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Editorial

This volume comprises a range of articles, which were
submitted and selected from all the presentations given
on the International Conference "Archaeometallurgy in
Europe 111", held from the 29t of June to 15t of July 2011
at the Deutsches Bergbau-Museum Bochum, Germany.

The present volume is the third in the series “Archaeo-
metallurgy in Europe” , capturing the spirit of the suc-
cessful series of international conferences on this special
theme of research. The first conference “Archaeometal-
lurgy in Europe” had been organized by the Associazi-
one ltaliana di Metallurgia and took place in Milano,
Italy, from the 24t to the 26t of September 2003. The
second conference was held in Aquileia, Italy, from the
17t to the 21stof June 2007. It was also organized by
the Associazione ltaliana di Metallurgia.

The splendid idea to launch this conference series, a
scientific series of meetings limited to the countries of
Europe, came from the late Prof. Dr. Walter Nicodemi,
formerly President of the Assoziazione Metallurgia di
Italia. Thanks to the efforts of Dr. Alessandra Giumlia-
Mair, Merano, these conferences have developed into
increasingly productive events with a high scholarly qua-
lity. Since then three conferences have taken place and
the fourth meeting is at an advanced stage of prepara-
tion and will take place in Madrid, Spain, from the 15t to
the 3 June 2015.

The title of the conference series covers a research field
which is a distinctive part of archaeometry, and which
so far was usually included as one of the topics in the
program of the “International Symposium on Archaeo-
metry” (ISA), organized every third year at different lo-
cations in Europe and in the United States. However it
is our opinion, that in the last decade archaeometallurgy
has developed as a very important research field, and
we are observing a large number of scholarly activities
all over the world. We are convinced that such an im-
portant topic needs to be organised and presented in
conferences specifically dedicated to this field. Therefo-
re the topic of this conference is the history of metals
and metallurgy primarily in Europe, but it also includes
other regions of the Old World.

The future prospects of the conference series are pro-
mising, especially because “Archaeometallurgy in Euro-
pe” constitutes an extremely useful broadening and a
regional counterpoint to the well-established and suc-
cessful conference series “The Beginnings of the Use
of Metals and Alloys” (BUMA), which was launched in

1981 by Professors Tsun Ko, Beijing, China, and Robert
Maddin, then Philadelphia, USA. The focus of the eight
BUMA conferences held so far (the last one was held
in Nara, Japan, in 2013) lays on the development of
metallurgy in South-East Asia and the Pacific Rim. We
firmly belief that the two conferences complement each
other very effectively and should therefore continue to
exist side by side.

With this special volume of Der Anschnitt, we are de-
lighted to publish a selection of the lectures presented
at the conference at the Deutsches Bergbau-Museum
Bochum in 2011. Many of the authors contributed with
very instructive and informative papers, which finally
resulted in this volume.

We are very much obliged to all these authors who, with
patience and persistence, cooperated with us and helped
to shape this volume. We would also like to thank the
reviewers who decisively contributed in the improvement
of the scientific level of this volume.

Our thanks go first to all those colleagues and friends
who helped to organize the conference in 2011. The
former director of the Deutsches Bergbau-Museum, Prof.
Dr. Rainer Slotta, and the present director, Prof. Dr. Ste-
fan Briggerhoff encouraged and promoted our efforts
to organize this scholarly meeting. Dr. Michael Bode, Dr.
Michael Prange, and Prof. Dr. Unsal Yalgin supported
the conference planning and realization in every aspect.
Many colleagues of the staff of the Deutsches Berg-
bau-Museum, and many of the students working in our
research laboratory offered their assistance and help.

Finally, our thanks go to Mrs. Karina Schwunk and Mrs.
Angelika Wiebe-Friedrich who performed the editorial
work, design, and layout for this volume.

Andreas Hauptmann
Diana Modarressi-Tehrani

Contemporaneously to the conference in 2011 a volume
with abstracts on every lecture given and every poster
presented was published:

2011 HAUPTMANN, Andreas, MODARRESSI-TEH-
RANI, Diana & PRANGE, Michael (eds.),
Archaeometallurgy in Europe lll. Abstracts.
METALLA, Sonderheft 4, 2011.
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Salvador Rovira, Martina Renzi, Auxilio Moreno & Francisco Contreras

Copper slags and crucibles of copper metallurgy
in the Middle Bronze Age site (El Argar Culture)
of Penalosa (Banos de la Encina, Jaen, Spain)

Summary

The archaeological site of Pefialosa (Sierra Morena) is
one of the most northern settlements of the El Argar
Culture. Radiocarbon dating spans approximately from
1850 to 1450 cal BC. Finds recovered from the excava-
tions include archaeometallurgical material, such as
minerals, slags, smelting and melting crucibles, moulds,
metallic masses, ingots and finished objects. The paper
will focus on the scientific study of slags and slagged
layers on ceramic vessels.

Copper ores originate from two different mineralisations
and two areas of exploitation close to the site have been
identified by lead isotope analyses. Complex ores were
distinguished. Consequently, the slags have two different
compositions, with lead as a discriminating element. Slag
composition corresponds to non-equilibrium physi-
cal-chemical systems resulting from direct reduction of
minerals without added fluxes. A silica-rich matrix was
often found in the melted material; metal prills are em-
bedded in this matrix. Mineral relics or their transforma-
tion in non-reduced cuprite can be observed. Iron oxide
in the gangue led to the formation of delafossite and
magnetite. Finally, crystals of hedenbergite, melilite, ak-
ermanite, wollastonite and other silicates were found in
the slags. Fayalite was detected only occasionally, and,
when present, it was confined to some micro-domains
in a slag. The slaggy layers formed on the smelting cru-
cibles reproduce exactly the same pattern we observe
in the slags.

The site

The archaeological site of Pefalosa is located in the
province of Jaén (Fig. 1), and it extends over the Rum-
blar River valley, now partly submerged by the waters
of a reservoir with the same name (Fig. 2).

As one of the northernmost settlements of the expansion
of El Argar Culture (2" millennium BC) looking to exploit
Sierra Morena’s mining resources (Contreras 2000; Con-
treras & Camara 2002), this site played an important

Penalosa
’,

e

Fig. 1. Location of the archaeological site of Pefialosa.

role in the cultural valorisation of the Bronze Age on the
Iberian Peninsula. The main expansion of Pefialosa
(Phase IlIA) dates around 1750 cal BC, after which it
was eventually abandoned around 1450 cal BC (Con-
treras et al. 2004: 35).

Archaeometallurgical record

The archaeological record is rich in metallurgical findings
that allow fairly accurate reconstructions of the metal-
lurgical processes' chaines opératoires carried out at
the settlement, particularly those relating to copper pro-
duction. When we published the preliminary study of
these materials (Moreno et al. 2010), more than 600
pieces of metal ores and numerous slagged ceramic
fragments had been recorded —suggesting the existence
of about 200 metallurgical vessels, nearly 150 pieces of
slag, several copper ingots, moulds and metal objects.
At present, the number of these findings has significant-
ly increased after the discovery of a waste dump with
abundant metallurgical debris, excavated in summer
2011.
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Fig. 2. Aerial view of Pefalosa.

In general, slags were scattered in the archaeological
layers but no quantitatively important accumulation was
located. The slags usually are small nodules or globular
masses, several centimetres in size, often showing signs
of fragmentation (Fig. 3). Ceramic vessels related to
metallurgy are also widely represented in all areas of
the site. A multivariate morphometric study was per-
formed on the largest sherds and whole vessels, result-
ing in two basic types of crucibles: deep (Fig. 4a) and
flat ones (Fig. 4b) (Contreras & Camara 2000).

The number of ceramic moulds recovered at the site is
also abundant and includes some complete specimens.
It is worth mentioning a particular kind of mould with a
more or less prismatic shape and straight walls, possibly
employed for the production of ingots (Fig. 4c). The min-
erals used as temper on these ceramics are predomi-
nantly quartz accompanied by feldspar, mica and plagi-
oclase.

Copper ores

70 copper ore samples were analyzed by XRF-ED (Met-
orex XMET-920 spectrometer with 20mCi 24'Am source)
in the Laboratory of the National Archaeological Museum
of Madrid (Spain).

356
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Fig. 3. Slag nodules from Pefialosa.



Copper slags and crucibles of copper metallurgy in the Middle Bronze Age site (El Argar Culture) of Pefialosa

Fig. 4. Crucibles and ingot mould from Pefialosa.

As shown in table 1, they are polymetallic ores with two
main components: copper and lead. Although some sam-
ples contain noteworthy amounts of iron in the gangue,
they are generally poor in mineral iron compounds. The
predominant gangue contains quartz and silicates.

These ores can be divided fairly accurately into two
groups: ores in which copper compounds are the pre-
dominant minerals, and copper-lead ores with significant
amounts of lead (galena or its corresponding oxidized
compounds). The exploitation of copper-lead ores in the
Middle Bronze Age is an important finding within the
metallurgical landscape of the Iberian Peninsula docu-
mented so far.

The presence in many samples of metal sulphides, to-
gether with oxidized compounds, suggests the use of
“fahlore” metallurgy (Craddock 1995: 28). This kind of
metallurgy has been only indirectly documented during
this chronological phase and it has been traditionally
considered exceptional and unplanned, as in the case
of a few samples recovered from the Chalcolithic levels
at Almizaraque (Cuevas del Almanzora, Almeria) (Muller
et al. 2004: 48, 51) and a large smelting crucible from
La Cefiuela (Mazarrén, Murcia) (Rovira 2002a: 90-91).

Lead isotope analyses of some mineral samples point
to three possible mining resources used at the site (Hunt
et al. 2011). Two of them correspond to mines situated
in the Pefalosa area — Jose Palacios Mine (copper) and
Mina Poligono (lead-copper) — while a third one has not
yet been isotopically characterized.

Copper ores (wt. %) Copper-lead ores (wt.)
74.9-2.06 Cu 43.2-7.10Cu

3.16 —nd Pb 69.2 -24.5Pb

14.8 —nd Fe 2.68 —nd Fe

4.79 —nd As 1.56 — nd As

0.80 — nd Sn 0.03 —nd Sn

0.22 —nd Sb 0.17 —nd Sb

0.242 —nd Ag 0.64 — 0.023 Ag

Table 1: Copper ores analyses (XRF-ED analyses, summarized).
Abbrevations: nd = not detected

Copper slags

45 slag samples have been analyzed by XRF spectrom-
etry to gain afirstinsightinto their elemental composition.
Like the copper ores exploited at Pefalosa, slags are
also divided into two groups: those that do not contain
significant amounts of lead and highly leaded slags. This
preliminary analysis indicates that the different type of
raw material processed, reflected in the slags’ compo-
sition, provide tentative evidence of direct ore-reduction
technology.

Among the analysed slags, 18 samples were selected
for further study by scanning electron microscopy (Fei
Inspect, equipped with detectors for secondary and
backscattered electrons and with an Oxford Instruments
Analytical-Inca microanalysis system) in the Laboratory
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Analysis # | MgO | ALLO, | SiO, | P,O, | K,0 | TiO, | CaO | MnO | FeO | CuO | ZnO | BaO | PbO | SO
BE26171/3 | nd | 448 | 467 | nd | 198 | nd | 0.63 | 0.53 | 447 | 091 | nd nd nd nd
PA13595/6 nd | 258|515 | nd | 146 | nd | 155 | nd | 404 | 085 | nd | 166 | nd nd
PA13597/1 | 4.98 | 246 | 443 | 410 | nd nd | 898 | 054 339|078 | nd nd nd nd
PA13598/01 | 2.44 | 115 | 399 | 450 | 041 | nd | 533 | 0.50 | 429 | 0.58 | nd | 228 | nd nd
PA13599/2 nd | 494 | 200 | 837 | 036 | nd | 117 | nd | 514 | 475 | nd nd nd nd
PA13601/3 | 1.64 | 1.79 | 477 | nd | 091 | 0.50 | 551 | 2.34 | 18.0 | 21.5 | nd nd nd nd
PA13604/2 | 450 | 1.63 | 249 | 182 | nd nd | 11.6 | 0.75 | 30.1 | nd nd | 819 | nd | 0.13
PA13943/1 | 6.07 | 269 | 513 | nd | 086 | nd | 10.2 | 0.62 | 252 | 1.51 | nd | 1.55 | nd nd
PA14058/1 | 1.73 | 1.72 | 46.0 | nd nd nd | 955 | nd | 40.0 | 1.00 | nd nd nd nd
PA14059/1 nd nd | 375 | nd | 044 | nd | 153 | nd | 540 | 649 | nd nd nd nd

Table 2: Composition of the melted matrix in copper slags (SEM microanalyses, wt. %). nd = not detected

of the National Natural Sciences Museum (CSIC) of Ma-
drid, Spain. These investigations proved in all cases that
we are dealing with immature slags characterised by an
heterogeneous composition and containing plenty of free
silica (quartz), remains of minerals or their immediate
transformations into oxides (i.e., cuprite). The molten
material is a complex silicate (Tab. 2), in which many
metal prills are embedded. Delafossite, magnetite and
crystals of hedenbergite, melilite, akermanite, wollas-
tonite and other silicates have also been identified.
These results are shown in figures 5 and 6. Fayalite is
rarely detected, and wherever present, it is confined to
few microdomains within the slag matrix.

All these microstructural phases are characteristic of
immature slags, a type well known in Spain and else-
where in the Old World since the Chalcolithic period,

Fig. 5. Complex structure of slag sample BE13309-2 (PA14060).
SEM image, backscattered electrons.
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and indicate a primary metallurgic production of raw
copper using open fires and smelting crucibles as reac-
tors. In this thermal and chemical environment, redox
conditions are variable; occasionally they are oxidising,
causing, e.g., the formation of magnetite and delafossite
(if enough iron is available in the system). At other times
redox conditions are reducing and allow a successful
reduction to metal.

Components in the slag such as delafossite, chalcocite
and cuprite are also excellent thermal indicators: dela-
fossite is stable at a temperature of about 1,150 °C and
both chalcocite and cuprite melt at about 1,200 °C, so,
their presence in the slag (see Figs. 5 and 6) indicates
that such high temperature had been reached in the
pyrometallurgical structure.

Silica

Cuprite

Fig. 6. Complex structure of slag sample BE17288. Silica is being
progressively transformed to tridymite-cristobalite. SEM image,
backscattered electrons.



Copper slags and crucibles of copper metallurgy in the Middle Bronze Age site (El Argar Culture) of Pefialosa

Analysis # MgO | AL, O, | SiO, | P,O; | K,0 | TiO, | CaO | MnO | FeO | CuO | ZnO | BaO | PbO | SO
BE28275-2/1 | nd | 687 | 479 | nd | 307 | nd | 063 | nd | 113 | 422 | nd nd | 259 | nd
PA13668/5 nd [ 168 | 390 | nd | 066 | nd | 3.71 nd [ 249|098 | nd | 856 | 205 | nd
PA13759/01 nd 698|418 | nd (144 | nd | 694 | nd | 170 | nd nd | 251|233 | nd
PA13759/08 nd | 583|429 | nd [205| nd | 790 | nd | 197 | nd nd | 223|193 | nd
PA13760/3 nd | 268 | 426 | nd | 057 | nd | 216 | nd | 161 | 046 | nd | 16.3 | 19.2 | nd
PA13943/9 207 25 | 518 | nd | 123 | nd | 509 | nd | 289|345 | nd | 140 | 3.49 | nd
PA14052/01 nd | 236 | 365 | nd {088 | nd | 506 | nd | 171 nd nd | 174 | 207 | nd
PA14055/3 134 | 483|432 | nd | 141 | nd | 196 | 030 | 409 | nd | 149 | nd | 459 | nd
PA14055/8 140 | 105 | 524 | nd | 232 | nd | 3.81 nd | 194 | 259 | 1.09 | nd | 654 | nd
PA14055bis/5| 0.94 | 414 | 472 | nd | 095 | nd | 225 | 033 | 298 | 939 | 097 | nd | 408 | nd
PA14057/06 nd | 451 | 440|240 | 132| nd | 074| nd | 866 | nd nd nd | 384 | nd
PA14060/2 0.79 | 2.94 | 471 nd | 1.10 | 0.52 | 2.21 nd | 339 | 783 | nd nd | 3.58 | nd

Table 3: Composition of the melted matrix in copper-lead slags (SEM microanalyses, wt. %). nd = not detected

However, what makes Pefalosa metallurgy truly original
and innovative is the exploitation of copper-lead ores
from the Sierra Morena outcrops. The matrix of cop-
per-lead slags is characterized by a molten material that
corresponds to a lead-rich complex silicate (Tab. 3).
Crystals of the pyroxene andremeyerite (BaFe,Si,0;)
were detected in the slags (Fig. 7) and their formation
is due to high barium contents present in the gangue of
the mineralizations.

Lead behaves in two different ways during ore reduction.
In some cases, almost all of it goes into the slag forming
a lead-rich glassy matrix. In other cases, one part of the
lead goes into the slag and the rest is reduced to metal
and alloyed to copper, forming bimetallic nodules or
masses with abundant segregates of lead due to immis-
cibility between copper and lead (Tab. 4). This is shown
in Figure 8, where binary Cu-Pb-alloys are embedded
in a silicate slag. In fact, although lead is the major el-
ement in some prills, no pure lead was found.

Pefalosa slags retain a high amount of copper, both
as metallic copper and as mineral compounds. XRF
analyses indicate metal losses ranging from 0.51 to 31 %
Cu. It is possible that slags were crushed to recover the
entrapped metallic inclusions and were then recycled in
subsequent smelting operations, explaining the small
amount of leftover slags found at the site. Overall, the
microstructure and composition of Pefalosa slags point
to primitive metallurgical processes for obtaining copper
(Rovira 2002a; Hauptmann 2003).

Smelting crucibles

A typical feature of Iberian prehistoric metallurgy is a
reluctance to use proper furnaces until well into the Iron

Fig. 7. Detail of the structure of slag sample BE34019. White
spots are metal prills. SEM image, backscattered electrons.

Age (Rovira 2002b: 8). Before that time and even during
the Iron Age, ceramic smelting crucibles were used to
reduce copper ores.

The content of these vessels is usually formed by the
reduced ores, accompanied by their gangue and the ash
resulting from the combustion of the charcoal used to
heat the system and to provide the carbon monoxide
needed for the reduction. Chemical reactions and inter-
actions take place between the abovementioned mate-
rials and the silicates forming the ceramic of the crucible,
leading to the formation of a slaggy layer on the interior
wall of the reactor. The chemical and mineralogical com-
position of this layer has many similarities with the slags
resulting from the reduction described in the previous
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Analysis # Cu Pb Fe Ni As
PA13668/2 91.8 6.6 1.62 nd nd
PA13668/3 88.0 | 954 | 2.46 nd nd
PA13668/4 943 | 3.99 | 1.67 nd nd
PA13759/03 69.1 6.3 3.26 | 066 | 16.9
PA13760/2 96.4 nd nd nd 2,54
PA13760/4 96.8 nd 0.56 nd 1.94
PA13760/5 96.3 nd 0.62 nd 2.34
PA14052/04 16.6 | 834 nd nd nd
PA14052/05 76.5 | 235 nd nd nd
PA14052/06 93.7 | 6.3 nd nd nd
PA14052/07 948 | 4.1 nd nd nd
PA14055/4 97.6 | 1.48 | 0.91 nd nd
PA14055/5 919 | 1.65 | 2.59 nd nd
PA14055/7 98.5 | 1.06 | 0.44 nd nd
PA14056/4 954 | 4.41 nd nd nd
PA14057/08 97.5 nd 247 nd nd
PA14057/10 99.4 nd 0.57 nd nd
PA14060/3 96.4 nd 3.63 nd nd
PA14060/4 939 | 192 | 413 nd nd
BE28275-2/2 | 99.0 nd 0.98 nd nd
BE28275-2/3 | 98.5 nd 1.48 nd nd
BE28275-2/7 | 98.9 nd 1.07 nd nd

Table 4: Chemical analyses of metal prills embedded in the slags’
matrix (SEM microanalyses, wt. %). nd = not detected

section. The presence in this slag of remains of copper
ores provides strong evidence to consider these vessels
smelting crucibles.
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Fig. 8. Many copper-lead prills in slag sample BE3125. SEM
image, backscattered electrons.
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Although in some cases there may be doubts about
whether we are dealing with a crucible for smelting min-
eral or for melting metal, it should be noted that the
duration of a reduction process is much longer than that
to melt metal, as demonstrated by numerous experi-
ments (e.g., Rovira 1999: 109). In the first case, the
ceramic vessel is exposed to high temperatures for much
longer than in the second one, thence it is more likely
that chemical reactions occur between the vessel’s
charge and the reactor. In other words, we can expect
more significant alterations in smelting crucibles than in
melting ones.

About 50 slaggy ceramic fragments were selected for
analyses by XRF spectrometry and 10 of them have
been also investigated by SEM. Slaggy layers on smelt-
ing crucibles have a microstructure and composition
similar to copper slags: some of them show that the
processed ore contained only copper, while some others
are characterised by copper-lead components. The min-
eral compounds detected in these slagged crucibles are
the same ones identified in the slags (Fig. 9).

Melting crucibles

Based on the composition of metallic inclusions found
in the slags, it could be assumed that metal objects from
Pefalosa were made of natural alloys of copper with
other impurities (mainly arsenic) and copper-lead. How-
ever, this is not the case.

As shown in table 5, one single lead-rich copper melting
waste has been identified (Tab. 5, PA13967A). In the
other metallic items lead is present at rates below 1 %
Pb. Consequently, most of the lead must have been
eliminated during the process for copper refining. The

Glas?y.matrié
R 4

Fig. 9. Smelting crucible slag, sample BE10168. SEM image,
backscattered electrons.
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Analysis # Object Cu Pb Sn Fe Ni Zn Ag Sb
PA13632 Flat axe 99.7 nd 0.31 nd nd nd nd nd nd
PA13967A Raw copper prill 88.1 11.0 0.24 0.03 0.12 nd nd 0.414 | 0.098
PA14032 Awl 98.7 0.58 0.66 0.04 nd nd nd 0.049 | 0.018
PA14033 Arrow head 97.8 nd 212 0.02 nd nd nd 0.016 nd
PA14034 Dagger 85.2 0.13 14.7 0.01 nd nd nd 0.016 | 0.016
PA14036 Awl 97.6 0.61 1.70 nd 0.12 nd nd nd nd
PA14047 Dagger 96.3 nd 3.55 nd 0.10 nd nd nd 0.027
PA14048 Awl 98.6 nd 1.41 nd nd nd nd tr nd
PA14049 Dagger 97.4 0.12 2.30 0.03 0.10 nd nd tr 0.001
PA14051 Dagger 97.3 0.20 2.37 0.03 0.12 nd nd nd nd
PA14053 Awl 97.3 0.91 1.45 0.04 0.27 nd nd 0.003 | 0.010
PA14061 Metal lump 97.8 0.17 1.76 0.03 0.17 nd nd 0.030 | 0.011

Table 5: Chemical analyses of metal objects (XRF-ED analyses, wt. %). nd = not detected

slaggy layers formed on the inner wall of some melting
crucibles provide a reasonable explanation for this lack
of lead in the final products.

The matrix of these slaggy layers consists of leaded
glasses. As show in table 3, the raw copper obtained
after reduction of copper-lead ores in some cases retains
appreciable amounts of lead. Lead is virtually insoluble
in copper at any temperature, so it is always segregated.
Its melting temperature is relatively low (327 °C), com-
pared to 1,083 °C needed to melt copper. If the crucible
is charged with droplets, prills and fragments of metallic
copper-lead and it is heated to get a melt, once 327°C
has been reached, copper begins to sweat off the lead
it contains. Lead easily oxidises at high temperature and
the resulting lead oxide (litharge) reacts with the crucible
clay producing a lead silicate; this characteristic of lead
is the basic principle of the cupellation process. Once
the crucible reaches the melting temperature of copper,
a great part of the lead has been transformed into a
leaded glass adhered to the crucible’s wall. The result
is a copper with a low lead amount. Figure 10 shows a
section of a crucible sherd in which the surface layer of
leaded glass is clearly visible.

Conclusions

Pefalosa is a Middle Bronze Age site that was dedicat-
ed to copper production for nearly 400 years. The debris
related to these metallurgical activities is found scattered
throughout the entire settlement, without any evidence
of specialized areas or workshops so far.

The analyses of some copper ore indicate the exploita-
tion of two different types of mineralisation, clearly dif-
ferentiated by their lead content. The exploitation of

810/2009 WD | HV |spot det vacmode
1:24:04 PM 10.2 mm 28,00 k' 6.0 BSED High vacuum

Fig. 10. Leaded glass in the melting crucible BE38203. Light grey
small dendrites correspond to cuprite. SEM image, backscattered
electrons.

copper-lead ores documented at Pefalosa constitutes
an important novelty in the metallurgy of this chronolog-
ical period.

The reduction process was carried out in smelting cru-
cibles, probably with little slag production. Both the anal-
yses of slags and crucibles faithfully reproduce the na-
ture of the two types of ores used. We did not observe
mixtures of these minerals in the same subproducts,
suggesting that the resources available were not pro-
cessed simultaneously. This hypothesis should be
proved by the chrono-stratigraphic sequence of the ma-
terials that is still underway.
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The chemical and mineralogical composition corre-
sponds to immature and highly viscous slags; in these
materials the presence of free silica is abundant and
much copper is retained as metal or as non-reduced
mineral. These characteristics allow us to classify the
slags as subproducts of a primitive technology for ob-
taining copper by direct ores reduction, without the ad-
dition of fluxes. Under these conditions, the amount of
slag is limited and in any case dependent on the min-
eralogy of the minerals exploited.
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