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Résumé

 Dans le cadre du projet EACoM, qui vise à 
comprendre les procédés anciens du travail du cuivre, un 
des objectifs est de tenter de reconstituer les techniques 
de fabrication des bijoux en cuivre provenant des fouilles 
conduites entre 1957 et 1975 dans les cimetières de 
la Dépression de l’Upemba (RD Congo). Plusieurs 
approches sont combinées, dont les travaux de laboratoire 
réalisés sur ces objets par Terry Childs dans les années 
1988-1991. Nous y ajouterons le potentiel informatif des 
collections ethnographiques - documents, photographies 
et films d’archives, outils et objets - du Musée Royal 
de l’Afrique Centrale (Belgique) qui sont les témoins 
de chaînes opératoires ayant réellement existé et, ainsi, 
permettent de valider les chaînes opératoires reconstituées 
pour les objets archéologiques. Une des questions en 
suspens est celle du tréfilage du fil. À partir de ses 
observations en laboratoire, T. Childs concluait que du 
fil tréfilé était bien présent dans les tombes de l’Upemba 

dès le XIe s. ap. J.-C, mais que, dans leur majorité, les 
fils des bijoux en cuivre étaient réalisés par martelage. Il 
nous faut, dans le cadre de ce projet, confirmer et dater 
cette présence de fil tréfilé dans les tombes de l’Upemba. 
Ce que nous faisons à propos d’objets bien spécifiques, 
et en particulier les « cordelettes » (fil très fin enroulé en 
spires très serrées sur une âme de fibres) qui sont à la base 
de bijoux complexes. De nouveaux travaux de laboratoire 
seront conduits sur ces objets archéologiques mais aussi 
sur des objets ethnographiques, similaires, et les résultats 
seront comparés aux données issues de l’observation, 
en 1988-1991, de fil tréfilé provenant des sites de Great 
Zimbabwe et Khami.

Introduction 

There is little need to recall that copper has 
occupied a foremost place in many ancient and more 
recent Central African societies (Herbert 1984). Its 
properties, such as brilliance, colour, and sound, as well as 
the scarcity of its deposits made copper a precious metal, 
used in much the same way as gold was in other societies. 
The Egyptian and African Copper Metallurgy (EACoM) 
project has taken an interdisciplinary approach to gain a 
better understanding of ancient copper production and its 
transformation from the ore to the finished object. Within 
that framework, the processes involved in the manufacture 
of the wide variety of copper-based objects excavated in 
the cemeteries of the Upemba Depression (D. R. Congo) 
are being systematically analyzed. The reconstruction of 
these processes draws on different reference materials. 
The archives (photographs and documents from the 19th 
and early 20th centuries AD), tools, and finished objects 
from the Royal Museum of Central Africa’s (Belgium) 
ethnographic collections provide technical reference 
material against which plausible scenarios can be tested. 
It also draws upon the close examination of many ancient 
objects themselves, including the results of an extensive 
laboratory program done by one of us (TC) in 1988-1991.  

Previous investigations into the production technologies 
of iron and copper over time in the Upemba Depression  

 The copper-based objects from the Northern 
Upemba Depression (Figure 1) come from five cemeteries 
(Sanga, Katongo, Kamilamba, Kikulu, and Malemba 
Nkulu), which were excavated in 1957, 1958, 1974, and 
1975 (Nenquin 1963, Hiernaux et al. 1971, de Maret 
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Figure 1: Map of Central Africa with an inset of the Upemba Depression (drawn by N. Nikis and L. Garenne-Marot) 

1985, de Maret 1992). The results of this extensive 
archaeological work (237 graves were excavated) is, for 
Central Africa, an unmatched cultural sequence spanning 
the 8th to the 18th centuries AD and even up to modern 
Luba culture (Table 1). 

 In 1988, a field project was undertaken to 
excavate additional burials at the important Upemba 
cemetery site of Sanga and conduct ethnographic 

interviews among the present-day Luba occupants of the 
Upemba Depression (Childs et al 1989). Furthermore, 
and of greater importance to the understanding of the 
ancient metallurgical processes, an extensive laboratory 
program began. The numerous objects of iron and copper 
buried with the deceased had not been fully analyzed 
to investigate either their manufacture or their meaning 
within one area and spanning approximately one thousand 
years. This meant examining the technological processes 
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Table 1: The Upemba sequence based on P. de Maret’s publication and the 1987-1988 sampling of copper artefacts
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(how an object was made, the material it was made of, 
and the potential sources of ores), the social function(s), 
and the symbolism of the diverse object types made of the 
two metals in an effort to detect changes in the iron and 
copper production and use over time. Questions regarding 
the kinds of metals produced (e.g., wrought iron, steel, 
unalloyed copper, bronze), the techniques used by the 
smith (e.g., hammer forging, welding, casting), and the 
nature of the choices available during the manufacturing 
process could be addressed by metallographic and 
chemical analysis. Pierre de Maret generously allowed 
T. Childs to sample a wide variety of objects from the 

excavations he conducted in the five Upemba cemeteries 
to conduct such analyses. Nearly a hundred iron objects 
and a similar number of copper objects were sampled for 
both chemical and metallographic analysis. 

 The metallographic research, involving 
hours of laboratory preparation and examination of 
microstructures, was conducted at the Massachusetts 
Institute of Technology as was chemical analysis using 
atomic absorption. The technology and use of the Upemban 
iron objects was discussed in several publications (Childs 
1991b; Childs and Dewey 1996; Dewey and Childs 1996; 

Figure 2: Example of the metallography of a massive bead from Kamilamba Grave n°7: explanation of the manufacturing 
process by T. Childs
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Childs and de Maret 1996), while the copper objects 
received less attention (Childs 1991a; Childs 1995; Figure 
2) and remain to be further explored. The time has come 
to reopen the files and explore anew this invaluable data 
resource as part of the EACoM project. 

Reopening the files…and reviving the project 
 
 The metallographic investigations conducted 
in 1988-1991 were done on a wide variety of copper 
objects to examine how they were made and used within 
the Upemba cemetery sequence. Among the burials 
accoutrements were bangles; necklaces or belts made of 
thin and thick wire; strands of beads; and ribbons wrapped 
around fiber materials. There were also utilitarian items, 
such as fish hooks, staples, and nails. Other objects, like 
wire, ribbons, sheets, and nails, decorated many objects 
in iron or wood, the latter not preserved due to soil 
conditions. 

 Many aspects of the manufacturing process of 
copper production were made clearer by the metallographic 
investigations conducted in 1988-1991. The evidence 
supported the hypothesis that the smithing technology 
developed for iron was used to produce copper objects 
(Childs et al. 1989; Childs 1991a). The copper metal 
was cast in bar or cross shapes (croisettes) (definitely 
by the Kabambian period but the shapes of the castings 
are unknown prior to that time). The evidence shows 
that several large bracelets from the earliest period, the 
Ancient Kisalian, were made by directly hammering out 
a cast form. The thinner and smaller objects were folded, 
rolled, flattened, and/or made by pressing and piling up 
thinner pieces of copper together. 

 One of our current goals is to pursue the 
relationship between the external shape and the internal 
metal structure to develop a complete typology of each 
artefact type and a more precise understanding of the 
steps of its manufacture. Another goal is to examine 

 
Steps of observations Ways and methods  

Laboratory techniques 
Remarks  

The most obvious and widely used criteria to hypothesize that a wire object was drawn : 
- its thinness (assuming that the thinner the wire the less likely it was hammered)  
- the uniformity of its thickness (assuming that drawing yields a more uniform, less faceted diameter than hammering). 
 
Three microscopic characteristics: 
1. The presence of striations on a 

wire's exterior which were created 
as the wire was pulled through a 
metal drawplate 

Low-power microscope  
External observation  

 
The striations can be seen under a low-power 
microscope after the exterior corrosion is 
removed using a mild acid solution. 

2. The grain structure of the metal 
object 

Metallography  
Internal observation (study of 
the metal structure)    
 
Better seen if the sample is 
mounted in a longitudinal 
section and then ground and 
polished. 

In the case of a drawn wire, there is greater 
homogeneity of the microstructure. This 
includes elongation of the inclusions (the flow 
of inclusions are parallel and follow in a regular 
orientation) and a regularity of the grains (with 
no distortion of the grains near the surface). 
Hammered wire should present greater 
heterogeneity. 

3. Cracks  
The extent to which there are cracks, 
creases and disconformities visible 
in cross section 

Drawn wire will have less evidence of cracks 
and folds than hammered wire. The 
disconformities that result when the metal is 
first hammered and rolled into a crude rod-
shape would be largely removed during the 
subsequent homogenization process of repeated 
drawing.  

 

Table 2: The criteria for identifying drawn versus hammered wire based on Childs (1995), Thomas (1999) and discussion 
with J.-M. Welter (former researcher in copper industry)
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the manufacture of artefacts of 
comparable types, such as bangles 
(wire and rod-based ones), beads, 
croisettes, nails, and staples, 
recovered from the five cemeteries 
to look for technological 
similarities and differences during 
the same time periods and over 
time (from the Ancient Kisalian 
period to the Kabambian B). 
 
 This direct examination 
of objects using laboratory 
analyses is not going to be the sole 
approach to investigating these 
objects, since such reliance has its 
drawbacks. The full series of steps 
in the manufacture of an object 
type is often not fully reflected in 
the microstructures of metals. For 
example, the metallography of a 
cast rod that was then hammered 
or drawn into wire may not reveal 
clear evidence of the casting 
stage. Therefore, the addition of 
other evidence is very important 
to the full reconstruction of 
how metal objects were made. 
Furthermore, theoretical chaînes 
opératoires may be defined 
according to technical efficiency 
models that have no relationship 
to the technical or cultural values 
of the actual practitioners. In fact, 
the team working in the Upemba 
in 1988 had such concerns and 
conducted interviews with Luba 
smiths (Childs et al. 2009). 
Unfortunately, these smiths had 
long abandoned the art of working 
copper and did not speculate about 
it to the team.  

 The wealth and diversity 
of the Royal Museum for Central 
Africa (RMCA) collections 
allow for the development of an 
alternative approach focusing on 

Figure 3: Some of the early steps in the making of the composite necklaces and 
the belt from Graves n°34, n°53 and n°148 (graphic by L. Garenne-Marot). The 
necklace from Sanga, burial n° 34 is available on the website of the Royal Mu-
seum for Central Africa at: http://www.africamuseum.be/collections/browsecol-
lections/humansciences/display_object?objectid=32810
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recorded practices. Information from diverse sources, 
such as ethnographic objects and tools, and archival 
records including texts, drawings, films, and photographs, 
can be integrated to broadly document specific technical 
processes. This documentation and expertise can then 
be applied to the archaeological artefact collections as 
comparative reference material, and an alternative to 
ethnoarchaeology in the field. Furthermore, specific 
fabrication marks observed on finished ethnographic 
objects may be related to documented processes. These, 
combined with the analytical work, allow us to build 
reference materials that can be used to interpret technical 
traces on archaeological artefacts. Such a methodology 
was used for the “Konga greaves”, which were copper-
based leg adornments for women in the Equateur region of 
DR Congo up to the 1940s. The RMCA curates extensive 
documentation of these objects, including the patterns of 
the sand-based, open moulds, photographs, drawings, and 
ethnographic accounts of the fabrication sequence to the 
finished objects. This case study also showed how little 
remains in the archaeological record of the tools and by-
products of such transforming processes (Garenne-Marot 
et al. 2016).  

The wire-drawing question 

 Our reexamination of the Upemba copper 
working data will focus, in peculiar, on the question of 
wire-drawing. This is of current interest given the recent 
revision of the Igombe Ilede dates (McIntosh and Fagan 
2017). Also, some recent misconceptions of the Upemba 
metal objects (Luna 2017) made us aware that a renewed 
presentation of the material is necessary. This wire-
drawing question has already been given some attention 
by one of us (TC) when she evaluated the Upemba material 
against similar copper objects from Great Zimbabwe and 
Khami (Childs 1995). Her impression was that drawn wire 
might not have been frequent within the Upemba material 
and it was unlikely that iron wire was drawn at all. She 
was not certain about the copper from the Upemba, which 
needed further investigation. This is particularly true 
given that hundreds of thin copper bangles and rings were 
recovered in the Upemba graves, especially in Classic 
Kisalian times (from the 11th century AD on). Our current 
review of the previous analyses of the bangles and rings 
strongly suggests that most were shaped by hammering 
and rolling and, perhaps, by piling and pressing thin 
cut-out sheets or flattened fragments together. The thick 

bangles, as previously noted, were made by hammering 
and bending a cast rod or portion of a cast object, such as 
a rod or croisette. Childs’ earlier study (1995), which set 
some surficial and metallographic criteria to identify wire 
drawing (Table 2), came to the conclusion that drawn wire 
might be attested in the Classic Kisalian period but might 
not have been of regular use. Of the twenty “wire” objects 
analyzed, four had at least one of the characteristics of 
drawn wire and one bore all the characteristics listed of 
wire drawing. 

The cordelettes of fine copper: drawn-wire as early as 
the 11th century? 

 Drawn wire might have been present in some 
specific object types. In a few cases, very thin wire was 
found tightly spiraled on a fiber core. These “spiraled-
wire tubes” are similar to the bangles from Burial 3 at 
Ingombe Ilede, which “were created by wrapping fine 
wire in a tight spiral around a raffia-palm fibre core” 
(McIntosh and Fagan 2017: 1071). S. McIntosh and B. 
Fagan cited Bisson (1975: 281) that “spiral-wound copper 
bangles have a lengthy history in Zambia”. This is not the 
sole case as we may see… 

 The Upemban “spiraled-wire tubes” or 
cordelettes (the French term is derived from 19th century 
description of ethnographic material) were parts of more 
complex objects in the Classic Kisalian. They constituted 
the base of the necklaces from Sanga burials n° 34 and n° 
53 (Nenquin, 1963: 119; pl. XXVIII, XXIX and 171; pl. 
XXXI) and both a necklace and a belt recovered in 1974 
from Sanga burial n° 148 (de Maret 1985 :69 et 1985: 157-
158 and Pl. 14, 2). E. Herbert’s description (1984: 81) of 
the burial n°34’s necklace is: “Fine (0.2mm) copper wire 
wound spirally into a tube 2 to 3mm in diam., then wound 
again to form the necklace itself and P. de Maret (1985: 
69 and 157-158) noted that the wire of the necklace and 
of the belt of Sanga burial n°148 was wound around a 
fiber core. Three to eight of these cordelettes were woven 
in a rope fashion (in French, the word “toron” is used 
in reference to cordage or rope structure) into thicker 
elements (see description of the process in Figure 3). The 
necklaces were then intermixed with either strands of iron 
beads or twisted iron rings.  
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Identifying the wire of the Classic Kisalian cordelettes 
as drawn wire: developing reference material

Attested archaeological drawn-wire 
 Similar “spiraled-wire tubes” or cordelettes were 
recovered at the archaeological sites of Ingombe Ilede, 
Great Zimbabwe, and Khami. In the first case, drawing 
devices were unearthed alongside the finished spiral-
wound bronze bangles of burial n°3 (Fagan et al. 1969). 
The wire of the bangles and necklaces were identified 
as being drawn at the latter sites based on microscopic, 
including metallographic, analysis (Childs 1995). 

The drawn-wires of the RMCA ethnographic collections 
 The RMCA ethnographic collections curate 
cordelettes of analogous shape and manufacture, which 
were collected at the end of the 19th century. In 1989, 
the Belgium King Léopold II invested Charles Lemaire 
with the command of a scientific mission to Katanga. The 
expedition left Belgium in April 1898. After crossing the 
British colonial territory of east Africa, Lemaire’s group 
reached Moliro, southwest of Lake Tanganyika. There, 
the photographer of the mission, Franz Michel, recorded 
a wire-drawing sequence (see Maquet 1965: 51 and 
photograph 22). The expedition then went as far as Lake 
Dilolo in Angola, passing through the copper mines of 
the Copperbelt. They collected ethnographic specimens, 
including dies and pincers for drawing wire, drawn 
wires of different thicknesses, and cordelettes that were 

prepared to be transformed into bracelets and gathered in 
bundles (Figure 4). 

 We thus have access to two types of reference 
materials for our project to determine the presence, or 
not, of drawn wire in the Upemba. The first are the 1988-
1991 metallographic and chemical analyses of the Great 
Zimbabwe and Khami drawn wires. The second type will 
come from further analysis of the ethnographic cordelettes 
that were collected in the Katanga region at a time when 
copper was still locally smelted and wire-drawing was 
still widely practiced. 

The steps: sampling the ethnographic wire and 
comparing it to archaeological wire

 We have been allowed to take three samples 
from the ethnographic material – two from the bundle 
of cordelettes and one from a drawn wire of larger 
diameter (collected at the same time as the cordelettes) 
- to constitute our “reference material” of attested non 
industrial drawn wire. Metallographic analysis will then 
be performed and compared to that of the archaeological 
wires taken from the four composite, spiraled-tube-based, 
Upemban archaeological objects (necklaces and belt). 
We will also add another sample taken in 1988 from the 
necklace in Sanga grave n°148, which was mounted, 
prepared, and is ready for metallographic work. These 
will be compared against the criteria developed for the 

Figure 4: Bundle of cordelettes (“spiraled-wire cylinders”) from the RMCA ethnographic collections collected at the end 
of the 19th along with wire-drawing devices (RMCA n° EO.0.0.26754-2; photo. L. Garenne-Marot – RMCA)
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drawn wires identified from Great Zimbabwe and Khami 
(Table 2). We also plan to X-ray these objects to evaluate 
their regularity and internal consistency and use Scanning 
Electron Microscopy (SEM) to identify (and record) the 
presence of surface striations and other characteristic 
surface marks.

Conclusion 

 Results from former research and the new 
reference material provide a wealth of tools to help 
reconstruct the copper manufacturing processes in the 
Upemba from the Ancient Kisalian through Kabambian B 
period. Among the processes of particular interest is wire 
drawing. We anticipate that the results of our investigation 
will be of interest if we can show that drawn wire was 
present in Central Africa as early as the 11th century AD 
(by Classic Kisalian times). 19th and early 20th centuries 
accounts document wire drawing in regions adjacent 
to the Upemba Depression (West of Lake Tanganyika, 
Katanga), but we do not yet have any definitive evidence 
that the technique had been practiced within the Upemba 
Depression by Luba metal smiths or their ancestors. If we 
can show clearer evidence of archaeological drawn wire, 
this will open up discussions on the origin of the wire. 
Some of the questions we hope to investigate are: was 
the wire drawn locally or brought in already drawn from 
elsewhere, or/and was some or all of the wire hammered 
into shape locally? was drawn wire only used to make the 
cordelette? and, was it ever used in other object types? The 
evidence to date indicates that cordelettes disappeared 
in Upemba about the time the croisettes appeared. 
The croisettes were at first objects of value limited in 
circulation to the prestige sphere before evolving over the 
centuries to a commercial, all-purpose currency (de Maret 
1981; Herbert 1984: 186). If the cordelettes were items 
traded in to the Upemba, did they have a “value” similar 
to that ascribed to the croisettes?   
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