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Preface 

 
Archaeometallurgy in Europe International Conference is being organized every 

four years since 2003, in Milan (2003), Grado-Aquileia (2007) and Bochum (2011). 

The Madrid Edition to be held in June 2015 represents the consolidation of the most 

important forum for scientific discussion on early metalworking in Europe and far 

abroad. All this has been possible thanks to the support and generosity of many 

researchers and institutions, but most of all we have to thank every participant who 

attended the last three conferences. 

Our main purpose this year is putting together all the interdisciplinary 

knowledge and regional studies we have been accumulating and negotiate a historical 

picture that will permit us to face future challenges. We are in the best position to set 

up the agenda for the next decade on condition that we are able to mark a start, and 

run together… in different directions. Research must be diverse and discussion 

welcome, but we are responsible for setting the rules of the game. This is our 

compromise. 

The scientific meeting will take place in Madrid from the 1st to the 3th of June 

2015 and it is organised by the Institute of History of the Spanish National Research 

Council (CSIC) in collaboration with the National Center for Metallurgical Research 

(CENIM-CSIC), Tha National Arcaheological Museum (MAN), the Autonomous 

University of Madrid (UAM) and the German Archaeological Institute (DAI-Madrid). 
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Invited Lectures 

Opening lecture (1st June 10:50h Conference Room): 

Information flow and the early spread of metallurgical knowledge in Atlantic Europe 

William O’Brien 
University College Cork 

 

The communication of technological knowledge was fundamental to the successful initiation 
of copper metallurgy in different parts of Neolithic Europe. This was generally preceded by some 
familiarity with copper objects coming from other metal-using cultures, which in turn stimulated 
interest in the technology. That curiosity often resulted in a search for copper minerals, and to 
experimentation leading to a process of incipient metallurgy. This was informed to varying degrees by 
external sources, arising from existing trade links or other forms of mobility such as that colourfully 
described by Childe (1930) when he wrote about ‘slaves or others who have secured initiation in the 
original centre or one of its offshoots, returning home’. Occasionally, fully or partly developed 
technological packages were transmitted from one culture group to another, in exchanges of mutual 
benefit connected to circulation of the ensuing metal. This may have required the participation of 
outside specialists with the requisite knowledge — Childe’s vision of prospectors voyaging in quest of 
ore, or wandering smiths seeking their fortunes. Those specialists collaborated with local groups who 
controlled access to mineral source, which was key to any initiation of prospecting or mining activity. 
In some instances the external involvement could be dominant, involving fully-fledged mining 
expeditions in exploitative core-periphery relations.  

These different scenarios may have applied to the emergence of metal-producing cultures across 
Europe at various times between the sixth and second millennia BC. Often presented as ‘independent 
invention v. external origins’, this debate continues to be central to discussion of the earliest 
metallurgy in the Balkans and Iberia. While often presented in oppositional terms, external influences 
and local initiative were closely connected as part of more complex contexts of cultural and economic 
exchange. That said, we should not envisage a free flow of information, as the knowledge of this 
technology seems to have been carefully controlled over long periods by different metal-using cultures 
across Europe. This, together with geological factors, explains the slow spread of copper metallurgy in 
comparison to the circulation of finished objects. Further evidence of control is evident in the 
emergence of large mining centres that dominated regional copper supply over long periods. 

This paper will consider some of these questions in relation to the spread of metallurgical knowledge 
to Ireland, taking one of those strong mining centres as a case study. The Beaker culture copper mine 
at Ross Island and western Britain was the principal source of arsenicated copper used in Ireland 
during the Chalcolithic and earliest Bronze Age, c.2500/2400–1900 BC. The production of large 
amounts of copper in that period was based almost entirely on the smelting of high-grade tennantite 
ore, using a low-temperature/low slagging process in simple pit furnaces. The origins of this fahlore 
technology will be considered in relation to Beaker culture metallurgy in Atlantic Europe, with 
particular reference to centres such as Cabrières. The treatment of other copper minerals encountered 
by the Ross Island miners is also interesting in respect of the emerging technology. This includes 
unsuccessful efforts to reduce chalcopyrite ore using sand flux, a process that was not developed at 
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Ross Island until the appearance of a high temperature shaft furnace/plate slag technology in the early 
medieval period. The inability to smelt copper-iron sulphides would be a significant constraint on the 
development of copper mining in the insular Bronze Age. This was ameliorated by the rapid adoption 
of tin-bronze from 2000 BC onwards, a technology that released the potential of numerous sources of 
oxidised mineralization, leading to a proliferation of mining ventures that played a key role in the 
spread of copper metallurgy across Britain and Ireland. 

 

2nd lecture (2nd June, 15:30h, MAN Conference Room): 

Analysis of ancient metals: Where have we come from and where shall we go? 

Ernst Pernicka1,2 

1 Curt-Engelhorn-Zentrum Archäometrie Mannheim, Germany  
2 Institut für Geowissenschaften der Universität Heidelberg, Germany 

ernst.pernicka@cez-archaeometrie.de  

Ancient metal objects have been analyzed since more than two centuries with different aims. 
While in the beginning it was the curiosity, which metals were available and used in ancient times, 
often combined with the hope to find some technical insights that were unknown in modern times, the 
provenance of the metals was always a strong motivation for the analyses. Since the 1930s it was 
possible to determine many elements at low concentrations in small samples and this triggered large 
analytical programs to obtain an overview of the composition of prehistoric metal objects in the Old 
World. Up to now far less analyses are available for other regions in the world.  

One of the largest analytical programs was conducted at the Württembergische Landesmuseum in 
Stuttgart, which resulted in the publication and interpretation of some 22000 analyses of prehistoric 
copper-based finds mainly from Europe. Furthermore, some 5000 gold objects were analyzed and the 
results published and interpreted. Although such studies provided a wealth of information and new 
insights the quest for provenance was not successful. It was revived with the introduction of lead 
isotope studies and, indeed, some convincing relations between certain types of objects and certain ore 
regions could be established. 

This paper will provide an overview of the present status of provenance analysis of ancient metals 
from the analytical and archaeological point of view and will discuss new approaches and concepts 
that were introduced recently and assess their potential for a deeper insight into prehistoric metal 
production and trade. 
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SESSION 1: Early Metallurgy: Iberian Peninsula  

1st June, 12h, Conference Room.CCHS 

Copper and Bronze-Age metallurgy at Zambujal and in South-Western Iberia and how it 
compares to metallurgical traditions in the Mediterranean and the Near east. 
ROLAND GAUSS (1). rk.gauss@gmx.de    
MIGUEL KUNST (1). michael.kunst@dainst.de  

(1) Deutsches Archäologisches Institut. 

Copper and gold metallurgy experienced a widespread adoption in southern Iberia by the end 
of the 4th and the beginning of the 3rd millennium BC. In the centuries to follow, copper metallurgy 
experienced a comparatively conservative development like at Zambujal. Extractive metallurgy was 
based on crucible smelting that seems to have been conducted by semi-specialized farmers. The 
objects are mostly simple tools, made of a “natural“ arsenical copper. At Cabezo Juré and Valencina 
de la Concepcion, a greater density of slag, ore and crucible remains seems to indicate the presence of  
a more developed, intensified crucible smelting technology. All in all, in terms of morphology and 
technological complexity, this kind of metallurgy compares well with those of Chalcolithic and Early 
Bronze Age I Norşuntepe, Nevali Çori, and Wadi Fidan 4 (Near East, late 5th and 4th millennium BC). 
However, in contrast to the Near East and the Eastern and Central Mediterranean, copper metallurgy 
continued to develop slowly in the peninsula and in contrast to several regions in the Mediterranean 
and the Near East, a furnace technology emerged only in the Late Bronze, Early Iron Age. This is 
despite the fact that Iberia is extremely rich in metal resources. Whilst extractive metallurgy evolves 
very slowly, precious metals objects were made on a high level craftsmanship from very early on, that 
is, throughout the 3rd and 2nd millennia BC. Since the innovation ‘metallurgy’ went differently in 
Iberia than in other regions of the Old World, we argue that a transregional, systematic comparison of 
the evidence is very fruitful to reconstruct specific technological traditions (‘styles’) and cultural 
identities. 

_____________________________________ 

Society, Metallurgy and Innovation: The Iberian Hypothesis (SMITH Project). 
MERCEDES MURILLO-BARROSO (UCL – Institute of Archaeology). 
m.murillo-barroso@ucl.ac.uk  

Technology is usually considered of essential importance in social change as key 
technological innovations have the capacity to cause profound social transformations. Therefore, the 
origin of these innovations and their assimilation by societies has been a major topic of discussion in 
archaeology. In the case of early metallurgy, the discussion has been long centred on whether 
metallurgy was invented once or more. This debate now also seeks to discern the means by which 
metallurgy was introduced to certain areas: through population movement (diffusion), through ideas 
and knowledge exchange (acculturation); or conversely, the origins of metallurgy as an independent 
innovation.  
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The SMITH project is devoted to investigate whether metallurgy was an independent innovation in 
Iberia. However, this question is addressed not just by plotting dates on a map but through the study of 
technological styles and traditions to measure the extent of possible influences and associated contexts 
as potential manifestations of knowledge transfer or exchange as well as the social value of metals in 
each society.  

Materials analysed in the SMITH project comprises the whole chaîne opératoire (from ore to objects) 
from key Chalcolithic Iberian sites. Samples are being analysed by pXRF, XRD, SEM-EDS, 
Metallographic analyses and LIA, what will allow us to better define this technological culture and 
compare and contrast that to European and the Near Eastern metallurgical traditions. Preliminary 
results of this ongoing project will be presented in this contribution. 

_____________________________________ 

New data on scale production of copper in the culture of the Argar. The dumping ground for 
Peñalosa (Baños de la Encina, Jaen). 
AUXILIO MORENO ONORATO (1) 
SALVADOR ROVIRA LLORENS (2) 
FRANCISCO CONTRERAS CORTES (1) fccortes@ugr.es 
MARTINA RENZI (3) 
LUIS ARBOLEDAS MARTINEZ (4) 
EVA ALARCÓN GARCIA (1) 
ADRIAN MORA GONZALEZ (1)  

(1) Departamento de Prehistoria y Arqueología. Universidad de Granada 
(2) Museo Arqueológico Nacional, Madrid (Retired)  
(3) University College London-Qatar 
(4) Instituto de Historia, Consejo Superior de Investigaciones Científicas (CSIC) 
 

One of the most interesting archaeometallurgical debates refers to the scale of production of 
metallic copper in the Bronze Age and specifically in the Argar Culture. Fundamentally, this 
discussion is based on tools that were made, given the scarce remnants concerning to the process´ of 
reduction and smelting. The site of Peñalosa, has provided, among others elements, copper ingots and 
ingot molds, which indicated the existence of a serial production of copper metal. Now, recent 
excavations have shown the existence of an archaeometallurgical dump, outside the settlement. It 
contains abundant archaeometallurgical debris, such as crucibles and slags. These remains have been 
analyzed by XRF-ED and SEM. Most of them (about 100 samples) are crucible fragments whose 
slagged surface points towards smelting operations. A few were used for melting metal. The slags 
show a partially melted, very complex microstructure where hedenbergite and fayalite intergrowth in a 
glassy matrix, and also frequently containing magnetite and delafossite. Two different copper ore 
resources seem to have been worked, one of them being a lead-rich mineral source. 

_____________________________________ 
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Small scale Bronze Age metallurgy: new data from Santa  Lucia  (Alcossebre, Castellón, Spain).  
IGNACIO MONTERO-RUIZ (1). Ignacio.montero@cchs.csic.es  
MERCEDES MURILLO-BARROSO (2) 
GUSTAU AGUILELLA (3) 
SALVADOR ROVIRA (4) 

(1) Instituto de Historia. Consejo Superior de Investigaciones Científicas. Spain. 
(2) UCL – Institute of Archaeology. 
(3) Diputación de Castellón. 
(4) Museo Arqueológico Nacional, Madrid (Retired).  

Ancient technology is usually described and defined by those element that remains in the 
archaeological context. So, it is frequent that the main information came from big sites or from areas 
where the economic activity is well defined. However, less common activities or even small scale 
activities are not always well identified due to the small quantities of residues that could be generated. 
This is true for ancient mining works, but also for metallurgical activities in small settlements. 

We present the case of Santa Lucia, an Early Bronze Age settlement ,dated around 2000 cal BC, where 
a exceptional find show us a different perspective of metal consumption. seven small metal items 
(smelting prills, a possible bar-ingot, a rivet and a sheet fragment)  with a total weight of 4,1 g were 
found Inside of a small pottery vessel. Close to this vessel was found a very small riveted dagger (5,75 
gr). 

Elemental analysis (XRF), metallography and lead isotope analysis were used to define the technology 
and provenance of each item. We try to understand how could affect the recycling activity involve in 
this production to the final composition  and in the isotopic signature of metal items, due to new and 
scrap metal are in the same hoarding context. 
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SESSION 2: Gold 1 

1st June, 12h, Room 0E18: Menendez Pidal.CCHS 

Analysis of gold artefacts from The Mycenaean Cemetery of Argos with XRF, SEM and PIXE.  
YANNIS BASSIAKOS (1). bassiakos@ims.demokritos.gr 
MYRTO GEORGAKOPOULOU (2) 
AKIS GOUMAS (3) 
ELENI KONSTANTINIDI-SYVRIDI (4) 
GEORGIOS MASTROTHEODOROS (1) 
NIKOLAOS PAPADIMITRIOU (5) 
ANNA PHILIPPA-TOUCHAIS (6) 
ROMAIN PREVALET (7)  
 
(1) Laboratory of Archaeometry, NCSR ‘Demokritos’ Aghia Paraskevi Attiki, Athens. 
(2) UCL Qatar, Doha, Qatar. 
(3) Goldsmith-researcher, Athens, Greece. 
(4) National Archaeological Museum, Athens, Greece. 
(5) Museum of Cycladic Art, Athens, Greece. 
(6) French School at Athens, Greece. 
(7) Bibliothèque Nationale de France. 

In Mycenaean times (16th-13th c. BC) Argos was a second-order site in the region of the 
Argolid, next to the major centres of Mycenae and Tiryns. Its cemetery, including ca. 40 chamber 
tombs and 30 pit-graves, was systematically investigated by the French School at Athens (1900s,  
1950s), and two more tombs were explored later by the Greek Archaeological Service (1970). 
Although offerings were generally modest compared to other Mycenaean cemeteries (e.g. Mycenae, 
Dendra, Prosymna, Aidonia), some chamber tombs yielded exquisite gold ornaments in pristine 
condition.  

The analytical program that followed, including XRF testing of almost all gold artefacts, and 
examination of ten selected items with SEM and PIXE at the ‘Demokritos’ Research Centre, has 
yielded interesting results about their composition, provenance and technology. The overall 
composition of the artefacts suggests the use of alluvial gold. It is also clear that particular types of 
sheet ornaments (e.g. impressed rosettes) were made of alloys richer in silver than other artefacts. 
Equally, in granulated beads, the granules have usually higher content of silver than the surfaces on 
which they were placed. On the contrary, colour variations observed on the surface of some ornaments 
are not related to differential composition but to taphonomic processes. At least in one type of hollow 
bead, the use of emery as filling material is attested. Finally, no conclusive results have been reached 
concerning the technique of joining different elements of a gold artefact with the use of copper salts or 
other materials. 

The results of this program add significantly to the limited corpus of analysed gold artefacts from the 
Bronze Age Aegean. A comparative examination with data from other Mycenaean sites (e.g. Volos) 
indicates both similarities and differences and allows for informed suggestions about concerning the 
circulation of metals and the spread of manufacturing techniques in Mycenaean Greece. 
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Bronze age gold wire ornaments from Northern Europe and their joining technology. 
SUSAN LA NIECE (1). slaniece@britishmuseum.org  
BEN ROBERTS (2) 
HAYLEY BULLOCK (1) 

(1) Deptartment of Conservation and Scientific Research, the British Museum. 
(2) Durham University, UK. 

Two unusual gold bracelets were found with a cargo of Bronze Age copper, bronze and tin 
weapons and ingots dating to the period between 1300-800BC at a wreck site in the English Channel, 
off the coast of Salcombe, south Devon, England. The bracelets are made up of eight identical strands 
of twisted, square-sectioned wire, joined to form a flat band and their ends are secured by flat, 
rectangular gold terminals. Both bracelets, which were tightly coiled when found, were examined 
using optical microscopy, Scanning Electron Microscopy (SEM-EDX) and X-ray fluorescence 
analysis (XRF), identifying the metal composition as approximately 77% gold, 20% silver and 3% 
copper. There has been some discussion of whether, in the case of some groups of Middle and Late 
Bronze Age goldwork, components were joined with a lower melting temperature solder alloy or by 
simply fusing the gold components with heat (Cahill 2010; La Niece and Cartwright 2009). The 
joining areas are slightly richer in copper and silver than the wires and terminals and the surface 
microstructure also indicates that molten solder alloy was added for joining in these bracelets. This 
paper looks at other Bronze Age gold wire ornaments from Britain and Ireland to examine how 
widespread the use of solder was at this period. 

References: 

• Cahill M.  2010.  Working with wire—the functional and decorative uses of gold wire in 
Bronze Age Ireland 2200-700 BC. In G. Cooney et al (eds) Relics of old decency: archaeological 
studies in later prehistory. Festschrift for Barry Raftery, Wordwell. Dublin, 91-106. 
• La Niece S. and Cartwright. C. 2009. Bronze Age gold lock-rings with cores of wax and 
wood. In T.L. Kienlin and B.W. Roberts (eds) Metals and Societies : studies in honour of Barbara S. 
Ottaway. Bonn, 307-312. 

 
_____________________________________ 

Composition and production technology of the gold cup from Montecchio. 
ALESSANDRA GIUMLIA-MAIR (1). giumlia@yahoo.it 
MARIA BERNABÒ BREA (2) 

(1) AGM Archeoanalisi, Merano, Italy 
(2) Soprintendenza per i Beni Archeologici dell’Emilia Romagna, Italy. 
  

The gold cup found in 2012 during an archaeological inspection inside a gravel quarry near 
Montecchio Emilia (province of Reggio Emilia) Italy, has been analysed by XRF and XRD (on the red 
patina), and studied at the microscope with the aim of reconstructing its production technology. 

The cup is approx. 13.5 cm high and its diameter at the widest point of the shoulder is ca. 13 cm. The 
vessel weighs 254 g, but part of it is now missing. The body is made of a single sheet (thickness 0.5-
0.7 mm), and the handle was attached by means of four rivets. 
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The vessel can be stylistically dated to the first quarter of the 2nd Millennium BC and it is broadly 
contemporary with other known gold cups dated to the Bronze Age, such as for example the Rillaton, 
Ringlemere, Eschenz and Fritzdorf cups.  

The analyses have shown that the composition of the Montecchio cup is slightly different from those 
of the other examples, and also some differences in the manufacture have been noticed. The use- and 
wear traces identified on the various parts of the cup are also of great interest for the archaeological 
interpretation of this important find. 

In this paper the composition, the manufacturing details, the patina and the use- and wear traces will 
be discussed and interpreted.  

_____________________________________ 

Composition and technology of Bronze Age and Early Iron age gold bracelets from the 
Portuguese area. 
ISABEL TISSOT (1).  
MARIA FILOMENA GUERRA (2). maria.guerra@cnrs.fr 

(1) Centro de Física Atómica, Archeofactu, Lisboa, Portugal 
(2) ArchAm, UMR 8096 CNRS - Université Paris Sorbonne, France. 

Bracelets are among the most highly represented jewellery items in the Portuguese collections 
of jewellery dated to the Bronze Age and to the Iron Age. Their typology suffers throughout this 
period an evolution that reflects the progress of the art of goldsmithing. From a rounded body in solid 
casting the gold bracelets become, in the advent of the Iron Age, an intricate construction obtained by 
soldering several hollow and/or casted pieces such as the bracelets from Senhora da Guia, Baiões 
(Viseu), and Herdade do Alámo, Moura (Beja).  

Geographically, the bracelets represent many areas of the Atlantic façade. Some have recorded 
provenances connected either to the site of discovery or to the region were they were sold. Those 
found in archaeological sites are dated by their localisation whilst the others are only dated 
typologically. An integrated study combining the composition and the technological examination of 
over 60 bracelets from the collection of the National Museum of Archeology in Lisbon allows giving a 
general overview of the regional variations and discuss the attribution of bracelets from unknown 
provenance.  

The composition of the main parts of the gold bracelets and of some solders were determined by 
portable XRF, μPIXE and SEM-EDS. The results obtained show compositional changes with 
reference to typological chronology and form separated groups according to the geographical origin. 
We could compare our data with data published for gold bracelets dated to the same periods from 
Spain, France and Great Britain. 
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SESSION 3: Ores and Mines 1  

1st June, 15h, Conference Room.CCHS 

New ideas on the exploitation of copper, tin, gold and lead ores during the British Bronze Age: 
the mining, smelting and movement of metal.  
SIMON TIMBERLAKE (University of Cambridge, UK).  
st410@cam.ac.uk  

Recent fieldwork has helped to identify at least 12 sites of copper prospecting and mining 
dating to the Early Bronze Age, yet many assumptions remain concerning the nature of the ores 
worked, the , types of mining and smelting process used and their efficiency, the quantities of metal 
produced, and the nature of its circulation. The current paper suggests that native copper as well as the 
oxidised copper ores could have provided most of the small amount of locally-produced metal prior to 
the Middle Bronze Age when slightly larger-scale mining commenced on the Great Orme. 

South-West England was clearly an important source of alluvial tin, but equally perhaps one of the 
main sources of gold from around 1900-1800 BC, the latter being a significant factor perhaps in the 
rise of the Wessex elites. Likewise the production of copper seems also to have been provincial, in this 
case spreading from Ireland to West Wales at the end of the 3rd millennium BC, then to North Wales, 
and finally NW-Central England. 

Lead artefacts are early, but rare, yet evidence from some of these mines supports the idea of an 
‘experimental stage’ in the evolution of indigenous metallurgy. However, despite this Early Bronze 
Age metal phenomenon, the next 1000 years sees very little in the way of an impetus to develop the 
furnace technologies necessary for true copper-sulphide smelting. 

_____________________________________ 

The Great Orme Bronze Age copper mine: linking ores to metals by developing a geochemically 
and isotopically defined mine-based metal group. 
R. ALAN WILLIAMS (Department of Archaeology, Classics and Egyptology, University of 
Liverpool). alanw@liv.ac.uk  

The Great Orme mine in north Wales is one of the largest surviving Bronze Age copper mines 
in Europe with over 6 km of accessible passages. Extensive sampling of ores from throughout the 
ancient workings is allowing the concept of a mine-based metal group to be developed for the site by 
establishing the ranges of its geochemical and isotopic ‘signatures’. Ore geology and ore mineralogy 
studies are revealing potential pitfalls in geochemical and isotopic measurements that explain some the 
problems of published studies. A variety of analytical techniques are being used (LA-ICP-MS, AAS, 
XRF and SEM-EDS) and past data has been reviewed. The developing Great Orme metal group is 
being tested for consistency with the copper prills from a nearby Bronze Age smelting site and the 
bronze fragments discovered in the mine (possibly from mining tools) that may have been made with 
local ores. More importantly, the chemical composition of metal artefacts in the existing databases of 
Bronze Age metal artefacts are being compared with the mine-based metal group.  Preliminary results 
are exciting, indicating that contrary to some past studies, the Great Orme ores can produce copper 
with a strong nickel-arsenic trace element impurity. Evidence is consequently growing for the Great 
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Orme mine being the major indigenous source of British copper for the period covered by the Acton 
Park metal assemblage of the Middle Bronze Age with some metal possibly reaching mainland 
Europe. The Great Orme mine-based metal group will also be useful in recycling studies as an 
important primary metal reference source. 

_____________________________________ 

Copper ore supply at the beginnings of metallurgy in Southeast Iberian Peninsula.  
NICOLAU ESCANILLA-ARTIGAS (1). nescanilla@gmail.com  
BENOIT MILLE (2). benoit.mille@culture.gouv.fr  
DAVID BOURGARIT (2). david.bourgarit@culture.gouv.fr  
 
(1) Departament de Prehistòria, Universitat Autònoma de Barcelona. 
(2) Centre de Recherche et de Restauration des Musées de France. C2RMF. 

This communication aims at presenting results of the chemical analyses performed on a 
comprehensive set of copper ores recovered during an archaeometallurgical survey of the eastern 
Murcia (Southeast Spain). Our work combines mining prospection, study of the archaeometallurgical 
context and characterization of ores and metallurgical remains by pXRF, PIXE, XRD, optical 
microscopy and SEM-EDS.  

To analyze the ores, each sample was manually enriched then grinded in agate mortar. The sample was 
then mounted in specific pXRF sample holder. The corresponding analytical session was carried out at 
C2RMF using a Thermo Niton Analyzer XL3T under laboratory conditions. The results were also 
compared with data achieved during the archaeometallurgical survey. 

During the survey, two metallurgical settlements dated from the 3rd millennium BC and 34 copper ore 
sources were identified. By combining the analytical data with the mines location, we are now able to 
map the compositional pattern of copper ores in the region. The compositional pattern of the copper 
ores discovered in the two settlements was also determined (La Ciñuela - Mazarrón and Agua Amarga 
- Lorca): it shows significant differences when compared to the mines.  

From the results obtained, we can infer a dual strategy for ore supply: 
1) A local exploitation of small copper sources without arsenic. In the corresponding small scale 

mines we didn’t find any archaeological remain, but the chemical composition of the ores matches 
with ores discovered in the metallurgical settlements.  

2) A middle-distance (>60 km) exploitation of copper ores rich in arsenic. There are few 
mineralizations with arsenical-copper ores in the region, and in only two, the bigger, we found 
prehistoric mining artefacts. The chemical patterns of these two mines are consistent with 
arsenical ores found in archaeometallurgical contexts 60 km far.  
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Map of ore supply during de 3rd millennium BCE. (Red points: not analyzed mines; green points: 
copper sources without arsenic; yellow points: copper sources rich in arsenic. Red arrows: middle 
distance supply; black arrows: local exploitation. Maces: Mines with prehistoric mining artifacts). 

_____________________________________ 

New contributions to mining the Bronze Age in the South of the Iberian Peninsula. Copper 
mines of prehistoric valley Jándula (Andújar-Marmolejo, Jaén). 
LUIS ARBOLEDAS MARTÍNEZ (1). luis.arboledas@cchs.csic.es 
EVA ALARCÓN GARCÍA (2). eva@ugr.es 
AUXILIO MORENO ONORATO (2). auxiliomoreno@ugr.es 
FRANCISCO CONTRERAS CORTÉS (2). fccortes@ugr.es 
CHARLES BASHORE  (2) 
JUAN JESÚS PADILLA (3) 

(1) Instituto de Historia, Consejo Superior de Investigaciones Científicas. Spain. 
(2) Departamento de Prehistoria y Arqueología. Universidad de Granada. Spain. 
(3) Departamento de Prehistoria y Arqueología. Universidad Complutense de Madrid. Spain. 

Latest research on BA mining in the Upper Guadalquivir River (Andalousia, Spain) are 
presented in this paper. Some of the largest copper mining exploitations have come to light along the 
Jandula Valley (Jaen province) in Eastern Sierra Morena. Archaeological prospections carried out 
along 2014 have provided a wide range of archaeometallurgical evidences (mainly stone mining 
hammers) and especially a high number of copper mineral remains coming from different prehistoric 
mines. Pb isotopic analysis will be undertaken in order to relate these copper seams with those 
documented both in close areas (the Rumblar Valley and the argaric settlement of Peñalosa), as well as 
with those placed in further areas such (Hunt, et al., 2011), as the Alcudia Valley and those hill-top 
settlements from Western La Mancha BA. Pb isotopic analysis carried out for several samples from 
Peñalosa (slags, crucibles and metal objects) and from both mines of Jose Palacios and El Poligono 
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(Baños de la Encina) (Arboledas, et al., en prensa), have shown that these mines, together with some 
other that remain unexplored yet, would have provided mineral copper to Peñalosa during BA. 

References: 

• Arboledas Martínez, L., Alarcón García, E; Moreno Onorato, A., Contreras Cortés, F., Padilla 
Fernández, J.J., Mora González, A., (en prensa): La mina de José Martín Palacios-Doña Eva (Baños de 
la Encina, Jaén): la primera explotación minera de la Edad del Bronce documentada en el sureste 
peninsular. 
• Hunt Ortiz, M. A.; Contreras Cortés, F. y Arboledas Martínez, L. (2011): “La Procedencia de 
los Recursos Minerales Metálicos en el poblado de la Edad de Bronce de Peñalosa (Barros de la 
Encina, Jaén)”, en Mata-Perelló, J.M; Torrí I Abat, L.; Fuentes Prieto, M.N.; Neira Campo, A. y Puche 
Riart, O. (eds.) Actas del Quinto Congreso Internacional sobre Minería y Metalurgia Históricas en el 
Suroeste Europeo (León-2008). Libro en Homenaje a Claude Domergue, 195-206. 
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SESSION 4: Gold 2  

1st June, 15h, Room 0E18: Menendez Pidal.CCHS 

Metallurgical and technological aspects of Early Iron Age Gold. 
BARBARA ARMBRUSTER (1). barbara.armbruster@univ-tlse2.fr  
BIRGIT SCHORER (2) 
VERENA LEUSCH (3). Verena.Leusch@cez-archaeometrie.de  
ROLAND SCHWAB (3) 
ERNST PERNICKA (4) 
BERNARD GRATUZE (5) 
MARYSE BLET- LEMARQUAND (5) 

(1) Laboratoire d'archéologie TRACES - UMR 5608 du CNRS, Université de Toulouse le Mirail, 
France. 
(2) Institut für Ur- und Frühgeschichte und Archäologie des Mittelalters, Eberhard Karls Universität 
Tübingen, Germany. 
(3) Curt-Engelhorn-Zentrum Archäometrie Mannheim, Germany. 
(4) Institut für Geowissenschaften der Universität Heidelberg, Germany. 
(5) IRAMAT-CEB, UMR 5060 CNRS-Université d’Orléans, France. 

Within a French-German research project gold objects from north-west of the Alps belonging 
to the Hallstatt period have been investigated in terms of their manufacture and alloy compositions. 
Most of the gold finds are jewellery objects found within grave contexts of the late 7th to the beginning 
of the 5th century BC. All of them have been examined by optical microscopy and non-destructive 
XRF surface analysis, and if possible by SEM and LA-ICP-MS. Selected samples have been prepared 
for metallographic examination. 

The objects are made of natural gold alloys without any clear indications for deliberate alloying or 
refining by cementation. They usually contain silver percentages of 5 to 30 %, which are typical 
concentrations of natural gold, whereas copper could have been added intentionally. Their ornamental 
and technological appearances and workmanship reflect local Bronze Age traditions as well as foreign 
influences or own innovations. Some of the objects are made by new gilding and joining techniques, 
which are known from Mediterranean cultures, but unknown to Central European craftsmen so far. 
Others show clear evidence of the use of rotary motion of the spinning lathe. These techniques 
indicate connections and technological transfer between cultures, even on non-descript items. 

_____________________________________ 

Are Platinum and Palladium relevant tracers for ancient gold coins? Archaeometallurgical and 
archaeometric data to study an Antique numismatic problem. 
MARYSE BLET-LEMARQUAND (1). lemarquand@cnrs-orleans.fr 
SYLVIA NIETO-PELLETIER (1) 
FLORIAN TEREYGEOL (2) 
ARNAUD SUSPENE (1) 

(1) IRAMAT-CEB, UMR 5060 CNRS-Université d’Orléans, France 
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(2) IRAMAT-LMC, UMR 5060 CNRS-UTBM, France 

Platinum and palladium are impurities of ancient gold. Their contents are usually commented 
for provenance studies. For instance they can be used to distinguish between different stocks of 
precious metals and can help to confirm that gold coins were melted down to manufacture other coins. 
Previous experiments proved that these elements follow gold when it is melted down but there was 
until now no evidence that Pt and Pd are relevant tracers when gold is purified. That is why we carried 
out archaeometallurgical experiments at the platform of Melle (France)1 to study how the trace 
elements and Pt and Pd in particular behave when gold is melted, coupelled and then cemented.  

Our tests confirm that Pt and Pd are reliable tracers of ancient gold and therefore relevant to tackle this 
antique numismatic question: did Caesar melt down the Celtic gold after he conquered Gaul in 51 BC 
to mint his gold coinage as can be hypothesized from the textual sources? To give a first insight into 
this tricky problem LA-ICP-MS was performed on Celtic coins and some Republican coins and the 
obtained contents – especially these of Pt and Pd – were compared.  

1 PCR Enrichissement des minerais, production et circulation des métaux 2013-2015 (dir. F. 
Téreygeol). 
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_____________________________________ 

Rediscovering the art of the Anglo-Saxon goldsmith: conservation and the Staffordshire Hoard. 
PIETA GREAVES (Birmingham Museums Trust) 
pieta.greaves@birminghammuseums.org.uk  

The Staffordshire Hoard was discovered in 2009 by metal detectorist Terry Herbert, in a 
farmer’s field on the border of Staffordshire / Birmingham in the West Midlands region of the United 
Kingdom. The hoard consists of approximately 3500 objects of Anglo-Saxon gold (5kg) and silver 
(1.5kg) which are decorated with fine gold filigree, niello and cloisonné garnets,  mostly miliary in 
nature ,many pieces would have once adorned swords. Since 2010 a major conservation and research 
program has been underway to study this unique collection which represents the most Anglo-Saxon 
materials from the time period ever found in England.  

The conservation team based at Birmingham Museum and art gallery has spent that last 4 years 
cleaning and conserving these materials, along the way we have made some new and interesting 
discoveries about the craftsmanship of the Anglo-Saxon Goldsmiths of the 7th century.  
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Though the conservation process we are beginning to rediscover the detailed work and level of detail 
that the metal smiths were capable of. Manufacturing marks, makers’ marks and construction 
technologies have all be uncovered and recorded under the conservator’s microscope.  

What has become apparent through this process is the level of skill that were possessed in this time 
period, beaded filigree wires only 0.3mm in thickness, gold backing foil for the garnets with perfectly 
designed and created ‘waffle’ patterns. The conservation process has also uncovered the wear and 
evidence of repair on the objects, which all provides a tantalizing look at the practices once the objects 
were in use.  

Further work on both the conservation and research in on-going and we hope that questions raised by 
the conservation process will be answered by scientific means. This paper will share the most 
interesting observations from the conservation process and what it means for our understanding of 
metalworking at this time period.  www.staffordshirehoard.org.uk 

_____________________________________ 

The Staffordshire Hoard: choices of metal composition and the underlying secrets of the Anglo-
Saxon goldsmith. 
ELEANOR BLAKELOCK (Archaeomaterials). eleanor.blakelock@blueyonder.co.uk  

The Staffordshire Hoard was discovered in 2009, in a field near the village of Hammerwich, in 
Staffordshire, England. It consists of more than 3,500 fragments, many of which are gold. It is 
essentially military in character with the bulk of the identified pieces coming from the handles of 
edged weapons, although a small, but significant, number of explicitly Christian items have also been 
identified. Most of the material belongs to the sixth to seventh centuries and much is richly decorated 
with intricate interlace patterns carried out using a variety of techniques including cloisonné garnet 
and filigree.  

As part of the wider research project studying the Staffordshire Hoard a ground-breaking study of the 
gold was carried out. Over 140 objects from the Hoard and British Museum's collections were 
analysed using SEM-EDX.  

The results from the analysis of these objects have clearly shown in many cases that there is 
significant but not consistent enrichment of the gold at the surface due to the depletion of both copper 
and silver. This finding has far-reaching implications for the viability of surface analysis of gold 
artefacts not just from the Anglo-Saxon period. Metallographic analysis of pieces from the hoard is 
now being carried out to reveal more about the surface treatment technique applied to the objects. 

This research has shown that the surface enrichment treatment was widespread, occurring on a range 
of object types from across the country, presumably to enhance the appearance of the objects. The 
analysis has provided more information about the complex construction of these objects. The results 
from the study have revealed more details about workshop practice and from this it is possible to 
outline some of the decisions made by the goldsmiths in the Anglo-Saxon period. 
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SESSION 5: Experimental archaeometallurgy 

1st June, 15h, Room 0D1: José Castillejo.CCHS 

Experimental archaeology and archaeometallurgy on smelting furnaces from Ayn Soukhna 
(Middle Kingdom, Egypt): Establishment of a comparative methodology for Pyrgos-Mavroraki 
(Limassol, Cy).  
GEORGES VERLY (1). icerca@antiquitates.it  
MARCO ROMEO PITONE (2). gverly@ulb.ac.be  
 
(1) EACoM - Royal Museums of Art and History, Brussels. 
(2) Centro di Archeologia Sperimentale Antiquitates Civitella Cesi– Blera (VT), Italy. 
 

Ayn Soukhna is located on the west coast of the Gulf of Suez, hieroglyphic inscriptions 
indicating an occupation in the 2nd millennium BCE. Many workshops contain batteries of 4 smelting 
furnaces and sometimes a melting furnace. From the data collected since 2001, new experiments have 
allowed us to understand an Antique smelting process of malachite ore (from Sinai).  

The methodology of experimentation is based on two main principles: functionality for each element 
of the process (furnace, quality and type of clay, ore, type of combustible, reduction by-products, 
copper beads, colorimetry, vitrification...) and validation of the experimental protocol by comparing 
archaeological data. 

The same methodology will be applied to understand the findings connected to the 
archaeometallurgical activity found almost on the entire area of the early-middle bronze age industrial 
site of Pyrgos-Mavroraki (Limassol, CY), excavated by C.N.R of Rome since 1998. 

References: 

• www.pyrgos-mavroraki.eu 
• www.antiquitates.it 
• http://eacom.be/wp/ 
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_____________________________________ 

An experimental approach for smelting tin ores from Northwestern Iberia.  
AARON LACKINGER (1) 
ELIN FIGUEREDO (2) 
BEATRIZ COMENDADOR (3). beacomendador@uvigo.es  
RUI J.C. SILVA (2) 
JOSÉ MIRÃO (4) 

(1) Master Student Universidad de Granada/Grupo de Estudos de Arqueoloxía, Antigüidade e 
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(3) Grupo de Estudos de Arqueoloxía, Antigüidade e Territorio (GEAAT), Universidade de Vigo, 
Spain. 
(4) Hercules Laboratory, Évora Geophysics Centre, Universidade de Évora. 
 

The Northwestern Iberian Peninsula represents the most extensive area with tin ore deposits 
available in the ancient world. In the present work, field experiences developed for smelting tin ores 
from some Northwestern Iberian deposits will be presented, by processes that could have been 
performed in pre and proto-historic times. These experiences have been performed after an initial 
experimental approach for obtaining bronze by one of the proposed models: the co-reduction of copper 
and tin ores (Rovira et al, 2009; Lackinger et al 2013), to gain knowledge, through experimental 
methods, about the chaîne opératoire of bronze production in Northwestern peninsular prehistory—a 
region where signs of early metallurgical production have since long been recognized.  

Besides providing a real and experimental feedback of difficulties or facilities that such an operation 
could have implicated, experimenting with Iberian tin will also provide materials from the complete 
chaîne opératoire that can be subjected to analytical studies, such as elemental, microstructural and 
possibly isotopic ones, to provide specific signatures or fractioning data from ores to the various 
metallurgical products, including slags and metal. The results of these studies will also be valuable to 
correlate with archaeological metallurgical remains which are frequently of difficult interpretation. 

These experimental works are performed in the larger framework of the Early Tin in Northwestern 
Iberia - Cassiteros Group, generally intended to contribute to the investigation of evidences and 
correlations among possible exploitations of the Iberian tin mineral deposits and tin and bronze 
artefact productions of the third to first millennia BC. This can contribute to the understanding of the 
advent of the first bronzes and their rapid generalization during Bronze Age in the Iberian Peninsula 
and among various European regions, possibly bringing some more details to ancient spheres of 
interaction. 
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Proceedings of the 7th UK Experimental Archaeology Conference Cardiff 2013. EXARC Journal, 
2013/3. 
• Rovira, S., Montero-Ruiz, I. and Renzi, M. (2009). Experimental co-smelting of copper-tin 
alloys. In: Kienlin T.L. and Roberts, B. (eds.), Metals and Societies. Studies in honour of Barbara S. 
Ottaway. Bonn, Universitätsforschungen zur prähistorischen Archäologie, 407-414. 
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An archaeological and archaeometric approach to black bronzes. 
AGNESE BENZONELLI (1). agnese.benzonelli.12@ucl.ac.uk   
IAN FREESTONE (1) 
MARCOS MARTINÓN-TORRES (1) 

(1) University College London, Institute of Archaeology, UK. 

This paper presents an archaeometric and archaeological study of a type of intentional 
patination of special archaeological interest: the “black bronzes”, class of alloys used for high-status 
objects from ancient Egypt to modern Japan. This material required adding small amounts of gold to 
the alloy before treating it with chemical solutions to develop a fine and durable black patina. 
However, a lack of systematic analyses and reference data has hitherto prevented a full understanding 
of the mechanisms of patina formation, their regional variants, and the role played by black metals in 
different contexts. 

A series of 27 black bronze alloys with controlled contents of Sn, Ag and Au, was produced and 
treated with solutions that mimic those used in traditional methods. Thermal patination and simulation 
of natural corrosion were performed on the same alloys for comparison, for a total of five different 
production technologies. The resulting patinas were examined with a range of analytical techniques 
including UV-VIS and Raman spectroscopy, colorimetry, XRD, SEM-EDX, pXRF, and controlled 
abrasion experiments. These provide information on composition, microstructure, colour, and 
durability of the different patinas. Analytical results can be related to the experimental parameters 
used, such as alloy composition, solution type, superficial finish, and fabrication techniques. 

The archaeometric results allow an understanding of the relationship between the production 
technologies, alloy composition and physical-chemical characteristics of the patinas. These 
experimental data also serve as reference data for the interpretation of archaeological objects and 
provide a methodological protocol, invasive or non-invasive, to characterise black bronze artefacts. 

By interpreting this information within an “anthropology of technology” framework, it is possible to 
make inferences about the significance of black bronzes for the people who made and used them, the 
social choices in black bronze alloy production, as well as the possible multiple inventions and 
transmission of the technology. 

_____________________________________ 

Esthetic and functional replica of a Nariño copper and silver alloy disk with properties 
comparable to the ones of a fragment made by Pre-Columbian goldsmiths.  
SANTIAGO CANO GONZÁLEZ (1). s.cano1607@uniandes.edu.co  
NOHORA BUSTAMANTE (2) 
JAIRO ARTURO ESCOBAR (3) 
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Metallurgy in the South American Andes was developed in the central zone and spread out to 
the northern and southern South America [1]. While in northern Colombia some metal pieces were 
cast, in the southern part of the country most metal pieces were crafted by plastically deforming alloys 
into thin sheets. Nariño [naˈɾiɲo] pre-Columbian goldsmiths crafted thin disks; many of such ancient 
pieces were crafted by depletion gliding, displaying a layer richer in silver or gold on the surface than 
in their matrixes.  

The purpose of such work was to replicate a copper and silver alloy disk from the ancient Nariño 
goldsmiths’ tradition by a detailed characterization of the fragment obtained from the Gold Museum 
collection by means of reverse engineering, using SEM, XRD, XRF techniques and Metallographic 
analyses. The fragment characterization allowed proposing hypotheses of possible manufacturing 
methods used by the goldsmiths to produce thin pieces. An experimental process was validated by 
comparing the amount of deformation measured in reduction in thickness, the amount of bands seen in 
the microstructure, and the depth of the surface layer. 

It could be concluded from this work that pre-Columbian goldsmiths cold worked the alloy by 
hammering onto one of its faces and annealed the metal until desired form and thickness were 
achieved. Hypotheses on the elaboration of the disk are presented from the raw material, its casting, 
working, and finish. 

Acknowledgements:  

We would like to express our gratitude to the Gold Museum of the Central Bank of Colombia for 
providing samples for this study. 
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SESSION 6: Ores and Mines 2  

1st June, 17:15h, Conference Room.CCHS 

The copper mine of Skouriotissa, Cyprus. New information about its history.  
VASILIKI KASSIANIDOU (Archaeological Research Unit, University of Cyprus). 
v.kassianidou@ucy.ac.cy  

The mining region of Soleais located in the North Western foothills of the Troodos mountains, 
includes, the mines of Skouriotissa, Mavrovouni and Apliki, which according to Lead Isotope 
Analysis is most probably the mine that generated the copper used to produce the vast majority of 
copper oxhide ingots found in Cyprus and abroad. In modern times the three mines produced more 
than 85% of the total copper ore concentrate that was exported from Cyprus (Constantinou 1982: 15). 
Furthermore, based on the size of the ancient slag heaps that dominate the landscape it is estimated 
that in Antiquity this area probably produced more than 50% of the total amount of copper produced 
on the island.In modern times the copper ore was initially extracted with underground mining.  It soon 
became clear that almost all the deposits had already been exploited in Antiquity: modern galleries 
invariably came across the ancient workings. These remains were recorded and published in 1937  by 
J.L. Bruce, the resident director of Cyprus Mines Corporation (CMC), the company which from 1916 
until 1974 had the lease for some of Cyprus’ richest ore deposits including Mavrovouni and 
Skouriotissa. The paper entitled “Antiquities in the Mines of Cyprus” remains to this day the most 
comprehensive study of ancient Cypriot mines. Since that publication little has been done on the 
subject but recent expansion of the modern mine of Skouriotissa, the only copper mine still in 
operation on the island, brought to light wooden supports from the ancient galleries. Furthermore, well 
preserved baskets and ropes collected by CMC and donated to the Department of Antiquities have 
recently been studied and radiocarbon dated offering us the opportunity to date more precisely the 
mining activities. The aim of the paper is to present the new results on the long history of the mine of 
Skouriotissa. 

_____________________________________ 

New insights on Iron Age copper production from the first phase of the central Timna Valley 
Project. 
EREZ BEN-YOSEF (Department of Archaeology and Ancient Near Eastern Culture, Tel Aviv 
University). ebenyose@post.tau.ac.il 

Tel Aviv University’s Central Timna Valley (CTV) Project is a multi-year interdisciplinary 
research of ancient human exploitation of copper ore (http://archaeology.tau.ac.il/ben-yosef/CTV/). 
Building on previous work of Rothenberg, Hauptmann, Levy and others, the new research takes place 
at the Timna Valley, southern Israel, and includes field and laboratory work. The first phase of the 
project (2013-2015) has focused on copper mining and smelting sites from the turn of the 1st 
millennium BCE. This phase included excavations at several mining fields, surveys of slag mounds, 
and the first excavations at Site 34 (“Slaves’ Hill”) – one of the major smelting camps in the region. 
New high resolution radiocarbon dates from the latter indicate a peak in copper production during the 
10th century BCE, thus disproving previous interpretations of the site as a New Kingdom Egyptian 
(13th c. BCE) smelting camp. The new dates provide the background for contextualizing various other 
finds of the Project, including insights on social organization, ethnicity and identities of the societies 
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reflected by the archaeometallurgical remains. It became evident that the miners and metal workers of 
Iron Age Timna, who were engaged in a sophisticated and centralized copper production system, were 
part of a complex society(-es) of nomadic or semi-nomadic tribal organization that were most 
probably the core of the early Edomite Kingdom. While the complexity of this nomadic society is 
reflected by the archaeological finds, it is also suggested that in turn, engagement in copper production 
triggered the development of such compexity, faciliating social processes related to the consolidation 
and sedentarization of ancient Edom. 

_____________________________________ 

Technological changes in mining and metallurgy from Roman to Medieval times: evidence from 
a Pb-Ag (-cu) ore district in Central Kosovo.  
GUNTRAM GASSMANN (1) 
KATRIN J. WESTNER (2). westner@em.uni-frankfurt.de  
SABINE KLEIN (2) 
GABRIELE KÖRLIN (3) 

(1) ARGUs Tübingen, Germany 
(2) Institute for Geosciences, Goethe-University, Frankfurt, Germany 
(3) Mining archaeology, German Mining-Museum, Bochum, Germany 
 

Roman to medieval mining and smelting left behind conspicuous traces in the hinterland of 
the ancient settlement Ulpiana in central Kosovo, which are related to exploitation of the rich 
resources of the Alpine-Balkan-Carpathian-Dinaride ore belt. The due to its mineral wealth since 
primeval time economically important region is investigated in a DFG-funded joint project of the 
Archaeological Institute of Kosovo, the German Mining-Museum Bochum and the Institute of 
Geosciences of the Goethe-University Frankfurt. Chronological distinguishable differences in mining, 
beneficiation and smelting of Pb-Ag-(Cu) ore with a focus on technological developments are 
exemplarily shown. Numerous remains of the workings still are clearly visible and testify to the 
enormous dimensions of the operations and the innovative changes in ancient mining. Beneficiation of 
the raw material was conducted at least partially in the immediate vicinity of the mines. Metal 
extraction, however, was restricted to few sites whose location as well as abundance and mineralogy 
of smelting remains record grave differences between procedures applied in Roman and medieval 
times. Roman smelting sites are stationary and generally distant to the workings while medieval ones 
are situated in the very heart of the mining district; the dimensions of Roman slag heaps significantly 
outnumber medieval sites, which testify to numerous, but small-scaled artisanal operations. 
Preliminary analytical results indicate a trend from Cu-Ag dominated to rather Pb-Zn rich furnaces 
charges over time, which was allowed by modification of the process scheme. 

_____________________________________ 

New evidence of washing ores in the Altenberg (Alsace, France): a major technical 
breakthrough at the Berg Armuth Site (14th-15th c. AD).  
JOSEPH GAUTHIER (CRESAT EA 3436, Université de Haute-Alsace, Mulhouse, France and 
IRAMAT UMR 5060 CNRS). joseph.gauthier@uha.fr 

Altenberg mining sector in Sainte-Marie-aux-Mines has been exploited for silver, lead and 
copper continuously from the 9th to the 17th century AD (1). Previous slags analysis had showed an 
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important technical change during the 14th century AD (2). Excavation of the three last years on the 
Berg Armuth site provides evidence for an evolution of ore preparation techniques in the 14th-15th 
centuries AD. Situated on an important mining dump, the working place shows two successive 
occupations. The first, more complete, reveals the place where miners used to crush the ore on stone 
mortars. A wooden box in a pit could have been used to wash the ore, without any sorting. The base of 
a clay furnace was discovered attesting to a first step of roasting. The second occupation is 
characterised by important pits dug in the older dump designed for collecting wastes from sorting the 
fine crushed ore by water, whose installation were not found. It reveals an important change in ores 
preparation techniques, explaining the differences observed in slags. This technical breakthrough 
would have impact the productivity and the quality of products. 

This excavation carries major clues to understand the evolution of mining and metallurgical 
techniques in the Altenberg. It is also the first excavation of this size for a medieval working place in 
one of the major medieval European mining sectors. 

References:  

• (1) GAUTHIER, J. et al., “The Alsatian Altenberg: a seven-hundred-year laboratory for silver 
metallurgy”, in AIE3, Bochum, forthcoming. 

• (2) MAHE-LE CARLIER, C. et al., “Apport de la géochimie et de la pétrologie à la connaissance de 
la métallurgie primaire du plomb argentifère au Moyen Âge”, in ArchéoSciences, 34, 2010, 159-176. 
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SESSION 7: Early Metallurgy 

1st June, 17:15h, Room 0D1: José Castillejo.CCHS 

A Rocky Relationship: Ores, Metals And Networks In the 5th Millennium BC Balkans. 
MILJANA RADIVOJEVIĆ (1). m.radivojevic@ucl.ac.uk 
JELENA GRUJIĆ (2). miljanica@gmail.com 

(1) UCL Institute of Archaeology, London, U.K. 
(2) Complexity and Networks Group, Imperial College London, U.K. 

Recent studies on the beginnings of metallurgy in Europe revealed an unprecedented 
complexity of data demonstrating extensive production and consumption of copper artefacts among 
prehistoric communities in the 5th millennium BC Balkans. The provenance analyses indicated 
exploitation of local copper sources discovered across the Balkans, of which Majdanpek and Ai Bunar 
proved to be particularly prolific (Pernicka et al., 1993; 1997). However, although these data stand out 
in quality and precision, little has been done to address the complexity of networks of early metal 
movements in the Balkans. 

Here we present a new set of provenance data targeting the earliest development of copper mineral use 
and metallurgy in the Balkans, which show evidence for the exploitation of local sources from as early 
as c. 6000 BC. Our analysis of networks utilise the provenance database thus spanning c. 2000 years 
(early 6th to early 4th millennium BC), and includes c. 400 artefacts from around 80 sites in the region. 
Using tools for network analysis, we show the complexity of early metal acquisition in the region 
based on both lead isotope and trace element data, subdivided by archaeological periods. The 
application of networks science on this particular example demonstrates the capacity of such an 
approach to access patterns of artefacts movements as much as patterns in human behaviour and 
dynamics of social change at the time. 

References: 

• Pernicka, E., Begemann, F. & Schmitt-Strecker, S. 1993. Eneolithic and Early Bronze Age 
copper artefacts from the Balkans and their relation to Serbian copper ores. Prähistorische Zeitschrift 
68, pp. 1-54. 
• Pernicka, E., Begemann, F., Schmitt-Strecker, S., Todorova, H. & Kuleff, I. 1997. Prehistoric 
copper in Bulgaria. Its composition and provenance. Eurasia Antiqua 3, pp. 41-180. 
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Material analysis of Early Dynastic copper-, bronze- and silver artefacts from the Royal Tombs 
of Ur, Mid 3rd Millennium BC. 
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RICHARD ZETTLER (3). rzettler@sas.upenn.edu  
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(3) Penn Museum, Philadelphia (USA). 

The excavations of the Royal Tombs of Ur (1922-1934) bestowed large amounts of metal 
(Woolley 1934). Besides prominent gold objects, plenty of arsenical copper, tin bronze and silver 
objects were found. The great number of metal objects surprised, because the ancient city of Ur is 
located in an area completely void of metal resources. This geological fact indicates an import of 
metals (Zettler 1998, 125).  

For the present project the so-called “Nash Collection” was provided as a loan by the Penn Museum, 
University of Pennsylvania, to us. It comprises of 89 silver, copper and bronze mounted samples taken 
from the Philadelphian Ur collection’s objects. Nash was the scientist, who studied the metallography 
of the material some ten years ago.  

These mounted samples are performed at the laboratories of Frankfurt and Bochum regarding the 
analysis of major and trace elements with geochemical methods along with lead and copper isotopes. 
Twenty further silver objects from Ur were selected in Philadelphia for analysis to add more objects 
for the investigation. 

The main goal of the present project is to investigate the metal provenance of the artefacts. During the 
Early Dynastic Period, when the Royal Tombs were buried (Pollock 1985), mining and smelting was 
operated in widely spread regions, which all have to be considered as archaeologically reasonable 
sources. The analysis of the material shall help to narrow down to the most probable metal suppliers of 
the Ur metal, and first results already lead to at least two groups of objects from different origin.  

References:  

• S. Pollock, Chronology of the Royal Cemetery of Ur. Iraq 47/1985, 129–158. 
• L. Woolley, The Royal Cemetary. A report on the predynastic and Sargonid graves excavated 

between 1926 and 1931. Ur Excavations 2 (London 1934). 
• R. L. Zettler/L. Horne (ed.), Treasures from the Royal Tombs of Ur (Philadelphia 1998). 

_____________________________________ 

Analyses of Chalcolithic and Bronze Age metal objects and a unique Chalcolithic lead macehead 
from caves in Israel. 
NAAMA YAHALOM MACK (1). naama.yahalom@mail.huji.ac.il  
URI DAVIDOVICH (2) 

(1) Post-Doctoral Lady Davis research fellow, The Institute of Earth Sciences, The Hebrew University 
of Jerusalem, Giv’At Ram.  
(2) Post-Doctoral research fellow, The McDonald Institute for Archaeological Research, University of 
Cambridge, UK. 

In recent field surveys of caves in the Negev and central Highlands of Israel (Ashalim, Abud 
and Twin cave), several metal objects were recovered. The objects include two Chalcolithic copper 
maceheads, a copper axe, Early and Intermediate Bronze Age weapons and a macehead-like lead 
object. The latter had been uncovered on surface in the innermost part of the Ashalim cave, still 
attached to an intact wooden pole. Radiocarbon dating of the pole provided a date of ca. 4200-4000 
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BCE, in accordance with the ceramic and lithic typology of artefacts from the cave, which attribute the 
activity inside the cave to the Chalcolithic period. As no other lead objects are known from this period 
in Israel, the object is unique. The lead and copper-based objects were subjected to chemical and 
isotopic analysis. The results of the chemical analysis showed that the copper objects from the Abud 
cave, excluding an unalloyed copper axe, and including the two maceheads, were made of copper with 
As, Ni and Sb, similar to the composition of the elaborate objects from the Nahal Mishmar hoard. The 
weapons from the Twin cave were made of leaded-bronze and the unique lead object contained traces 
of Ni and Co. The results of the lead isotope analysis of the lead object point to eastern Anatolia as the 
possible source of the metal. This is significant as lead objects were found in this area from as early as 
the PPNB.  

_____________________________________ 

Non invasive characterization of eneolithic arsenic rich metal artefacts through Neutron 
techniques. 
ELISA BARZAGLI (1). elisa.barzagli@fi.isc.cnr.it  
FRANCESCO GRAZZI (1) 
ANTONELLA SCHERILLO (2) 
PASQUINO PALLECCHI (3) 
ALDA VIGLIARDI (4) 
MARCO ZOPPI (1) 

(1) Consiglio Nazionale delle Ricerche, Istituto dei Sistemi Complessi, Italy  
(2) Science and Technology Facility Council, ISIS Facility, Chilton, Didcot, OXON, UK 
(3) Soprintendenza per i Beni Archeologici della Toscana, Italy 
(4) Museo Fiorentino di Preistoria "Paolo Graziosi". Firenze, Italy 

Archaeological research in the Fontino cave near Grosseto brought to the discovery of several 
eneolithic metal copper based artefacts as knives, awls and rivets (4000 BC). Eneolithic Age is the 
intermediate period between the last stone age (Neolithic) and the full development of metallurgy 
characterized by the use of bronze (Bronze Age) [1]. During this period the metallurgy industry, at its 
dawn, brought to the development of many complex, even if rough, metal alloys based on copper as 
copper-arsenic, copper-antimony and copper-lead [2]. Thanks to the good conservation status of some 
of the artefacts found in Fontino cave, We could perform non invasive compositional and 
microstructural characterization through Time of Flight neutron diffraction coupled with Neutron 
Resonance Capture Analysis (NRCA) on five selected samples from this site. The analysis showed 
interesting results, like the quantification of Arsenic, present in an amount ranging from 1 to 4 weight 
% calculated through the determination of the lattice parameter of the Cu-As alloy [3]. The presence of 
arsenic itself is not surprising, since in the region of Grosseto, rocks are known to be rich in As, but 
the large difference in its contents lead to interesting hypothesis about deliberate addition of As. Also 
the minor elements present as impurities were identified as well as the microstructure of the copper 
phase in terms of crystallographic domain size, stress induced defect density and texture. 
Simultaneous Tof-ND and NRCA measurements were performed at the ISIS pulsed neutron source in 
UK [3] on the INES diffractometer. 
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SESSION 8: Smelting technology  

 2nd June, 9:15h, Conference Room.CCHS 

Comparative study of slags from two different copper smelting sites in the Southern ‘Araba 
Valley, Israel. 
SARIEL SHALEV (1) 
SANA SHILSTEIN (2). sana.shilstein@weizmann.ac.il  
UZI AVNER (3) 

(1) Department of Archaeology and Recanati Institute for Maritime Studies, University of Haifa, Israel 
(2) Department of Particle Physics and Astrophysics, Weizmann Institute of Science, Israel   
(3) The Dead Sea-Arava Science Centre and the Arava Institute, Eilat, Israel 

In this study (supported by ISF grant No.60.14) we will present the results of XRF copper 
smelting slags analysis from ancient Cu smelting sites. The analyses were based on three criteria: the 
ratio of intensities (I) of Fe+Mn (fluxing components) and Cu; the heterogeneity of these ratios; and 
the average content of copper in the slag. The less Cu content and higher homogeneity of the slag were 
indications of a better technological level. 

Yotvata. Fragments of relatively large tapping slag “cakes” were found scattered around an area 
covered by small and tiny pieces of slag. We found a clear difference between the two types of slag. 
The small ones are lower in iron and manganese in comparison to copper (I(Fe)+I(Mn)/I(Cu) ratios) 
and high in their inhomogeneity, while the ratios of the slag “cakes” are much higher in favor of 
Fe+Mn, with higher homogeneity. When the Fe concentration is ≈20%, the Cu concentration is about 
≈1.5% and ≈0.2% correspondingly. 14C dating of these slags show ≈1000BCE (Iron Age) for the 
small ones, and 700-750 AD (Early Islamic) for the “cakes” shape ones.  

Amram 54/1. Different types of slags were found: small (thickness up to 1 cm, covered by corrosion 
and contained Cu inclusions); tapping slags (up to 1 cm diameter); parts of broken slag “cake” 
(originally about 5 cm thick and about 8x8 cm diameter). In the small pieces the Cu concentration (6-
9%) is higher than the Fe (≈2%), representing a self-fluxing process as known in the Chalcolithic time. 
The tapping slag and “cake” samples are relatively inhomogeneous, and contain 15-20%Fe and 
≈1%Cu and could be dated to Iron Age.  

Thus, the study of slag composition demonstrates directly the technological progress in time in this 
specific area. 

_____________________________________ 

Investigations of a slag from copper smelting discovered at the Bronze Age site Prein VII/Cu in 
Lower Austria. 
ROLAND HAUBNER (1). roland.haubner@tuwien.ac.at  
SUSANNE STROBL (1) 
SUSANNE KLEMM (2) 

(1) University of Technology Vienna, Institute of Chemical Technologies and Analytics, Austria. 
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(2) Archaeology & Communication,Vienna, Austria 

During the Bronze Age intensive mining and smelting activities for copper production took 
place in the Eastern Alps. One of these archaeological sites is Prein VII/Cu, located in the region of 
the Schneeberg-Rax mountains in Lower Austria. 

To analyse the elemental composition of slags samples are commonly powdered and investigated by 
Roentgen Fluorescence Analysis (RFA) and X-ray Diffraction (XRD). To get information about the 
melting properties of slags their elemental compositions are drawn in phase diagrams (e.g. FeO-CaO-
SiO2). 

RFA provides overall values but no local specific information of an investigated object. Therefore, 
RFA is no useful technique to characterise inhomogeneous slags. These inhomogeneities develop 
during the slag formation. Potentially the slag was not fully melted and various reaction zones were 
formed. If the slag solidifies outside the furnace, a contamination by other materials is possible. At 
last, corrosion can change the slag composition during storage over thousands of years. 

The aim of this work is to characterise the different microstructural features of Bronze Age copper 
slag. After metallographic preparation of the slag, photos were taken from different regions by 
Scanning Electron Microscopy (SEM) and the elemental compositions of these areas were measured 
by Energy Disperse X-ray Analysis (EDX). This procedure allows a strict correlation between 
microstructure and elemental composition. 

Combining the observed microstructures and the elemental compositions with the FeO-CaO-SiO2 
phase diagram allows a better understanding of the solidification of the slag. 

The observed results of the slag from Prein VII/Cu will be compared with data from similar sites. 

_____________________________________ 

Copper production at Almyras (Ayia Varvara, Cyprus) in the Cypro-Archaic II period. 
MARTINA RENZI (1). martina.renzi@ucl.ac.uk  
MYRTO GEORGAKOPOULOU (1) 
THILO REHREN (1) 
CHRISTINA PEEGE (2) 
WALTER FASNACHT (3) 

(1) UCL Qatar, Doha, Qatar. 
(2) Universität Zürich, ARCH, FB Prähistorische Archäologie, Zürich, Switzerland.  
(3) Director of Almyras Excavations (Cyprus).  

Almyras is the only fully excavated Iron Age copper smelting workshop known so far in 
Cyprus. The chronological sequence of the site spans from the Cypro-archaic II to the Late Hellenistic 
period. The site yielded several furnaces but only three of them can be associated with the earliest 
phase.  

The closest ore resource is situated 200 m north-west of the site and is an exposed gossan outcrop 
where chalcopyrite and pyrite are identified either dispersed or in discrete veins.  
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This paper presents the first comprehensive analytical study of slags and other associated material 
recovered from contexts attributed to the Cypro-Archaic II period (600-480 BC). The samples include 
tap and amorphous slags, furnace walls, metal lumps and ore fragments collected at the smelting 
workshop. Samples from the nearby ore outcrop were also collected for comparison.  

These materials have been analysed for their chemical and mineralogical composition, shedding light 
into the type of technology used at Almyras to smelt sulphidic copper ores during its earliest phase. 
Our results explore the potential of using slags and other by-products to distinguish between the 
different possible pathways and processes involved in sulphidic copper smelting.  

This study is compared to data from other contemporary sites in Cyprus and is also considered in 
relation to current understanding of previous Bronze Age metallurgy addressing continuity and change 
in technology.   

_____________________________________ 

Technology and organisation of prehispanic copper production at Collahuasi (Southern 
Altiplano, Chile). 
BENOIT MILLE (1). benoit.mille@culture.gouv.fr  
VALENTINA FIGUEROA (2) 
DIEGO SALAZAR (3) 

(1) UMR 7055 Préhistoire et Technologie, Nanterre, France & Centre de Recherche et de Restauration 
des Musées de France, Paris, France 
(2) Instituto de Investigaciones Arqueológicas y Museo R.P. Gustavo Le Paige, Universidad Católica 
del Norte, San Pedro de Atacama, Chile 
(3) Universidad de Chile, Departamento de Antropología, Santiago de Chile, Chile 

In the frame of a research collaboration between Chilean and French archaeologists, 
archaeometallurgists and geologists, we are investigating social and technological contexts 
surrounding the emergence of large-scale production of copper. Several preliminary observations in 
the mining and metallurgical districts of Miño and Ujina-Collahuasi pointed out that the increase of 
production scale during the Inca period was more obtained by a reorganisation of the activity rather 
than by any marked technological progress in smelting (Mille et al. 2013). To investigate further this 
apparent absence of technological improvement, we decided to focus on the very peculiar wind-
powered smelting furnaces discovered at Ujina-Collahuasi.  

We will present in this communication the results of the recent excavation of several furnaces from the 
Collahuasi area. The furnaces were built with large stones and based on a long back wall oriented 
perpendicular to the wind direction, in front of which a platform or a bench was divided in several 
working areas. To better understand the chronological extent of the copper production, radiocarbon 
dating was operated on fuel remains collected in the furnaces. To better infer the smelting process, 
slags from the furnaces were compared with slags coming both from deposits located nearby the 
furnaces and from archaeological layers excavated within the miners camp, thanks to PIXE, optical 
microscopy and SEM-EDS analyses.  

* This work is supported by ECOS-CONICYT (grant number C11H02 : Prehistoric Metallurgy of 
Copper, a Comparative Approach between French Alps at the beginning of the Bronze Age and 
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Atacama Desert in Chile during the Late pre-Hispanic period) and FONDECYT 11130651 
“Tecnología y organización de la producción de cobre en el Distrito Collahuasi, Altiplano Sur de 
Tarapacá”. 
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P., Balestro, F., Rostan, P., Burens-Carozza, A. (2013). Emergence of large scale copper 
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Smelting and the sacred at Dos Cruces: investigating a Pre-Incan smelting site on the North 
coast of Peru. 
COLIN TODD THOMAS (Yale Graduate School of Arts and Sciences Anthropology Department). 
Colin.thomas@yale.edu  

In November 2013 the Las Minas Archaeometallurgical Project completed excavations at the 
Chimu Era copper smelting site of Dos Cruces in the Zaña valley. Dos Cruces is an artificially terraced 
hill located near a river and several known copper mines. The site was divided into 4 distinct sectors, 
each of which was put to a different use. This paper focuses on the results of the excavation and 
laboratory analysis of artifacts from the industrial or smelting sector of Dos Cruces, an area filled with 
slag, furnaces, and other smelting remains.  Areal exposures of the sector revealed walls arranged to 
direct wind to furnaces and an absence of tuyeres, suggesting a major discontinuity with earlier lung 
powered smelting methods in the region.  Further reinforcing this interpretation, preliminary 
petrographic analysis indicates that temperatures reached at Dos Cruces exceeded those possible by 
lung power alone. Multiple indications of ritual activity were also found in direct association with the 
physical means of smelting at Dos Cruces, a first in the Andes.  The furnaces at Dos Cruces were 
ritually killed and buried, each surrounded by offerings of camelids, imported ceramics, and the 
evidence of feasting.  Further, the entirety of Sector 1 appears to have been buried and rebuilt at least 3 
times following these ritual internments.  These discoveries provide some of the first insight into the 
ritual and social underpinnings of smelting in the Pre-Hispanic Andes as well as the first systematic 
investigation of smelting technology in this region and time period.  
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SESSION 9: Provenance  

2nd June, 9:15h, Room 0E18: Menendez Pidal.CCHS 

Trace the origin of the Bell Beaker copper artefacts in Western Europe. 
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This communication concerns the Bell Beaker phenomenon in France (3rd millennium BC), 
whose component(s) and origin(s) are debated issues for more than a century. It focuses especially on 
the archaeometric study of very characteristic and/or well dated Bell Beaker copper objects—tanged 
daggers, Palmela points, awls and flat axes—from different archaeological sites using new trace 
element and lead isotopic analyses. The main purpose of this study is to trace the source(s) of the 
metal in order to bring new elements for a better understanding of the Bell Beaker phenomenon. It 
shall also contribute to show what is moving: the ore, the objects, or the people. 

Considering the analytical results, two sets of data can be outlined. The first one is characterized by 
arsenical copper and radiogenic lead isotopic ratios. This signature refers to coeval copper mines in 
northern Spain that are potential candidates for the source of the ore. The second one gathers the 
remaining non-radiogenic data and shows a heterogeneous lead isotopic field which is compatible with 
multiple European ore bodies. 

This suggests that several centers (local or not) were active in the mining and processing of the copper 
ores. This could put forward a deliberate strategy aiming at maintaining a complex network of 
relations between diverse metal-producing groups. Our project is currently in the process of sampling 
material from the Iberian Peninsula to confirm or disprove these initial assumptions. 

Finally, this new data can be compared with diffusion models and exchange patterns envisaged for 
Bell Beaker phenomenon.  

_____________________________________ 
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Iberian Copper in Scandinavian Forms? 
JOHAN LING (1). johan.ling@archaeology.gu.se  
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(1) Department of Historical Studies, Archaeology, University of Gothenburg 
(2) Ifold, West Sussex, United Kingdom 

The question of metal supply is one of the core issues of Bronze Age  research in Scandinavia. 
Whether the metal used to create the distinguished Nordic metalwork was imported, or produced from 
the local copper ores has been an unresolved problem.  A recently completed Swedish project largely 
established, on the basis of lead isotope and chemical analyses that the majority of copper was 
imported and not produced from local ores (Ling et al. 2014). Similar data from two other 
Scandinavian projects confirm this pattern. A new and more complex picture of possible connections 
between Scandinavia and Europe in the BA has emerged from these pilot studies. In addition to a 
steady supply of copper from Alpine ores, the Iberian Peninsula and Sardinia, rather surprisingly, 
might have been major suppliers of copper to Scandinavia in the BA . These unexpected and 
somewhat controversial results have challenged our previous knowledge, and raised new questions. 
Interpretative constraints are mostly related to the limitations of the published reference data for ores 
and bronzes from the Western Mediterranean and Central Europe. This shortage of relevant lead 
isotope data and methods of overcoming the difficulties in differentiating between ores from different 
regions call for in depth discussions and combined efforts of expert researchers across Europe (Ling et 
al. 2014). 

We will discuss the most recent developments in the interpretation of published and new lead isotope 
and chemical compositions data relevant to the sources of metals and trade networks for the Bronze 
Age Scandinavian communities. 

References: 
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New insights into central Mediterranean copper trade during the Late Bronze Age. 
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(2) Instituto de Historia (CSIC), SPAIN 
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An intense debate about the provenance of ox-hide copper ingots found in Sardinian was 
developed since the first paper published by Gale y Stos-Gale 1987, that suggested Cyprus as source. 
Since then, only two options have been considered for metal provenance in nuragic Sardinia: local 
ores or imported metal from Cyprus. The study of Funtana Coberta hoard (Ballao) including different 
types of copper raw material (ox-hide ingots, plano-convex ingots, votive sword fragments, sheet or 
scrap metal) opens a new perspective to consider other provenance areas and even the manufacture of 
some ox-hide ingots, as well as the votive weapons, with Sardinian copper. This hoard is dated at the 
end of 13rd-beginning of 12th century BC and contains more than 20 kg of metal (Manunza 2008).  

Elemental analysis of near 200 items was performed by a pXRF. After this first approach, a set of 
selected samples (33) based on groups of composition were analyzed by ICP-MS in order to get a 
more precise information, specially Rare Earth element (REE), Thorium, and Uranium contents. 
Finally for provenance information lead isotope analysis (LIA) of this set of selected samples was 
performed by MC-ICP-MS.  

References: 

• Gale, N.H. y Stos-Gale, Z.A. (1987): Oxhide ingots from Sardinia,Crete and Cyprus: new 
scientific evidence. In Balmuth (M.S.) ed., Studies in Sardinian Archaeology III.Nuragic Sardinia 
and the Mediterranean World. Oxford 1987,135-178 (British Archaeological Reports S387). 

• Lo Schiavo, F.; Muhly, J.; Maddin, R. and Giumlia-Mair, A. (2009): The oxhide ingots in the 
central Mediterranean. Istituto di Studi sulle civiltà dell’Egeo e del Vicino Oriente, Biblioteca di 
Anti-chità Cipriote 8, ICEVO-CNR, Roma. 

• Manunza, Mª R. (2008): Funtana Coberta. Tempio nuragico a Ballao nel Gerrei. Scuola Sarda 
Editrice. 

_____________________________________ 

Late bronze age ingots from Friuli Venezia Giulia (Italy): composition and origin of the metal.  
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The archaeometric study of copper and bronze ingots from protohistoric metal hoards in Friuli 
Venezia Giulia (Italy) is aimed to investigate the origin of the metal, identify the exploitation areas and 
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reconstruct the circulation paths of Alpine Copper in North-Eastern Italy. The selection of 
archaeological finds dated from the Middle Bronze Age 3 (MBA3, 1400-1300 B.C.) to the Final 
Bronze Age (FBA, 1200-950 B.C.) is due to the key role of Friuli in this time as an economic and 
commercial hub between the Adriatic area and Central Europe. 

In the present work, the results of the archaeometallurgical analyses of different types of ingots 
belonging to the protohistoric hoards of Cervignano, Muscoli, Castions di Strada, Celò and Galleriano 
are reported. Among these objects, pick-ingots showed a characteristic shape that allows tracking a 
well-defined distribution area. Actually, this type of FBA ingots have been found in Slovenia 
(Kanalski Vrh), as well as in several sites of Friuli (Galleriano, Porpetto, Mandriolo), Veneto 
(Frattesina) and Tuscany (Grosseto). All the analysed finds have been made available thanks to the 
cooperation of the Soprintendenza per i Beni Archeologici del Friuli Venezia Giulia. 

Chemical analyses highlighted differences in both alloying and trace elements, depending on ingot 
type (plano-convex, parallel-surfaces or pick-ingots) and on the technology of the refining process 
employed. Moreover, the lead isotopic compositions in some selected samples were investigated by 
means of inductively coupled plasma mass spectrometer equipped with multi-collector (MC-ICP-MS). 
The comparison of the obtained data with existing Pb-isotope databases [1; 2; 3; 4] testifies for the 
ample circulation of Southern Alpine raw copper in Friuli. 

References: 

• [1] OXALID, http://oxalid.arch.ox.ac.uk/ 
• [2] BRETTSCAIFE.net, http://brettscaife.net/lead/data/index.html 
• [3] Alpine Archaeocopper Project, http://geo.geoscienze.unipd.it/aacp/welcome.html 
• [4] NIMIS P., OMENETTO P, GIUNTI I., ARTIOLI G., ANGELINI I. 2012. Lead isotope 

systematics in hydrothermal sulphide deposits from the central-eastern Southalpine (northern 
Italy). Eur.J.Miner.24. 

_____________________________________ 

Use Of Neutron Activation Analysis (Naa) for provenancing artefacts cast in the lost-wax 
technique. A pilot-study with EIA Tripod-Cauldrons found at Olympia and Kalapodi/Abai. 
MORITZ KIDERLEN (1). moritz.kiderlen@hu-berlin.de  
HANS MOMMSEN (2) 
ANNO HEIN (3) 

(1) Humboldt-Universität zu Berlin, Institut für Archäologie, Berlin, Germany.  
(2) Rheinische Friedrich-Wilhelms-Universität Bonn, Helmholtz-Institut für Strahlen- und 
Kernphysik, Bonn, Germany. 
(3) N. C. S. R. "Demokritos", Department of Materials Science, Attiki, Greece. 
 

Bronze tripod-cauldrons were one of the most prestigious types of moveable items in early 
Iron Age Greece. Because of its character as an exchange-item with a value easy to assess, the tripod-
cauldron was fit to become an attribute used in the communication of personal status. In this respect, 
the findspot-distribution of tripods can be used to show that certain Greek sanctuaries became hotspots 
of elitist interaction very early in EIA (Kiderlen 2010).  
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Fortunately, quite a lot of the extant tripod-fragments have a clay-core and/or preserve residues of the 
casting-moulds on their surface. In our pilot-study with 58 samples from Olympia and 5 samples from 
Kalapodi/Abai it is shown that NAA allows a coherent internal chemical grouping of the clay-pastes 
used in the ancient casting-workshops. Secondly, comparative material from workshop-debris and also 
geological samples allow a geographical localisation of some of the chemical groups. Generally 
spoken, NAA therefore seems to be an effective method to define production places of artefacts cast in 
the lost-wax-technique. In the case of the EIA tripods, both travelling-routes of workshops involved 
can be traced as can also travelling routes of clients. This provides new hard data for modelling both 
the economical and the political structures of EIA Greece. 

References:  

• Kiderlen 2010: Moritz Kiderlen, Zur Chronologie griechischer Bronzedreifüße des 
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SESSION 10: Workshops 
 
2nd June, 9:15h, Room 0D1: José Castillejo. CCHS 

Innovative or resourceful: metal-working crucibles in Roman Britain. 
CARLOTTA GARDNER (1). Carlotta.gardner.11@ucl.ac.uk  
IAN FREESTONE (1) 

(1) Institute of Archaeology, University College London, United Kingdom. 

This paper addresses the production of Romano-British crucibles used in metallurgical 
processes.  These vessels have particularly demanding requirements and previous work suggests that 
they were made from a range of materials; some crucibles were specially selected and probably 
acquired over quite long distances, while others were produced close to the site.  Furthermore, some 
appear to have been made by the metal-workers, while others were made by specialist potters.  

The handmade crucibles, which are usually inferred to have been made by the metal-workers 
themselves, are similar in form to pre-Roman Iron Age crucibles and their presence on Roman period 
sites has previously been used to identify the site as ‘native’. However, handmade and wheel-thrown 
crucibles have been found together on Roman-period sites. This paper will address these issues of 
identity using case studies from Hadrian’s Wall and London, exploring themes of technological 
transmission. 

Detailed fabric and technical analysis has been carried out on crucibles from the two regions, using 
petrography, SEM-EDS and XRF.  The results have been used to determine the technological choices 
made and how consistently they were applied; the role of specialists in crucible production; and the 
relationship of these practices to region, status of site and chronology.  It will further allow the extent 
to which non-ferrous metalworking was dependant on the ceramic industry to be evaluated.  It offers 
important new insights into the organisation of metal working in the Roman period.  

_____________________________________ 

Fragmented remains of Roman crucible metallurgy in Thracia. 
FREDERIK RADEMAKERS (1).  frederik.rademakers@gmail.com  
THILO REHREN (2) 
ANASTASYA CHOLAKOVA (1) 

(1) UCL Institute of Archaeology, London, United Kingdom. 
(2) UCL Qatar, Hamad bin Khalifa University, Doha, Qatar 

Excavations of several Roman and late Roman urban contexts in modern Bulgaria have 
revealed a large variety of crucible remains related to secondary metallurgical activity. As many of 
these crucibles were recovered up to half a century ago, and some more recently in emergency 
excavations, their preservation strongly varies, and there is often a lack of contextual evidence to relate 
their use to particular installations or workshops. Furthermore, sampling restrictions hinder 
straightforward reconstruction of the crucible processes, as often only tiny fragments were available 
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for study. Though such circumstances are not favourable for technological studies, they are not 
uncommon in archaeological projects. 

This paper discusses the detailed study of these fragmented crucible remains recovered from Serdica, 
Nicopolis ad Istrum, Philippopolis and Augusta Traiana. On the one hand, it aims to contribute to our 
understanding of metallurgical practices in the eastern provinces of the (late) Roman Empire, which 
have received relatively little attention compared to the western provinces. Despite the fragmented 
nature of the remains, some broader observations concerning metal use, alloy production and 
workshop organisation can be made. Furthermore, a comparison of the various fabrics sheds light on 
the ceramic technology applied in metallurgy, ranging from reused domestic pottery to specialised 
refractories. On the other hand, this paper features a discussion of methodological difficulties faced in 
the technological study of crucible remains, in particular when faced with very limited samples. The 
ensuing limitations on broader interpretation are weighed against possible research questions. 

_____________________________________ 

Multiplying identities – mastermodels and reduplication in Early Medieval Gotland. 
NY BJÖRN GUSTAFSSON (Archaeological Research Laboratory, Department of Archaeology and 
Classical studies, Stockholm University). nybjorngustafsson@gmail.com  

Gotland, the largest island of modern Sweden featured a distinct indigenous version of the 
Norse cultural concept in the Early Medieval Period. Today this is best seen through the local non-
ferrous jewellery which survives in large numbers. These artefacts have mainly been recovered as 
stray finds during farming or through metal-detection of ploughed-over contexts. As a very limited 
number of the islands settlements have been excavated, the understanding of the social nature of early 
Gotland rests on analyses of finds and findclusters, metalworking forming no exception. Until recently 
only a few sites with undisputed traces of non-ferrous metalworking were known. By comparative 
studies of the physical distribution of certain key artefacts and their interrelations, it has however been 
possible to identify a large number of sites with clear or probable connections to non-ferrous 
metalworking (Gustafsson 2013). A clear majority of these featured traces of casting. 

One of the diagnostic find types is master models of lead and copper alloy. While metalworkers on the 
Scandinavian mainland chiefly appears to have utilised extant jewellery as masters, their Gotlandic 
counterparts seems to have used master models in serial reduplication of certain types of jewellery. 
Whether this is a false picture, created by intensive metal-detection campaigns, or actually shows a 
difference in approach between mainland-Scandinavian and Gotlandic metalworkers cannot be 
satisfyingly established. The master models do, however, offer interesting insights into the incitements 
of the islands Early-medieval metalworkers. This in turns, aid the understanding of the dynamic 
interaction between producers and consumers and how metalworkers partook in the construction and 
maintenance of social order and stability by multiplying important agents of identity – indigenous 
jewellery. 

References: 

• Gustafsson, N. B. 2013. Casting Identities in Central Seclusion. Aspects of non-ferrous 
metalworking and society on Gotland in the Early Medieval Period. Theses and Papers in Scientific 
Archaeology Stockholm. 
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Technological specialisation and material choices: Viking Age metal crafts in the Mälar Valley.  
DANIEL SAHLÉN (The Archaeological Research Laboratory, Department of Archaeology and 
Classical Studies, Stockholm University Sweden). daniel.sahlen@arklab.su.se  

Decorative artefacts of copper-alloys and precious metals had an essential social function in 
the Viking world, through which wealth, status and social ties were displayed. Previous studies of 
these crafts have particularly looked at larger production contexts and high quality products, while 
minor production sites have only seen occasional interest. As a consequence the non-ferrous 
metallurgy of the Viking Age is often portrayed as a highly specialised craft, but the presence of minor 
production sites throughout the Viking world suggests that this is only part of the story.  

The purpose of this presentation is to discuss results from the project Metalworking crafts in context, 
the evidence of non-ferrous metallurgy in the Mälar valley. The Mälar valley in eastern central 
Sweden, a central area in Late Iron Age and Viking Age Scandinavia, provides evidence of non-
ferrous metallurgy from a range of sites. These included the early urban sites of Birka and Sigtuna, 
where extensive productions of non-ferrous metal have been documented, but also a range of smaller 
sites where the evidence indicates more sporadic production. 

A key question for this project was to assess if the use of metals indicates more specialised 
craftworking at the larger sites, mirroring their specialised economic status. The main difference 
between the larger and smaller sites, based on the archaeological evidence, is the extent and duration 
of the craftworking and the fact that precious metals were more commonly worked at the larger sites. 
Ongoing compositional analyses using SEM-EDS and pXRF of copper-alloys from the sites are 
currently being carried out to augment this conclusion and to test if there are any identifiable patterns 
in the selection of particular alloys or metals at particular sites. 

_____________________________________ 

Litharge cakes from Castel-Minier (Ariège, France): Understanding strategies of the cupellation 
in a multi metals workshop from the 15th century. 
JULIEN FLAMENT (1). julien.flament@cnrs-orleans.fr 
SARAH GUILLAUME (1). guillaume.sarah@cnrs-orleans.fr 
FLORIAN TEREYGEOL (2). florian.tereygeol@cea.fr 

(1) IRAMAT-CEB 3D, Orléans cedex 2 France 
(2) IRAMAT-LMC SIS2M, LAPA, Gif-sur-Yvette cedex France 

 Among evidences of silver production during medieval times, cupellation remains are one of 
the most significant but rarely found in archaeological context due to their fragility. For 10 years, an 
exceptional corpus of more than 50 litharge cakes has been found during excavations at Castel-Minier 
(France, Ariège). As evidences of the cupels which absorbed lead oxides during the cupellation 
process, these artefacts are directly linked to the metallurgical activities of non-ferrous metals which 
took place at Castel-Minier from the late 13th to the 15th century. Litharge cakes’ morphology is very 
instructive with a wide range of shapes whereas several metallic globules are embodied in lead oxides. 
Following these observations, our study investigates the composition of both the metallic globules and 
bulk material of the cupels using two complementary methods: LA-ICP-MS and SEM. Until now, few 
isolated artefacts from medieval times were studied (Bartels & al., 2007; Bayley & al., 2004; Guirado 
& Téreygeol, 2011). Excepted one example given by Bartels, their economic and historical contexts 
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are unfortunately very specific and comparison with our corpus is impossible. The interpretation of 
our analyses allows us to propose a relevant typology of litharge cakes which is directly linked to their 
function. Thus, considering the nature of the raw material, care taken in making the cupel and purity of 
the metallic globules, each artefact could highlight purposes for which cupellation is carried out at 
Castel-Minier including ore assaying, silver refining, processing of complex alloys. These results not 
only help to reconstruct operational chain used at Castel-Minier but also to understand spatial and 
functional organisation of a multi metals workshop through an eloquent example. 

References: 

• Bartels Ch., Fessner M., Klappauf L., Friedrich A. L. Kupfer, Blei und Silber aus dem Goslarer 
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SESSION 11: Bronze Age 1 

2nd June, 11:30h, Conference Room.CCHS 

Metal as a resource in the European Bronze Age. 
MARTIN BARTELHEIM (Institut für Ur- und Frühgeschichte und Archäologie des Mittelalters 
Eberhard Karls Universität Tübingen, Germany). 
martin.bartelheim@uni-tuebingen.de 

Metals are widely considered to have been crucial for developments within the periods that 
mainly therefore are called Metal Ages. However, the identification of what the prehistoric population 
of Europe regarded as resources is difficult, mainly due to the lack of assertions by themselves. 
Therefore, entire categories of resources, material as well as immaterial, could have been as 
fundamental for the functioning of social entities in those periods as raw materials whose use like that 
of metals can be demonstrated with archaeological methods. This paper will discuss the character and 
the role of resources as essential elements for the dynamics of societies using examples from the 
European Bronze Age. 

_____________________________________ 

The Armorican Brittany Tin production / a rich region exploited since Bronze. 
CECILE LE CARLIER DE VESLUD (1). Cecile.lecarlier@univ-rennes1.fr  
CELINE SIEPI  (1) 

(1) UMR 6566 CReAAH, Laboratoire Archéosciences, Rennes Beaulieu. 

The Armorican Massif is an old geological feature whose last structuration dates back to the 
formation of the hercynian chain leading to the setting up of many granites fracturing the surrounding 
rocks. Hydrothermal fluids bearing mineralized elements (including tin), were then injected into these 
major vein systems. Some of these veins remained untouched, while others did suffer the effects of 
erosion. In this latter case, grains of cassiterite (hardly alterable), were swept by water and deposited in 
more quiet areas thus forming alluvial and marine placers. These concentrations of variable size are 
extremely numerous in Brittany, and many of them could easily be exploited since the protohistoric 
periods.  

Field surveys begun in order to identify old tin production workshops, and first evidences were indeed 
observed. Tin wastes were characterized by laboratory studies including microscopic observations and 
chemical analysis. Some slags, witness of the reduction process from ore to metal, were found in 
mixed layers of charcoal, last remnants of the alluvial workshops. The chronology for these workshops 
is variable, form Bronze Age to Iron Age, Antiquity and medieval period. Few other slags were found 
isolated, indicating probably the location of nearby workshops, however obviously no dating is 
possible for now. Similarly, some mining excavations have been spotted close to the veins, some of 
these are dated back to Antiquity, but many of them can’t be dated for the moment without 
archaeological excavations.  

The Armorican Massif is therefore a particularly tin-rich region, but these important mining resources 
seem to have never been overexploited, leading to a continuous extraction during about two millennia. 
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This region, in the west end of continental Europe was at all time part of exchange networks and long 
distance trade. Perhaps it could correspond to the mythical Cassiterides islands…. 

_____________________________________ 

Copper production in EBA Thassos: new finds, experimental simulations and links with the 
Southern Aegean contemporaneous metallurgical practices. 
NERANTZIS NERANTZIS (1). nnerantzis2001@yahoo.co.uk 
YANNIS BASSIAKOS (2) 
MYRTO GEORGAKOPOULOU (3) 
ELENI FILIPPAKI (2) 
GEORGE MASTROTHEODOROS (2) 

(1) 31st Ephorate of Prehistoric and Classical Antiquities, Greece. 
(2) Laboratory of Archaeometry, NSCRS “Demokritos”, Greece. 
(3) UCL Qatar, Doha, Qatar. 

Experimental approaches in the context of Aegean Bronze Age metallurgy have offered 
significant insight regarding the performance of copper reduction based on archaeological examples. 
In the case of Chrysokamino on Crete, where fragments of a perforated furnace were found, 
experimental smelts allowed testing the technological choice of perforations. These perforations were 
possibly used for achieving higher temperatures and a controlled increase of oxygen to counter the 
reduction of iron minerals to iron due to reducing conditions within the furnace. However, bowl-type 
early furnaces for copper production, without perforations, have been also found in southern Aegean 
islands, like Kythnos, Seriphos and elsewhere. A recent experiment was carried out in order to 
approach questions regarding copper ore reduction in a northern Aegean context from the EBA 
settlement at Aghios Antonios on Thassos. Although no furnace fragments were so far found, the 
smelting slag recovered point to copper ore reduction with significant losses of copper into the slag. 
The experiment was designed in order to replicate the conditions that led to the formation of such slag. 
Malachite and cuprite ores were used with the addition of pre-treated magnetite, quartz and calcite as 
flux constituents. Although it was not possible to produce a bar of copper separated from the slag the 
experiment was sucessful as copper coalesced in large prills within the slag. Small lumps of metallic 
copper (1-2cm) were observed attached to the slagged conglomerate. Analysis of the experimental slag 
has shown striking microstructural similarities with the archaeological slag containing large prills of 
metallic copper. An assessment of the conditions prevalent during the experimental smelt is used to 
evaluate the performance of copper reduction on EBA Thassos. Besides, a comparative study for 
investigating the technological links -and differences- in early copper making practices between 
Thassos and southern Aegean islands is attempted.    

_____________________________________    

Early Bronze Age metalworking craftsmanship; an evidence based argument about levels of skill 
. 
MAIKEL HENRICUS GERARDUS KUIJPERS (Assistant professor in European Prehistory, Faculty 
of Archaeology, Leiden University). m.h.g.kuijpers@arch.leidenuniv.nl  

The adaption and spread of metalworking technology undoubtedly (re)shaped society at large, 
not only in a socio-political sense but also by instigating deep epistemological changes. While the 
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former has been discussed thoroughly, the latter is less well understood. Both, however, are related to 
the assumed presence of people with metalworking skills. This makes skill a pivotal point of study.  

In this presentation I present the results of my PhD thesis that focussed on empirically demonstrating 
levels of skill in over 300 Late Copper Age and Early Bronze Age axes from the North-Alpine region 
(Kuijpers 2014). For this I make use of the available detailed results of metallographic analyses 
(thanks to the work of Prof. T. Kienlin), next to a macroscopic examination of them.  

In order to bridge the gap between the highly detailed scientific analyses of the data and the 
observation that skill is fundamentally dependent on the senses, I propose the use of perceptive 
categories. The emphasis of an analysis through perceptive categories is on those characteristics of the 
data that are relevant to craftspeople and recognisable through the senses and the tools used by them. 
Using this methodological tool to re-asses the making of these axes I show that different applications 
of techniques are present during the production of similar looking axes, which relate to variable 
attentiveness and attitudes towards the (raw) material. I interpreted these as the result of different 
levels of skill (and different intentions as to the purpose of the axes).  

References: 

• These observations problematize the idea of the metalworking ‘specialist’ and forces us to 
reconsider the character of metalworking craftsmanship in the Early Bronze Age. 
• Kuijpers, M.H.G. 2014. Early Bronze Age metalworking craftsmanship. An inquiry into 
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_____________________________________ 

Late Bronze Age copper production in the Kalavasos-Maroni area of Central-South Cyprus. 
LENTE VAN BREMPT (1) 
VASILIKI KASSIANIDOU (1) 

(1) Archaeological Research Unit, Department of History and Archaeology, University of Cyprus. 

During the Late Bronze Age (ca. 1650-1100 BC) Cyprus played a principal role in the Eastern 
Mediterranean trading networks as a dominating producer and exporter of copper. The expected 
evidence for large-scale production may be rather limited but at nearly every known Late Bronze Age 
site remains of copper production or working have been found. This is without doubt an indication that 
copper must indeed have been an important aspect in the Late Cypriot society. 

Also at the major Late Bronze Age sites within the southern Kalavasos-Maroni area excavations have 
exposed metallurgical debris. The assemblages are characterised by a high variability in quantity, 
distribution, archaeological context, material and type among and within the sites. By means of a 
comparative study of these remains the presented paper aims to reconstruct not only the multi-phase 
process of copper production but also its social and spatial organisation within the sites and the region. 

The complete metallurgical assemblage from Kalavasos-Ayios Dimitrios, including both tap and 
furnace slag, crucible and furnace fragments, copper and bronze scrap and copper-alloy objects, has 
been examined by means of a variety of analytical methods like optical microscopy, SEM-EDS and 
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pXRF, Also a small number of tap slag fragments from Maroni-Tsaroukkas were analysed. The 
outcomes are consequently contrasted with the published results for Maroni-Vournes. This detailed 
study can hopefully reveal the role copper may have played within this region, and contribute to a 
better comprehension of the complex process of sulphide ore smelting and in general the production 
and working of copper on Late Bronze Age Cyprus, a topic which is much discussed but holds until 
today numerous unanswered questions. 

_____________________________________ 

Copper ingots of the British Late Bronze Age. 
PETER NORTHOVER (Department of Materials Oxford University, UK).  
peter.northover@materials.ox.ac.uk  

Copper ingots have a remarkable distribution in the Bronze Age of the British Isles. Apart 
from a small number in the Chalcolithic and Early Bronze Age of Ireland, all occur in the Ewart Park 
period of the Late Bronze Age in southern and eastern England, with one find each from the southwest 
tip of Wales and from the Isle of Man. Except for a number of hoards along the coasts of the south-
west peninsula the finds of ingots are located well away from English copper sources. Further, in the 
south-east of England the ingots are strongly associated material of the Carp’s Tongue complex 
suggesting a continental connection for the copper, and the one Welsh find occurs with the only Welsh 
fragment of a Carp’s Tongue sword. More recently the Salcombe shipwreck find with tin and copper 
ingots can increase our understanding of how copper was transported around and across the English 
Channel.This paper will present the results of the metallurgical analysis of some 260 ingots 
undertaken to explore the exact place the ingots occupied in the metal supply of Late Bronze Age 
Britain. The great majority of the copper has very low concentrations of impurities including iron and 
excepting sulphur which can range up to 3% or more. Slag inclusions in the surface of some show 
magnetite crystals in a glassy matrix. Comparison with contemporary bronzes, including those 
associated with the ingots reveals a large mismatch in compositions indicating that alloying copper 
directly with tin is probably only a small part of the way in which the copper was used. More usually it 
was alloyed with bronze and there is evidence that any surplus might just be abandoned. The 
continental connection will be explored further and it will be proposed that, in effect, a copper surplus 
was being dumped. Where that surplus came from is another question but some exotic compositions, 
such as those with up to 1% cobalt, have exact parallels in Switzerland so an Alpine origin for some is 
certain, while other copper may have come from nearer the Atlantic coast. After this phase copper 
ingots ate not found in England again until Roman times.  
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SESSION 12: Out of Europe  

2nd June, 11:30h, Room 0E18: Menendez Pidal.CCHS 

Economic Changes through Time along the Tanzanian Swahili Coast, as Seen through the 
Examination of Non-Ferrous Metals and Metallurgical Technologies. 
THOMAS R. FENN (1). Thomas.Fenn@yale.edu 
JEFFREY FLEISCHER (2) 
STEPHANIE WYNNE-JONES (3) 
EDWARD POLLARD (4) 
TOM FITTON (3) 
ADRIA LAVIOLETTE (5) 

(1) Center for the Study of Ancient Pyro-Technology, Department of Anthropology, Yale University, 
USA. 
(2) Department of Anthropology, Rice University, Houston, USA. 
(3) Department of Archaeology, University of York, UK. 
(4) British Institute in Eastern Africa (BIEA, Nairobi, Kenya. 
(5) Department of Anthropology, University of Virginia, USA. 

 Historic towns along the Swahili coast of East Africa played prominent roles in the triangular 
Indian Ocean maritime trade linking East Africa with India and the Persian Gulf/Red Sea.  However, 
the impact and extent of economic changes through time at coastal Swahili trade towns are still poorly 
understood.  Examining non-ferrous metals in Swahili society, many of which were imported and 
reworked locally, can serve as a proxy to understand the impact of Indian Ocean maritime trade on 
local economies, particularly with regard to the consumption of semi-exotic materials and finished 
goods.  Copper-based metals were a relatively common imported metal type but they also were locally 
worked and some even may have been produced locally or regionally.  Therefore, studying these 
metals and their metallurgy from Swahili sites in Tanzania can provide insights into socio-economic 
aspects such as organization of production and workshops, consumptions patterns as well as networks 
connecting these sites to the hinterland and the Indian Ocean economic community. 

 Questions examined in this research include whether all non-ferrous metals on the East 
African coast were imported, or whether some also were locally derived, and from where did the 
imported metals derive?  Other questions include how local metalworkers adapted imported metals to 
their needs, and whether variations in chemical composition or provenance reflect consumption 
patterns, as well as other meanings when interpreting value and status connected with non-ferrous 
metals.  To that end, copper-based metals were examined from several Swahili archaeological contexts 
along the Tanzanian coast dating from the 7th cent. CE to 16th cent. CE.  Results of chemical and 
isotopic analyses identified imported metals from multiple locations, while evidence for indigenous 
metal production also is presented.  Finally, these data are compared to similar archaeological 
materials (e.g., glass beads) to explore chronological shifts in the flow of materials to the East African 
coast and Tanzania from Indian Ocean trade networks. 

_____________________________________ 
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Islamic metalwork from Iran (10th-14th century AD). 
ZIAD EL MORR (1, 2). ziadelmorr@gmail.com  
DAVID BOURGARIT (2, 3) 
ANNABELLE COLLINET (1) 

(1) Département des Arts de l’Islam, Musée du Louvre, Paris, France. 
(2) Centre de Recherche et de Restauration des Musées de France, Paris, France.  
(3) UMR 7055 CNRS-Université Paris, Préhistoire et Technologie, Maison Archéologie & ethnologie, 
France. 

The Islamic metalwork remains understudied despite several research works carried out since 
the 1970’s, mainly on material coming from the Near East. To fill this gap, the ISLAMETAL project 
has been established as collaboration between the Louvre Museum and the C2RMF. It consists of a 
systematic investigation of the Louvre Museum collection of the Persian and Indian world domestic 
metal ware dating from the 10th-18th century AD. In this paper we explore the development of 
metalwork by investigating more than 130 items made of copper and alloys belonging to two 
corpuses: 10th-13th century AD artefacts from Greater Iran (Iran, Afghanistan and Transoxiana) and 
13th - 14th century AD items from South-western Iran. This is achieved by using a wide range of 
methods (PIXE, ICP-AES, naked eye examination, optical microscopy, micro-topography, X-ray 
radiography). The alloys in use have been characterized, as well as the changes in copper supply and 
the manufacturing techniques. The richness and skills of Islamic Iranian craftsmanship has thus been 
highlighted, regarding notably all the decoration techniques mastered which include incrustation, 
chasing, engraving and champlevé. A number of technological variations have been recorded thus 
enabling to draw regional and extra-regional evolution trends. This has been achieved partly thanks to 
the fruitful comparison with existing work carried out previously on productions from western Islamic 
regions (Egypt, Mesopotamia, Levant, Anatolia...). Our work shows both changes and persistence in 
many aspects of this craft during the period spanning from the 10th to the 14th century AD.   

_____________________________________ 

Iron reduction process of lead/precious metal smelting in 9th-13th century AD China. 
SIRAN LIU (1). driverliu1987@gmail.com  
THILO REHREN (2) 
JIANLI CHEN (3) 
CHANGQING XU (4) 

(1) UCL, Institute of Archaeology, UK. 
(2) UCL Qatar. 
(3) School of Archaeology and Museology, Peking University. 
(4) Jiangxi Provincial Institute of Archaeology, China. 

Iron reduction process (IRP) means using metallic iron to reduce lead directly from its 
sulphide, and is an efficient way to smelt lead ore without roasting. Theoretically, this technology 
requires high temperature and strongly reducing atmosphere to keep the furnace charge molten and 
iron in its metallic state. The earliest record about IRP is currently from India dated to the 14th century 
AD (Dube 2006). In Europe and Japan, it was developed in much later periods (Dube  2006). The 
currently known Chinese textual evidence also suggests a quite late appearance of this technology. 
However, new archaeological finds from China are changing our understanding about the development 
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of the process and operational conditions of IRP. A small scale lead/precious metals production site, 
called Baoija was identified in Jiangxi province, central-south China. Radiocarbon dating and 
historical documents indicate this site was used from the Tang to the Southern Song period (7th-13th 
century AD). Slag analysis shows that IRP was used extensively at this site to produce lead and 
potentially gold and silver. A series of experimental smelts conducted in electronic furnace indicates 
that this process could be carried out at quite low temperature and mildly reducing conditions. It may 
be suggested that the IRP had been used in China much earlier than what we expected, and the whole 
process was simple enough to be mastered by unspecialized workers from a small site. Indeed, Baojia 
is not the only Chinese site where we identified lead/precious metal production with IRP. There is a 
potential that this technology had been extensively used in the late Imperial period of China.  

References: 

• Dube, R.K., 2006. The extraction of lead from its ores by the iron-reduction process-a historical 
perspective, JOM 58, 18-23. 
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SESSION 13: Iron 1 

2nd June, 11:30h, Room 0D1: José Castillejo.CCHS 

Early Iron objects from Israel; the rusty evidence. 
ADI ELIYAHU BEHAR (1). adi.eliyahu17@gmail.com  
NAAMA YAHALOM MACK (2) 
STEVE WEINER (3) 
ISRAEL FINKELSTEIN (4) 

(1) Bar Ilan University  
(2) The Hebrew University of Jerusalem 
(3) Weizmann Institute of Science 
(4) Tel Aviv University 

The use of iron for utilitarian purposes began during the Iron Age I (Late 12th - 11th century 
BCE), and intensified in the following centuries. As the growing evidence for iron production does not 
predate the Iron IIA, iron objects from the Iron Age I remain the only source of information for the 
early iron technology.  

In this study, as part of our on-going efforts to clarify and contextualize the transition from bronze to 
iron use, sixty iron objects were analyzed. The objects were chosen carefully from well-stratified and 
securely dated contexts, spanning the Iron I and Iron IIA and represent major sites in Israel, including 
as Hazor, Megiddo, Rehov, Tell es-Safi/Gath and Khirbet Qeiyafa. The objects comprise various tools 
and weapons, as well as a few bracelets. Among the objects were also three bi-metallic knives.  

Objects were analyzed by optical and scanning electron microscopy to determine whether steel was 
produced and whether additional heat treatments and mechanical procedures were undertaken during 
their manufacture. Significantly, none of the objects subjected for analysis had been fully preserved in 
metallic form, and in fact, the opposite was observed; only very small islands of metallic iron were 
preserved. However, 'ghost' structures of pearlite were identified in almost all the objects, clearly 
indicating the presence of carbon and thereby steel. The microstructure reflected a range of 
compositions from low carbon hypoeutectic steel to high-carbon and hypereutectic compositions, 
possibly indicating the lack of control over the process. Almost no evidence for heat treatments was 
identified, possibly due to the bad preservation state of the objects. Martensitic structures (indicative 
of quenching) were nevertheless identified in several analysed knives. No apparent differences were 
observed between early and later Iron Age objects.  

_____________________________________ 

On the “invisibility” of Early iron smelting technology in the Iberian Peninsula. A preliminary 
approach. 
SALVADOR ROVIRA (1). s_rovirallorens@hotmail.com  
MARTINA RENZI (2) 

(1) Museo Arqueológico Nacional, Madrid (Retired). 
(2) University College London, Qatar. 
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The almost complete lack of archaeometallurgical studies of iron smelting sub-products dated 
to the beginnings of this new technology is a striking fact that does not match the relative abundance 
of iron objects found in Anatolia, Mesopotamia and other Eastern Mediterranean regions since late 2nd 
millennium BC. The first slags studied so far come from Jordan and are dated to the 9th century BC, a 
relatively late date in relation to the supposed origin of iron metallurgy in the Hittite empire during the 
14th century BC. 

This “invisibility” of early iron production also occurs in the Iberian Peninsula. The earliest local 
production of iron objects starts at the end of the 9th-beginning of the 8th century BC with the arrival of 
the Phoenicians. In many of their colonies, abundant evidence of forging activities have been found 
but there is no clear evidence for iron smelting, and the first tap slags documented in the Iberian 
Peninsula so far are dated to the 6th-4th century BC.  

Therefore, there is a long period of apparent “invisibility” of iron production in Iberia that cannot be 
explained by the simple assumption that wrought iron was imported, especially because of the well-
known abundance of local iron mineral resources. 

Laboratory studies of iron slags from the Phoenician site of La Fonteta (Guardamar del Segura, 
Alicante, Spain) allowed us to identify several fragments of a slaggy material with large areas 
composed almost entirely of iron oxides. This debris is related to small furnaces consisting of simple 
holes in the ground.  

We propose that, in this early production phase, iron was obtained by exploiting high-purity ores (still 
existing in Spain) whose smelting process did not produce significant amount of slag. Experimental 
replication of this metallurgical method for obtaining iron supports our hypothesis. This presentation 
includes a discussion on slagging processes in ancient iron smelting. 

_____________________________________ 

Archaeometallurgical studies of iron age weapons from the Iberian Peninsula. A vision in 
perspective.  
MARC GENER MORET (Instituto de Historia. Centro de Ciencias Humanas y Sociales, CSIC, 
Spain). marc.gener@cchs.csic.es  

Weapons are a particularly valuable sub-set of the material culture when it comes to 
approaching the study of the metallurgical technology of a given period in the antiquity. Not only are 
they, for the very nature of their function, susceptible of featuring the best that technology has 
available in terms of exploitation of the mechanical properties of materials, but also, due to their 
strong socio-cultural relevance, the amount of them that has been preserved is especially high. 
Because of this, a careful approach to their archaeometallurgical study with a wide focus, accounting 
for not only their purely technological characteristics but also other aspects like their functional traits 
and their symbolic value, can easily become a particularly useful source of knowledge of the societies 
that designed, produced and used these weapons. 

From this perspective, the various cultures of the Iberian Peninsula’s Iron Age provide a wide array of 
weapons for study, showing various technological and typological idiosyncratic features, as well as 
telling signs of strong relationships with neighbouring European and Mediterranean cultures. But the 
sad truth is that the archaeometallurgical studies of Iron Age Peninsular weaponry, especially 
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regarding the iron artefacts, are extremely few and far between. For example, of more than 700 Iberian 
falcatas excavated there is published metallographical analysis of only 7 of them.  

In this work, an overview of the actual situation of the archaeometallurgical studies of Peninsular Iron 
Age weaponry is presented. Some distinctive questions, like the methodological problems that arise of 
the widespread use of cremation in the funeral rites or the possibly intentional development of 
magnetite coatings in the Iberian and Celtiberian weapons, are addressed. The development of 
peninsular iron technology and its relationship with that of other neighbouring cultures is also 
considered. Finally, a proposal of future developments for these studies is offered.      

_____________________________________ 

Archaeometrical studies (metallography, chemical, radiocarbon dating) of an exceptional iron 
semi-product deposit: restitution of know-how, organization and circulation of production in the 
First Iron Age. 
MARION BERRANGER (1). marion.berranger@utbm.fr  
SYLVAIN BAUVAIS (1-2) 
MOSTEPHA BOUKEZZOULA (1) 
PHILIPPE FLUZIN (1) 
STEPHANIE LEROY (1-2) 
PHILIPPE DILLMANN (1-2) 

(1)  Laboratoire "Métallurgies et Cultures" - UMR 5060 - CNRS - IRAMAT  - UTBM 
(2) Laboratoire archéomatériaux et prévision de l’altération - SIS2M - UMR3299 - CEA/CNRS. 

In the east of France, the iron workshops attributed to the first Iron Age still remain little 
known, but In eastern France, iron workshops attributed to the first Iron Age are still little known but, 
in parallel, semi-products are well represented under the shape of bipyramidal masses (stocks of metal 
intended to supply forges). Our research gives priority to this kind of objects because they are the most 
adapted if we want to reconstitute smiths’ know-how and to sketch circuits of exchanges from the 
Hallsttat period, as will be shown in the interdisciplinary study led on an exceptional deposit of 51 
bipyramidal semi-products discovered at Durrenentzen (Haut-Rhin - France).  

Following a global methodological approach, the bars were typologically clustered then sampled. 
They were dated using radiocarbon methods on carbon contained in the metal matrix (AMS Dating), 
their structures and textures of the metal were observed by metallography (composition, compaction, 
shaping technology) and their provenances were approached through the composition of slag-
inclusions (major and trace analyses - EDS/La-ICP-MS). 

As first result, these semi-products have been dated by 14C of the Hallstatt period contrary to the 
assertion of certain scholars who attributed these artifacts to a more recent time. Concerning 
technology, metallographic observations demonstrate that there structures are very close to smelting 
crude masses and that some of the bars are composed of two different parts welded together. Finally, 
trace element analysis allows us to attribute the bars to different separated provenance groups. These 
characteristics allow us to consider some aspects of the raw metal supply and thus of the productions 
organization for this period which sees the introduction of the iron metallurgy in our regions. 

_____________________________________ 
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Putting some iron back in Iron Age Britain - recent research on the Arras Culture, UK.  
PETER HALKON (Dept. of History, University of Hull). a.p.halkon@hull.ac.uk  

2015 marks the bi-centenary of the excavation of the Iron Age cemetery at Arras Farm near 
Market Weighton, East Yorkshire (1815–17). It was here that the first Iron Age chariot burials were 
unearthed by a group antiquarians, in what was to become a type-site of the Middle Iron Age (La Tene 
period) of Britain. Subsequent research has shown that there are more iron objects in Eastern 
Yorkshire than in any other part of Iron Age Britain of comparable size, largely contained in burial 
contexts. These include iron tyres and other chariot fittings, mail armour, swords and spears and ítems 
of personal adornment such as brooches and mirrors. If the experimental work by Peter and Susan 
Crew and others suggesting that it would take between 8 and 25 person days to produce 1kg of bar 
Iron is correct, the objects in a single chariot burials would have taken almost 300 person days which 
suggests that those buried held considerable status.  

The objects themselves which include the Kirkburn sword, now in the British Museum, and the later 
Iron Age South Cave weapons cache containing 5 swords in decorated sheaths and 33 iron spearheads 
represent some of the finest examples of metalworking both in iron and copper alloys in Iron Age 
Europe. The presenter of this paper has argued that there is a close socio-economic relationship 
between the prehistoric iron production centres of the region, one of the most extensive known in the 
UK so far, and the Arras culture burials, which is closely tied to the landscape of the region and its 
resources.  

_____________________________________ 

The earliest iron bloomery in Southern Norway - Technological conformity and variation. 
BERNT RUNDBERGET (1). bernt.rundberget@khm.uio.no 
JAN HENNING LARSEN (1). j.h.larsen@khm.uio.no 

(1) Museum of Cultural History, University of Oslo, Norway. 

Iron bloomery in the Early Iron Age Norway has mainly been associated to Central Norway 
and the so-called Trøndelag furnace. It is primarily this technology which has been referred to in 
national as well as international publications. Less known is that it has been an extensive extraction 
also in the southeastern part of Norway. The scale is still uncertain when no complete mapping is 
done. However, both the amount and size of the bloomery sites tells that there was a highly skilled 
knowledge in both small and large scale production, refining and smithy process already in the Pre 
Roman Iron Age. In this paper the focus will be on this special production form. In recent years it is 
done new excavations, surveys and analysis. The results are now collected and several datings and 
metallurgical analyses have given us the opportunity to interpret these specific technologies better. 
The production seems to have started near agricultural area and only in a minor scale about 300 BC. In 
the 1st and 2nd century large scale bloomery sites is established in the woods and low mountain areas, 
further away from settlements. With this chronology as a backdrop, technological development, 
conformity and variation in time and space will be discussed. Together, the new results of archaeology 
and metallurgy provides to get a more comprehensive understanding of innovation, knowledge, 
preconditions and choices in the earliest bloomery practice in Southeastern Norway. This has in turn 
provided basis for new reconsideration of the relationship to the Scandinavian and Continental 
bloomery ironworks.  
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SESSION 14: Provenance and trade 

2nd June, 16:15h, MAN Conference Room. 

Tin isotopes and the problem of the provenance of Prehistoric Tin.  
GERHARD BRÜGMANN (1). gerhard.brügmann@cez-archaeometrie.de  
DANIEL BERGER (1) 
ERNST PERNICKA (1) 
BIANKA NESSEL (2) 

 (1) Curt-Engelhorn-Zentrum Archäometrie, Mannheim, Germany  
 (2) Institute of Earth Sciences, University of Heidelberg, Germany  

The provenance of tin in prehistoric bronzes is still an unsolved issue and an aspect of 
controversial debates. This is due to the scarcity of evidence for the prehistoric exploitation of tin 
resources. In addition, tin can hardly be traced back to its source: neither trace element concentrations 
and abundance patterns nor lead isotopic compositions offer defined fingerprints, especially when 
alloyed with copper. The isotopic composition of tin itself, in its ores and bronzes, may be a promising 
tool for answering the open questions. This paper discusses methodical issues in acquiring tin isotope 
data from metal objects and tin ores (especially cassiterite, SnO2). It also presents the first tin isotopic 
research on Early Bronze Age metal artefacts from the region of Halle, Germany, which belong to the 
central European Unetice culture. The results indicate that Unetice bronzes from different hoards and 
with variable tin contents (0.1 to 12 wt.%) display a narrow range of the tin isotopic composition 
(δ(124Sn/120Sn) = 0.2±0.1‰). The isotope ratios also agree very well with published data of cassiterites 
from the Erzgebirge, although there is some overlap with the field of Cornwall. It seems thus possible 
that the Unetice culture used the local tin ores, even though there is still no archaeological evidence of 
prehistoric tin extractive metallurgy in this region. As an important result it further turns out that the 
famous Nebra Sky Disc is isotopically different from the Unetice bronzes. This underlines the 
exceptional standing of the Sky Disc and might suggest a connection with cultures in Great Britain. 
Ongoing research will define isotope fingerprints of tin bronze, metallurgical products and ores from 
all over the Old world in order to trace ancient trade routes as well as the origin and evolution of 
bronze metallurgy. 

_____________________________________ 

The Provenance of iron ore in Naukratis: local Egyptian or imported European? 
YASSER ABD EL-RAHMAN (1-2). Yassermedhat@hotmail.com, Yasser@sci.cu.edu.eg.  

(1)  Geology Department, Cairo University, Egypt 
(2)  Institute of Mineralogy, TU Bergakademie Freiberg, Germany. 

Naukratis was a Greek colony placed on the Canopic branch of the Nile River. It was founded in 
the sixth century BC during the Egyptian 26th dynasty. The predominance of iron tools and iron slag 
indicates that Naukratis was important center for iron manufacture (1). The iron was smelted out of 
specular hematite, which was found in the site. It was thought that this iron ore was brought from 
Elba, which was an important iron ore source in the Mediterranean area (2). In this study, local 
Egyptian iron ore sources are discussed. Specular hematite is not common in Egypt. It presents in two 
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areas in the Eastern Desert, El Ulf and Abu Gerida.  In both areas, specular hematite occurs in veins 
dissecting granitic rocks and is associated with barite and quartz respectively. The specular hematite of 
El Urf area is intensively interlocked with barite and cannot be exploited in a large quantity. However, 
the banded coarse-grained nature of the quartz-specularite veins of Abu Gerida area makes it possible 
to exploit large chunks from the veins. Many of the veins in Abu Gerida area was exploited for iron 
ore as indicated by the presence of trenches, which follow the specularite-rich zones in the veins. Iron 
ore exploitation is supported by the presence of smelting station close to the mining sites in which iron 
slag and charcoal fragments are found. These slag fragments are composed mainly of wüstite, fayalite-
kirschsteinite and traces of metallic iron. The absence of W-Sn phases in the specular hematite of Abu 
Gerida area makes it distinguishable from the specular hematite ore of Elba (3).  

References: 

• (1) Petrie, WMF, 1886, Naukratis, Part I, 1884-5, Third Memoir of the Egypt Exploration 
Fund, London. 
• (2) Petrie, WMF, 1885, Archeological Journal 43, 45-51. 
• (3) Benvenuti et al., 2013, Archaeometry 55, 479-506. 

_____________________________________ 

Coinage and mines: monitoring access to silver sources in the Western Mediterranean from the 
5th-3rd centuries BCE. 
THOMAS E. BIRCH (1). birch@em.uni-frankfurt.de  
FLEUR KEMMERS (1) 
SABINE KLEIN (2) 
H.-MICHAEL SEITZ (2) 
HEIDI E. HÖFER (2) 

(1) Institut für Archäologische Wissenschaften der Goethe-Universität Frankfurt am Main, Germany. 
(2) Institut für Geowissenschaften der Goethe-Universität Frankfurt am Main, Germany. 

This poster aims to highlight the continuity and change in silver sources used for coinage by 
different peoples and cultural spheres (Greek, Punic, Etruscan, Roman) in the Western Mediterranean 
5th – 3rd centuries BCE. In 500 BCE, some Greek cities had begun minting silver coins. By 100 BCE, 
the entire Western Mediterranean was incorporated into the Roman currency system. Access to 
sources of silver during the intervening period was dynamic. Whilst mining seems an obvious and 
important source of silver, bullion could also have been had my melting down foreign coinage or other 
objects gained through trade networks, booty or tribute. 

The results are developed to argue for differential access to silver by comparing different groups 
through time. The comparison of case studies reveals that access to silver may be dependent on a 
combination of geo-politics, cultural affiliation, private enterprise (free trade) and conflict. The work 
enables for new and interesting insights into the dynamic movement and use of silver that, at times, 
challenge current interpretation. One example is that of Taras (a Spartan colony) in southern Italy, 
which shows similar access to silver as other Greek colonies, despite having a very different political 
background. The results overall also allow for a general overview of silver provenance (for coinage) 
through time, with strong indications of mixing. 
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The research incorporates lead isotope analysis (MC-ICP-MS) and elemental analyses (EPMA, LA-
ICP-MS) with existing reference data to build the interpretations presented. Results are displayed 
using kernel density estimates of traditional lead isotope bi-plots, emphasising the probability of a coin 
provenance hypothesis. Copper isotopes were also measured to highlight the potential use of the 
technique for investigating debasement (by added copper), associated with changes in coin fineness. 

_____________________________________ 

Connecting the Dots: Production and Trade of Early Medieval Brass in light of new analyses 
from Hedeby, Cologne, and Dortmund. 
STEPHEN MERKEL (1). StephenWilliam.Merkel@bergbaumuseum.de 
ANDREAS HAUPTMANN (2). Andreas.Hauptmann@bergbaumuseum.de 

(1) Ruhr Universität Bochum, Institut für Archäologische Wissenschaft, Germany. 
(2) Deutsches Bergbau Museum Bochum, Germany.  

The development of the brass industry in the early Middle Ages is topic of great ambiguity.  A 
new series of analyses of copper-alloy objects from the Danish Emporium of Hedeby clearly show a 
preference for leaded brass within this Viking-age settlement. The lead isotope analysis of brass 
ingots, casting debris, and finish brass objects from the settlement area points to origins in the Rhenish 
Massif region of Western Germany and Belgium; however, the 25 brass bar ingots found in a hoard in 
the Hedeby harbor have an alternative, yet to be identified source. In the search for the production 
centers of brass in the Rhenish Massif, analyses of copper-alloy objects from recent excavations of 
early medieval Cologne were carried out and crucibles and slag from Westphalia, which may have a 
connection to brass-making (see Rehren et al. 1993), were investigated by microscopy and lead 
isotope analysis. The results show close parallels between the brass in the Westphalian crucibles and 
the brass ingots found at the Hedeby settlement. In stark contrast, the finds from Cologne are rarely 
brass and constitute a mixture of copper alloys with varying amounts of tin, zinc, and/or lead. The 
preliminary results provide evidence that the Westphalian brass-making industry in and around the 
city of Dortmund may have been more significant than previously thought. Since provenancing of 
brass through elemental and lead isotope analysis is an underdeveloped area of research, a critical 
discussion of the methods and possible interpretations of the chemical data will be provided.   

References: 

• Rehren, Th., E. Lietz, A. Hauptmann, K.H. Deutmann. Schlacken und Tiegel aus dem 
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The Gresham shipwreck: european metals in a global world. 
MARCOS MARTINÓN-TORRES (1). m.martinon-torres@ucl.ac.uk  
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(1) UCL Institute of Archaeology, London, United Kingdom. 
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(3) Independent researcher, West Sussex, United Kingdom. 
 

This paper presents our work on a substantial metal cargo recovered from a late 16th century 
AD ship that sank in the Thames estuary with thousands of tin ingots, lead pigs and iron bars. The 
ship, with an estimated capacity of 150 tons, is compared with other post-medieval shipwrecks that 
sank with metal cargoes. The study of the metals has allowed us to propose the possible origins and 
destination of the ship  – a story may connect the capitalist ambitions of several European nations, 
state piracy and the slave trade. 

Elemental and lead isotope analyses showed the lead to derive from the English mines of Derbyshire, 
which were the main British producers of lead at the time. The tin was shown to be English too. The 
study of the 6-metre long iron bars required novel methods combining metallography with slag 
inclusion analysis. These analyses demonstrate that the bars were made by welding together several 
iron blooms of mediocre quality. Using multivariate statistics to compare slag inclusion compositions 
with published datasets of smelting slag, it was possible to suggest that the most likely origin of the 
iron is in the Rhineland. The combination of English lead and tin with Dutch bloomery bar iron is a 
strong indication that the ship was on an outward route when it sank.  

A potential destination for the cargo could have been West Africa, where Dutch iron was traded by the 
British for exotic goods and slaves since the turn of the 16th century; the ship could then have 
proceeded to the New World for further trade. Other options are discussed too, including state piracy 
and the Levant trade, all of which illustrate the power of archaeometry in general, and 
archaeometallurgy in particular, to provide insight into post-medieval maritime trade and its human 
and material costs. 
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SESSION 15: Iron 2 

2nd June, 16:15h, MAN Conference Room 1. 

The early use of ultra-high carbon steel in a main door hinge from the Nabatean temple at 
Khirbet et-Tannur, Jordan. 
BRIAN GILMOUR (Research Laboratory for Archaeology and the History of Art, University of 
Oxford, UK). brian.gilmour@rlaha.ox.ac.uk  

Material recovered from the 1937 excavation of the ruined Nabatean temple complex at 
Khirbet et-Tannur, Jordan and stored in the Nelson Glueck Archive in the Semitic Museum, Harvard 
University, included very badly corroded iron fragments which were found in association with the 
charred collapsed remains of the pair of doors at the entrance to the Inner Temenos Enclosure. These 
doors would have been installed sometime between the construction of the doorway in Period 2 – the 
first half of the 2nd century A.D. and when the doors were burnt in the mid-4th century. This hinge 
had consisted of a long tongue – attached to the bottom of the door – connected to a ball-and-socket 
arrangement that once formed the main weight carrying pivot assembly, all now totally corroded and 
virtually unrecognisable. 

The shape, size, and position of the largest fragment suggest that it was most likely the poorly 
preserved remnant of the lower hinge belonging to the north door (found in situ in the upper threshold 
of the doorway. One detached fragment from the heavily fissured part of the corroded hinge block was 
then mounted and examined metallographically which revealed the partial survival of some relic 
ferrous metal structure. In this case, the relic structure was one which suggested the use of ultra-high 
carbon steel to make at least the fist-sized hinge block. The structure observed was one which showed 
traces of a relic grain structure partly marked by (black) corrosion voids left by the secondary 
corrosion of grain boundary iron carbide (cementite), plus some needle-like voids left by the 
secondary corrosion of needle-like cementite plates. The more amorphous infill in between this darker 
relic structure would appear to be what is left of the products of the primary (or first phase of) 
corrosion of the ferrous block forming this hinge block. In addition to the relic steel structure, the 
distinctive deeply fissured appearance of the surviving iron hinge block is further indicative of the use 
of ultra-high carbon steel to make the whole hinge pivot block.   

Although the occurrence of ultra-high carbon steel – in this case probably steel of crucible origin – 
might seem surprising at such an early date there are various clues which suggest that this may well be 
one of the products of a long forgotten steel industry which documentary sources suggest was centred 
on the Mashraf/Hawran region now straddling the borders of Syria and Jordan, some 90km south-east 
of Damascus. This paper will discuss these clues and how together they point towards the existence of 
this industry as one which is mentioned in early written sources and which lay in an the area on or near 
the ‘King’s Highway’, an ancient, long-distance north-south route which also passes close to the 
Khirbet et-Tannur site.   

_____________________________________  
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Iron Tools in Early Mediaeval Basque Country (North of Spain): Metallographic analysis and 
peasant agency. 
JUAN ANTONIO QUIRÓS CASTILLO (1). quiros.castillo@ehu.es  
DAVID LARREINA GARCIA (2)  

(1) University of the Basque Country 
(2) UCL Institute of Archeology, London, UK 

Early Middle Ages peasant communities are traditionally described as underdeveloped, 
impoverished and rather resource-limited, only capable to practice a subsistence economy. (Fossier 
Chapelot 1980). With the arrival of the feudalism around the 1000 AD, this situation would begin to 
reverse returning Europe to a systematic agriculture and introducing technological innovations in 
which metal played a crucial role replacing wood in ploughs and other utensils (White 1962; 
Bonnassie 1998). However, recent archaeological data from mediaeval settlements in the Basque 
Country (North of Spain) point out a constant and relatively abundant presence of diverse metallic 
implements in peasant villages, and in dates significantly earlier than the expected (8th-10th centuries). 
It is noteworthy to highlight the rarity of Early Medieval chronology collections of household utensils 
(Goodall 2013). 

In this paper an assortment of iron artefacts excavated in the village of Zaballa (knives, arrow-heads, 
sickles and other domestic use implements) are analysed by means of OM and SEM microscopy 
following described protocols (Scott 1991) in order to measure the quality of the metal, to characterise 
the structure and alloys, and to identify the heat treatment. 

The diversity and quantity of these items suggests that iron instruments were regular within the 
peasantry in stark contrast with the traditional thesis of the historians. It is discussed that small-scale 
iron production was certainly accessible to rural communities in the Basque Country area during the 
Early Mediaeval Ages to satisfy local needs and likely generating small and medium market networks.  

References: 

• Bonnassie P. (1993), Del esclavismo al feudalismo en Europa Occidental, Critica 
• Fossier R., Chapelot J. (1980), Le Village et la maison au Moyen Age, Paris 
• Goodall I. H. (2013), Ironwork in medieval Britain : an archaeological study, London 
• Scott, D. A. (1991): Metallography and microstructure of ancient and historic metals. Getty 
Conservation Institute. 
• White L. (1962), Medieval Technology and Social Change, Oxford. 
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Paleosiderurgy in Bizkaia (Basque Country, Spain): survey, excavation, experimentation and 
materials characterization. An integral study of the Ferrerías de Monte or “Haizeolak”. 
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This work presents  the results of the paleosiderurgical research developed over the last 12 
years in the province of Biscay (Basque Country, Spain) on the old ferrerías de monte (mountainside 
ironworks) or “haizeolak”, small iron production units, very abundant in  this area but hardly studied 
until now. For seven years, the Archaeology Team of the Museo de la Minería del País Vasco (Basque 
Country Mining Museum), composed by experts in archaeometallurgy, geology and environmental 
sciences, has led a multidisciplinary archaeological survey around the remains of this activity. This 
tool of spatial analysis linked to the utilization of the natural resources has enabled us to know the 
state of conservation, characteristics and perspectives of 170 classifiable sites, with chronologies 
between the 3rd and the 13th centuries A.D. This has led to the revaluation of one of the most 
important roman and medieval heritage entities of this territory. The innovative methodology applied 
has also been extended to the study of neighbouring areas. 

After the extensive action, it has been possible to propose more reliably which would be the required 
working hypotheses and the ideal sites for further study. Through collaboration with other work 
groups, we have been able to excavate three ferrerías de monte, documenting, in their various phases, 
the activity of these medieval ironworks. Using direct archaeological sources, we have experimentally 
reproduced the smelting process of this period, with a total of 6 direct reduction runs so far. 

The results of the analytical studies on slags obtained from both the archaeological sites and the 
experimental work are also presented. 

_____________________________________ 

The impact of technical changes on Late Medieval ironworking acitivities in Lorraine (France). 
ALEXANDRE DISSER (1,2). Alexandre.disser@cea.fr  
MAXIME L’HERITIER (3) 
CATHERINE BOURGAIN (4) 
EMILIE BERARD (1) 
MARC LEROY (2) 
PHILIPPE DILLMANN (1,2) 

(1) Laboratoire Archéomatériaux et Prévision de l’Altération (SIS2M-UMR 3299, CNRS-CEA). 
France.  
(2)  Laboratoire Métallurgies et Cultures (IRAMAT – UMR 5060 CNRS). France  
(3)  Université Paris. France. 
(4)  INSERM, Paris. France. 

The late medieval period saw, throughout Europe, major technical innovations and changes in 
iron metallurgy (use of water power, blast furnaces,…) that allowed an increasing productivity and led 
to a variety of operating chains and products. The spreading of these new techniques should however 
not be considered as an ineluctable phenomenon: it may be related to numerous factors such as the 
need of specific quantities and qualities of metal, or the fact that some iron ores are inadequate to some 
processes. This dynamic led to complex situations, noticeable especially at local or regional scales, in 
which blast furnaces and fineries neighboured bloomeries for several decades or centuries. 

This paper focuses on clarifying the impact of technical innovations, and most particularly the indirect 
process, on late medieval iron production zones and markets in northern France. Two specific 
categories of artefacts were considered following this aim: architectural reinforcements and artillery 
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(bombards). Former studies have demonstrated that the technical origin (direct or indirect process) of 
archaeological iron artefacts could be determined by slag inclusion chemistry. This paper relies on the 
use of specific multivariate statistical analyses to improve the discrimination of products obtained by 
one process or the other. 

The study performed allows to perceive the quantities of indirect metal that entered the iron markets in 
the end of the 15th c. and to identify the iron production zones from where some of the direct metal is 
originated. Elements of discussion are provided regarding the metallurgical landscape of a French 
region (Loraine) affected by important technical changes during the late medieval period. 

_____________________________________ 

Statistical treatment of chemical data for direct process understanding: the iron production of 
Castel-Minier (14th-16th). 
ENRIQUE VEGA (1). enrique.vega@cea.fr  
STEPHANIE LEROY (1) 
FLORIAN TEREYGEOL (1) 
PHILIPPE DILLMANN (1) 

(1) LAPA: LMC IRAMAT UMR5060 CNRS and SIS2M/NIMBE UMR3299 CEA/CNRS 

The metallurgical site of Castel-Minier (Aulus-les-Bains, France) reflects a bloomery activity 
since the late fourteenth century until 1580. Archaeological survey undertaken since 2003 
(geophysical prospection, excavation, extensive review of the three slag heaps) provided a greater 
insight into diachronic and spatial organization of the factory and led to identify different iron 
production technologies through time. A hydraulic-blown bloomery was in activity during the last 
period of occupation, whereas the very first iron smelting system shows no water power evidence. The 
terms of technological transition between these two different systems remain unknown. 

A specific X-ray portable spectrometry methodology has been developed to perform intensive in situ 
compositional investigation of entire chronologically ordered slag deposits. Application of given 
multivariate statistical procedure of major chemical elements reported a high variability of 
compositions at temporal and spatial scales. In light of this variability the characterization of the 
production system using comprehensive set tools (efficiency, oxide ratios, optima on ternary phase 
diagrams and reduction index) needs to be evaluated and fully discussed by taking into account the 
variations induced by the nature of fuel, fluxes, ore and technical ceramics, which were therefore 
analyzed in turn by inductively coupled plasma mass spectrometry and energy dispersive X-ray 
technics.  

Relying on a diachronic approach, the chemical investigation of ironmaking residues permits to 
specify the nature of the technological changes as long as both data’s statistical treatment and 
archeological expertise are used to overcome the corpus inherent heterogeneity. 
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SESSION 16: Bronze Age 2  

3rd June, 9:15h, Conference Room. CCHS. 

Prehistoric copper mining and the bronze hoards of the Middle Hallstatt period (HA B-C) in 
Transylvania. 
VLAD RUMEGA-IRIMUȘ (1,2,3). vladrumega@gmail.com  

(1) “Vasile Parvan” Institute of Archaeology,  Bucharest, Romania 
(2) National History Museum of Romania, Bucharest, Romania 
(3) Valahia University, Targoviste, Romania 

Western Carpathians (the so-called Apuseni Mountains) are characterized by significant non-
ferrous ore bodies and preserve a large array of prehistoric mining vestiges. In the same time, here 
were discovered a series of bronze hoards of the middle Hallstatt period (Ha B-C), either as stray finds 
or by archaeological excavations. Despite these facts, no thorough analysis was made yet in regard to 
the relationship between the non-ferrous ore bodies exploited in prehistoric times (especially the 
copper ones) and the bronze hoards of the middle Hallstatt period in Transylvania. Thus my 
presentation is focused on this topic and will present the current research stage upon a series of issues 
like: which non-ferrous ore bodies in the western Carpathians seems to have been mined during the 
first half of the first millennium BC, which might be the possible provenance of the metal objects part 
of the bronze hoards of the middle Hallstatt period (Ha B-C) in Transylvania and the routes of the long 
distance exchange related to these archaeological objects. As a result, the presentation brings into 
attention a preliminary approach to map all the hoards from the Hallstatt B-C period in Transylvania 
and the neighboring prehistoric mining vestiges in the Apuseni Mountains. Despite the 
archaeometallurgy studies concerning the bronze hoards of the middle Hallstatt period (Ha B-C) in 
Transylvania are rather at the beginning, such a research direction has the potential to provide a better 
understanding for this last phase of a very important phenomenon – the deposition of bronze hoards. A 
central point to the presentation is given by a recent find of two bronze hoards of this age, found at 
Tartaria – Podu Tartariei vest in 2012 in the framework of a large scale preventive excavation. 

Acknowledge:  

The presentation is prepared in the framework of  MINERVA, suported by European Social 
Fund in Romania, under the responsibility of the Managing Authority for the Sectoral Operational 
Programme for Human Resources Development 2007–2013 [grant POSDRU 159/1.5/S/137832]. 
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Special edition: studies of Late Bronze Age hoards from Nothern Bosnia. 
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The hoards from northern Bosnia, belonging to the HaA1 phase, i.e. to the period which is 
throughout Europe marked by depositing extremely great number of hoards of bronze objects. Most of 
them, in its own distinctive way, are a logical reflection of the cultural circumstances of that time and 
place. Analyses of chemical content of the objects, revealed a great uniformity in the alloy elements 
content. Metallographic analyses provided important information about technological processes 
performed. All analyzed objects were cast in moulds and cooled slowly, and more likely, long stoked 
at a temperature around 550 degrees centigrade. Apart from the collective value, apostrophized is a 
possibility to recognize the hoards as an individual precious object. In some cases the hoards are 
understood to have the prominent attributes of male base which is cognitively connected with a 
category of the ambivalent warrior – farmer who used to perform different functions in the society in 
different social circumstances. One can recognize a status suggested by some items as direct indicators 
of the status symbols of their possessor and his manipulations of the cultural “knowledge” either as a 
whole or in such fragments. The same is asserted by the way of how specific parts are fragmented in 
terms of the complexity of pars pro toto communication (non)verbal system, and consequently the 
creation of interpersonal relationships in the society. Since attention is drawn to a “ritual as an 
activity” by way of which the “subject” of the hoards was deliberately left intact, it explicitly testifies 
to their symbolic role of perception of a completely built identity.  

_____________________________________ 

The ALBIMEH project – new contributions to the comparative study of Atlantic Late Bronze 
Age hoards. 
XOSÉ-LOIS ARMADA (1). x.l.armada@ucl.ac.uk 
MARCOS MARTINÓN-TORRES (1). m.martinon-torres@ucl.ac.uk 

 (1) UCL Institute of Archaeology. London, United Kingdom. 

The aim of this paper is to introduce and present some preliminary results of the “Atlantic 
Late Bronze Age interaction through metal hoards” (ALBIMEH) project, a two-year IEF Marie Curie 
project currently in progress at the UCL Institute of Archaeology.  

The project examines the nature and extent of interaction between the Late Bronze Age communities 
of the European Atlantic façade (c. 1300-850 BC) through the study of metal hoards. It seeks to 
determine the similarities and differences expressed by the hoards in different spheres (economic, 
technological, ideological and religious) by undertaking an intensive and comparative study of the 
phenomenon in four selected geographical areas. To achieve this aim, we prioritise a standardised data 
acquisition protocol in four focus areas on the Atlantic façade. This is a crucial aspect as previous 
studies have often been based on partial information that is not very standardised and therefore 
difficult to analyse in an integrated manner. Hoards constitute an excellent source of information for 
tracing technological and cultural similarities and differences over extensive geographical areas, given 
that they reflect deliberate acts of hiding, offering or depositing certain objects. While other facets of 
the archaeological record may be the result of chance or routine action, in the hoards there is an 
intentional and conscious dimension that is in keeping with specific, culturally important ideological 
schemes. 

From the analytical point of view, ALBIMEH aims to build a new corpus of chemical composition 
analysis of LBA metal objects from the selected study areas using a handheld XRF spectrometer, 
although the compilation of previous analytical data also makes part of the project. The chemical data 
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will be combined with morphometric and contextual information to identify patterns that may be 
compared across the various study regions. 

_____________________________________ 

Bronze sword from the XIV-XIII Century B.C. found in Northern Albania, war weapon or 
monetary exchange tool? 
OLTA ÇAKAJ (1). olta.cakaj@fshn.edu.al  
TEUTA DILO (1) 
GERT SCHMIDT (2) 
NIKOLLA CIVICI (3) 
EDLIRA DUKA (4) 
FREDERIK STAMATI (5) 
ZAMIR TAFILICA (6) 

(1) Department of Physics, Faculty of Natural Sciences, University of Tirana, Albania. 
(2) Institut für Keramik, Glas- und Baustofftechnik, TU Bergakademie Freiberg, Germany. 
(3) Centre of Applied Nuclear Physics, University of Tirana, Albania. 
(4) Department of Engineering Physics, Faculty of Engineering Mathematics and Engineering Physics, 
Polytechnic University of Tirana, Albania. 
(5) Centre of Albanological Studies, Tirana, Albania. 
(6) Archeological Department, Historical Museum of Shkodra, Albania. 

Many questions about cultural and economic exchanges or conflicts and wars can find answers 
in the metal production technology. This is the reason why it is very important to study the processing 
technology in antique times. On the other hand corrosion products and microelements present in the 
microstructure can give valuable information about the object preservation and the mineral used as 
raw material. Since money did not appear until the III century B.C. in today Albania, many types of 
objects such as axes and swords were used to purchase goods. But in order to determine an object 
usage purpose the archaeological and historical point of view should be taken into account, besides the 
analytical results. A 0.675m long sword which dates to the XIV-XIII century B.C. was found in the 
surroundings of Shkodra, northern Albania. This antique object was analyzed with X ray fluorescence 
(XRF), optical microscopy with Vickers microhardness tester (OM) and scanning electron microscopy 
- energy dispersive X rays spectroscopy (SEM-EDS). Thereby respectively information about the 
alloy composition, microstructure, corrosion products, microhardness, production technology, usage 
purpose, inclusions and mineral used for the object production was obtained. The sword resulted a 
casted copper-tin alloy with oxidized phases of the first and second corrosion layer. Despite the not 
very high microhardness value and the production method, the alloyed sword was intended for war 
combat purposes. Last but not least the sulfur inclusions indicate the possible usage of sulfide mineral 
in which northern Albania is very rich. 

_____________________________________ 
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European Bronze Age defensive armour: analyses and development. 
MARIANNE MÖDLINGER (Laboratorio di Metallurgia e Materiali, Dipartimento di Chimica e 
Chimica Industriale, Università degli Studi di Genova). 
marianne.moedlinger@univie.ac.at  

Most studies on Bronze Age defensive armour in Eastern Europe were carried out over 20 
years ago, and even the latest publications on defensive armour tended to focus on typology and the 
analysis of distribution patterns. Only on a small number of objects the alloy composition and 
thermomechanical treatment has been studied. Consequently, many fundamental aspects of 
manufacture, use and functionality of defensive armour have not been comprehensively investigated.  

The presentation will focus on the processes of manufacture of helmets, greaves and cuirasses. By 
analysing their material properties, shape and manufacture we will gain further insights into the 
capability of the armour to withstand impact during combat. Surface analyses in order to detect traces 
of manufacture and usage, alloy composition, microstructure and corrosion types of the armour are 
discussed. The armour was studied using portable XRF, SEM-EDXS and microstructure analyses. 
Non-invasive analyses as PGAA, PIXE and ToF-ND were carried out on the Hungarian defensive 
armour. Microstructure and composition depending on time period, object type and geographical area 
will be discussed as well as the manufacturing techniques used to produce the armour.  
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SESSION 17: Iron 3  

3rd June, 9:15h, Room 0E18: Menendez Pidal. CCHS. 

Iron at the frontier: Medieval iron smithing at Kinet and Hisn al-Tinat. 
ÜMİT GÜDER (1). uguder@comu.edu.tr    
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CEMAL CEM TASAN (4) 
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(1) Canakkale Onsekiz Mart University, Canakkale, Turkey. 
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(3) University of North Carolina, Greensboro, USA 
(4) Max-Planck Institute für Eisenforschung, Düsseldorf, Germany.  
(5) Deutsches Bergbau Museum, Bochum, Germany. 

Kinet and Hisn al-Tinat are two archaeological sites, located in Antakya province of modern 
Turkey, in a narrow coastal corridor between Mediterrean Sea and Southern Taurus mountains. As a 
result of archaeological research in the region, it is revealed that while Hisn al-Tinat (400 meters North 
from Kinet) has got 9th-13th century levels (Abbasid - Late Byzantine), medieval Kinet levels were 
dated between 12th –  14th century (Crusaders).  

Historical records imply that frontier settlements in the region were not only used for military 
garrisons but also for timber trade and iron tool production. Small but continuous industrial iron 
production was managed by Arabs, Byzantines and Crusaders during medieval times due to rich iron 
resources, suitable forest vegetation for charcoal making and trade connections. Although iron 
smelting sites have not been detected yet, there are plenty of iron smithing related finds from both 
sites; e.g. smithing slags, luppe pieces, iron bars, half products, locally consumed iron objects. 

This paper presents the results of archaeometric analysis on recent finds. Firstly smithing slags 
originating from different levels of both sites present similar characteristics in terms of oxide 
derivations (low MnO, low Al2O3, high MgO) and microscopic structures. Furthermore, modestly 
high level of MgO (min 2,5 %- max 10 %) is possibly a result of dolomite (rich sources reported in 
province) usage as refractory material in smithing hearths. Secondly, all iron objects (nails, 
horseshoes, knives, arrowheads) in which low and mid-carbon heterogenous structures with aligned 
slag inclusions were observed, were made out of bloomery iron. Thirdly, although hot welding and 
carburization were observed as smithing techniques, no martensite structures or other sign of 
quenching were detected. Finally, Kinet’s knives were mostly produced from single mid-carbon steel 
with homogenous pearlitic or spherodized pearlitic structure, on the other hand smiths of Hisn al-Tinat 
preferred hot-welded layers of iron and steel. 

_____________________________________ 
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Korsimoro (burkina faso): iron mass production in Africa (7th – 17th AD). 
VINCENT SERNEELS (Department of Geosciences, University Of Fribourg) 
vincent.serneels@unifr.ch  

A very large iron production site, near the small town of Korsimoro (Burkina Faso) was 
investigated during two field campaigns (2011-2). The project aims the scientific study of a 
exceptional site and the training of African students and archaeologists. 

The site of Korsimoro spreads for about 10 km. A detailed topographical map has been realized. 
Several stratigraphic trenches and furnace excavations allow distinguishing between four technical 
traditions of different ages. The abrupt technological changes reflect significant modifications of the 
local population during history. 

The tradition KRS 1 (7th – 10th AD) is characterized by single use medium sized furnace (diameter 0.8 
m) with induced draft. The furnaces are grouped in linear batteries of 5 to 12 units, corresponding to 
annual smelting campaigns. 

In the tradition KRS 2 (11th – 13th AD), the induced draft furnaces are larger (diameter 1 m) and reused 
for many times. The slag accumulates at the bottom of the furnace filled with rejected fragments of 
tuyère. The broken slag form an extensive layer. 

The tradition KRS 3 (14th – 16th AD) is characterized by slag tapping furnaces (induced draft, medium 
to large in diameter, reused several times). Each furnace is located at the center of a annular slag heap 
(0.5 to 5 m high). 

The furnaces of the tradition KRS 4 (17th AD) are very small (diameter 0.2 m), use for a single smlet 
and probably bellow driven. The slag block remains in the furnace after use. They form linear 
batteries. 

The total mass of slag is estimated up to 60’000 tons and 90% belong to the traditions 2 and 3. 
Between 1000 and 1500 AD, the production of iron has been at a very large scale, evidently exceeding 
the local needs. 

_____________________________________ 
 

Iron and the Khmer Empire (9th to 15th c.): A multidisciplinary (sourcing and dating) approach 
to evaluate the iron procurement during the Angkorian period. 
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(3) Laboratoire de Mesure du Carbone 14, LMC14, CEA Saclay, France. 

A century of research at Angkor, in Cambodia, has generated an invaluable record of the 
political and religious aspects of Khmer society but has yet to provide direct insight into the 
functioning of its exchange system. The Khmer elite established a road system and management 
centres that may have played a critical role in ensuring access to resources and products to supply the 
capital. A direct implication is that the trade relations are traceable through an evaluation of its 
specialized centres and more specifically the distribution and consumption of their objects within 
Angkor. Iron, with its dynamic technological characteristics, is viewed as an ideal medium to 
investigate the organization of production and exchange networks. 

This paper represents a pilot study of an ANR project IRANGKOR (2015-2018) that aims to provide 
direct insight into the functioning and complex interaction of cultural and technological variables 
within the Angkorian production-distribution network. We provide here the first clues of 
reconstruction of iron procurement during the Angkorian period. This research has included hundreds 
of excavated materials from production sites and iron ore sources, 50 crampons from four of Angkor’s 
most important temples; and involved major methodological breakthroughs based on an integrated 
approach (technological characterisation, macroscopic and microscopic compositional investigation, 
ad-hoc multivariate analyses, 14C dating of iron). By providing evidence on the geographical origin 
and new chronological markers for the temples, our work suggests a temporal shift in the iron supply 
for Angkor’s temples from the late 10th c. to the late 12th c. This shift seems to support the hypothesis 
that the regional centre of PKKS was built to enable communication with Phnom Dek and the iron 
produced there for the Khmer elite. Moreover, the Angkorian Khmer relied on a wider regional trade 
network to obtain iron for the massive program of architectural constructions. 

_____________________________________ 

 
An upland iron industry in Pre-Tai NW Laos. 
THOMAS OLIVER PRYCE (1). opryce@gmail.com  
OLIVIER EVRARD (2)  
CHANTHAPHILITH CHIEMISISOURAJ (3) 
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With local chronicles relating primarily to lowland urban dwellers, practically nothing is 
known of upland life in NW Laos prior to ethnographic contact in the late 19th and early 20th 
centuries. These early studies documented a rich cultural fabric superimposed on a background of low 
density swidden-farming populations of low political complexity but gave little to no impression of the 
time-depth of this societal configuration. 

Limited excavation in 2010 revealed an late 1st millennium AD iron smelting workshop in Luang 
Namtha Province, indicating a social organisation and scale of production potentially incompatible 
with ethnographic accounts (Pryce et al 2011). Given that metallurgical remains are one of the few 
durable vestiges of ancient upland activity, in 2013 we investigated three other iron production loci in 
the hills around Saphim in an effort to capture more detail on the longevity and intensity of this 
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industry and potential relations with major contemporary iron-producing/consuming centres (e.g. 
Angkor). 

Interestingly, there is a substantial oral literature related to these furnaces, which are said to have been 
used by a Mon-Khmer speaking population who later disappeared from the area. The myths also 
mention a symbolic organisation of the territory with "male" and "female" objects produced in 
different sites, as well as social hierarchies and feuds between local warlords. Previous ethnographers 
who worked in this area did not conduct a detailed analysis of this oral literature but noticed that local 
hierarchies were stronger than among other Mon-Khmer speaking populations in Laos. Our study will 
conduct a detailed analysis of the myths collected among the villagers and a comparison with 
archaeometallurgical remains in order to shed new light on the history of upland precolonial Laos. 

References : 

• Pryce, T.O., et al. 2011. An VIIIth - IXth century AD iron smelting workshop near Saphim 
village, Northwest Lao PDR, Historical Metallurgy 42, 81-89. 
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Persian Pulād Production. 
RAHIL ALIPOUR (1) 
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(1) Qatar Foundation, C/O UCL Qatar, Doha, Qatar 
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The metal and technology known today as crucible steel has fascinated scientists for over a 
century. The archaeometallurgical study of crucible steel production, despite being a relatively new 
field of research, is revealing new horizons in the understanding of this technology in Central Asia 
(9th-12th centuries CE), India and Sri Lanka (mostly 17th century CE onwards). However, the 
development and spread of crucible steel making is yet to be re-constructed to its full extent.  

It has been long suspected that the origins of this sophisticated technology potentially are to be found 
in Persia. Several historical manuscripts relate this industry to production centres in modern day Iran, 
yet no archaeological evidence for this has been published so far. This paper presents our research on a 
crucible steel production centre that is cited recurrently in the historical accounts. Informed by 
historical documents, initial results of the archaeometallurgical study of archaeological finds from the 
medieval site of Chāhak in South-West Iran will be discussed. 

The focus of this paper is the slag formation within the crucibles. The microstructure and elemental 
composition of slag fragments were determined using metallography and SEM-EDS analyses, 
providing information on slag composition and the metal which was produced. This research brings a 
fresh approach which compares the information from the historical recipes and identifies a convincing 
correlation between the slag composition and the ingredients of the recipes. It provides strong 
evidence to link this archaeological site to the legendary Chāhak production centre mentioned in the 
manuscripts. This research attempts to open a new chapter in the study of crucible-steel production by 
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introducing the Chāhak crucible-steel tradition, which may pave the way to track and study the origins 
of crucible-steel production in the broader context of Central and Southern Asia.  
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SESSION 18: Roman Metallurgy 
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Lead-silver mines of the Iberian Peninsula and their exploiters – a reconstruction of Roman lead 
production in Southeastern Spain. 
MICHAEL BODE (1). michael.bode@bergbaumuseum.de  
PETER ROTHENHOEFER (2) 
NORBERT HANEL (3) 
ANDREAS HAUPTMANN (1) 

(1)  Deutsches Bergbau-Museum Bochum, Germany. 
(2) Kommission für Alte Geschichte und Epigraphik des Deutschen Archäologischen Instituts, 
Munich, Germany. 
(3) Archäologisches Institut der Universität zu Köln, Albertus-Magnus-Platz, Cologne, Germany. 

Since 2009, more than 300 Roman lead ingots produced in the Hispanic provinces have been 
investigated for the joint project “Corpus Massarum Plumbearum Romanarum”. They mostly had been 
found near the coasts of Spain, Italy, France and their Islands. Precise lead isotope analyses with MC-
ICP-MS show – for the first time – four, and not just two distinguishable groups of ingots. They can 
be related to the isotopic signatures of the Roman lead production centres Sierra Morena (Linares), 
Almeria, Mazarrón and Cartagena-La Unión.  

This differentiation is not possible by trace element comparison. Only one feature, the Cu-contents of 
the ingots from Linares and Almeria, works (in this case) as a supporting provenance tool. The ingots 
of the closely related ore deposits of Cartagena-La Unión and Mazarrón do not provide any clearly 
distinguishable trace element characteristics.  

On the basis of the instrumental data, the various entrepreneurs involved in lead production and trade, 
which are named on the ingots, now for the first time can be clearly assigned to single mining areas. 
We would like to present the lead isotope and trace element data of the ingots and our first conclusions 
drawn from the combination of chemical analysis, archaeology and epigraphy. 

_____________________________________ 

The “Tesoro di Marengo” Roman silver hoard: lead isotope analysis of the metal. 
GILBERTO ARTIOLI (1). gilberto.artioli@unipd.it  
IVANA ANGELINI (1) 
CATERINA CANOVARO (1) 
MARICA VENTURINO (2) 

(1)  Dipartimento di Geoscienze, Università di Padova, Padova, Italy 
(2) Soprintendenza per i Beni Archeologici del Piemonte e del Museo delle Antichità Egizie, Torino, 
Italy. 

The important Roman silver hoard called “Tesoro di Marengo” was found in 1928 in the Perbona 
agricultural estate near Alessandria, Piemonte (1-2). It contains a large number of silver objects and 
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fragments including furniture decorations, one votive plaque, a bust of an emperor attributed to Lucius 
Verus, several parts of small statues, votive figurines and high quality decorative band-friezes. Since 
most objects were broken, folded and wrapped, the hoard is commonly interpreted as argentum 
dilaceratum (hacksilver) ready to be re-melted, possibly the result of plundering. Twelve silver 
microsamples from the treasure objects and two Pb-rich soldering materials were analysed for Pb 
isotope ratios by multi-collector mass spectrometry in order to check the homogeneity of the metal 
used to produce the artefacts, and to provide possible clues for the silver provenance. The results show 
that most of the investigated objects were made from isotopically homogeneous silver metal having a 
signal consistent with the French mines located in the Massif Central. One object has the clear isotopic 
signal of the Iberian mines. Possible alternative interpretations of the metal provenancing will be 
presented and discussed, in the frame of the available Pb isotopic data for other Roman silver 
treasures. 
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Special applications of  X-Ray diffraction on Late Roman silver artefacts. 
MÁRTON BENKE (1). forizs.istvan@csfk.mta.hu  
VALÉRIA MERTINGER (1) 
ISTVÁN FÓRIZS (2) 
VIKTÓRIA MOZGAI (2) 
BERNADETT BAJNÓCZI (2) 
ZSOLT MRÁV (3) 
MARIANNA DÁGI (4) 
MÁTÉ SZABÓ (2) 
MÁRIA TÓTH (2) 

(1) Department of Physical Metallurgy and Metalforming, Faculty of Materials Science and 
Engineering, University of Miskolc, Hungary. 
(2) Institute for Geological and Geochemical Research, Research Centre for Astronomy and Earth 
Sciences, Hungarian Academy of Sciences, Hungary. 
(3) Hungarian National Museum, Hungary. 
(4) Museum of Fine Arts, Hungary. 

Two types of main shape giving of metal objects are casting and deformation. Due to the 
solidification processes and deformation mechanisms of metals, the manufacturing methods leave 
characteristic traces in the microstructure of metallic objects. Such traces are crystallographic texture 
and residual stress. During casting, crystallographic texture is strongly affected by the cooling 
conditions, while during deformation, the texture is associated with the type and magnitude of plastic 
deformation. The residual stress induced by elastic deformation of any manufacturing step is stored 
within the crystal structure. The residual stress can be quantitatively measured in the near surface 
regions. If crystallographic texture and residual stresses are measured, the type of manufacturing 
process can be determined. X-ray diffraction is a suitable method for the measurement of both 
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crystallographic texture and residual stress. Innovative, centerless X-ray diffraction equipments are 
capable of the non-destructive measurement of residual stresses. The application of such equipments 
can be extended for the examination of crystallographic texture as well. The Laboratory of Image and 
Structure Analysis (LISA, Strategic Research Infrastructure) at the University of Miskolc has great 
experience in residual stress and texture measurement analysis and qualification on automotive 
components. Using our experiences of decades, the examination methods were applied for Late 
Roman silver artefacts. The examination techniques were developed and validated on silver objects 
manufactured by known processes (cold rolling, cold rolling and annealing, casting, casting followed 
by machining). The examinations performed on silver artefacts proved that the type of manufacturing 
processes can be determined through the developed techniques. The developed techniques are 
completely non-destructive, therefore the examined artefacts suffered no harm. The techniques have 
no object size limits. 

_____________________________________ 

Moulds, pits, hearths: evidence of bronze casting in Roman Northern Italy.  
ELISA GRASSI (1). elisamaria.grassi@unicatt.it 
LORNA ANGUILANO (2). lorna.anguilano@brunel.ac.uk 

(1) Università Cattolica del Sacro Cuore, Milano Italy. 
(2) Brunel University, Kingston Lane, Middlesex, UK. 

In several recent excavations carried out in Northern Italy, archaeologists have encountered 
the remains of metalworkers’ workshops where, during the Roman imperial age (1st-3rd century AD), 
large bronze objects were cast. The significance of these finds is considerable as, although the high 
levels of craftsmanship achieved by Roman bronze workers in the region are undisputed, little is still 
known regarding the layout of the workshops and the technologies used.  

The present research, still in its early stage, deals with the metalworking evidence coming from four 
bronze working sites located in three cities, Vimercate (Milan), Turin and Verona, where remarkably 
well-preserved evidence have been found: among them, large casting pits and moulds for making 
bronze statues, for which only a few parallels are known so far.  

A thorough review of the archaeological stratigraphy has been carried out, in order to trace back the 
working processes and, where possible, the structure of the workshops. Moreover, archaeometric 
analyses have been performed on both refractories and metal residues, aiming at reconstructing 
technological aspects. Analyses of alloy compositions, in particular, are meaningful because they can 
be compared with those of several well-known bronze objects found in the same cities, in order to 
evaluate similarities and discrepancies in the attempt to retrace technical choices and patterns. 
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_____________________________________ 

Copper alloys in the Roman Empire and Germania Magna. 
ARNE JOUTTIJÄRVI (Heimdal-Archaerometry, Denmark). 
heimdal@archaeometry.dk  

In Roman alloying tradition, a limited number of rather well defined copper alloys were used 
for specific purposes. An example of this is the Roman officers belts from the sacrificial offerings in 
Nydam and Ejsbøl.   

The analyses also revealed a number of unusual platings, indicating that brass was perceived as what 
can best be described as a kind of semi precious metal. In the belt of the highest ranking officer fittings 
made from solid brass was used alongside silver and silvergild platings. On a less prestigious belt only 
rivet heads were silver plated, and brass was used only as plating on bronze fittings. On a belt 
signifying an even lower rank, brass was only seen as occasional rivets, probably made from pieces of 
scrap. 

The perception of brass as a status indicator, even outside the Roman Empire, is confirmed by 
brooches from Danish burial finds dated to the late Roman Iron Age. Brass brooches were primarily 
found I graves in which the presence of silver brooches or tutulus brooches signified the high social 
status of the buried. 

As a rule a women was in possession of two brooches made at the same time and probably cast from 
the same crucible of metal, as the compositions are often identical. Even typologically different 
brooches within the same grave tend to be made from the same metal, whereas one type of brooch 
could be made from a wide variety of alloys including brass if found in different graves.  

No local alloying tradition seems to have existed. It is therefore likely that the similarity of metals 
within one grave was the result of a family having a depot of metal in the form of a Roman vessel or 
statuette. The compositions indicate that the metal came primarily came from these types of objects. 
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SESION 19: Recycling  

3rd June, 15h, Conference Room. CCHS. 

A Novel Chemical Approach To Investigating The Dynamic Flow Of Non-Ferrous Metals In The 
Pontic Steppe During The Late Bronze Age (1800-1500 BC).  
YIU-KANG (GARY) HSU (1). yiu-kang.hsu@linacre.ox.ac.uk 
BENJAMIN SABATINI (1). benjamin.sabatini@rlaha.ox.ac.uk 

(1) Research Laboratory for Archaeology and the History of Art, University of Oxford, UK.     

The Pontic Steppe is the vast grassland stretching from the northern shores of the Black Sea to 
the southern Ural Mountains. Throughout the Chalcolithic Period and Bronze Age, the development of 
non-ferrous metallurgy in this region had been heavily dependent on three major mining and 
production centres:  the Carpathian, Caucasus, and Urals. The use of Carpathian pure copper was 
dominated during the Chalcolithic period, followed by the introduction of arsenical copper from 
Caucasus during the Early Bronze Age, and an increasing influence from the Urals during the Middle 
Bronze Age. In this presentation, we will focus on the metal from the Late Bronze Age of the Pontic 
Steppe to understandthe circulation of metal in both an intra-and inter-regional scale.  

Previous methods to address this issue are to match the chemistry of metal objects with ore sources. 
These so-called provenance studies are based the assumption that a static chemical connection exists 
between the composition of the metal and ores from which it was smelted. However, this is an 
oversimplification since prehistoric metallurgy incorporated a paradigm of recycling or mixing of 
metal from various sources. According to thermodynamic modelling and experimental results, the 
high-temperature melt will lead to the loss and enrichment of some elements, especially in the loss of 
arsenic and antimony. The composition of metal artefacts is therefore no longer directly comparable to 
that of copper ores.  

Taking these recycling and mixing variablesinto consideration, a new chemical model is developed to 
investigate the life histories of metal artefacts rather than just focus on their origins. By applying this 
method to the chemistry of the Late Bronze Age Pontic metal, we are able to observe clear patterns of 
the eastern inflow of pure copper and tin-bronze as well as intense recycling of metal within the 
steppe.  

_____________________________________ 

Experimental recycling, modeling, and thermodynamic explanations of some ancient copper-
based alloys. 
BENJAMIN SABATINI(1). benjamin.sabatini@rlaha.ox.ac.uk  
YIU-KANG HSU(1) 

(1) Research Laboratory for Archaeology and the History of Art, University of Oxford, UK 

Smelting and re-melting experiments using reconstructed furnaces and recreated ancient 
copper-based alloys have often only alluded to the thermodynamic underpinnings that governed the 
observed chemical compositional changes (e.g. Merkel, 1983; Tylecote and Merkel, 1985). By 
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performing such black box experimental archaeometallurgy, and not addressing the thermodynamic 
processes at play, one's ability to understand and apply the results of such studies to archaeological 
finds and contexts is severely limited. In this paper we address this shortcoming by repeating some 
experiments, and substituting and introducing others, including thermodynamic explanations and 
simple models for copper alloys containing tin, lead, silver, nickel, and antimony in relation to the 
practice of metal production and recycling. In these new experiments, conducted in both oxidizing and 
reducing atmospheres, we provide chemical compositional analyses pre and post melting over several 
melting iterations using XRF, EMPA, and SEM-EDS analyses.  

Applying thermodynamic models specifically created for these experiments, the mechanism of 
compositional change are elucidated allowing for the prediction of object chemical composition both 
forward and backward in time. This ability to predict object composition provides a new and 
invaluable tool for understanding, for example, not only technological ability and development but 
also metal flow and social and regional networks. The results of this study, for instance, might be 
applied to the Central Asian and Euroasian Bronze Age where these metals were in circulation. 
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_____________________________________ 

Supply and demand: metal recycling in Southern Germany at the End of the Late Iron Age. 
ROLAND SCHWAB (Curt-Engelhorn-Zentrum Archäometrie Mannheim, Germany). 
Roland.Schwab@cez-archaeometrie.de  

During the last ten years several hundred Iron Age non-ferrous objects, such as jewellery, 
objects of utility, military equipment and casting waste were investigated. Most of the objects belong 
to the late Iron Age and come from different settlements and burials in Southern Germany. Their 
chemical compositions were analyzed by XRF and metallographic examinations were performed by 
using optical and scanning microscopy. Additional lead isotope studies were added.  

The last decades between the development of oppida civilization and Roman occupation represent a 
period of radical change in economic organization. Former investigations in the oppidum from 
Manching (Bavaria) have already shown that iron scrap was recycled for the production of new 
implements during the final phase of the settlement. Within the same areas recycling of bronze and the 
first examples for pre-Roman silver recycling by cupellation has now been established. The lead 
necessary to extract precious metal from its debased alloys originates from Spain and is also present 
within other settlements. The examination of the casting wastes and objects shows that Roman wine 
drinking vessels have been re-melted to produce new items. The loss of tin seemed to have been 
compensated by the introduction of antimony-rich fahlore copper which has replaced the high-tin 
alloys to produce silver-coloured metal objects such as coins, rouelles and mirrors. The shortness of 
metals ended with the occupation by the Romans bringing new material and inducing mining 
activities.  
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Iceland’s early crucible metallurgy: adapting to new environments with old metals. 
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In around AD 870, settlers sailed across the Atlantic and arrived in Iceland. With them they 
bought knowledge and experience of certain crafts. They may even have brought a crucible or two. 
This paper presents the first comprehensive overview and analysis of crucible metallurgy in Iceland, 
bringing together analyses of fragments and metals from 14 different sites across the country, dated 
from the Age of Settlement to the Medieval period. Metallurgy in Iceland not only reflects the 
movement and transmission of knowledge from Scandinavia, but also adaptation and change 
associated with a new environment, and persistence towards not relying on imports. 

In a land with little known in the way of usable clay resources, one of the main objectives was to 
investigate the fabric of the crucibles for their bulk elemental composition (PGAA), mineral 
characteristics (ceramic petrography) and construction methods (neutron radiography). The 
interdisciplinary research project also aimed to identify the function of these crucibles, by analysing 
their slagged surfaces and corroded metal (external milli-beam PIXE). 

The results confirm evidence for non-ferrous metalworking and recycling, which although previously 
hypothesised (for an island with no historical or archaeological evidence of mining), has only now 
been confirmed empirically. The results also bring to light evidence for precious metalworking. The 
variability in crucible fabrics (and form) appears to reflect different technological practices and an 
adaptive response to local environments devoid of usable (plastic) clays. 
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SESION 20: Medieval and Modern 
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Archaeometallurgical examination of finds from Medieval bell casting foundries in Hungary. 
ADRIÁN BERTA (1). bela.torok@uni-miskolc.hu  
MÁRIA TÓTH (2) 
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ÁRPÁD KOVÁCS (4) 
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(1) University of Szeged, Department of Archaeology, Hungary 
(2) Hungarian Academy of Sciences, Institute for Geological and Geochemical Research. 
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Finds from medieval (9-14th centuries AD) bell foundries (casting pit, furnace and mould 
residues, bell-fragments and results of failed castings) were found in several areas of Hungary: 
Zalavár, Esztergom, Ópusztaszer, Abaújvár, Visegrád and Diósgyőr. 

Bells had a special role in religious affairs, but also in everyday life through the medieval ages. In the 
beginning bells were forged from metal sheets, later casting technique was introduced and developed. 
This technique has two types: wax-loosing and false-bell technique. Bell casting is a long process 
consisting of numerous steps demanding a great deal of knowledge. The first ones were made by 
Benedictines, later specialized (generally secular) masters appeared. Some surviving medieval sources 
and images help us to acquire a general theoretical knowledge on the design-principles and the bell 
casting process. 

A comprehensive and complex archaeometallurgical and archaeometrical investigation was carried on 
the finds. A metallographic analysis was performed on the metallic fragments with an optical 
microscope and a scanning electron microscope used with energy dispersive spectroscope (SEM-
EDX). In addition, they were also examined with X-ray diffraction (XRD) for the phase composition 
and casting temperature. Some samples were also analysed with micro-XRF and a few hardness tests 
were carried out. Qualitative and quantitative examinations were performed on slag and ceramic 
samples by ICP, XRF, XRD and SEM-EDX to determine their chemical and phase compositions and 
microstructures.    

The main objectives of the investigations were to study the material and structural properties of the 
finds. The investigation was also focusing on the definition of the functions of the different pieces of 
slag and ceramic items in different steps of processes in order to characterize in detail both 
technologies of medieval bell casting. Moreover, the major and minor components and trace elements 
were specified from the metallic finds from each workshop.   

_____________________________________ 
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How Theophillus, Cyril Smith, and Oppy Untracht help describing the history of a Byzantine 
metal object from the Holy Land. 
SARIEL SHALEV (University of Haifa, Israel).  
sariel.shalev@weizmann.ac.il, sariel.shalev@univ.haifa.ac.il  

Archaeometallurgy as an independent discipline was institutionalizedin the 1960s and 70s of 
the 20thCentury, a bit less than 50 years ago. The formation of archaeometallurgy, or in a wider scale – 
the archaeology of materials – freed, for the first time, scholars from the highly binding and restricted 
“historical” sets of comparative parallels and reference data for understanding and interpreting 
archaeological finds.  

For the first time, after 100 years of archaeology as defined discipline, Scholars were able to use 
technological historical manuals (like:Theophillus, 12 Century, On Divers Arts, The Foremost 
Medieval Treatise on Painting, Glassmaking and Metalwork); Modern material science (like: Sir Cyril 
Stanley Smith, 1903–1992, metallurgist and historian of technology who – with the help of J.G. 
Hawthorn - translated and explained Theophillus manual from Latin in 1979); and modern metal craft 
knowledge (like:OppiUntracht, 1985), combined with documenting of traditional still 
existingtraditional techniques (op cit 2008, traditional jewelry of India). 

In this presentation I will use the above comparative parameters forstudying in the “traditional” 
archaeometallurgical manner, the “life” and “afterlife” of one typical Byzantine brass based weight 
decorated with copper and silver inlay, found lately in a clear and well dated archaeological context, 
during the current excavations of Hippos (Sussita) above the Sea of Galilee, in northern Israel. The 
XRF analyses were performed with the help of the physicistSana Shilstein (Weizmann Inst.) and 
thearchaeological and historical data were provided by Michael Eisenberg (University of Haifa), head 
of the Hippos-Sussita excavations. 

_____________________________________ 

The Tudor (16th-century) mint in the Tower of London. 
JUSTINE BAYLEY (1). mail@justine-bayley.co.uk 
HARRIET WHITE (2) 
MEGAN GOOCH (3) 

(1) Independent researcher, UK. 
(2) Institute of Archaeology, UCL, London, UK.  
(3) Historic Royal Palaces, HM Tower of London, London, UK 

Contemporary documents that record the operation of the Mint in the Tower of London in 
medieval and later periods are well known (eg Challis 1992). Rescue excavations in Legge’s Mount in 
the 1970s discovered structures and finds used in the production of coinage in the 16th century 
(Bayley and White 2013), and recent excavations have found further contemporary material nearby in 
Mint Street (Pickard et al 2013). The finds include two types of crucibles (White and Kearns 2010), 
cupels (White 2010), distillation flasks, parting vessels, scrap metal, charcoal (Hazell 2012) and 
vitrified ceramics from the furnaces. 

The structures and finds from the two excavations will be described and compared with each other, 
with contemporary written sources, and with other finds from Britain and Europe. They provide 
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evidence for the processing of precious metals, as expected, but also show considerable use of copper 
– most likely associated with the massive debasement of the coinage during the reign of Henry VIII. 
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French bronze statues of the 16th -17th c AD: what can we learn from the casting cores. 
MANON CASTELLE (1,2). manon.castelle@culture.gouv.fr  
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(1)  Centre de Recherche et de Restauration des Musées de France, C2RMF, France. 
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(3) Préhistoire et Technologies – UMR7055 –  Maison Archéologie & Ethnologie, René-Ginouvès 

(MAE), France. 

During the 16th c AD, bronze statuary reappears in France after more than a millennium of 
quasi absence. How and from where did the French founders and sculptors acquire the necessary skills 
and know-how in order to achieve such complex bronze objects? The on-going technical study of three 
prestigious royal commissions, namely two of the six bronzes from the Belvedere copied by 
Primaticcio for Francis Ist, two of the six statues from the funeral monument of Henri II and Catherine 
de Medici, and the three bronzes from the heart monument of Constable Anne de Montmorency is 
providing some answers. Among all the investigations carried out (alloy composition, X-ray 
radiography, etc), the chemical and petrographic analysis of the refractory cores sampled inside the 
statues has proven to be crucial. Surprisingly, such approach is far from being systematic in the field, 
despite some successful examples including the pioneering work of C. Reedy. During the 16th and 17th 
c AD in France, the casting core, happens to be a sandy clay material with possible organic fibers. 
First, it aims to introduce the new methodology of casting core analysis developed at the C2RMF. 
Second, results obtained on the afore mentioned royal statues will be described, thus illustrating the 
complementary role of core analysis with respect to the informative potential of metal analysis and 
casting techniques characterization. The results show that the core compositions are consistent within 
the general region of Paris and surroundings, whereas the alloys and casting processes within this 
region, although possibly similar at an extra-regional scale, appear to vary from one workshop to 
another. 
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P01. Elemental and Pb isotope analysis of archaeological metals by Laser Ablation-Q/MC-ICP-
MS: methods restrictions and application examples. 
SONIA GARCÍA DE MADINABEITIA (1) 
MARIA EUGENIA SÁNCHEZ LORDA (2) 
JOSÉ IGNACIO GIL IBARGUCHI (2). josei.gil@ehu.es  
JOSÉ MARÍA BADILLO LARRIETA (2) 

(1) SGIker-Geochronology and Isotope Geochemistry, University of the Basque Country UPV/EHU, 
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Trace element content and Pb isotope ratios are useful tools in provenance studies of 
archaeological metal artefacts, ancient coins and ores from various compositions (copper, lead, tin, 
silver, gold and a variety of alloys). The use of laser-ablation (LA) systems coupled to ICP source 
instruments is becoming progressively common in those studies as it allows for minimally invasive 
spot analysis. Yet the accuracy and precision of the methods in use present a number of restrictions 
that are both function of instrumental capabilities and the availability of reference materials (CRMs) 
with matrices similar to those of the archaeological remnants studied. Based on the experience gained 
in years by the elemental and isotope analysis of rocks and minerals (including TIMS methods), we 
have set up improved microanalytical procedures for the determination of element contents and Pb 
isotope ratios in archaeological metals, including native raw materials. To this purpose the following 
equipment at the UPV/EHU Sgiker facility was employed: a New Wave 213 nm laser ablation system, 
Thermo XSeries-2 Q-ICP-MS and Neptune MC-ICP-MS spectrometers, and customized laser ablation 
chambers and vacuum and gas enhancements. Calibration and measurement of element concentrations 
were optimized using a wet ablation technique and specific protocols tested on in-house standards 
analysed by standard addition procedures. As for the Pb isotope ratios, the results were checked by 
comparison with those obtained for CRMs and in-house standards analysed in solution by MC-ICP-
MS methods. This allowed us to analyse with good precision and accuracy by LA-Q-ICP-MS a full 
range of trace elements in archaeological metal objects and ancient coins on spots varying in size from 
50 to 100 µm. The same method provides acceptable Pb ratio data on samples with low Hg contents, 
while more precise and reliable ratios including 204Pb data can be produced only by means of LA-MC-
ICP-MS methods. 
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Hard soldering is a joining technique used in late prehistoric gold work since the Bronze Age 
Western Europe. Research in terms of gold alloy compositions and manufacturing techniques of gold 
ornaments from France of Late Bronze Age and Early Iron Age contexts shows clear evidence of the 
use of hard solder. Investigations were conducted by optical microscopy and non-destructive XRF 
surface analysis and by LA-ICP-MS, as well as by SEM-EDX. The intentionally alloyed solder 
material has higher silver and/or copper contents than the base gold alloy. While hard soldering was 
already well known as a gold working technique for Iron Age jewellery, new evidence attesting this 
technology only recently emerged from new Bronze Age gold findings. Contemporary gold ornaments 
of other geographic distributions show differences in the soldering techniques, such as copper salt 
solder or diffusion bonding. It seems that the different joining techniques indicate distinct cultural 
influences and transmissions of technical know-how.  

_____________________________________ 
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Gold and gilded finds from Southern Germany have been investigated within a French-
German research project with regard to their gilding technologies. Most of them are jewellery objects 
belonging to the late Hallstatt period. All of them have been examined by optical microscopy and non-
destructive XRF surface analysis, and some samples have been prepared for metallograhic 
examination.  

The manufacturing techniques of Early Iron Age gold or gilded objects primarily reflect local Bronze 
Age traditions but some foreign influences are visible. The only techniques for gilding known to 
Bronze Age craftsmen were mechanical processes to attach gold foils to other metals. Foil gilding 
keeps the most common gilding technique in the Early Iron Age and many foil gilded bronze objects 
are known from rich graves from the Hallstatt period. Some of them are exclusively gilded for the 
burial and the gilding would be easily detached by the daily use of the objects. Some of the golden 
objects have recently been exposed to be made of gilded silver, which is a rare metal during the Early 
Iron Age. The scientific examinations have proved the gilding by interdiffusion, so called fusion 
gilding, which is a technique known from Mediterranean cultures, but nearly unknown to Central 
Europe so far. A few items are typologically related to a local production, which would indicate the 
adaption of Mediterranean technology to Celtic craftsmen. 

_____________________________________ 
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The aim of this poster is to summarize our research on the so-called “Recouso treasure”, one 
of the most important finds of the outstanding goldwork of the castro-culture of the Iron Age in NW 
Iberia. This hoard, found by chance at the beginning of the 1920s, is composed of 16 decorated 
earrings, some of them with associated hanging elements (ornamented terminals, rings and “loop in 
loop” chains). It also comprises several fragments of these elements, as well as four ingots made of a 
Au/Ag alloy. 

The hoard, kept in private hands from its discovery, was studied by X. Carro García soon after the 
discovery. The limited information he provided was the basis for subsequent publications, which were 
not based on a direct observation of the materials. The recent deposit of the hoard at the Museo das 
Peregrinacións, in Santiago de Compostela, has allowed us to undertake a detailed study more than 
seventy years after its discovery. 

This contribution focuses on the application of analytical techniques to the study of the hoard, which 
have included scanning electron microscopy (SEM), handheld XRF and EDX analysis, radiocarbon 
AMS dating of the identified charcoal remains, and the characterization of interior fillings using 
pyrolysis. To date the Recouso treasure is the collection of Iron Age goldwork from NW Iberia to 
which the largest number of archaeometric techniques has been applied. 

_____________________________________ 
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The conservation of metallic artefacts of cultural and historical significance requires the 
control of corrosion and assessment of the phenomenon causing the objects deterioration. Gold alloys 
are vulnerable to tarnishing and their corrosion resistance decreases with the increases of the alloying 
elements (generally silver and copper). Their surface alteration is characterized by the formation of 
thin corrosion layers (often under 1μm) with a rose coloration and a multihued iridescent effect. The 
changes in appearance of the corroded gold alloys can in some cases be misread as an intentional 
surface colouration fabricated by the goldsmith to enhance the objects motif.  

Although the main degradation source of atmospheric corrosion, the S2- ion, together with a few other 
compounds could be defined, the corrosion kinetics has never been fully described. The present work 
is a first approach to the accentuated corrosion developments observed on several gold items dated to 
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the Calcholithic onwards kept in the Treasure room of the National Museum of Archaeology in 
Lisbon.  

Several ternary and binary gold alloys similar to the objects which show for the corroded areas 
different visual aspects, were produced and artificially aged in a corrosive environment containing 
high concentrations of S2-. Sterling silver coupons were also submitted to a similar corrosive process. 
The latter revealed a change in colour, ranging from yellow, orange, red, blue, grey and finally to 
black, related to the time of exposure to the corrosive environment.  

The results obtained by XRF, SEM-EDS, UV-vis and XRD for both the artificially aged alloys and the 
corroded objects were compared. The data revealed that the corrosion films grown are porous and 
composed by a mixture of different corrosion products that varies with time. 

_____________________________________ 
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The Chalcis Treasure derived its name from the location of its recovery, namely Chalcis on 
the island of Negroponte (modern Euboea). In the Late Middle Ages the city was strategically located 
between the ports of Constantinople and Venice. The hoard is dated to the 15th century AD, with the 
Ottoman invasion of Chalcis in 1470 providing a terminus ante quem. The assemblage comprises a 
large selection of jewellery articles, dress ornaments and cloak accessories including various types of 
rings, earrings, buttons, belt buckles and mounts. All artefacts are made of precious metals and alloys. 

The material, currently divided between the Ashmolean and the British museums, has been analysed 
non-destructively by means of portable XRF equipment (pXRF). Surface chemical characterisation of 
some one hundred artefacts aimed to examine the technological attributes of the different artefact 
types in order to shed light on the circumstances of their production, use and deposition. In addition, 
analyses aimed to examine different items, such as buckles, strap-ends and mounts, so as to ascertain 
which of them could originally have belonged together such as, for example, as accessories from the 
same cloak. Finally, interpretation of the results takes into consideration limitations relating to the 
metal alloys potential heterogeneity and objects’ surface treatment as many artefacts bear traces of 
mercury gilding. 

Results presented here suggest that gold, silver and copper have been used in the manufacturing of all 
jewellery articles. Furthermore, in the case of rings two favourable gold-silver-copper alloys were 
distinguished, one with typically high gold and a second with larger silver amounts, while the copper 
content is low in all cases. These results open a number of issues for discussion, such as the presence 
of one or more workshops and the circumstances of the treasure’s deposition. Finally, examination of 
the Chalcis Treasure will result in a deeper understanding of the medieval metalworking practices and 
goldsmith techniques in the Mediterranean. 

_____________________________________ 
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As any other artistic techniques during history, the use of “gilding” was privileged in artworks 
of religious content or in decorations. As far as the liturgical wooden objects are concerned, gilded 
sculptures and altarpieces, icons, frame works, furniture, etc., were the main typologies of applications 
of different “gilding” materials and techniques, since the early times of Middle Ages to the late 
Baroque, as some of the historical treatises assess [1].  

In time, the application of “gilding” layers on wooden support has mainly seen the evolution of two 
procedures: water and oil/mordant gilding, using leaves of gold or alloys imitating gold or metallic 
powder mixed with a binder. In general, mordant gilding has a yellower, more matt surface than water 
gilding. 

 The analytical capabilities of Particle Induced X-ray Emission (PIXE), in the study of metal 
objects have been extensively proved and are the basis for a growing number of studies aside a broad 
range of physical and chemical analyses concerning this material so important for the history of art [2].  

Elemental composition of some small samples of polychrome wood sculptures was determinate using 
the external micro-beam line by PIXE technique. The samples were provided by the Workshop on 
Polychrome Sculpture Restoration, which forms a part of the National School of Conservation, 
Restoration and Museography (ENCR&M's), Mexico. Whit this analysis, we will achieve the 
following goal: 

(1) Determine the composition of two kinds of gold presents in the samples (gold leaf and powder gold). 
(2) Compare the technological and metallurgical.  

References: 

• [1] Descamps, F. Methodology for the conservation of polychromed wooden altarpieces. The Getty 
Conservation Institute, Seville, 2002 

• [2] Perea, A., Gutierrez-Neira, P. C., Climent-Font, A., et al., Pre-hispanic goldwork technology. The 
Quimbaya Treasure, Colombia. Journal of archaeological science. 40 (2013) 2326-2334. 
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The extraction and use of copper ore in northern Chile enabled the production of the blue and 
green pigments identified to date in rock paintings. These pigments have been found also as nodules 
and in powdered form inside leather pouches discovered in several pre-hispanic cemeteries in the 
Atacama Desert. The paint had been applied to different supports (not only rock paintings) made of 
animal hide, including masks, headdresses and quivers. This poster presents the results of physical-
chemical analyses performed on selected samples of green and blue paints in the Atacama Desert 
(Chile).  

These results of physico-chemical analysis of samples of rock paintings and blue and green pigments 
from the Atacama Desert (northern Chile) allow us to expand the discussion of the production of 
copper-ore based pigments during late periods in northern Chile and the interactions their presence 
implies to incorporate a new technology, the pigment production, to processes of mining and copper 
production, which until now have been related only to lapidary and metal working.  

Archaeological contexts associated with paints and pigments allow us to suggest hypotheses about 
their importance in sharing networks of late pre-Hispanic times (A.D. 900-1,550). In these times, the 
production and circulation of pigments would have closely connected the Upper Loa Region to the 
Lípez region in southwestern Bolivia and other regions of the Atacama Desert.  

 

_____________________________________ 
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The Middle Horizon in northern Chile (A.D. 400-1000) is characterised by the influence of 
Tiwanaku, a cultural phenomenon developed at the southern shore of the Titicaca Lake (Berenguer 
2000). Within this context, San Pedro de Atacama ("SPA") stands out as a political, economic and 
religious centre in the Atacama region, strategically located with respect to trade routes (Nuñez 2006). 
Archaeological evidence suggests that SPA represents an alliance between the elites from Atacama, 
the Bolivian Altiplano and the Puna, materialised in the recurrent presence of high-status trade 
artefacts such as textiles, drug consumption paraphernalia, polychrome ceramics and metallic objects 
(Ibid).  

During this period the amount of metal artefacts deposited in SPA cemeteries increased considerably 
(Benavente et al. 1986). Hundreds of copper-based artefacts and gold ornaments have been excavated. 
The latter, reaching 180 artefacts, constitutes the most striking assemblage of gold grave goods 
recovered in Chile. 
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Archaeometallurgical studies on copper-based objects reveal a complex scenario: different copper-
based alloys were identified, produced with ores from the Altiplano (copper-arsenic-nickel alloy), 
north-western Argentina (tin bronze) and pure-copper potentially from local sources (Lechtman and 
Macfarlane 2006; Maldonado et al. 2014; Salazar et al. 2011, 2014). However, no research has 
previously focused on the composition or metalworking techniques of the gold collection to assess, for 
example, the current assumption that these items come from the Altiplano.  

This poster presents ongoing research focused on the geological and cultural characterisation of the 
gold technology in SPA during the Middle Horizon. Using SEM, EMPA, LA-ICP-MS and optical 
microscopy we present the results of the first analyses of gold artefacts from SPA cemeteries. 
Manufacturing techniques and geochemical signatures are discussed within a regional context, to 
better understand the role of gold production in the social dynamics during the Middle Horizon in the 
south-central Andes. 

_____________________________________ 
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In the territory known today as Colombia, the act of guaquear (hua-che-ar), to rob graves in 
search for archeological valuables, has been a problem ever since Tumbaga [1] and gold pieces crafted 
by pre-Hispanic metalworkers were discovered. Such treasure-hunting practice and the subsequent 
excavations involved have destroyed all potential archeological sites and left related artifacts 
decontextualized. Consequently, complementary disciplines, such as archaeometallurgy, have 
encouraged the application of physical models utilized in engineering to solve historical concerns.  

In this project the lost-wax casting technique used in the Muisca goldsmith tradition is studied by 
focusing on the Siecha raft found in the 19th century. Although such Tumbaga raft no longer exists, it 
was chosen due to its technological complexity comprising thin plates and long and slim cylinders 
casted all at once. The study methodology started with the geometrical analysis of the single 
photograph of it available. This was followed by its decomposition into basic volumes and a CAD 
reconstruction. First of all, volumes were studied by means of the Theory of Fluidity (Flemings, 
1974). These volumes were compared to fluidity test (Di Sabatino et.al., 2005), and computational 
stimulation using Flow3D Casting Software. Results were validated by means of casting replicas.   

Conclusions drawn from study showed that in order to get casted, the Siecha raft required energy from 
metallostatic pressure, overheating and heat transfer through unknown mould properties. Neither of 
them can be accurately measured, nor discarded, but they were able to provide property ranges needed. 
Outcomes also ignited a debate on Muisca’s knowledge on furnaces and mould materials.  

[1] Au-Ag-Cu alloy.  
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The mining district of Cabrières-Péret (L'Hérault, France) and the Chalcolithic sites in its 
hinterland are the subject of archaeological research from the last thirty five years. Previous 
experimental work showed that the mine of Pioch Farrus had provided mineral for obtaining copper at 
the homonym site. Such a conclusion was reached after comparing the experimental and 
archaeological slags. Those experiments were performed following the classical model applied to 
sulfide metallurgy (roasting + reduction). Later, the discovery and excavation of the metallurgical 
village of La Capitelle du Broum (Péret) has allowed the study of the pyrometallurgical structures 
used for smelting: simple cuvettes dug in the ground. Although the analytical study of the slags from 
La Capitelle suggests that they do not come from Pioch Farrus minerals but from other mines in the 
surrounding also providing complex partially weathered sulfide ores (now exhausted), it seemed 
interesting and enlightening to check the effectiveness of these fire structures by smelting mineral 
from a recently discovered vein at Pioch Farrus-448. 

SEM analysis indicates that the ore used for this experiment is mainly composed of chalcopyrite with 
some pyrite and other minerals containing arsenic and antimony showing obvious signs of weathering 
change toward the corresponding oxidic species. The ore, crushed to millimeter sized portions, was 
smelted in a cuvette of about 50 cm in diameter and 15 cm deep lined with yellow clay, reproducing 
La Capitelle’s model. Charcoal has been used as fuel, hyperventilated by four blowing pipes. The 
result was a cake of slaggy material containing countless copper prills of sizes ranging from several 
millimeters in diameter to microscopic ones, of variable composition containing copper, antimony, 
arsenic and iron. Copper lost in the slag (measured as CuO) is less than 6%. Its melted areas show 
fayalite and abundant magnetite in a complex glassy matrix. The amount of metal, recovered after 
crushing the slag, points to an excellent yield of the process. 
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Most authors since the Siret brothers agree that metallurgy played a crucial role in the 
development of Copper Age and El Argar archaeological groups of southeast Iberia. However, after 
more than 100 years of research surprisingly little is known about the specific metallurgical work 
processes and, in particular, about the mining process. Although some sites of copper exploitation 
were suggested during the 80s, no archaeological evidence has been provided so far. In other cases 
ambiguous information about their spatial location is the only available information. 

Against this background, we carried out new geo-archaeological surveys at all copper outcrops of the 
Guadalentín valley and surrounding areas. This region experienced some of the most dynamic social 
and economic trajectories of the Iberian Peninsula during the 3rd and first half of the 2nd millennium 
BCE. The aim of this research has been to recover and investigate evidences of prehistoric mining 
through a broad approach, ranging from a compositional analysis of ores and metal objects coming 
from the outcrops and archaeological sites, till the technological characterization of mining artefacts 
found in mining contexts.  

As a result of our research, we present the main discoveries achieved so far. Compositional aspects of 
ores, techno-typological characterization of mining artefacts and absolute dating start to provide 
insight into the organization of metallurgical production during Copper and Early Bronze Age Ages. 

 

 

 

 

 

 

 

 

 

 

A representation of artifacts found in mining contexts (MI: Cerro Minado; BS: Balsicas; FC: Filón 
Consuelo) (DELGADO-RAACK and ESCANILLA, in press). 
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We study a set of 39 metallurgical remains from 4 metallurgical settlements dated from the 
3rd millennium BCE and coming from Southeast Iberian Peninsula. Archaeometallurgical residues 
were investigated by determining their specific gravity, and by performing PIXE, XRD, optical 
microscopy and SEM-EDS.  

This study allowed us to deep in the research initiated by S. Rovira (2002) and the research program 
Archaeometallurgy of the Iberian Peninsula (ROVIRA et al 1997; ROVIRA AND MONTERO 2013). 
If the general results coincide nicely with the line exposed by this research group, there are also some 
divergences.  

In agreement with the first investigations, the metallurgy suggests a highly inefficient metallurgical 
procedure, in crucible-furnaces, with only partial liberation of the copper from the ores. The redox 
conditions in the crucible are poorly controlled, with the predominance maghemita-magnetite, and 
scarce presence of delafossite.  

Otherwise the specific gravity, morphology and mineralogical composition distinguish four different 
types of remains. (1) Slag layers in the inner surface of reaction vessels, (2) Quartz and gangue rich 
slags; (3) High porosity slag with quartz inclusions; (4) Low porosity homogeneous slag with high 
FeO crystallization. 

Most of SEM-EDS analysis shows a variety of copper prills. These prills are made of pure copper, 
CuS and arsenical copper. Some slags show small layers of matte with inclusions of pure copper and 
arsenical copper in the matrix. This suggests a mixture of primary and secondary ore during the 
smelting process.  

To support further this hypothesis, we can now attest for the mixing of arsenical ores that came from 
more than 60 km of the settlement (see our other abstract). Arsenic rich copper ores were mixed with 
local copper ores in a poorly controlled process to obtain arsenical copper. 
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SEM micrograph of quartz rich slag (AG07) in BSE mode. 
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The Chalcolithic walled settlement of Moita da Ladra, located on the right bank of the Tagus 
river, was predominantly occupied during the second half of the 3rd millennium BC. This occupation 
is characterized by the presence of bell-beaker ceramic productions associated to regional decorated 
ceramics (acacia-leaf and crucifera patterns). Copper metallurgy was a current activity in the site.   

The present study focuses on the elemental and microstructural characterization of a group of 62 
copper-based artefacts and eight metallic nodules recovered at this settlement. Thirty-nine shapeless 
artefacts, which are in a very fragmented state, suggest the existence of recycling operations at the 
settlement. The applied methodology consisted of micro energy dispersive X-ray fluorescence 
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spectrometry, optical microscopy, scanning electron microscopy with energy dispersive spectrometry 
and Vickers microhardness testing. 

Results show that 45% of the collection exhibit an arsenic content that could be considered as an 
impurity (0.10 wt.% < As < 2 wt.%). The remaining artefacts have arsenic contents between 2 wt.% 
and 5.47 wt.%.  Iron content is always below the quantification limit (<0.05 wt.%). The analysis also 
show that artefacts were shaped with forging and annealing operation cycles and only 30% of the 
artefacts received a final cold hammering. Possible correlations among hardness, arsenic content and 
the final forging operation could not be established. 

The results on the elemental composition of the metallic nodules (0.37 wt.% < As < 4.78 wt.%) are 
consistent with the production of the analysed artefact collection, which is also consistent with the 
overall picture of copper and arsenical copper production in the Chalcolithic of Central Portugal.  
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Archaeological excavations carried out in the archaeological site of São Pedro (Southern 
Portugal) revealed a Chalcolithic settlement occupied in different moments of the third millennia BC 
[1]. The material culture recovered include different types of materials, such as ceramics, lithics and 
metals. The later comprises about 30 artefacts with different typologies such as tools (e.g. awls, chisels 
and saw) and weapons (e.g. daggers and arrowheads) mostly belonging to the 2nd and 3rd quarter of 
the 3rd millennium BC [2]. In order to identify the alloy composition, the collection was characterised 
by micro-EDXRF, while radiocarbon analyses are being made to establish the distinct occupation 
periods of this prehistoric settlement. 

Micro-EDXRF results allowed to conclude that about half of the set is composed by arsenical copper 
alloys (As > 2%), while remaining artefacts are made of copper with lower arsenic contents (frequency 
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of 33%) or nearly pure copper (i.e. As bellow detection limit: frequency of 13%). No significant 
association was found between the arsenic content and the artefact function, typology or size (e.g. 
length of awls). The average arsenic content of the artefacts is 2.6 ± 1.4 %. Moreover, the histogram of 
arsenic content seems to indicate a different production and use of arsenical copper in Southern 
Portugal when compared with coeval examples from the Portuguese Estremadura, where the frequency 
of copper artefacts is usually higher (see for instance [3]). 
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The Early Mycenaean period (late 17th to early 14th c. B.C.) is characterized by a previously 
unknown wealth in the form of bronze weapons, vases, prestige items and jewelry, placed in the 
luxurious tombs of the Peloponnesian elites. This phenomenon came to an end around the second half 
of the 14th c. B.C., at a time when the earliest phases of the palatial installations at Mycenae itself and 
Pylos were constructed. During this long period, Mycenaean society underwent a series of structural 
changes that resulted to the consolidation of the palatial system. Since metals and in particular copper 
and its alloys seem to have played an important role in the Mycenaean pre-palatial and palatial 
economy, such social transformations can probably be traced through the study of the inner 
characteristics of metalwork, namely alloys and raw materials.  

Aiming at the discovery of these developments, samples from 120 artifacts discovered in rich tholos 
and more modest chamber tombs at the area of Pylos (Northwestern Peloponnese) were examined 
(SEM–EDS, ED-XRF, Optical Microscopy and Metallographic examination) at the Laboratory of 
Archaeometry of the N.C.S.R. ‘’Demokritos’’ in Athens.  

According to the co-evaluation of analytical data and other archaeological evidence, during the Early 
Mycenaean (Pre-palatial) period the availability and distribution of raw materials such as high quality 
copper and tin was closely associated with the economic and political activities of the numerous ruling 
elites. On the contrary, form the late 14th c. B.C. onwards, the abundant use of tin bronze and the 
circulation of high quality copper around the settlements, along with the decay of major ruling centers 
of the previous period, can probably be associated, albeit indirectly, with the formation of the palatial 
center at Ano Eglianos (Palace of Nestor) and the conditions of political and social stability it 
imposed. 
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The discovery of a complex ofworkshops during the excavation of the sacred precinct at the 
site of Kition - Kathari located in southeastCyprus led some scholars to suggest that copper ores were 
smelted in these workshops (see Hauptmann, 2011)whileother have more recently suggested that the 
workshops were dedicated to casting and recycling votiveartifacts (Karageorghis and Kassianidou, 
1999). In order to address this issue and to determine the nature of the metallurgical process taking 
place at Kition a collection of 57 metallurgical ceramics and crucible slags from the site dating from 
the13th to the late 4th century BC, was analyzed chemically with the use of a handheld pXRF 
instrument. The analytical data demonstrates a continuous metalworking of copper. Tin is also present 
with higher concentrations in samples dating in the Late Bronze Age, while in the next period the 
analytical data shows an increase in the quantities of lead, zinc and arsenic. The presence of tin in a 
significant number of the metallurgical ceramics analyzed indicates that melting, casting and recycling 
of bronze were performed in the Kition workshops. This does notnecessarily exclude the secondary 
smelting of copper as suggested by the presence ofmetallurgical slag in the same areas. For the finite 
determination of the technological characteristics of the refractories and the establishment of the 
metallurgical operations occurring at Kition, thin and polished sections will be examined with the use 
of petrography and SEM. 
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In 1955 the Urnfield period copper mining site “Gasteil Cu I” was discovered in the cadastral 
area of Prigglitz (district of Neunkirchen) in the southeast of Lower Austria. The results of excavation 
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campaigns in 1956 and 1958 were reported in 1963 by Hampl and Mayrhofer. The place was 
characterised “ ….not so much a settlement but rather a huge work site”. Till 2010 the research at this 
site stagnated, but in 2010, the Lower Austrian Museum of Prehistory resumed systematic 
archaeological fieldwork. During five excavation campaigns many mining tools, bronze artefacts, 
copper ore, slags and corroded metallic droplets were discovered. 

Two of these droplets were investigated by metallography. At the droplets surface tin was observed by 
Scanning Electron Microscopy (SEM) and Energy Disperse X-ray Analysis (EDX) indicating that 
these droplets are not from the copper smelting process but from the bronze casting.  

One droplet is corroded severely but in its centre the original bronze alloy is still present. The 
elemental analysis showed about 10 wt.% Sn. The microstructure is characterised by Cu-Sn mixed 
crystals and a Cu-Sn intermetallic phase which was formed during a peritectic reaction. Additionally 
small amounts of CuS were observed in the metallic core. The shell of corrosion products contain 
oxides and hydroxides of Cu and Sn and other elements like Ca, P, Si, S, Fe were observed locally. 

Surprisingly the other droplet has a corroded core and metallic phases are remaining at its shell. The 
alloy compositions of both droplets are similar. The microstructures of the corrosion products reflect 
the original casting microstructures of the bronze. 

The archaeometric results will be discussed in the context of the site of Prigglitz-Gasteil where 
archaeological remains of bronze casting activities (hearths, casting mould) were documented in 
several settlement phases. 
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In 2012, within the framework of a large scale rescue excavation national program undertaken 
along the Mureș river valley (southern Transylvania), occasioned by the construction of a future 
motorway, was made a very important archaeological discovery: two bronze hoards. The hoards were 
discovered on the southern limit of a very large prehistoric site, located on the left bank of the middle 
Mureș valley, at Tărtăria (Alba county), preliminary dated druing the 8th c. BC (the middle Hallstatt 
period, the Basarabi type pottery style). The context and structure of the two deposits are of particular 
importance, since it is the first time when such hoards belonging to the so-called “Bâlvănești – Vinț” 
series (referring to the terminology used for nowadays Romania’s territory) are discovered during an 
archaeological excavation. The two bronze hoards were discovered within a ditch, marking the 
southern limit of the site. The structure of the deposits is complex and varied, containing weapons, 
tools, jewelry and harness objects. The first hoard comprises more that 300 objects, being the largest 
ever found corresponding to the 9th–8th c. BC period in the Carpathian basin, while the second constits 
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of 50 objects. The majority of the objects are made of bronze, yet there are also weapons and tools 
made of iron, along with others made of animal bones (teeths).  

As part of a scientific cooperation with the National Institute for Optoelectronics (INOE), was 
innitiated a series of archaeometrical investigations regarding the component objects of the two bronze 
hoards and new data were obtained. The preliminary analysis of certain objects indicate wider 
connections to the north Pontic areas, as well as to the south-western Balkan ones, providing new data 
to discuss upon the long-distance exchanges and contacts during the first centuries at the begining of 
the first millenium BC in the Carpathian Basin.  

This work was supported by a grant of the Romanian National Authority for Scientific Research, 
CNDI– UEFISCDI, project number  2013-4-1022. 
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This contribution is focused on the typological and technical study of a set of 20 gombiky 
(hollow spherical pendants) recovered within the excavations of the Early Medieval necropolis of 
"Lumbe´s Garden" in Prague Castle where the state elite linked to the princely environment of the 
early Czech state was buried. The necropolis was excavated in 1973 by Z.Smetánka (Institute of 
Archaeology of the Academy of Sciences of the Czech Republic, Prague, v.v.i.). Grave goods from the 
necropolis are currently studied in the frame of a research project supported by the Czech Science 
foundation (No. GAČR GA P405/12/2195P).  The goal of the presented research was to identify the 
different types of gombiky present in the set, and to characterize the material and the different 
techniques used in their manufacture. Gombiky were characterized by observation under optical 
stereomicroscope (Olympus SZ60),  scanning electron miscroscopy (SEM), supplemented by electron 
microanalysis (EDS) and metallographic examination. Replics of the main types were also 
manufactured  by a goldsmith. 

The typological and material study evidenced five  different types of gombiky present in the set. The 
different types were distinguished according to the shape of the shells, the decorative technique used 
to decorate them, and the material used to manufacture them.  

Most of the gombiky were manufactured from pure copper or copper alloys with a small amount of tin 
(about 2%) and were gilded by fire-gilding. The different components forming them were soldered 
with a Ag-Cu hard solder. A pair of gombiky was made of almost pure silver with about 2% of copper. 
Electrum was also identified  as well as ternary Au-Ag-Cu solder in two cases. 
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 Gombiky were decorated by chasing and repoussé techniques but also with granulation and filigree 
work, glass cabochons and metallic coatings. 
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The aim of the archaeological studies using the Lead Isotope Analysis (LIA) is to trace the 
prehistoric artefacts back to their ore source. The major application of the LIA method in archaeology 
involves metals. Lead, in fact, is most commonly associated with minerals from that the metal were 
extracted. Additionally, the lead isotopic compositions is measurable both in the ores used for the 
metal production, and in the metal artefacts as well as in the smelting slags. 

In the last decade, a substantial work of sampling and analysis of the North-Alpine copper mine was 
conducted within the (AAcP, http://geo.geoscienze.unipd.it/aacp/welcome.html) Alpine Archaeo-
copper project. The aims of the AAcP are to define the mineralogical, petrological and geochemical 
features of the Alpine copper deposits and to develop a go-forward database of elemental and isotopic 
tracers for provenancing of ancient copper metals and smelting slags. The copper mines taken into 
consideration so far are located across the entire Italian Alps from Liguria to Friuli, in the northern 
Apennines and in the Queyras Region (France). Several copper districts have almost completely been 
characterised, such as those in the Trentino-Alto Adige region (e.g., Valsugana, Valle deiMocheni, 
Valle Isarco, Val Venosta, and others). Others have been at least partially covered and are the subject 
of on-going research. In order to take fully advantage of the AAcP database, it has been recently 
implemented by using the ArcGis software: every mine, smelting site and metal object studied were 
georeferenced and geographical, geological and geochemical relations were established. Using the 
AAcP database on ArcGis, the correlation between the components of the metal chaîneopératoire are 
readily identifiable even if mines, slags and metals are located distant from each other. 
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In manufacturing bronze objects, depending on their shape, size or function, different 
technological processes have to be applied. In the Late Prehistory, on the territory of the Central 
Balkans, besides actual bronze objects (jewelry, tools, vessels, weapons), tools used in their 
production have been found. Some artifacts, like casts, can easily and without any doubt be attributed 
to metallurgical processes, but others can often be misinterpreted. Bronze wire and sheet are usually 
used for decorative objects in the Late Bronze and Early Iron Age of the Central Balkans. In creating 
those shapes, different tools had to be used, combining various techniques. In this paper, different 
stone tools that could be attributed to bronze wire and sheet shaping, found at the territory of North-
eastern Serbia, will be presented. Comparing archaeological artifacts made from bronze wire and sheet 
with stone tools properties, techniques used for the production of those metal objects will be reviewed. 
Semifabricates with traces of thinning by applying a pressure of an object with wide rounded edges 
(like rolling) are extremely important for this topic. They also derive from the same territory and are 
crucial for the reconstruction of the technological process. The traces from the semifabricates will be 
tested in order to see if they match any of the tools found in the North-eastern Serbia. Only after 
comparing all the information that finished products, semifabricates and tools give us, can we have a 
clear picture of the techniques used during the Late Prehistory on the territory of the Central Balkans.  
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The Iranian Plateau had a crucial role as metal supplier since the Chalcolithic period, although 
exchanges with Mesopotamia have been reconsidered in light of recent studies (Begemann et al. 2008, 
Nezafati et al. 2008) that pointed out the importance of local production centres in Luristan, Western 
Iran. Nonetheless, the provenance of the raw materials and the role played by highlands communities 
is still poorly understood. Lead isotope ratios allows to relate with high probability metal artifacts to 
specific ore deposits, however significant overlap exists between different areas (Rehren & Pernicka 
2008). Since the differences in Copper and Antimony isotopic composition of ores can also be used to 
distinguish the type of material employed in pyrotechnical processes (Lobo et al. 2014), a combination 
of different isotopic systems offers new perspectives to differentiate between groups of artifacts and 
metal sources (Asael et al. 2009, Klein et al. 2009). Bronze objects excavated in the Pusht-i Kuh 
region during the Belgian Archaeological Mission in Iran (BAMI), along with a group of artifacts 
recently recovered in the course of controlled excavation at the site in the Pish-i Kuh of Sangtarashan 
(Oudbashi et al., 2013) were selected for this study. Preliminary results for isotopic and elemental 
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analysis obtained by MC-ICP-MS, electron microprobe and ICP-OES will provide insight into the 
exploitation of Iranian copper deposits and trade of raw material in Bronze Age to Iron Age Luristan. 
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The emergence of tin bronze alloy metallurgy in Iranian Plateau goes back to end of the 
Chalcolithic period and start of the Bronze Age of western Iran (Thornton, 2009; Oudbashi et al, 
2012). Some tin bronze objects are observed in Early Bronze Age (third millennium BC) in some 
archaeological sites such as Susa and Sialk (Thornton et al, 2002). Nevertheless, in the prehistoric 
period, the production of bronze alloy extensively continued in late Bronze Age as well as Iron Age of 
Iran (Oudbashi et al, 2012). The recent archaeological excavation in the Deh Dumen Bronze Age 
graveyard in southwest of Iran have leaded to find various objects including metallic artefacts that 
based on archaeological studies, this graveyard and its objects are belonging to Early/Middle Bronze 
age (e.g. third millennium BC). To identify alloy composition and manufacturing process of 
archaeological metal finds in Deh Dumen Bronze Age site, eight broken vessels were studied and 
analyzed by Scanning Electron Microscopy coupled with Energy Dispersive X-ray Spectroscopy 
(SEM-EDS) and optical Microscopy (Metallography). The results showed that all samples were 
manufactured with Cu-Sn alloy with variable amount of tin. Only in one sample, arsenical copper is 
used to make some parts of the vessel. Lead, arsenic and zinc also are determined as important minor 
elements in the alloy composition of bronze samples. The microscopic observations showed that the 
vessels are made and shaped by cycles of working and heat treatment operations that is obviously 
apparent from the bronze microstructure including recrystallized and twinned grains (Scott, 1991). 
Significant amount of elongated sulphidic inclusions as well as lead globules are visible in metallic 
microstructure. In fact, the results states application of tin bronze alloy in South-western Iran in the 
First/Middle Bronze Age and shows develop of bronze metallurgy in third millennium BC in the 
Zagros region. 
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Cancho Roano is one of the most important archaeological sites of the Iberian Peninsula, and a 
key to understanding the social, cultural and economical dynamics of what has come to be known as 
the Orientalaizing period. Though many of the metallic objects of this site are already known, it has 
received little attention form an archaeometalurgical point of view. In this paper we present novel 
information about the characteristics of the metallic objects from Cancho Roano by the combination of 
different techniques, such as XRF and metallography. We believe that a deeper understanding of 
technical and technological characteristics of these metals can give new insights on the technological, 
social and economic changes that occurred during such an important period of Iberian recent 
prehistory. This new information also allows us to obtain a deeper knowledge of the metallurgy that 
was carried out in this region or that reached this area either form the central area of Tartessos, the 
Lower Guadalquivir Valley, the southern coasts of the Iberian Peninsula or Portugal. This study is also 
the first step in a larger study of the metallurgy that was developed in the inlands of the Iberian 
Peninsula during the Orientalizing Period. 
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The abundance of metal production debris found at several Phoenician and indigenous sites in 
the Malaga region, raises the question of the origin of the ore resources used during the beginning of 
the Iron Age. In particular, the study of some iron slags from the settlement of Los Castillejos de 
Alcorrín (Manilva, Málaga), a fortified site situated on the eastern coast of the Gibraltar strait and 
founded at the end of the 9th/beginnings of the 8th century BC, shows high contents in arsenic, nickel 
and other elements, indicating a possible use of local ore resources. Polymetallic deposits rich in 
nickel and arsenic are known in the western Malaga province, but this area has been so little studied 
that it was never considered a potential mineral source in antiquity.  

In this paper, we present the preliminary results of the chemical and isotopic characterisation of some 
of the mining deposits in the western Malaga region, between the Guadiaro and the Guadalmansa 
rivers, in relation to the examination of certain archaeological objects from the same area. This 
archaeometallurgical study has been carried out in the frame of a Spanish-German project directed by 
the DAI-Madrid, with the collaboration of the CCHS-CSIC (Madrid), the TOPOI Excellence Cluster 
(Berlin), the DBM (Bochum) and the University of Granada. Twenty-two fragments of ore collected in 
different mines have been analysed, together with fourteen objects found at Los Castillejos de 
Alcorrín, Villa Vieja, Ronda and Acinipo. These are all Late Bronze Age settlements with clear 
Phoenician influence and offer a unique insight into the first contacts between the first generation of 
colonists and the local elites.  

The selected samples include iron slags and ores, copper-based materials and related silver items. 
Beside the limitation of a very low lead content in some of these samples, our study shows that local 
resources were used at least for iron, while copper and silver seem to come from Sierra Morena (Jaén), 
one of the main metal production districts at that time. In fact, although the quality of the minerals 
available in the Malaga mining area is undoubtedly high and most of the deposits are in easily 
accessible areas, the production system of ancient societies of the Early Iron Age seems to respond to 
different needs and different patterns. Still, the present number of samples is too little to propose final 
conclusions and some interesting features concerning metal production and circulation are already 
emerging. We hope that the new samples currently being analysed will shed more light on the 
dynamics of mineral exploitation and metal production in the Malaga area. 

_____________________________________ 

P27. Handheld XRF mapping of elemental composition of Roman silver artefacts: preliminary 
results. 
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(2) Institute of Materials and Environmental Chemistry, Research Centre for Natural Sciences, 
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The non-destructive character of the XRF method makes it ideal to determine major and trace 
element composition of precious metal artefacts. The great number of silver objects found in the 
territory of the Pannonian provinces of the Roman Empire provides a possibility to answer the 
question: was the demand for silver objects in this territory satisfied by local workshops and mines or 
silver objects were imported from other centres of the Empire. The goal of the authors is to measure 
the major and trace element composition of silver artefacts found in Pannonia and stored in museums 
of Hungary. The mapping analysis of elemental composition of Roman silver artefacts is suitable for 
checking the chemical inhomogeneity of the metal pieces used for making these artefacts. The steps to 
answering this question are (i) the systematic examination of the chemical composition of the objects 
by means of handheld XRF and (ii) composing a database of the acquired information. The planned 
database will contain the results of these measurements, and analytical data of silver objects 
originating as well from other areas of ancient Pannonia besides Hungary. It will play an important 
role in the further archaeological and archaeometrical investigations concerning the Roman 
silversmiths’ craft. 

_____________________________________ 

P28. The Cibalae treasure – preliminary technological overview.  
DAMIR DORACIC (1). damir.doracic@gmail.com 
JANET LANG (2). j.r.s.lang@btinternet.com 

(1) Archaeological Museum In Zagreb, Croatia. 
(2) British Museum, London, Great Britain. 

A rare and extraordinary late Roman silver treasure was discovered in 2012, at Vinkovci, 
Croatia, during rescue archaeological excavations carried out  by a private company (Geoarheo LLC). 
The treasure comprises roughly 46 tableware objects including platters, bowls, ewers, beakers, spoons 
and other vessels most of which are heavily corroded and fragmented, with the exception of a few 
smaller objects. 

The poster presents the results of preliminary examinations conducted on limited number of objects 
prior to conservation-restoration treatment. More detailed technological examination will be carried 
out subsequently on each object individually during a long term programme of  conservation and 
restoration.  

The aim of this preliminary examination was to provide some initial information about the 
composition of the metal and the corrosion products as well as the methods  of manufacture and 
decoration. The analytical methods used included optical microscopy, radiography, X-ray diffraction 
analysis, PIXE and XRF analysis.  
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The results obtained show that the basic corrosion products found on most of the objects are 
chlorargyrite and acanthite indicating high purity of the silver. Quartz and calcite were part of the 
surface deposit acquired during burial. Only a few objects also showed copper corrosion (malachite), 
suggesting possible deliberate alloying with copper.  

The techniques used in the manufacture of the objects are well known and include casting, hammering, 
turning, chasing, punching, engraving, soldering etc. Most of the objects are decorated by simple 
chased or engraved decoration, while others are enhanced  with  niello and gilded decoration. As 
expected in the Late Roman period, the niello consists of pure acanthite. Gold was applied using 
mercury gilding. Based on the analytical results of several solder samples, almost pure lead was used 
for soldering.   
The treasure is temporarily stored at the Archaeological Museum in Zagreb where most of the 
conservation work will be done in cooperation with Römisch-Germanisches Zentralmuseum in Mainz, 
Germany. 

_____________________________________ 

P29. Manufacture of Roman Bronze Statues from the Limes Germanicus. 
ROLAND SCHWAB (1). Roland.schwab@cez-archaeometrie.de  
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(1) Curt-Engelhorn-Zentrum Archäometrie, Mannheim, Germany 
(2) LVR-LandesMuseum Bonn, Bonn, Germany. 

Large Roman bronze sculptures usually haven’t passed through time completely. Most of 
them were destroyed and more than 5000 fragments from the Limes Germanicus have been recorded 
to date. Within a research project founded by the German Volkswagenstiftung, casting techniques, 
alloy compositions and surface working like gilding, chiselling, repair and joining have been 
investigated by different scientific methods. More than 500 fragments have been analyzed for alloy 
composition and more than 100 samples have been analyzed for lead isotopy. Cross sections of gilded 
fragments have been examined by OM and SEM. 

Large Roman statues are made of leaded or even of highly leaded bronze. The lead isotope ratios of 
the lead of most of the statues from the Limes match German deposits in the Rhine Massif, which 
were minted during the Roman period and the lead was exported as PLUMBVM GERMANICVM to 
the whole empire. It becomes quite obvious, that these statues must have been cast locally, which is 
also supported by technological observations. Several technical features of the statues from the Limes 
differ to the technology of the Italian statues. Another part of the fragments do not match German 
deposits isotopically, but their ratios would indicate lead from France, which is hypothetical at the 
moment. According to their high lead contents leaf gilding is the predominately observed gilding 
technology of the statues, albeit a few fragments show fire-gilding.   

_____________________________________ 
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P30. Roman bronze portrait: composition and technology in the 1st century AD. 
ALESSANDRA GIUMLIA-MAIR (1). giumlia@yahoo.it   
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This paper presents the research carried out on the portrait head of a Roman notable, found at 
Iulium Carnicum, (today's Zuglio) an important Roman town in northern Italy, founded first as 
castellum by Julius Caesar, when he was proconsul of the regions Gallia Cisalpina and Illyricum. 

The head now belongs to the collections of the National Museum of Cividale (UD) and has been dated 
to several periods, in particular to the time of Trajan, always by taking into account some stylistic 
details.  

The ICP, SEM/EDS and XRF analyses carried out on the head and on other finds from Zuglio have 
now demonstrated that portrait has been tinned, like the inscription and other pieces from the forum. 
The similar technology and composition indicate that this important and well-known work has to be 
dated to the 1st century AD. 

This paper presents the analysis data and discusses its implications for the dating of the piece. 

_____________________________________ 

P31. Brass production in Milan during the Roman period. Cementation, melting and heat 
treatment. 
IRENE UDA (1). irene.uda01@universitadipavia.it  
COSTANZA CUCINI (2) 
MARIA PIA RICCARDI (1) 
SERENA CHIARA TARANTINO (1) 

(1) Dipartimento di Scienze della Terra e dell’Ambiente, Università di Pavia, Italy.  
(2) Metallogenesi s.a.s., Milano, Italy.  

The recent excavation conducted by the Lombard Archaeological Superintendency in Corso di 
Porta Romana in Milan has brought to light waste from the brass and bronze production, datable 
between the end of the I – beginning of the II century a.C. Brass was used a lot under the Roman 
Empire;  its production reached the maximum development in the I century a.C., when it was 
produced on large scale through a controlled and standardized process. This one in Milan is the first 
testimony of its production in the Roman Italy.  

The aim of this work has been to reconstruct the operational chain for the production of brass objects. 

The diagnostic approach has united the study of the textures and microstructures, observed through 
Optic Microscopy and Scanning Electron Microscopy, and the chemical composition analysis of the 
phases.  
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This study has allowed us to determine four stages of the production process. The first stage is the 
cementation, through which zinc vapours were diffused into copper fragments, even the recycled ones. 
The cementation was conducted inside crucibles. The next stage is the alloy liquefaction that often 
took place inside the same kind of the cementation crucibles. At last, after the casting in moulds and 
solidification of the alloy, a heat treatment could eventually be performed. 

For the cementation process were studied metallic fragments found inside the cementation crucibles; 
for the casting stage were analyzed metallic drops present on the external surface of the crucibles. Will 
be also compared the microstructures of a fragment as cast and a fragment after the heat treatment. 

References: 

• (1) A. Ceresa Mori, C. Cucini, “Un’officina di bronzista e la produzione di ottone e di specchi 
a Mediolanum nel I-II sec. D.C.”, in Acta mineraria et metallurgica. Studi in onore di Marco Tizzoni, 
NAB 20, 2012, pp. 205-224. 

 
_____________________________________ 

P32. Roman situlae from Conimbriga: a first archaeometallurgical study of anthropomorphic 
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The Roman city of Conimbriga is an exceptional archaeological site in Portugal, that 
comprises both the built heritage and the respective set of archaeological finds, kept in the local 
museum. Among remarkable collections of varied artefacts, stands out an unique collection of more 
than forty handle attachments of situla that represent a small Dionysus face, more or less grotesque 
that have aesthetical traces distinct from the remainder Roman Empire, with evidences of local 
production.  

The aim of this work is the integrated study of an important collection of these roman handle 
attachments of situla (I-III centuries AD) from Conimbriga, through the typological, chemical and 
structural characterization. 

The elemental composition of the alloy was determined by Micro-EDXRF spectrometry. 
Microstructural characterisation was done by optical (OM) and scanning electron microscopy (SEM-
EDS). The analytical data was crossed with typological information. 

Elemental analysis showed that the artefacts are made of Cu-Sn-Pb alloys, mainly leaded bronzes and 
leaded coppers. One artefact has a significant Zn content (3%). Phase composition consists of (α + δ) 
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eutectoid, Pb globules and Cu-S inclusions in a α-Cu matrix. Microstructural features revealed that the 
majority of the attachments were in as-cast condition with some finishing processing (hammering and 
annealing cycles with or without final hammering). 

The situla’s handle attachments were produced in appropriated alloys for mould casting by adding Pb 
to Cu or to the Cu-Sn alloy. The major elemental composition of the artefacts showed a wide-range 
variability most likely associated with recycling practices of scrap metal. 

Acknowledgments: 

• This research work has been financed by the Portuguese Science Foundation through the PhD 
Grant SFRH/BD/85329/2012 (Filipa Lopes). The financial support of CENIMAT/I3N through the 
Strategic Project-LA25-2011-2012 (PEst-C/CTM/LA0025/2011) is also acknowledged.  
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P33. Estimating the economic and ecological implications of an iron smelting site in Bereket, 
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In the territory of ancient Sagalassos (SW Turkey), metallurgical waste is found at different 
locations. During previous surveys, an iron smelting site was found uphill the Bereket valley, 20 km 
SW of the monumental Hellenistic to Byzantine city. The site consist of two adjoining valleys 
separated by a narrow plateau. The first valley displays a slag heap of ~110 m². Most slag can be 
identified as tapslag. A wall structure is located uphill of the slag heap. Chert fragments and limonite 
mineral can be found in the second valley. This area is identified as an ore dressing site. Ore and slag 
were qualitatively analysed using a Bruker Tracer III handheld X-Ray Fluoresence device. The 
chemical composition of the ore and slag was compared to other metallurgical waste in the territory of 
Sagalassos to provide information on potential distributions and exchange patterns. A production 
estimate was made for the site to quantify the scale of the production. Pollen- and sediment analysis in 
the area show clear signs of deforestation phases (Kaniewski et al., 2007 a, b), possibly linked to 
charcoal production. Estimates of the impact of the iron production on the local environment were 
made using this dataset. This study offers insight in the economical and ecological importance of small 
iron smelting sites in the Sagalassos territory.   

References: 

• Kaniewski, D., De Laet, V., Paulissen, E., & Waelkens, M. (2007a). Long-term effects of 
human impact on mountainous ecosystems, western Taurus Mountains, Turkey. Journal of 
Biogeography, 34(11), 1975–1997. 



Archaeometallurgy in Europe IV, Madrid 2015. 

 119

• Kaniewski, D., Paulissen, E., De Laet, V., Dossche, K., & Waelkens, M. (2007b). A high-resolution 
Late Holocene landscape ecological history inferred from an intramontane basin in the Western Taurus 
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P34. Iron Smelting in Iron Age Denmark. In Memoriam Olfert Voss. 
ARNE JOUTTIJÄRVI (Heimdal-archaerometry, Denmark).  
heimdal@archaeometry.dk  

The Danish archaeologist Olfert Voss’ deep-felt interest in iron smelting began in the 60s 
when he excavated the smelting site at Drengsted in western Jutland, the first archaeological 
excavation of iron smelting furnaces in Denmark. Voss was also a pioneer in experimental iron 
smelting in close cooperation with Robert Thomsen, engineer at Varde steelworks. He was still active 
after retiring, and worked until his death in February 2014 on furnace types, and iron and steel's 
importance for the development of society. 

During the last years new details about chronological development and regional variations in furnace 
types has accumulated, and just a week before Olfert Voss death, a new furnace type was discovered, 
most likely similar to the Burgenland furnace, producing four relatively small blooms.  

Metallurgical analyses have revealed that the differences between furnace types lay not only in their 
size and shape, but also in their ability to reduce different kinds of iron ore. In the early furnaces only 
relatively pure iron ore was used, whereas in the later slag pit furnaces manganese containing ore was 
also used.  

Experiments and fragments of blooms found in slag pit furnaces show that a certain amount of steel 
could be produced, even from phosphorous containing ores. Simultaneous presence of carbon and 
phosphorous in the metal gives rise to a characteristic structure, consisting of globules of iron 
phosphide in a matrix of perlitic steel, a structure also identified in archaeological objects.  

In early Roman Iron Age, steel is only seen in prestigious imported objects, and the first indication of 
deliberate use of steel is a depot of spade shaped iron bars found during Voss’ excavation of the iron 
smelting site at Snorup. Analysis have shown them to consist of steel, most of them produced in 
Norway, but some apparently products of the local smelting. 

_____________________________________ 

P35. Making iron in the Iron Age; recent discoveries in England. 
SARAH PAYNTER (English Heritage, Fort Cumberland, UK). 
Sarah.paynter@english-heritage.org.uk  

Over the last decade the application of scientific techniques at archaeological sites, for dating 
metalworking activity and for analysing metallurgical waste, has greatly improved our understanding 
of Iron Age iron smelting practices where so little was known previously. Numerous Iron Age iron 
smelting sites have now been identified in England, some with evidence of prolonged or large scale 
smelting activity (Halkon 2011, Preston 2013). This study highlights key discoveries and the 
chronological and regional patterns that are becoming apparent as more sites are investigated, 
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particularly regarding the types of ore used and the alloys made (Paynter 2006). The paper questions 
some previous perceptions about the scale, location and technological proficiency of ironworking in 
the past. This synthesis shows that iron production was relatively widespread at an earlier point in time 
than previously suspected. The distribution and concentration of recently discovered sites indicates 
that substantial industries arose in the Thames Valley and Humber Wetlands areas, exploiting bog type 
ores, but these then disappeared prior to the Romano-British period when sideritic ores began to be 
exploited. Although furnaces rarely survive to any height at archaeological sites, there are some 
exceptions; there is evidence to suggest variation in the construction, operation and organisation of 
smelting furnaces between regions and throughout the Iron Age, with major changes in the Romano-
British period. The possible reasons and implications for the changing technological choices made by 
ironworkers through the Iron Age and into the Romano-British period will be discussed.  

References: 

• Halkon, P. 2011. Iron, Landscape and Power in Iron Age East Yorkshire. Archaeological 
Journal 168, 133–165 
• Paynter, S. 2006. Regional variations in bloomery smelting slag of the Iron Age and Romano-
British periods. Archaeometry 48, 271–292 
• Preston, S. 2013. Iron Age Iron Production Sites in Berkshire: Excavations 2003–2012. 
Reading: Thames Valley Archaeology Service Monograph 16. 
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Sourcing iron objects is a decades old problem with viable solutions appearing only in the last 
few years.  A gap exists, however, between iron provenance methods and the ability to use them to 
address empirical case studies in all but a few select and specially characterized regions.  The 
IRONWORKS project seeks to fill this void, if only in part, by combining innovative data analytic 
techniques with geochemical characterization methods to build a multi-element database of smelting 
slag from primary iron production sites of Iron Age Britain. This work adds a critical piece to the iron 
provenance puzzle, allowing researchers to realize the promise of advances in slag inclusion analysis 
and test a robust series of artefact sourcing hypotheses across multiple elemental and geographic 
scales. Building on previous studies of variation in bloomery slag in Britain and beyond, this project 
combines larger numbers of trace elements via inductively coupled plasma atomic emission and mass 
spectrometry (ICP-AES/MS) with a robust exploration of chemical structure with multivariate 
statistical methods. The growing database will provide a means to trace artefacts to their region or site 
of manufacture, addressing questions related to iron production and distribution networks and the 
relationship between bloomery smelting practices and resulting metal quality. 

This poster summarizes the methods being developed by the IRONWORKS project and presents its 
most recent results.  Practical issues and limitations are discussed as well as plans for further 
enhancement of the analytical programme. 

_____________________________________ 
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International Iron Smelting Days IISD is an annual festival of iron smelting which brings 
together artisans, archaeologists, metallurgists and enthusiasts for days of blacksmithing and smelting 
based on the ancient metallurgical workshop techniques. So far, there have been eleven editions of this 
festival. The first took place in 2004 in Germany, Sachsenhof Greve. The next one, in 2015 will be 
organize in Austria.  

Last year’s edition was organized in Poland, in The Cultural and Archaeological Center in Nowa 
Słupia, in świętokrzyskie district. This area was the most important metallurgical center in Ancient 
times. The event was hosted by The Scientific Association of Polish Archaeologists (SNAP), Nowa 
Słupia municipality, Hutnia Project, Polish Tourism and Sightseeing Society. Thirteen reconstruction 
groups were participating from five different countries.  

The polish edition was supported by institutions and companies related to physico-chemical research 
like The National Centre for Nuclear Research and Bruker Company Poland. This methodological 
background enabled obtaining information based on modern laboratory analysis and in situ analysis 
about the chemical and structural composition of materials used in the melts process. The results of the 
analysis were compared with the methodology used by different reconstructions teams and compared 
with literature data developed on the basis of study of material from archaeological excavations. The 
main used techniques were P-XRF (Portable X-ray Fluorescence Analysis), ICP MS (Inductively 
coupled plasma mass spectrometry), SEM/EDX (Scanning Electron Microscope with X-ray Enerdy 
Disspersive Analysis) and XRD (X-ray Difraction Analysis) This methodology workshop gave 
information about the structural and chemical changes that occur in materials used in iron smelting 
process, before and after melt.  

This interdisciplinary research gives new insight to ancient metallurgy techniques which is a very 
important thing in aspects correlated with investigation on Culture Heritage areas. 

_____________________________________ 
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The Hellenistic to Byzantine city of Sagalassos is located in the Taurus mountains of 
Southwest Turkey. The site was inhabited from the 5th century B.C. until the 7th century A.D., and the 
frequent occurrence of iron slag in several excavation layers indicate continuous iron working on this 
site. Remarkably, only smithing slag are found in dump layers and workshops, and nearby smelting 
sites in the territory show a characteristically differing chemical signature from the smithing slag. 
Although smithing slags are often underappreciated, they provide valuable information on the 
technology and organisation of iron production. The smithing slag are chemically analysed by means 
of an adapted ICP-OES procedure and handheld XRF. Mineralogical analysis are conducted by optical 
microscopy and quantitative XRD using the Rietveld method. With the exception of the Early-
Byzantine material, the slag all have a similar chemical composition, which could imply a 
standardized recipe throughout the centuries. Remarkably high calcium and silicium contents are 
measured. Mineralogical analysis, however, show three distinct compositional groups in the smithing 
slag. Based on microscopic textures, a temperature worked, mechanically worked and high carbon 
group can be suggested. The temperature worked slag show a higher amorphous phase content, while 
the mechanically worked group has a remarkably higher wuestite content. The carbon rich group on 
the other hand, distinguishes itself by decarbonisation textures. It is uncertain whether the production 
of carbon rich iron is intentional or not. It is however noticeable that these smithing slag are found 
together in archaeological context. In this study, the importance of mineralogical analysis in the study 
of smithing slag is demonstrated. Mineralogical results will be used to complete the chaîne opératoire 
of iron production in the Sagalassos territory.  

_____________________________________ 
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The University of Verona has been investigating the Forum of Grumentum (Grumento Nova, 
Basilicata, Southern Italy) since 2005(1). 

Traces of metallurgical activity were detected since the first campaign, with a relevant number of iron 
and copper alloy slags coming from an area nearby one of the most important temples of the square 
(the so called C Temple)(2), even though no traces of structures connected with metalworking could be 
found until 2012, when a rich set of hearths was brought to light and investigated, together with a great 
quantity of slags, a tuyère and fragments of crucibles: according to stratigraphical evidence and the 
preliminary data from the study of pottery sherds, this intense metallurgical activity seems to be dating 
to the late antique period, even though it is not yet clear if it has some relationship with the disuse of 
the Forum itself. 

This poster thus aims at giving a preliminary report of the finds, in order to lay down the basis for a 
further study of this context and to insert it in the more ample perspective of the use – and reuse - of 
metals in late antiquity. 
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Notes: 

• (1) The results of the first campaigns are exposed in A. Mastrocinque (ed.), Grumentum 
Romana. Atti del Convegno di Studi, Moliterno 2009, and in a. Mastrocinque (ed.), Grumento ed il 
suo territorio nell’antichità, BAR International Series 2531 (2013).  
• (2) An account of these finds was given in G. Bison, Metal objects from Grumentum: material 
culture and productive evidence, in Mastrocinque 2013 (quoted at note n. 1). 
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The archeological site of Valle delle Forme (sited in the province of Brescia - Italy), dated 
through 14C between XIV and the XV century a.C., has given back a smelting plant of iron minerals, a 
forge for the elaboration of semi-finished products, but also an "archaic" blast-furnace1-2. 

This work presents the textural and compositional study of different waste products of the operational 
chain. Were characterized slags produced from the bloomery-furnace and from the blast-furnace, slags 
from the smithing process and some metal artifacts. 

The study of the smelting process is focused on the analysis of the chemical composition of the 
silicatic phases, found in the slags of the direct reduction and in the furnace, in order to determine the 
working temperature of the bloomery-furnace. 

From the preliminary results, it’s shown that the silicatic phases are mainly rich in iron, however there 
is Mg and Ca zoning. 

Will be proposed at the same time the results obtained through the analyses performed on the slags 
from the smithing process. The purpose is to determine if the forge was only used to forge the bloom, 
or also to decarburize the pig iron. 

At last will be shown the microstructural study of iron objects in order to determine which working 
and post-forging processes were adopted in the archaeological site of Valle dell Forme. 
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P41. An interdisciplinary investigation of metal acquisition and object production at monastic 
houses in Later Medieval England. 
VANESSA CASTAGNINO (1). vrc505@york.ac.uk 
STEVE ASHBY (1)  

(1)  Department of Archaeology, University of York, United Kingdom. 

This doctoral research project aims to investigate the means in which production was bound 
up with powerful religious houses in late medieval England. Through the use of archaeometallurgical 
methods, the metalwork (ferrous and non-ferrous) and production waste from a wide range of 
monastic houses and religious orders will be analysed to determine the chain of production (chaine 
operatoire). The resulting data, in conjunction with archaeological and historical sources, will be used 
to compare and contrast the use of metals to the metal economy of the period and how it has been 
affected by the hierarchical Orders of the religious houses themselves. 

The project has established a rare and exciting level of archaeometallurgical access to metalwork from 
late medieval monastic sites: for example the abbeys of Fountains and Roche and the priories of 
Mount Grace and Kirkham, under guardianship of English Heritage. The research aims to compare the 
collections to the metalwork and production waste excavated at London’s Whitefriars in the 1990s. 

The metallurgical research will be carried out through use of metallography, energy dispersive X-ray 
fluorescence (EDXRF and pXRF), scanning electron microscope (SEM-EDS) and ICP-MS. Materials 
range from raw minerals ii) production waste iii) crucible/mould fragments iv) metal objects/wasters 
v) surface-coated objects (specialized).  

This research is both timely and of contemporary relevance for the following reasons. Firstly, archives 
are coming to light at a time when museums are starting to review how they deal with them and with 
increasing requirements for open access and online archiving. Secondly, the methods are now well 
established, but rarely integrated within theoretically informed or contextually situated approaches. 
Lastly, the feasibility of this study is unique and it is hoped that the results will have significant impact 
in the field and the archaeological sector, thus producing a model for future approaches. 

_____________________________________ 

P42. Quantify the Fragmentation: a Comparison of the Representativeness of Data Sets from 
Medieval Copper Alloys Workshops. 
NICOLAS THOMAS (1) 
LISE SAUSSUS (2). lise.saussus@uclouvain.be  

(1)  Institut national de recherches archéologiques préventives – Laboratoire de médiévistique 
occidentale de Paris (UMR 8589 – LAMOP). 
(2)  Aspirante F.R.S.-FNRS – Centre de recherches d’archéologie nationale UCLouvain. 

Tens of thousands of medieval metalworking debris have recently been discovered in Paris 
and the Meuse valley, in Dinant, Bouvignes and Verdun. The thousands of waste offer a significant 
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potential of quantitative and qualitative information, especially for the technical description and 
quantification of the intensity of copper alloys production.  For the final archaeological product, which 
is discovered in the excavations, data are always lost due to anthropogenic and natural actions. One of 
them, the main one, is the fragmentation: the result of fast processes like knocking out or trampling, or 
others slower ones, like the sedimentation. For the archaeologist and his data sheets, this 
fragmentation is expressed by the weight of fragments, studied, synthesized and graphically presented 
as distribution curves.  

This fragmentation tackles methodological questions, on the excavation site as in the laboratory, of 
representativeness of samples or of the potential of the study of several hundreds of kilograms. With 
what sample do we have enough data to qualify and quantify the production units, to what sampling is 
it reasonable to renounce, with what sampling can we estimate the missing part? 

Data from different sites of production are compared. The aim is to determine thresholds of 
representativeness for samples from rich and abundant archaeological contexts, to suggest options to 
quantify the intensity of production from representative samples, and, finally, to characterize 
distribution curves generated. All in light of the complexity and the significance of the curves: 
taphonomy, type of deposit, sedimentation dynamics, selection bias or sampling completeness, 
inventory accuracy, to the patience of the one that counts. Moreover, the comparison of archaeological 
data with experimental ones aims to assess the weight of fragmentation episodes and to attempt to 
model them. 

References : 

• Thomas N., Leroy I., Plumier J., dir., L’or des dinandiers : fondeurs et batteurs mosans au 
Moyen Âge, Catalogue de l’exposition présentée à la Maison du patrimoine médiéval mosan, mars-
novembre 2014, Bouvignes, MPMM, 2014, 136 p. (Cahiers de la MPMM ; 7). 

 
_____________________________________ 

P43. A few notes on the manufacture of Early Medieval sword blades. 
JIŘÍ HOŠEK (1). hosek@arup.cas.cz  
PATRICK BÁRTA (2) 
ESTELLE OTTENWELTER (1) 

(1) Institute of Archaeology ASCR, Prague, Czech Republic.  
(2) Templ - replics of historical weapons, Czech Republic. 

Extensive metallographic survey of the 9th to 10th century swords has revealed that sword 
blades of this period often consisted of a core, welded-on steel cutting edges and welded-on surface 
panels of steel. 

Several younger swords, metallographically examined so far, suggest that somewhat later - perhaps 
from around the turn of the 11th and 12th centuries – the sword blades (at least some of them) 
consisted of a core and a single coat of steel or perhaps two surface panels of steel. 

It seems that the modification of blade constructions was associated with a change of the sword 
manufacture technology, which took place in about the 12th century. This might have been related 
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mainly to the social and political development as well as technological innovations that occurred 
around the 12th century in Europe. 

_____________________________________ 

P44. Repairing the Copper-based Objects in the Middle Ages: Focus on a Workshop in Douai. 
LISE SAUSSUS (1). lise.saussus@uclouvain.be  
NICOLAS THOMAS (2) 

(1)  Aspirante F.R.S.-FNRS – Centre de recherches d’archéologie nationale UCLouvain.  
(2)  Institut national de recherches archéologiques préventives – Laboratoire de médiévistique 
occidentale de Paris (UMR 8589 – LAMOP). 

From manufacturing to recycling, the copper-based objects could sometimes experience a 
stage of repair. These objects contain the value of the metallic materials of which they are made, the 
one added value by the craftsman, or even for example the social value of representation. In the 
Middle Ages, found in the wills, in the inventories, in the accounts, these objects were transmitted, 
repaired, patched and renewed, prior to recycling. Among these objects, we observe a willingness to 
extend the life of the hammered hand-basins, pots and pans. 

If in the written sources, the repairs could seem intense and recurring, this was also the case for certain 
archaeological objects, in particular because the object which has reached us was not recycled and 
could once again contain signs of worn state. On the other hand, in the workshops, the evidences of 
this real part of the market were rather rare. Except in Douai, where archaeological excavations have 
revealed a metalworking workshop dated from the XIIIth century, the waste corresponding to their 
manufacturing has been discovered. In the workshop, three types of repairs have been found, and the 
raw material is sometimes nothing else than old repaired vessels. The techniques of repairs are 
described and discussed with regard to a corpus of repaired vessels coming from the Northwest of 
Europe.   

_____________________________________ 

P45. Silver and copper smelting in the “Colline Metallifere” district (Southern Tuscany, Italy) in 
the Middle Ages: recent results and open questions. 
LAURA CHIARANTINI (1). laura.chiarantini@unifi.it  
MARCO BENVENUTI (1) 
GIOVANNA BIANCHI (2) 
JACOPO BRUTTINI (2) 
LUISA DALLAI (2) 
ALESSANDRO DONATI (3) 
SILVIA GUIDERI (4) 

(1) Dip.to Scienze della Terra - Univ. Firenze, Italy. 
(2) Dip.to Scienze storiche e dei Beni Culturali - Univ. Siena, Italy. 
(3) Dip.to di Biotecnologie, Chimica e Farmacia - Univ. Siena, Italy. 
(4) Società Parchi Val di Cornia, Piombino, Italy. 
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The Colline Metallifere district (southern Tuscany) hosts a number of Cu-Pb-Zn(Ag) vein deposits 
which fed a long-living mining and metallurgical industry, starting in the Chalcolitic period up to the 
‘70s of past century. Between the 11th and the 14th cent. AD metal production of copper and silver in 
the district was mainly used for coinage. Recent archaeological excavations at Montieri (“Foundries”; 
Canonica di S. Niccolò) and Cugnano uncovered several heaps of metallurgical wastes (mainly slag), 
whose detailed analysis revealed an extremely complex (and partly obscure) picture of metallurgical 
activities carried out in this area in the Middle Ages.  

The considerable variability of slag's mineralogical/chemical composition partly reflects different 
metallurgical processes (and/or different steps of the same metallurgical process). The low amount of 
slag found at the Montieri’s Canonica may indicate preliminary steps of Pb (and Ag?) extraction from 
Pb-Cu-Fe-Zn-Ag sulphidic ores. In addition to variable amounts of (Cu-Fe-S) matte, As-Sb(Ag) speiss 
and metallic Pb, slags contain a phase identified as �-Al2O3 which could be the product of 
transformation at high temperatures of Al-rich phases (like alunite) either from the ore gangue and/or 
intentionally added fluxes and/or furnace walls.  

Slags from the much larger metallurgical waste deposit (around 450 tons of slag) at the Cugnano castle 
are tapped, low-viscosity materials; their compositional features (prevalence of wüstite over 
magnetite; enrichment in S, As, and Sb; Pb-Ag “speiss”; low lead contents in the glassy matrix) 
strongly suggest that they refer to the first steps of production of argentiferous lead from Cu-Pb-Ag 
sulphidic (galena, tetrahedrite) ores of local provenance.  

Up to now in excavated sites of the Colline Metalliere district no clear evidence has been found of 
silver extraction (such as “cupels”, crucibles or other metal fragments), probably suggesting that the 
refinement processes were conducted elsewhere. 

_____________________________________ 

P47. Studies of Safavid openwork steel plaques from Malek National Library and museum 
institution (Tehran, Iran). 
MOHAMMAD MORTAZAVI (Art University of Isfahan, Iran).  
muhammad_mortazavi@yahoo.com  

The aim of this research was the investigation of three Safavid openwork steel plaques (dated 
17th century) from microstructural and compositional point of view. The artefacts were analysed by 
SEM-EDS and reflected light microscopy (OM). SEM-EDS analyses showed that the steel plaques 
have been made of almost pure iron (approximately 99wt%). SEM-EDS analysis was also used to 
determine the chemical composition and morphology of inclusions. Presence of elongated and 
spherical sulphide inclusions was identified in microstructures which implies metalworking 
(hammering). Moreover, metallographic studies revealed two different microstructures in steel 
plaques. A sample distinctively showed a hypereutectoid composition with a pearlite matrix and 
needle-like Widmanstätten cementite which is typical of raw crucible steel (Remmen 2011). Damascus 
artefacts were forged from this hypereutectoid steels (Verhoeven & Jones 1987; Verhoeven et al. 
1993). The other two plaques showed cementite particles as small spherical and larger oblong areas. 
These microstructures demonstrated a typical structure of Damascus artefacts (Kobasko 2011; 
Verhoeven & Jones 1987). On the other hand, the spheroidisation seemed to be the result of 
hammering and heating alternatively (Levin et al. 2005). To sum up, the results of investigation 
pointed out that in spite of corrosion obscuring damask pattern, these Safavid openwork have been 
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made of Damascus steel. In addition, it was demonstrated that complicated forging/heating cycles 
have been used for manufacturing these openwork steel plaques.   

_____________________________________ 

P48. Arrowheads and chain-mail fragments from the crusader Al-Marqab Citadel (Syria): first 
archaeometallurgical approach. 
BÉLA TÖRÖK (1). bela.torok@uni-miskolc.hu  
PÉTER BARKÓCZY (2) 
ÁRPÁD KOVÁCS (2) 
BALÁZS MAJOR (3) 
ZSOLT VÁGNER (3) 
EDMOND EL-AJJI (4) 
MARWAN HASSAN (4) 
MAYSSAM YOUSEF (4) 

(1) University of Miskolc, Institute of Metallurgical and Foundry Engineering, Hungary. 
(2) University of Miskolc, Institute of Physical Metallurgy, Metalforming and Nanotechno-logy, 
Hungary. 
(3) Pázmány Péter Catholic University, Department of Archaeology, Hungary. 
(4) Directorate-General of Antiquities & Museums (DGAM), Damascus, Syria. 

Al-Marqab Citadel in the Syrian coastal region is one of the largest and most important 
medieval fortifications in the Levant. The castle was built by the Order of Saint John (Hospitallers) at 
the end of the 12th and the 13th century and is an important source to military technology and 
technical knowledge. A complex research program of the Syro-Hungarian Archaeological Mission has 
been going on since 2007. At the summer of 2011 the excavations have unearthed a hoard of weapons. 
This consisted of more than 300 arrowheads for bows and crossbows; elements of crossbows; various 
elements of several chain-mails; fragments of two different helmets and a dagger, all have been buried 
after the siege of 1285. Besides the obvious rarity of such medieval group of finds in the Holy Land, 
the generous permission of the DGAM enabling the transportation of selected items of the hoard to 
Hungary for laboratory research and conservation is made all the more relevant by the sad events 
taking place in Syria and the destruction of its unique cultural heritage. 

Selected iron arrowheads and samples of iron and copper based chain-mail fragments were examined 
by the Archaeometallurgical Research Group of University of Miskolc. The examination includes X-
ray screening, optical microscopy, scanning electron microscopy with energy-dispersive spectroscopy 
and microhardness tests in order to reveal the composition, microstructure, mechanical properties of 
the finds and manufacturing processes used by Crusader and/or Mamluk metalworkers. Although, the 
highly saline and humid atmosphere of the coastal environment was a detrimental for a long time to 
the iron even to the copper based metal, the complex examination was very useful to acquire a deep 
knowledge related to the material characteristics of the finds. The results – which are still unpublished 
- indicate at least two different kinds of manufacturing processes with regard to the arrowheads made 
of wrought iron and a typical technology of making the links of the chain. 

_____________________________________ 
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P49. An incense burner from the city Bolumar of the Kazan Khakanate and the local 
coppersmith workshops. 
VALIULINA SVETLANA (1) 
ZAYTSEVA IRINA (2). izaitseva@yandex.ru  

(1)  Kazan University, Historical Faculty, Russia.  
(2) Institution of Archaeology of Russian Academy of Science, Moscow, Russia. 

In recent years, the expedition of Kazan University is open new city center 15th century, 
which, currently, can be identified with the city of Bolumar known by the few written sources. The 
city was the local center of the craft, first of all, metalworking, and international trade. In 2009 in the 
study of complex coppersmith workshop with the remnants of the 2 furnaces discovered a unique 
copper incense burner (without cover). Perhaps it was taken to the workshop for repair. Product height 
of 37.5 cm and a weight of 12.3 kg consists of 3 cast elements: a bowl with a rim, biconical the middle 
part and the conical pan. Parts of the censers were cast in plastic forms and greatly improved after 
casting forging. Three samples from different parts of the censer, were investigated by means of 
Optical emission spectral analysis showed that all parts are made from one portion of the metal which 
is copper with small additives of lead (with 0.9-1.3 percent). 

Comparative analysis of 56 samples of items made of alloys of copper shows that copper of good 
cleaning was the basis for the preparation of alloys by local craftsmen. Copper with small additives of 
lead can be considered as the result of inadequate treatment, and as specially made alloy having high 
fluidity for good filling of the mold cavity during the casting of bulk products. Household cookware in 
the settlement was made of pure copper. 

Censer for burning incense was widely used in the Islamic culture, but their archaeological finds are 
extremely rare. The brass Ottoman censers of 15th century, with complex fine form and proportions 
are well known. Incense burner from Bolumer follows this tradition. It obviously made on site from 
local raw materials (brass almost unknown in local non-ferrous metalworking) or a visiting craftsman, 
or on the sample. 

Work on the model confirm the findings in the settlement few fragments of a cast vessels of tin-lead 
bronze, made in imitation of the Middle East the vessels of brass. 

_____________________________________ 

P50. A preliminary archaeometallurgical study of crossbow bolts recovered from Mongolia. 
JANG SIK PARK (1). jskpark@hongik.ac,kr  
WILLIAM HONEYCHURCH (2) 
AMARTUVSHIN CHUNAG (3) 

(1) Department of Metallurgical Engineering, Hongik University, Korea. 
(2) Department of Anthropology, Yale University, New Haven, USA. 
(3) Institute of Archaeology, Mongolian Academy of Sciences, Mongolia. 

The discovery of Qin-Han style bronze objects at Xiongnu sites may generally indicate the 
need for such items in steppe societies for their own use. In this respect, crossbow bolts recovered 
within the former Xiongnu territory raise specific questions regarding the origin of their principal 
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users and producers. They are special arrowheads consisting of a head and a stem, excavated mostly 
from the former frontier outposts, often in large quantities, as well as from sites away from the 
frontier. Bronze was the key material particularly for the head while iron was also used primarily for 
the stem. Crossbows were widely used in early imperial China but likely not favored by mobile steppe 
worriers who would prefer a composite bow allowing them to shoot while on horseback. It is then 
tempting to presume that the bolts were exclusively made for and used by the Chinese troops stationed 
at the outposts. With this question in mind, we examined typical Qin-Han style crossbow bolts along 
with some other bronze objects recovered from the frontier sites at Bayan Bulag, Mangasiin Khurii 
and Sairiin Balgas. Results show that most of them were manufactured in an environment familiarized 
with the Chinese style of technology. Some of the bolts examined, however, were made following 
significantly different alloy recipes, suggesting the possibility of their occasional production away 
from well-supplied manufacturing centers. This variation may then reflect producers of different 
technological background or changing production environments as determined by the availability of 
human and material resources, which may have often been limited and unsteady and of different 
origin. This work was supported by the Korea National Research Foundation (NRF-
2014K2A8A1067324). 

_____________________________________ 

P51. Khanak: an Indus civilization site in Tosham tin mining area.  
RAVINDRA NATH SINGH (1). drravindransingh@gmail.com  
SATYENDRA SINGH (2) 
D.P.SINGH (3) 

(1) Professor, Centre of Advanced Study, Department of AIHC & Archaeology, Banaras Hindu 
University, India. 
(2) Professor, Department of Geology, Banaras Hindu University, India. 
(3) Research assistant, Laboratory for Scientific Study in archaeology, Centre of Advanced Study, 
Department of AIHC & Archaeology, Banaras Hindu University, India. 

The copper-bronze metallurgy in the Harappan civilization (2600- 1900 BC) of South Asia 
was widespread and had a high variety and quality. Bronze-making relics at early Harappan sites, 
indicating provenance of alloy metallurgy around 3000 B.C. The percentage of tin suggests that the 
mixing was deliberately done to obtain suitable bronzes.  

It is rather surprising that tin, one of the most important metals of antiquity, has until now not been the 
subject of a major study. In the context of Harappan Civilization, Randall Law (2005) has made 
detailed study on the sources of raw materials and suggested the utilization of stones Arravali Range 

The primary tin in the form of cassiterite from the Tosham area was first reported by Kochhar (1999) 
found associated with the muscovite-biotite granite. Tosham is located right in the middle of the 
Harappan distribution zone in Haryana, India. Following the report, a number of Early and Mature 
Harappan sites have been discovered in the vicinity of Tosham hills and the site-Khanak has been 
excavated by the first author. In addition to other materials, large number of slag showing 
metallurgical activities in the vicinity with few copper Celt was recovered. 



Archaeometallurgy in Europe IV, Madrid 2015. 

 131

In order to assess the sources, a number slag samples, ores and a few copper objects were studied. Our 
preliminary observation suggests that Harappans have utilized local sources for manufacturing of their 
bronze objects. The study is still under process and detailed result will be presented. 

Reference: 

• Kochhar, N., et.al. 1999. A New Source of Primary Tin Ore in the Indus Civilisation. 
South Asian Studies 15: 115-18. 
• Law, Randall, 2005, Regional Interaction in the Prehistoric Indus Valley: Initial Results of 
Rock and Mineral Sourcing Studies at Harappa, South Asian Archaeology I (Ed. C. Jarrige and 
V. Lefevre), 2005, Paris, 
• Singh, Ravindra N., 2014, Harappan Metallurgy, History of India ( Protohistoric 
Foundations) Eds. D. K. Chakrabarti & M. Lal, New Delhi, 212-234. 

 

P52. Composition of Early German type metal from Wittenberg and Mainz. 
DANIEL BERGER (Curt-Engelhorn-Zentrum Archäometrie, Mannheim, Germany) 
daniel.berger@cez-archaeometrie.de  

Johannes Gutenberg is said to be the inventor of the printing press and the print with movable 
types in the mid-15th century. Yet, due to the scarcity of objects from that time hardly anything is 
known about the composition and development of the early type metal from which his and later 
printing types were made. Until recently, only a couple of archaeological finds are known from the 
15th to 17th century of central Europe: Lyon and Ortenburg (France), Kralice nad Oslavou (Czech 
Republic), Basel (Switzerland) and Mainz and Oberursel (Germany). This short list has now been 
considerably enlarged by several new find complexes from Wittenberg (Germany) yielding altogether 
ca. 3000 printing types from the 16th century. It was possible during inventory to investigate all these 
types by typometrical and typographical considerations as well as metal analyses giving an entire and 
completely new understanding of their constitution and historical implication. The metal analysis was 
carried on drillings with an X-ray fluorescence spectrometer and showed the types to be made up of 
lead with additions of tin and antimony. Furthermore, bismuth as deliberate alloying element could be 
found which shows a good correlation with tin. It is therefore thought that both metals were introduced 
to the type metal as tin-bismuth alloys possibly coming from local pewterers. Besides, three different 
(roughly standardized) alloy compositions were recognized among the 16th century material which are 
differentiated by varying tin-antimony-ratios. By contrast, only a single composition without 
intentional bismuth alloying was found at contemporary printing types from Mainz, however, with 
comparable tin and antimony contents. This on the one hand suggests a common alloying practice in 
early type metallurgy, but indicates on the other hand different tin suppliers. It is further apparent from 
the data that early type metal had considerable less alloying element concentrations (≤20 wt%) than 
modern one (>30 wt%).  

_____________________________________ 

P53. Engineering, metallurgy and the first mainline railways. 
PETER NORTHOVER (October House, Stonehill Lane, Southmoor, Abingdon, Oxfordshire, UK). 
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The first interurban railway with steam locomotives, the Stockton and Darlington Railway, 
was first conceived in 1818 when cast iron was the only bulk material suitable for the production of 
rails. Despite its obvious lack of fracture toughness under the weight of locomotives its corrosion and 
wear resistance were attractive. It was only in 1821 that John Birkinshaw’s patent led to the 
production of rolled wrought iron rails with special profiles and such rails were adopted by the 
Stockton and Darlington. The advantages were a lighter rail for the same carrying capacity, higher 
fracture toughness, longer lengths with fewer joints giving a less damaging ride and fewer failures 
and, hence, lower whole-life costs. As locomotives and trains became heavier and speeds higher 
wrought iron rails became heavier but ultimately their mechanical properties were limited, a problem 
not solved until the introduction of Bessemer steel rails after 1860.  

To understand the way wrought iron rails behaved we have an abundance of surviving examples and 
this presentation will describe compositional  and metallographic analysis and tensile and impact 
testing on both wrought and cast iron rails. At the same time there are contemporary reports from the 
key engineers of the time reporting their own mechanical testing and their understanding of the 
behaviour of the iron in an era before metallurgical microscopy. Their results will be compared with 
modern engineering analyses of the behaviour of rails and data from four-point bend tests on large 
samples. The conclusion is that they understood through their classical mechanics training the 
situation of a static vehicle on the track but they took time to learn the dynamics of a moving train and 
its impact on a wrought iron track.  

_____________________________________ 

P54. Machines that go “ping” and tools that go “ding”. 
ELPIDIA GIOVANNA FREGNI (University of Sheffield, Department of Archaeology, UK) 
gfregni@comcast.net  

Can the dings and dents on a hammer’s face can tell more about metalsmithing than the pings 
of the machine in the lab? Archaeometric analyses have been proven useful for addressing questions 
such as sources of ores, alloy types, or temperatures attained when smelting. However the emphasis on 
the archaeometry often overshadows other aspects of archeometallurgical studies that could better 
connect the human element to the study of ancient metalworking. 

Archaeology is defined as the study of human activity in the past, and while archaeometric analyses 
can provide data relating to specific details that often result in definitive answers, it is limited in that 
the data answers questions about metals and treatment, but little about the humans who worked with 
metal. 

A more revealing approach to archaeometallurgy is through understanding metalworking as a craft as 
it was practised. This involves a broad field of study that includes knowledge of metalworking tools 
and how metalsmithing tasks are performed. The frequent use of tools is part of a working relationship 
that results in wear that can reveal unexpected details about the people who used them. The type of 
tasks that were performed, working sequences, and even which hand in which the smith held the tool 
can be read from wear on tools and finished objects. 

In pursuing the study of Bronze Age metalworking, archaeomentric analysis was useful for the 
replication of ancient tools; however experimental work, practical knowledge of metalsmithing 
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processes, and the comparative examination of wear on ancient and replica tools yielded a level of 
information that could not have been achieved through archaeometric analyses alone. 

Archaeomentry is a useful analytical tool, but visual analysis and knowledge of craft practice has the 
potential to yield more information about ancient metalsmiths and the craft of metalworking. 
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