western Europe ?) ; British Isles (Fig. 5) ; recycling of scrap
metal from different sources.

Mostly for religious purposes a lot of metal disappeared as grave-
goods or offerings (wet land, bogs, other deposits) and a lot of fresh
metal was needed to replace it. But metal can be remelted from scrap
metal as a form of recycling. Meaningful case-studies regarding this
special field of archaeometallurgy do not exist in a broader context, with
the exception of some special studies.

In the following we discuss some aspects of a recently published
project started in the early 1980s and finished in 2003. Members of this
study group were the late Dr. Giinter Wolf (Nuclearphysicist), Prof.
Dr. Hans-Gert Bachmann and the author himself as an archaeologist.
The aims of this project were — firstly — to characterize the chemical
composition of copper and bronze semi-products and — secondly — to
demonstrate the circulation of metal in a Late Bronze Age crucial region
with rich metal deposits, metal production and consumption. In our
focus of interest were the up to now neglected “missing links” of the
circulation of metal from its ores to the finished objects, especially
the intermediary products like ingots, cakes, remelted objects, slags etc.
The project, based on the archaeological records, the project was
concentrated on finds from the 10/9th. and 8th. cent. BC (= Ha Bl —
Ha B3 after H. Miiller-Karpe), mainly metal hoards, rarely graves and
settlements. The region of our research is located in Southwestern
Germany (Fig. 3). In the Late Bronze Age this region is rich in large hoard
finds characterized by local types (“Pfahlbaubronzen”).All findspots are
situated near the numerous copper deposits of different kinds mostly
exploited in the time of the Middle Ages. In all cases a Bronze Age or
— in a broader sense — a pre-Roman mining could not be directly
detected on by mining places.

The analyses were carried out by the Instrumental Neutron
Activation Analysis (INNA) and Atomic Absorption Spectroscopie (AAS)
(for lead [Pb]). The set of sixty analysed archaeometallurgical objects
consists of : planoconvex cakes (mostly broken) ; flat cakes ; round flat
cakes ; cast bungs ; shapeless cast pieces.

It is significant to correlate the external appearance (“typology”) of
the objects with their internal composition (“analysis”).

PG

Fig. 3 — Map of southwestern Germany with analysed Late Bronze Age
samples.
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Fig. 4 — Southwestern Germany. Fragments of Late Bronze Age planoconvex
ingots with reconstructioned shape : | Hanau (Nr.8 [2]).— 2 Hanau (Nr.8 [1]).
— 3 Frankfurt am Main—-Niederrad (Nr. 6 [1]). — 4 Hangen—Weisheim (Nr. 9
[2]). - 5 Unadingen (Nr. I5 [3]). — 6 Rhein bei Speyer (Nr. 14). — 7 Bacharach
(Nr. 2). — 8 Dossenheim (Nr. 5 [2]). — 9 Dossenheim (Nr. 5 [I]). = 10
Unadingen (Nr. 15 [1]). - I'l Unadingen (Nr. I5 [4]). - 12 Unadingen (Nr. 15
[51). — 13 Frankfurt am Main-Niederrad (Nr. 6 [2]). — |4 Unadingen (Nr. 15
[2]). — (Nos. cf. Fig. 3, Kat.-Nr.).

Planoconvex cakes

The plano-convex cakes (Fig. 4) are the largest group of our set.They
have a typical shape with a flat dorsal and a convex basal surface. They
can be very large and heavy. Their weight ranges between ca. 500 g and
10 kg, with an average of about 4-5 kg. The diameter varies from 10/
I5 cm to over 20 cm. In contrast with the finds in the Alps or in other
regions near the copper mining sites or copper smelting sites, all plano-
convex cakes of our region are in fragments. Sometimes traces of cutting
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Fig. 5 — British Isles and Ireland, Bell beaker (A) an Earlier Bronze Age (B. C) mining sites : A Ross Island. — B Mount Gabriel (Mizen—Peninsula ; Co. Cork).
— C Great Orme, Llandudno (Nord-Wales). — (Photos : all Albrecht Jockenhével : C April 1997 ;A. B September 2003).

tools, similar to those of a chisel, were observed.When complete plano-
convex cakes are among our hoard finds the total weight of the
reconstructed cakes is about 30 kg of metal. Based on the analyses, the
medium-large and large plano-convex cakes were made of unalloyed
copper.

Smaller planoconvex cakes

As to their shape, these smaller cakes are identical to the medium and
larger plano-convex cakes but they are different as to their size and
weight. The largest and most complete one weighs only 150 g. This
quantity is sufficient to cast smaller ornaments, like needles or rings, or
smaller tools, like little chisels or sickles. In significant contrast to the
medium and larger plano-convex cakes the smaller ingots were alloyed
both with tin and/or antimony.

Round flat cakes

The third group of this workshop-metal consists of small round or
oval flat cakes of a low weight. All examples of this group were alloyed
with tin and/or antimony.

The ca. 60 analysed samples can be divided in three main classes.

Class | is characterized by unalloyed copper or unalloyed (?) copper
with a minimal (less than 0.5 %) content of antimony, arsenic, nickel and
silver (Sb +As + Ni + Ag < 0,5 % = 4 samples : Nos. 9, 16—18 [from the
same object], 41).

Class Il contains 24 objects made of copper with a low (0.5 — 1,5 %)
content of antimony, arsenic, nickel and silver (Sb + As + Ni + Ag 0,5 —
1,5 % = 23 samples. Nr. 3,7, 12, 13, 15, 19, 20-22, 24, 26, 30, 33, 36, 40,
49, 50, 52-57, 59).

For these two classes pure or purified copper metal was partly used.
A connection of these classes with the exploitation of fahlerz is
uncertain.

Class Ill consists of 30 samples. They are the largest group of our set.
They contain in a very high percentage antimony, arsenic, nickel und
silver. After Bachmann Class Il this is a product of smelted fahlerz-
ores or remelted fahlerz-copper and conventional copper-tin-alloyed
bronze.
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According to statistical analysis, fahlerz-metal played a very important
role in the metal production and circulation during the Later Bronze Age
in Southwestern Germany. Recent case-studies in Switzerland (Klantschi
and Rychner), the Eastern Alps and Bavaria (Sperber et al.) have shown
similar results.A lot of indications from other Central European Regions
show us a striking shift from pyrite-copper to antimony-arsenic-copper
(“fahlerz-copper”) about | 1th/10th cent BC. From Central Europe this
sort of metal (comparing sort “S” after Peter Northover) was widely
distributed in Central and Western Europe from the Alps and France up
to the British Isles.

Swiss and German scholars suppose an exploitation of fahlerz-
deposits in the Western or in the Eastern Alps. In the Eastern Alps are
known smelting places, dated to the Later Bronze Age. However fahlerz-
deposits are also very common outside this regions especially in the
Black Forest (Schwarzwald) and other parts of the German highlands
(“Mittelgebirge”). We have still a lot of work to carry out, to locate
potential regions where fahlerz-deposits were exploited. Perhaps the
“magic” lead-isotope analysis can help us, but these landscapes are
characterized by an extensive mixture of different deposits from
different geological times, therefore there is a wide range of variation in
the lead-isotopes of this deposits. In connection with the typological
linkage of the Late Bronze Age objects to a regional group and a
intensive metal production in this region, | would suggest that the
exploitation of fahlerz-deposits happened in a broader zone between the
Alps and the area North of the German Mittelgebirge.

The second question posed by our case study was to find out if the
Late Bronze Age semi-metal products were freshly produced from
smelting copper or if for their production melted scrap (“Schrott”, i.e.
alloyed copper [bronze]) was used. The analysis of the relevant cakes
show us that the larger and medium plano-convex cakes are mostly
produced by smelting fresh and pure copper, whereas the smaller round
flat cakes were made of alloyed copper (bronze). This can be illustrated
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by the proportion of the two metal types in some larger Late Bronze
hoard findings.

On the basis of the weight ratio between the two typological and
metallurgical groups of cakes it is possible to find the range of freshly
smelted copper or recycled alloyed metal. | refer to this ratio as
“Recycling-of-metal-index”.

To sum up our results, we can say that the Late Bronze Age of
Southwestern Germany is mainly characterized by the widespread use
and smelting of fahlerz-ore from still uncertain deposits, followed by
copper-ore. Traces of fahlerz-copper have been preserved in alloyed
copper. The ratio of fresh raw pure or purified copper to recycled
alloyed copper reveals the great importance of the continuous supply of
freshly produced metal in the Latest Bronze Age metal-circulation of
Southwestern Germany and in the surrounding regions. Perhaps, our
small investigation can revise in some way the widespread view that in
the Later Bronze Age scrap metal or alloyed metal were the main
materials for metalwork.

This article is a short summary of : Hans-Gert Bachmann / Albrecht
Jockenhével / Ulrike Spichal / Giinter Wolf 2003 : Zur bronzezeitlichen
Metall-versorgung im mittleren Westdeutschland : Von der Lagerstitte
zum Endprodukt. In : Berichte der Kommission fiir Archdologische
Landesforschung in Hessen 7,2002/2003 (2003), 67-120.
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Organised by the universities of Athens (Dr. Lillian

Monographies Juibrumentum

Karali) and Valencia (Dr. Carmen Alfaro), the 2nd
International Symposium “Textiles and Dyes in the
Ancient Mediterranean World” was held on 24-
26 november 2005.With a large attendance and a
tight schedule, the work proceeded at a lively pace,
as did contacts and plans for future work and
meetings.

The communications will be published shortly in
Minutes which are intended as the continuation of
those of the Ist Symposium, on the same topic,
held in Ibiza (C.Alfaro, |.-PWild, B. Costa, Purpureae
Vestes, Textiles y Tintes del Mediterrdneo en época
romana, Valencia-Ibiza 2004). | would also like to
announce that the 3rd Symposium will most likely
be held in september-november 2007 in Naples,
with the same desire for international collaboration.

The cohesion among those taking part has led to
the wish to consolidate, around these Symposia, a
working party (MATS, Mediterranean Ancient
Textiles Symposia) and a small annual publication
(KEPKIX) that can serve as new avenues of
communication among those interested in the
study of ancient textiles in the Mediterranean
region. Both these instruments are open to all
colleagues interested in this subject who would like
to take an active part. News of finds, reports on
work in progress and announcements of working
meetings will be welcomed for publication in
KEPKIZ.

Carmen.Alfaro@uv.es
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