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Context 
 

The  Experimental Prehistoric 

Metallurgy Conference held in 

Taramundi (Asturias, Spain) in May 

2012, was organised by the Ceder-

Oscos-Eo Association, with the 

collaboration of diverse organisations 

and the GEAAT of the University of 

Vigo. 

 Activities included the development 

of a co-smelting experiment with 

cassiterite and malachite from the 

region of Galicia (Spain).  

 The materials resulting from this 

process were studied to produce a 

preliminary analytical characterization. 

 

Some results 
 

Metallic prills of Cu-Sn were obtained mainly in 

the form of small prills (<0.3 g each). A range of 

compositions were observed, from low Sn 

contents (~4wt%) to high Sn contents (~64wt%). 

Among the most frequent inclusions were Cu-

S, commonly found in Bronze Age artefacts.  
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Aims 
 
The realization of a co-smelting experiment using copper with tin ores originating in  northwestern 

Iberia to test this technology as a viable and possible 'common' bronze production method, using 

similar techniques to those perhaps practiced by the ancient prehistoric metallurgists. 

Elemental and microstructural characterisation of the smelting products - such as metallic prills, 

slags and others - through various analytical techniques, in order to be compared with the 

archaeological remains from Bronze Age Iberian contexts. 

Full development of educational and outreach potential within the process of knowledge transfer, 

by the conversion of the experiment into a public experience. This involved the participation of 

diverse implicated discourses (craftwork, chemistry, archaeology). 

+ People:  the 'philosopher's stone' 
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Perspectives for future work 
 
Additional analysis will provide further information for comparison between the experimental work 

and archaeological evidences. 

More co-smelting experiments taking into consideration present results. 

January 2013: 7th Experimental Archaeology Conference, Cardiff (UK) Amgueddfa Cymru – St Fagans National History Museum (WLS) 
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Copper + Tin: the experiment 

Tin Bronze: Co-melting? Cementation? Co-smelting?     
  

The chaîne opératoire of prehistoric tin bronzes is still the subject of much uncertainty.  

Four hypotheses for bronze production have been proposed in the literature on this topic: 

(1) alloying metallic copper and metallic tin in a melting operation; (2) adding one of the 

metals to the other  while still ore, in a cementation operation; (3) smelting naturally 

occurring copper ores containing tin (4) or smelting tin ores with copper ores, in a co-

smelting operation. It has generally been assumed that the production of bronze was 

commonly done in a fusion operation (co-melting).  

Recent archaeo-metallurgical investigations from Bronze Age sites in the Iberian Peninsula 

have identified metal production debris. The analytical study of the nodules from the 

Portuguese territory showed that these contained similar tin contents as associated bronze 

artifacts, and both copper and tin components were present in the slag (Figueiredo et al., 

2010). Other analytical studies from sites in Spanish territory have shown the presence of 

bronze prills of various compositions in the slag; a hypothesis has been proposed, that 

bronze could have been produced through the co-smelting of copper ores, in a relatively 

simple operation producing little metallurgical debris (Rovira 2007).  

 

 Archaeological sites with early 

evidence of  bronze production in 

northwestern Iberia:  

 

1. Fixón-Costa da Seixeira 

(Cangas) 

2. Sola (Braga) 

3. Bouça da Cova da Moura, 

Ardegâes (Maia) 

4. Cimalha (Felgueiras) 

5. Erosa (A Gudiña) 

6. Fraga dos Corvos (Macedo 

de Cavaleiros) 

Some preliminary discussion 
 

Bronze Age metallic artefacts do generally show Sn contents in the range of 8-15 wt %.  

Could copper prills of various compositions be added together to produce a bronze within this 

range? Could colour of metal be a good guide for an “adequate mix”? 

The two slags analysed so far showed some similarities with Bronze Age slags from the 

Iberian Peninsula: a high degree of heterogeneity (in both macro and micro scales); presence 

of metallic prills of unalloyed copper; presence of bronze prills of various compositions; 

presence of oxidized tin (cassiterite) in needle like crystals with a rhombohedric form.  

The co-smelting experiment took place in public with the 

participation of diverse volunteers. Chemists, geologists, 

artisans, dental technicians, restorers, archaeology 

enthusiasts, and the general public attended the event. A 

very productive 'alchemy' was generated: the synthesis of 

knowledge from different fields from within the perspective 

of the anthropology of the technique.  

Perhaps this was the 'philosopher's stone‘? 

Our experiment mimicked one of the proposed models for 

obtaining bronze, the co-smelting of copper and tin ores.  

We used locally-sourced minerals: cassiterite from the 

Penouta Mines (Viana do Bolo, Ourense), and malachite 

from the O Seixo Mines (Petín, Ourense).  

The experiment was carried out under plausible 

prehistoric technological conditions by non-specialist 

congress participants. 

Raw 

Materials 

Time Structure Tuyeres Bellows Vessel Fuel 

120g 

malachite 

30g 

cassiterite 

5g charcoal 

(powder) 

30 mins heating 

(pit hole) 

45 mins heating 

smelting-vessel 

50 mins co-

smelting process  

Circular hole 

excavated in the 

ground  

40 x 30 x 30cm  

2 rows of stones 

to secure the 

tuyeres     with 

unbaked clay 

mortar  

2 tuyeres,  

with a circular 

cross-section 

of 

65 x 6cm and a 

2 cm  interior 

diameter.  

2 pig leather 

bellows, 

approximate 

dimensions  50 

x 50 x 40cm 

(100 litres). 

Smelting vessel 

made of 

fireproof clay, 

diameter 16cm,  

kiln firing at 

900ºC.  

Various kilos 

of Erica 

arborea 

charcoal. 

Metallic prills Slag fragment (A) 

Polished surface showing metallic 

prills entraped in a vitreous matrix 
Different colours related to: 

 - Cu-Sn composition and/or  

 - Presence of Cu-S(-Fe)* in the surface 

A 
B 

C 

E D 

A        92     8             ,                Cu-S, Cu-Cl-O 

B        96     4                                Cu-S, Cu-Cl-O 

C        31   69              or , -Sn             Cu-Cl-O 

D        91     9             ,                Cu-S*, Cu-Cl-O, Pb 

E        91     9             ,                Cu-S-Fe*, Cu-Cl-O 

   Cu    Sn  
(wt.%, semi-quantification 

by SEM-EDS) 

Phases 

present  

Type of 

inclusions  

* inclusions that are all over the surface on  the metallic prills D and E 
Region of a slag (B) where Sn 

remains as oxide (Sn-O), and only 

unalloyed metallic Cu is present 

Matrix 

(Slag B) 

Cu~4Sn 

Cu~38Sn 

Cu~40Sn 

Fe rich 

(~90%) 

Region of a slag (A) with some 

metallic Cu-Sn prills (and a Fe rich 

prill) entraped in a vitrified matrix 

1 cm 

Metal 

(D) 

Surfac

e with 

Cu-S 

Metal 

(A) 

Cu-S 
 

 

Matrix 

(Slag A) 

SEM-EDS analysis of selected metallic prills and slags 
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Taramundi 

O Seixo Mine (Cu) 

Penouta Mine (Sn) 

Location of the area of 

Baiões/Santa Luzia LBA culture 

group (Senna et al. 2010) 


