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Crisis or Catharsis in Lead Isotope Analysis?
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Since the nineteenth century, views on the
possibility of determining the provenance
of metal artefacts seems to have gone
through periodic cycles like those of the
economy. The introduction of a new
analytical method is usually greeted with
enthusiasm and high hopes. In the initial
phase, new insights are provided and the
solution of many problems seems to be
near; some researchers and many observers
begin to rely so heavily on one single
technique and to neglect other lines of
evidence — and sometimes even simple
logic — that they have no hesitation in
believing in odd conclusions. Two
illustrative examples are Pittioni's repeated
assertion (e.g., Neuninger et al. 1969) that
most Late Bronze Age copper in central
Europe derived from a rather small deposit
(the so-called Berta-Grube) in the Tirol,
despite the well-established Bronze Age
copper mining in the much larger
Mitterberg area and elsewhere, and
Sangmeister's (1971) suggestion that arseni-
cal copper was first produced in Iberia,
whence it spread via the Aegean to the
Balkans. This is usually the onset of a
downward trend that can lead to frustra-
tion combined with a total condemnation
of the once-hailed technique. Two decades
ago this happened to trace element analysis
by optical emission spectroscopy (Harke
1978).

Are we now witnessing the decline of

lead isotope analysis too! This, at least,
could be concluded from the article by
Budd et al. (1995) on oxhide ingots and the
Mediterranean metals trade. However,
before we diagnose a crisis of method, we
should consider the possibility that a
research group is in crisis.

Ever since the early 1970s, when Noél
Gale was invited by members of this
Institute to collaborate with them in the
investigation of ancient silver coins, there
has been an increasing tendency to give the
impression that lead isotope analysis in
archaeology can only be performed and
correctly interpreted at Oxford. There can
be no doubt that Noél Gale and his wife,
Zofia Stos-Gale, together with a few
collaborators, have made important contri-
butions to the development of early
metallurgy, especially of the Aegean region;
yet even in the early phases of their work,
when it was mainly lead and silver objects
that were being investigated, they tended to
oversimplify complex results. One example
was their conclusion that the majority of
Early Cycladic lead and silver objects
derived from only two sources, namely
Siphnos and Laurion (Gale and Stos-Gale
1981b). This conclusion concurred nicely
with the hypothesis, very popular in the
1970s, that the remarkable cultural devel-
opments in the Cyclades during the third
millennium BC were initiated by techno-
logical innovations (Renfrew 1972). Closer
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aggravate the problems with the lead
isotope characteristic of copper ores
(Pernicka et al. 1993). Thorough fieldwork
and better mineralogical and geochemical
descriptions of the respective mineraliza-
tions may improve the situation somewhat,
but we have to realize that we have finally
reached the point where one can only
speak in terms of probabilities and not of
firm assignments.

In this respect Budd et al. (1995) seem to
throw out the baby with the bathwater,
when they simply state that ““...lead isotope
analysis is unable to differentiate between
Cyprus and Sardinia as a source for
ingots”, although the majority of data
points are distinctly different for both
regions. Since most of the oxhide ingots,
especially the Sardinian ones, plot in the
same area as most of the Cypriot ores, the
probability is higher that they actually
derive from Cyprus than from Sardinia,
even if the centers of the ore and oxhide
clusters do not quite coincide, as Muhly
and Stech (1990) have already observed. In
this context, it is probably better simply to
disregard the erratic discussion on the real
size of the Cypriot lead isotope field as well
as the use of modern production figures as
arguments for the dominance of Cyprus.
The Gales had favourably considered the
production of as little as 2000 tons of
copper in 1955 for mainland Greece in
support of Laurion (essentially a lead/zinc
deposit) as a source for copper in the Late
Bronze Age (Gale and Stos-Gale 1982), but
elsewhere they regarded the production of
75,000 tons of copper over 100 years on
Sardinia as ‘‘quite meagre” (Gale 1991).
One possible way to differentiate between
the two possible source regions is the use
of trace element data,

It is self-evident that the combination of
lead isotope with trace element data

provides more variables for discrimination
between different mineralizations than is
capable with either data set alone.
Incidentally, this combined approach was
also pioneered by the Heidelberg/Mainz
group some years ago (Pernicka et al. 1984).
The problem is that the trace element
‘fingerprint’ is much more oblique than the
one based on lead isotopes. It does exist,
nonetheless, and can be wused with
advantage in conjunction with lead isotope
ratios, if the right elements are used (see
e.g. Pernicka et al. 1993). This is not the
place to discuss the information contained
in trace element concentrations of metal
objects. To sum up very briefly, however,
the Gales are right that the relatively small
and overlapping variations of gold and
silver concentrations in Cypriot copper
ores and many oxhide ingots from Sardinia
provide additional evidence that these
ingots actually derived from Cyprus; they
would, of course, be wrong if they
maintained that this was conclusive
evidence (but, to the best of my knowl-
edge, this has not happened).

The range of gold and silver concentra-
tions in copper from Cyprus is also
consistent with copper ores from the same
island (Rapp 1982; the data in this
reference have to be multiplied by a factor
of 3, because they give concentrations in
chalcopyrite). In fact, it is somewhat
unfortunate that only gold and silver have
been used in this discussion so far. The
arsenic, nickel, and cobalt concentrations
in Sardinian oxhide ingots (Maddin and
Merkel 1990) are all quite consistent with
their respective ranges in Cypriot ores
(Rapp 1982), and it may turn out that the
relatively high selenium and tellurium
contents reported in oxhide ingots (Rapp
1982; Gale 1991) could also be indicative.
It remains to be seen whether they will
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provide a means of discriminating between
ores from Cyprus and Sardinia that overlap
isotopically, but from the general informa-
tion that is available on Sardinian copper
ores, one would expect higher concentra-
tions of lead, silver, and probably arsenic
and antimony as well, than in Cypriot
copper ores. At least with regard to silver
and lead, this is true for most copper
samples from Sardinia that are either not
oxhide ingots or have different lead isotope
ratios from Cypriot ores (Maddin and
Merkel 1990; Gale 1991). The present
evidence from trace element data would
thus corroborate the conclusion drawn
from the lead isotope results. This is still
no proof, for elimination of one source
does not automatically confirm another
one (Begemann et al. 1989). But now
alternative sources that may be proposed
have to fulfil more requirements than
simply similar lead isotope ratios, and this
will certainly reduce their number.

Budd et al. (1995) are beating a dead
horse when they discuss gold/silver ratios
in ore deposits. For the present discussion
it is not necessary to assume that the
gold/silver ratio is uniform within an ore
deposit, and nobody has put forward this
idea. The two elements are simply among
those that go with the copper during the
smelting process and are usually not added
intentionally; within limits, therefore, they
are useful indicators of the ore source. It
happens that in Cypriot ores these two
elements appear to be correlated, but this
did not play any role in the discussion on
the provenance of the copper. Gold and
silver are not necessarily correlated in ore
deposits, but such a correlation is also not
impossible. In fact, it has also been
observed in copper ores from Ergani
Maden in Turkey (Seeliger et al. 1985), in
an environment geologically similar to that

on Cyprus. It is therefore wrong to
conclude that the higher silver contents in
some Sardinian artefacts (still in the range
of 1% or below) are due to alloying or the
fabrication process (Budd et al. 1995).
Apart from the unanswered questions of
which fabrication process this should be or
why one should add less than 1% silver to
copper, this cannot be deduced from the
available data. The suggestion is obviously
inspired by their refusal to accept that
there should be any chemical relationship
at all between ore deposits and finished
products. This, again, is an extreme
position, one that indiscriminately rejects
the good with the bad.

The authors also maintain that the lead
concentrations of the ore samples used to
define the Cypriot ore field are an order of
magnitude lower than artefacts with similar
lead isotope ratios. There could be several
reasons for this. The most obvious one is
that the samples for lead isotope analysis
consisted of rather pure sulfide minerals,
while the artefacts were produced from
ores mixed with gangue, flux materials, and
fuel. Since the concentration of lead is very
low in Cypriot copper ores, average crustal
abundances of lead in the accompanying
materials would suffice to increase the lead
content of the smelted copper and could
possibly also shift the lead isotope ratios.
According to Tylecote (1982), it is likely
that on Cyprus, the oxidized ores were
smelted with the addition of manganese-
rich material, while the sulfide ores would
have needed silica to flux their inherent
high iron contents. The copper ores of the
island are often associated with umbers,
which are known to be relatively rich in
manganese, Silica was also available in the
form of leached gossan material and
bleached lava (Constantinou  1982).
Although it is likely that such materials, as
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well as the fuels, have the same lead
isotopic composition, as has been argued
(Gale and Stos-Gale 1982), it is by no
means guaranteed. Therefore, slags and
metal inclusions if available, and dateable,
are even better materials to define the lead
isotope field of a certain region than ores
(Pernicka 1992). In this respect, it is
certainly unwise to exclude umber samples
from the definition of the Cypriot isotope
field, as has been done lately (Gale and
Stos-Gale 1992b; 1993). Such a practice
leads only to confusion, apart from the fact
that it is again in disagreement with
arguments advocated by the same authors.

Budd et al. (1995) propose that mixing of
scrap metal might explain the additional
lead and go so far as to expand this idea
into an alternative model. However, this
requires either that the foreign ore sources
have similar lead isotope and trace element
patterns, or that their contribution to the
pool of metal in circulation was very small.
In the latter case, mixing is irrelevant; in
the former, given the rather low lead
contents in Cypriot ores, we have relatively
strict boundary conditions that will keep
the number of possible candidates small.
As yet there is none in sight, but one
cannot really exclude the possibility that
they exist. Even if it is possible that oxhide
ingots do not represent the product of one
smelting charge, they are likely to be made
of copper from one source, according to
the present evidence, and their purity still
favours their interpretation as primary
products (i.e., copper that was smelted and
possibly refined, but not alloyed).

This does not mean that one can rule out
the idea that mixing had occurred in the
Late Bronze Age. Quite to the contrary,
there are so many archaeological indica-
tions of recycling of metals, and especially
the addition of lead to copper and bronze

in the Late Bronze Age, that one would
hesitate to embark on a large analytical
project of metal objects from this period to
determine their provenance. This generally
held view may have to be modified in the
future (Rychner 1990), but there is no
doubt that mixing was practised. Since in
this case the information on provenance is
lost, it would be desirable at least to
identify mixing in the analytical data. For
this purpose Pernicka et al. (1984) have
proposed a method that requires two end
members with clearly different chemical
and isotopic compositions. In practice, it
was used only to exclude the possibility
that the large spread of lead isotope ratios,
then observed for the first time in the
Aegean, could have been caused by a
simple mixing line of two reservoirs. In a
model where scrap metal from many
different sources is continually recycled,
the method is no longer applicable, because
one could always postulate a few additional
end members to explain the whole space
occupied by any group of lead isotope
data. This caveat was not concealed by
Pernicka et al. (1984), but it is usually
dropped in citations of this method.

[s this the end of lead isotope analysis in
archaeology? 1 do not think so; but the
time of enthusiasm is aver, and for those
who do not care to read the arguments
exchanged or who do not understand
them, condemnation is at hand (see, e.g.,
Chippindale 1994). This is only a natural
reaction to an over-zealous interpretation
of analytical data that seemingly promised
to provide secure knowledge in a field
where we are only slowly groping our way
forward (Cherry and Knapp 1991), Often
archaeologists are blinded by the exactness
of the analytical results themselves that
seems to imply equal exactness in the
conclusions derived therefrom. This is
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obviously not the case. Any archaeological
evidence, be it from stratigraphy, typology,
or physical measurements, is of course
open to different interpretations. Archae-
ologists should not expect, and scientists
should not pretend, to be able to provide
secure knowledge or even evidence of
superior quality. This basic rule of conduct
has not always been observed in the
specific area of lead isotope analysis in

archaeology. Hopefully, enough research-
ers will realize that, if we have to go one
step back after zealously jumping two steps
forward, we have still moved one step
forward. In this sense | consider the
present discussion, as well as the one that
recently took place in the journal
Archaeometry, as a long-due catharsis that I
hope will bring us back to discussions that
are less aroused, but more productive.




















