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The remains of extensive iron industries form prominent features at key locations within the Meroitic landscape, 
demonstrating the significance of iron production within the history of this period of the Kingdom of Kush. 
The scale of Meroitic iron production combined with early insights into technological approaches led to the iron 
industries being of particular interest to archaeometallurgists, while preliminary radiocarbon dates secured a 
prominent place for Meroe within debates concerning the origins of iron in Africa. However, when considering 
the extent of production, the potential time period involved and its wider significance within a Pan-African 
debate, it can be said that our knowledge to date of this fundamental Meroitic industry is notably superficial. 
This paper introduces UCL Qatar’s research in Sudan, which, amongst other things, aims to generate new 
data that will answer some of the many questions concerning Meroitic iron production. It is hoped that our 
results will eventually allow the industries and people involved to be placed within the Meroitic context, thus 
revealing their contribution to the rise, dominance and fall of the Kingdom of Kush.

Introduction: why iron?

A central theme in the study of technology is the 
embedded nature of technical practices within broa-
der social and cultural contexts. It is widely recog-
nised that every stage of any technological process, 
or chaîne opératoire, represents the choices made by 
artisans, influenced by numerous variables including 
the availability of resources, preferences of the con-
sumers, and the knowledge systems held within the 
community.1 As such, technological practices reflect 
the artisans’ position within society and the way in 
which they perceive the world around them, as well 
as the societies themselves. For the archaeologist, the 
identification and detailed understanding of a con-
textualised technology provides an invaluable and 
unique window into past society, complementing the 
focus on elite and consumer evidence that dominates 
much of traditional archaeology.

Perhaps more than any other ancient technology, 
iron production generated a significant quantity and 
diversity of remains that survive in the archaeological 
record. These remains can be subjected to a range 
of macroscopic, microscopic and chemical analyses, 
the results of which allow for the reconstruction of 
various fundamental aspects of the original techno-
logical sequences including operational parameters, 
ingredients and technological styles.2 This informa-

1 For example Akinjogbin 2004, 61; Collett 1993, 508-511; 
Dobres & Hoffman 1994, 211; Rowlands & Warnier 1993, 
522-543.

2 For example Fluzin 2004; Tylecote 1992.

tion provides an insight into various aspects of past 
technological systems, and, when placed within a 
broader historical and cultural context, may in turn 
offer an insight into the past social, political, eco-
nomic, environmental and ritual landscapes within 
which iron production was embedded.

With the adoption of iron production by society, 
a specialised and particularly resource and labour- 
thirsty technology joined the local craft scene, pro-
ducing a valuable material with properties “far in 
advance” of anything that had gone before.3 Despite 
the technical skill, effort and materials required to 
produce iron, this production was viable and in some 
cases became of paramount importance to society, 
because it provided a material that could be worked 
to produce tough, durable objects as well as ornamen-
tal and prestige items suitable for local consumption 
and for external trade.4 From rings, pins, bracelets 
and bells, to hoes and axes, to spears and arrowheads, 
the malleability of heated iron meant that a smelted 
bloom could be easily forged and shaped into desired 
objects with good tensile strength. Thus, the practical 
significance of iron lay in the vast array of objects that 
could be produced, as well as the superior mechanical 
properties of these objects. 

It is reasonable to suggest that the early use of 
this new and rare material would have been generally 
confined to high-status goods produced by a prestige 
technology.5 Initially the effects of this metal on 

3 Craddock 1995, 234.
4 Delmonte 1985, 238; Gale 1969, 2-5.
5 Pleiner 2000, 23-30.
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day-to-day activities may well have been limited. 
Certainly, the evidence of iron objects found so far in 
Meroitic burials suggests that this seems to have been 
the case, and at first iron seems to have been confined 
to small objects of adornments or personal items for 
the highest ranks of society (see below). Gradually 
however iron became more common, perhaps as 
the number of artisans with the knowledge of how 
to produce iron grew, or more exotic items entered 
the economies of the upper echelons of society, or 
the value of iron objects to wider social endeavours 
became more evident. As production increased, the 
wider significance of iron to society began in ear-
nest.6 Across the world, once iron became more 
commonly produced, agriculture, warfare and even 
ritual or religious systems were gradually transfor-
med. Did Meroitic iron production also have such 
a multi-faceted impact on the life and times of the 
Kingdom of Kush?

The recognition of the importance of iron in 
world history has been growing since the pioneering 
work of researchers such as Cleere,7 Pleiner8 and 
Tylecote.9 Archaeometallurgy has rapidly developed 
and excavations are taking place in all continents as 
academics strive to understand how, when and why 
our ancestors made iron, and how, in turn, technolo-
gy relates to broader social contexts. The application 
of the discipline, combining scientific analysis with 
the theory and techniques of archaeology,10 has the 
potential to reveal many parameters of past metal-
lurgical technologies. These include the nature of 
the raw materials used, the fuel types, the refractory 
nature of ceramics utilised during iron production, 
smelting parameters, and the quality and quanti-
ty of the material produced (although limitations 
apply).11 Interest in the sub-discipline has led to 
new approaches (for example the use of experi-
mental archaeology) and new scientific techniques 
(including the application of luminescence dating to 
provide a more precise chronological framework), 
which allow for a greater level of understanding of 
the archaeometallurgical record. As more archaeo-
metallurgical investigations are carried out, a greater 
appreciation of the extent of technological com-
plexity is being developed, and the dates of early 
iron production are being pushed further back in 
time. In addition, ethnographic observations across 
the world indicate that at least in later times, at the 

  6 Pleiner 2000, 30-35.
  7 For example Cleere 1970; 1972.
  8 For example Pleiner 1978; 2000.
  9 For example Tylecote 1962; 1965.
10 Cleere 1970.
11 See Craddock 1995, 13.

local level artisans played the role of innovators and 
motivated producers.12 This stands in contrast to 
the traditional notion of metallurgy as a dispassio-
nate, utilitarian entity. The UCL Qatar research in 
Sudan aims to move beyond the mere transposition 
of interpretive models to use systematic scientific 
investigation alongside specific local and cultural 
aspects to reveal insights into both the metallurgy 
and the metallurgists of Meroe (fig. 1). 

Fig. 1: Map showing key sites mentioned in the text

The archaeometallurgy of iron

In order to understand and interpret the archaeome-
tallurgical remains of iron production and to appre-
ciate them within an embedded chaîne opératoire, 
it is necessary to understand the stages involved in 
the production process: that of reducing iron oxides 
(e.g. Fe3O4, Fe2O3) into iron metal (Fe) by subjecting 
the material to specific temperatures and reducing 
conditions that allow the economically viable pro-
duction of metal. Iron production in Africa made use 
of the ‘bloomery process’, which produced iron in 
a solid state directly through the reduction of iron 
ore to a workable iron bloom, with a significant 

12 For example Barndon 1996; Celis 1987; Childs & Dewey 
1996; Schmidt 1997; Tripathi 2001, 148-166.
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amount of iron oxide required to form slag. During 
this process, the waste from the ore (including the 
gangue materials as well as a significant amount of 
iron oxide), some of the technical ceramics, any 
fluxes added, as well as fuel ash melt to form liquid 
slag.13 This liquid slag envelops and protects the solid 
particles of metallic iron that form during the smelt 
and progressively coalesce in the form of a bloom.

Due to the preservation of some of these facets of 
the smelting process within the iron slag, each them-
selves representing the skills, choices and resources 
available to those involved in the iron industries, 
detailed investigations of iron slag can reveal much 
about the original smelting charge and the processes 
it underwent.14 However , a major factor to consider 
when approaching the analysis of slag is the represen-
tative nature of a particular (and possibly quite small) 
slag sample. Throughout a smelt, which can last from 
a few hours to a few days, ingredients, temperatures, 
redox conditions and many other factors evolve and 
change. Therefore, an arbitrary piece of slag picked 
up on a smelting site cannot be representative of 
the entire original smelting operation, let alone the 
smelting technologies of many smelters over even a 
short period of time.15 The issue of representativity 
is one of particular concern to this new research (see 
below).

The main ingredient required for a successful 
smelt is an economically viable ore; that is one that 
is reasonably high grade (considering the significant 
amounts of iron lost into the slag during the process) 
and present as easily reducible oxides and/or hydro-
xides. The collected ore, which has either been mined 
or collected at ground level, is sometimes benefi-
ciated (usually by density or colour) so that the richer 
ore minerals are separated from the rest. The ore can 
also be roasted to enable iron hydroxides or carbona-
tes to become more easily reducible iron oxides and 
to generally ensure even and successful reducibility 
during the smelting process. In the archaeological 
record, mining sites can provide invaluable infor-
mation concerning the types of ores being mined 
and the techniques used for this stage of the chaîne 
opératoire.16 Therefore, an additional goal of the 
UCL Qatar research is to expand on the work of Dr. 
Abdelrahman Ali, Director General of NCAM, to 
further understand the ore sources exploited during 
the Meroitic period. Currently Dr. Brigitte Cech is 
conducting this research, as well as research into the 

13 Crew 2000; Serneels & Crew 1998; Tylecote 1987, 47-52.
14 Fluzin 2004; Serneels 1993; Rehren et al. 2007.
15 Humphris et al. 2009.
16 Childs & Herbert 2005, 282-283; Schmidt 1997, 53-59.

stone quarries of Meroe, under a three-year Qatar 
National Research Fund (QNRF) grant.

The other essential material requirement for the 
production of iron is fuel, which plays a number 
of vital roles during the smelting process. The con-
trolled combustion of fuel provides energy to enable 
high temperatures to be reached and maintained, a 
sufficiently reducing environment rich in carbon 
monoxide, and often the alloying component to pro-
duce steel rather than soft iron.17 Further factors 
relevant for fuel selection include its limited conta-
mination by other elements, and its ability to support 
the batch column within the furnace. While fuel 
types such as animal dung, grasses and logs may not 
meet all of these requirements, charcoal provides the 
perfect fuel for smelting, being (in the best instances) 
highly calorific, strongly reducing and relatively 
clean.18 Comparing palaeoecological and modern 
data, vegetation changes in the landscape can be map-
ped over millennia and the environmental impacts 
of such a fuel-thirsty technology as iron production 
can be documented. Of course, one of the greatest 
potentials of charcoal found within the archaeome-
tallurgical record is for radiocarbon dating and for 
the construction of chronological frameworks for 
the archaeometallurgical remains themselves. Thus, 
wood species identification and extensive radiocar-
bon dating form key components of the UCL Qatar 
research, alongside a luminescence-dating program 
to ensure the validity of the dating sequences pro-
duced. 

For a successful smelt, an enclosed environment 
usually in the form of a furnace superstructure of 
some style is required. This structure retains heat 
energy, maintains a reducing atmosphere, and enab-
les control over the whole process by containing and 
funnelling the gas flow, charcoal, ore, and molten 
slag. The furnace must be able to maintain structu-
ral stability throughout the process for the smelt to 
proceed successfully, withstanding temperatures in 
excess of 1200 ºC for long periods of time. To allow 
the smelt to progress, during the bloomery process 
the slag is allowed to flow either down into a pit 
in the case of pit furnaces, or out of the side of the 
furnace structure in slag-tapping furnaces as seems to 
have been the case at Meroe. However, even within 
the slag tapping furnaces, a certain proportion of 
slag will solidify inside the furnace itself, and this 
is evident in the Meroitic context. In addition to 
a furnace structure, other technical ceramics (i.e. 
those produced specifically to withstand the extreme 

17 Rehren 1997.
18 Craddock 1995, 189; Joosten 2004, 11-12.
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nature of the smelting process)19 include the tuyères, 
or pipes through which the air entered the furnace 
structure, in the Meroitic case apparently blown 
in from ceramic pot bellows. The ways in which 
clay used to make the furnaces, furnace lining and 
tuyères was manipulated to enable it to survive the 
smelting process, or to contribute to the necessary 
slag formation, can reveal much about the technical 
knowledge and skills of the iron producers as well 
as the ceramic producers of the time. Thus a detailed 
understanding of these ceramics through laboratory 
analysis, and a comparison of this material with non-
technical ceramic, is a particularly interesting aspect 
of this research. 

Non-material requirements were equally crucial 
to ensure a successful smelting operation. A large and 
coordinated labour force (both those with the tech-
nical skill to smelt iron and non-skilled workers); 
negotiated access to resources; and sometimes ritual/
symbolic acts and ingredients such as medicines to 
ensure the success of the smelt were necessary.20 
Needless to say, accessing information about such 
non-material requirements is particularly challen-
ging but where possible, especially rewarding.

Iron in Sudan: early discussions

One of the earliest mentions of the residues of iron 
production at Meroe can be found in the accounts 
of the 1909-1910 excavations at the Royal City. Gar-
stang et al. describe how the Lion Temple was found 
on top of one of numerous dumps of iron production 
and other industrial waste.21 They note, “the great 
quantity of such slag strewn about is evidence of 
very extensive workings continued through several 
centuries.”22 They describe that the iron slag, mixed 
with faience and other objects, could be found as a 
one meter deep deposit between the enclosure wall 
and the temple wall itself. Soon after, Sayce published 
his report on the excavations at Meroe, including 
the notorious description based on the extent of 
archaeometallurgical remains at the site: “Meroë, 
in fact, must have been the Birmingham of ancient 
Africa; the smoke of its iron-smelting furnaces must 
have been continually going up to heaven, and the 
whole of northern Africa might have been supplied 
by it with implements of iron.”23 

19 Martinón-Torres & Rehren 2014.
20 For example Childs & Killick 1993; Rowlands & Warnier 

1993; Schmidt 1997, 231-261.
21 Garstang et al. 1911.
22 Garstang et al. 1911, 21.
23 Sayce 1912, 55.

In 1945, before the advent of radiocarbon dating 
and during a period of time when colonial thought 
portrayed Africa as a backwater where any tech-
nological achievement must have been introduced 
from outside the continent, Wainwright published 
his paper on Iron in the Napatan and Meroitic 
Ages. Here he focuses his attention on explaining 
the appearance of iron as a result of external influ-
ences and technological diffusion from the civilized 
heartland of Asia Minor: “In the sixth century B.C. 
the Ionians and the Carians came as mercenaries to 
Nubia, and iron begins to be found there [...] In the 
third century B.C. mercenaries went to the coasts of 
Abyssinia and Somaliland [...] and so introduced the 
natives of those parts to the value of iron [...] Three 
hundred years after that [...] ‘Greeks’ were trading 
up and down the Red Sea and actually importing 
ready-made iron there.”24

A concerted effort to try to make sense of the 
Meroitic iron production industries did not, how-
ever, begin until the 1960s. Arkell notes that Meroe 
was a particularly favourable location for iron pro-
duction due to its iron ore and wood resources.25 He 
postulates that overgrazing and destruction of vege-
tation could have been a significant problem around 
key Meroitic locations later during the period,26 
and that this could have led to the importation of 
wood charcoal for iron smelting. He also suggests 
that the Kushite King Taharqa may have deliberately 
initiated an iron industry at Meroe after recognising 
the superior efficiency of the iron weapons of the 
Assyrians.27 Trigger however disputes this claim, 
calling it “the first of many myths about iron-wor-
king in the Sudan.”28 While Arkell suggests that 
the increasing frequency of iron objects found in 
Meroitic graves from 600 B.C. is indicative of local 
production, Trigger prefers to see these earlier iron 
objects as the result of trade with Egypt. He goes 
further to suggest that the objects themselves were 
probably originally traded from further afield, due to 
stylistic affinities with iron objects being produced 
at the time in the Near East and Greece.29 

Writing in 1967, Shinnie describes the large slag 
mounds and the speculation surrounding Meroitic 
iron production within the history of ferrous metal-
lurgy in the African continent in general. Alongside a 
summary of a small number of Meroitic iron objects, 
he concludes, based on limited radiocarbon dates 

24 Wainwright1945, 18.
25 Arkell 1961, 147.
26 Arkell 1961, 167f.
27 Arkell 1961, 130.
28 Trigger 1969, 39.
29 Trigger 1969, 42.
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available at the time, that iron technologies may 
well have diffused south and west from Meroe, but 
that there may well have been other centres of diffu-
sion elsewhere on the north-west African coast. He 
suggests that along with iron production technolo-
gies, Meroe may also have provided inspiration and 
information about the formation and running of a 
complex state, and suggests that much development 
in Sub-Saharan Africa, including agriculture, warfare 
and formation of states, could be owed to Meroe.30 
One year later, Stuiver and van der Merwe conside-
red the introduction of iron into Africa, concluding 
that although often mentioned as a potential route 
of diffusion, Meroitic iron technology was in fact 
younger than that found further west and south31 
and so is probably not the source from which this 
knowledge diffused into the rest of the continent. 

Trigger, whose 1969 paper attempts to unravel the 
concept of iron technology spreading from Meroe 
into Sub-Saharan Africa, not only describes the lack 
of eastern cultural traits or technological similarities 
in west Africa,32 but also discredits the notion that 
iron-working technologies were taught to the Mero-
ites by Greek craftsmen.33 He notes the problem that 
very little is known about the details of the organi-
sation of the socio-political context of Meroitic iron 
production, mentioning that there is no evidence 
to suggest iron production was controlled by the 
state.34 Further distraction came in a book by 
Amborn claiming that the slag mounds of Meroe in 
fact related to faience production and gold smelting, 
not iron production;35 this view, however, never 
caught on.

Despite years of speculations about the iron indu-
stries at Meroe and their potential local, regional and 
international significance, it was not until the 1970s 
that archaeometallurgical data began to be produced, 
providing a firm evidence base on which to develop a 
real appreciation of the Meroitic technology.

Archaeometallurgy in Sudan 

From 1969 to 1976, Tylecote and Shinnie excavated 
a number of furnaces at Meroe and various publica-
tions describe these furnaces as well as analyses of 
a small collection of metallurgical debris and ores. 
Tylecote suggests that the Meroitic iron producers 

30 Shinnie 1967, 160-169.
31 Stuiver & van der Merwe 1968, 54.
32 Trigger 1969, 25f.
33 Trigger 1969, 43-44.
34 Trigger 1969, 46-47.
35 Amborn 1976, 165.

exploited the abundant good quality iron ore sources 
within the surrounding hillsides, discarding poor 
quality ore and roasting the usable ore before smel-
ting. Smelting underwent an evolution in technolo-
gical approach from “more primitive” small bowl 
furnaces, to the “sophisticated technique” of the 
later slag-tapping furnaces.36 However, Shinnie and 
Kense discard this assumption, suggesting instead 
the smelting furnaces at Meroe “seem to be of a single 
basic type”, and the earlier more basic style noted by 
Tylecote probably represented smithing hearths.37 

The later smelting approach involved two brick 
built furnace structures situated at opposite ends 
of a workshop/work-space. The furnace structures 
potentially stood about 1 metre high. They were 
lined with a sand-clay mix and powered by ceramic 
pot bellows that supplied air through up to six tape-
red tuyères situated up to 40 cm above the furnace 
bottom, sloping downwards to enter the furnace. A 
significant amount of slag formed inside the furnace 
bottom, but molten slag was also tapped from the 
furnace. The bloom was removed once the smelt 
was complete, with parts of the furnace lining being 
removed at the same time. The bloom was then 
worked in smaller smithing hearths powered by 
bellows and tuyères. Square tuyères were also found, 
although the significance of the shape of these was 
not particularly commented upon.38 Shinnie and 
Tylecote suggest the furnace style was inspired by 
Egyptian iron smelting, and that this in turn was 
probably introduced originally into Egypt by the 
Romans.39 In terms of organisation of production, 
because the furnaces excavated were found in one 
production location, it was assumed that smelting 
was confined to specific areas, and was probably “in 
the hands of craft specialists.”40 In terms of dating, 
the furnaces themselves seem to date to the first few 
centuries of the Christian era, although metallurgical 
debris was found in layers dating as far back as the 
sixth century B.C. Although this initial phase of 
archaeometallurgy in Sudan shed significantly more 
light on Meroitic smelting, the constraints of the 
sampling strategy limited the broader applicability 
of the conclusions of the study. 

In the early 1990s, a new collaborative ventu-
re called the Meroe Joint Excavations was formed 
between The Institute of Sudan Archaeology and 
Egyptology at Humboldt University of Berlin, the 

36 Tylecote 1970, 67-69.
37 Shinnie & Kense 1982, 21.
38 Tylecote 1970; 1982; Shinnie & Anderson 2004; Shinnie 

& Kense 1982.
39 Shinnie 1985, 30-35.
40 Shinnie & Kense 1982, 27.
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Roemer-Pelizaeus-Museum in Hildesheim, and the 
University of Khartoum Department of Archaeolo-
gy, with funding provided by the Volkswagen Foun-
dation.41 Archaeometallurgical research into the 
iron technologies and their role within the Meroitic 
period was a key research focus for this new project, 
and led to the invitation of the Deutsches Bergbau-
Museum in Bochum to join the project as a technical 
partner. During the pre-campaign of 1992 roughly a 
quarter of slag mound NW1 at Meroe was excavated, 
close to where Shinnie and Tylecote had previously 
identified furnace remains. This slag mound was 
identified by the team as being less disturbed by 
erosion than other slag mounds, and was, in size 
and shape, fairly typical of the other mounds at the 
site. Tylecote’s earlier furnace find close by meant 
there was significant potential to reveal much about 
the iron industries by linking new data with existing 
information.42 An excavation unit 17 m by 13 m was 
excavated to a maximum depth at the highest point 
of the mound of about 1.40 m. The archaeology 
revealed that the ‘slag mound’ in fact contained a 
mixture of metallurgical debris and domestic mate-
rial (including animal bones, pottery and grinding 
stones), suggesting that the smelters must have resi-
ded close to the areas where they practiced their 
craft.43 Samples of metallurgical debris were taken 
for analysis at the Deutsches Bergbau-Museum in 
Bochum.44 This first season of research also confir-
med the presence of iron production remains at other 
locations, such as the site of Hamadab.

Due to the collapse of the Meroe Joint Excava-
tion project as a result of political issues, the team 
was unable to complete the archaeometallurgical 
excavations at Meroe and only very limited labora-
tory analysis of some of the slag samples collected 
during the 1992 season were completed.45 Never-
theless, the results of the fieldwork and analysis 
suggest that between 5,000 and 10,000 tons of iron 
slag (divided into equal amounts of smelting and 
smithing slag), and the same quantity of furnace 
debris is located at Meroe.46 Like Tylecote before 
him, Rehren identifies a number of different types of 
slag including slag tapped from the furnace, slag that 
had solidified inside the furnace, and slag adhering 
to furnace lining. He notes that excavation within 
the slag heaps produces a complicated impression 
of layering of slag, ash, red material (ore or cera-

41 Wenig 1994, 16; Rehren 2001, 102.
42 Eigner 1996, 24.
43 Eigner 1996, 26.
44 Wenig 1994, 17; Eigner 1996, 24, 26.
45 Rehren 1995; 2001.
46 Rehren 2001, 103.

mic), tuyère and furnace fragments, and suggests 
that this layering represents waste dumping episo-
des.47 Possible ore samples collected from the sur-
face, although alumina-rich, would have been suit- 
able for smelting at Meroe. The iron slag was found 
to be fayalitic in nature with very limited wüstite 
present, indicative of an efficient smelting technolo-
gy.48 This supported previous conclusions that took 
into account the variability of iron blooms produced 
during a bloomery smelting process, and it was con-
cluded that the iron being produced at Meroe could 
have contained an elevated carbon content due to 
the particularly reducing nature of the smelts.49 In 
terms of the reconstruction of smelting operations, 
Rehren agrees with Tylecote’s previous outlines of 
this process (described above), but goes further to 
calculate that about 5 to 10 tons of iron metal per year 
for 500 years could have been produced at Meroe. 
Of course, it was clear that such an estimate could 
only be provisional until more comprehensive and 
wide-ranging archaeometallurgical investigations 
were undertaken.   

Complementing the archaeological and analy-
tical studies concerning Meroitic iron production 
outlined above was the first comprehensive effort to 
perform scientific analysis on Meroitic iron objects 
from the Humboldt-University’s earlier excavations 
at the Meroitic site of Musawwarat es Sufra.50 As 
well as noting the presence of non-ferrous artefacts 
including those made of bronze and silver, this pro-
vides a description of mostly utilitarian items inclu-
ding nails, chisels and hooks. It became clear that the 
Meroites were producing and working with carbon-
rich (steel) blooms, and that the slag inclusions, 
which appear almost wüstite-free and dominated by 
titanium spinels in a glassy matrix, are very similar 
to the slag excavated at Meroe itself. However, due 
to the growing number of iron production sites 
being found along the Nile it was not possible to say 
whether the iron objects found at Musawwarat were 
produced at Meroe as opposed to another Meroitic 
location.51

More recently, M. F. Abdelrahman undertook 
a typological review and discussion of Napatan, 
Meroitic and Post-Meroitic iron objects. He notes 
that only seven Napatan period sites have yielded 
ferrous artefacts, while the number of Meroitic and 
post-Meroitic sites where iron objects have been 

47 Rehren 2001, 104.
48 Rehren 2001, 104f.
49 Rehren 2001, 106.
50 Rehren et al. 1995; Rehren 1996.
51 Rehren 1996, 25f.
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found is dramatically more.52 He goes on to say 
that in his view, some of the 48 Napatan-dated iron 
objects were probably produced at Meroe or at 
least at a Meroitic site. Meroitic and Post-Meroitic 
objects are similar in number, with weaponry con-
stituting the greatest percentage of the overall object 
functions,53 and he goes on to discuss the weight of 
iron in relation to estimations provided previously. 
However, it would seem that such discussion and 
arguments based on these preliminary estimates54 
should be treated with caution.

Thus, it is clear that despite previous efforts to 
enhance our understanding of Meroitic iron produc-
tion and build on earlier observations and theories, 
to date the archaeometallurgical understandings of 
the Meroitic context remains frustratingly stunted. 
The work of Tylecote was pioneering at the time, but 
Rehren’s attempts in the early 1990s were necessarily 
limited and remained superficial. It is from this point 
that UCL Qatar’s new research takes up the mantle 
and will again attempt to explore the nature and 
significance of the Meroitic iron industries. Before 
moving to a discussion about the new research and 
some initial interpretations, it is worth summarising 
more recent thoughts concerning Meroitic iron pro-
duction that begin to consider the symbolic nature 
of the industries.

Symbolism in Meroitic iron production

In 2007, Haaland and Haaland explored the relation-
ship between iron production and the temples of 
Apedemak, the Meroitic god of warfare and creation. 
Drawing on the symbolic and ritual nature of iron 
production on the African continent and beyond,55 
they consider whether the location of the Apede-
mak Temple on a slag mound at Meroe Royal City 
demonstrates a symbolic link between royalty, iron 
and this god. However, from the outset they state: 
“To our knowledge, it is the only Apedemak temple 
located on a slag mound,”56 This would seem to 
suggest that if indeed there is a symbolic relationship 
being represented by the positioning of the temple, 
it is either particularly local or secretive, or deve-
loped later during the Meroitic period, after other 
Apedemak temples were constructed. Haaland and 
Haaland note the fact that Apedemak is depicted 

52 Abdelrahman 2011, 396.
53 Abdelrahman 2011, 397.
54 For example see Haaland & Haaland 2007, 381.
55 For example see Childs & Killick 1993; Collett 1993; 

DeMaret 1985.
56 Haaland & Haaland 2007, 375.

in various instances symbolising both power and 
warfare, as well as in some cases the fertility of the 
land.57 From this they suggest that the relationship 
between the Kushite kings and queens and Apede-
mak was fundamental in the legitimisation of the 
power of the ruling families. They conclude that the 
centralised production of iron was performed by a 
caste-like social group, and that the reason we see 
iron production spreading further away from the 
Royal City towards the end of the Meroitic period 
is a reflection of the decreasing power and influence 
of the Kingdom itself.58 

Although there are only a limited number of 
temples dedicated to Apedemak in the Island of 
Meroe region59 and only one of these is situated in 
direct relationship to iron production, and despite 
the fact that the role of iron production as a key driv-
ing force on the military might of the kingdom is not 
necessarily demonstrated by the finds of iron object 
types in Sudan, Haaland continues this argument in a 
more recent paper, while further incorporating influ-
ences from the Indian Ocean and ideas concerning 
the position of Meroe within various World-Systems 
and trade networks.60 She endorses the idea that the 
location of the Apedemak temple on the iron slag 
heap at Meroe suggests that iron was one of the most 
significant sources of power for the ruler, especially 
during the later times of the Meroitic period when 
conflict was perhaps at its greatest.61 She suggests 
that the fact that Apedemak is depicted within hybrid 
images with Indian associations illustrates the long-
distance movement of both trade goods and people 
during the Meroitic period.62

Research aims and methodology

General avenues of enquiry

The remains of iron production at Meroe and else-
where along the Nile are immense and their signif-
icance have been recognised for over a century. 
Clearly, they cannot possibly be studied within a 
typical short-term project. Therefore, UCL Qatar 
has developed a long-term programme of systematic 

57 Haaland & Haaland 2007, 384-388; see also Török 1997, 
500-503.

58 See also Mapunda 1997, 113f.
59 Haaland & Haaland 2007, 385; see Török 1997, 506f. for a 

list of locations throughout the kingdom associated with 
the temple cult of Apedemak.

60 Haaland 2013, 149.
61 Haaland 2013, 151.
62 Haaland 2013, 153.
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excavation, sampling and analysis of Meroitic iron 
smelting remains as part of its wider research strat-
egy focussing on the archaeology of raw material 
procurement and production in the Arab world. The 
objective of our research is to investigate iron smelt-
ing and smithing at selected Meroitic locations and 
then combine the archaeometallurgical results with 
broader archaeological understandings to generate 
a solid contextualisation of the data. Therefore, the 
archaeometallurgical results will refer to and com-
plement current knowledge concerning Meroitic life, 
creating an enriched view of the role and impact 
of the resource and labour-thirsty iron production 
technologies. Technological characteristics will be 
reconstructed from the analysis of samples of ore, 
slag, tuyères and furnace walls, and mass balance 
calculations will allow for a quantification of ore and 
charcoal used, and the amount of iron produced.63 
In parallel, a detailed chronological framework will 
be constructed using luminescence and radiocar-
bon dating. Identification of charcoal will provide 
information concerning wood selection and supply. 
Combining all of the data produced during fieldwork 
and laboratory analysis will eventually allow for 
in-depth considerations of issues of access to natu-
ral resources, organisation of production, landscape 
management and human impact on the environment 
over time.

Broad research questions include the chrono-
logical development of iron production during the 
Kingdom of Kush: was there small-scale, local pro-
duction at Meroe during earlier times which subse-
quently developed into the vast industries of later 
periods, and if so, was it based on an independently 
invented African technology, or do we see external 
influences? How do the techniques and ingredients 
of iron smelting change over time, perhaps reflec-
ting the changes in supply or selection of resources 
or changing market demands? How does Meroitic 
iron production relate to the broader Meroitic con-
text: did the production and products of iron act as 
stimuli for other aspects of Meroitic society, or were 
the industries a more passive element of the king-
dom? Was there a significant environmental impact 
from the technologies as has been suggested, or was 
the fuel supply managed to avoid this? How much 
iron was produced during the Meroitic period and 
did rates of production change over time, and what 
proportion of this production was for local and for 
external markets?

63 Rehren et al. 2007, and references therein.

Field methods

Although durable and present in large quantities, the 
information value of iron slag is tempered by several 
factors – both in initial production and subsequent 
deposition. For instance, iron slag has the potential 
to be particularly variable in nature. Iron smelts can 
last many hours, during which time temperature and 
redox conditions, as well as the ingredients added to 
the smelt, the incorporation of technical ceramics, 
the type of fuel and fuel to ore ratio used, the air 
supply rate, or the addition of any fluxes or ‘special’ 
ingredients, may change constantly. Consequently, 
the iron slag produced as the iron ore reduces to 
iron metal can be heterogeneous in chemical and 
microscopic nature, and systematically vary in com-
position.64 At Meroitic locations, we are faced with 
tons of small, arbitrary fragments of iron slag pre-
sent in heterogeneous slag heaps containing limited 
amounts of domestic refuse.65 The first stage of 
the fieldwork therefore involves excavating within 
a number of slag heaps at each smelting site using an 
assortment of trench sizes and locations. A key aim 
of these excavations is to provide an understanding 
of the nature of each slag heap and thus the proces-
ses that went into the formation of the heap and its 
relationship to the associated archaeological remains 
of the broader sites. 

In an attempt to quantify the slag content of each 
heap, and to collect representative slag samples from 
the excavations, slag removed from each trench is 
quantified and sampled. For this, all of the material 
from each trench is first mixed thoroughly. The mate-
rial is then halved, halved and halved again, leaving 
a sample representing1/8th of the original content. 
Following the earlier work done in 1992, this 1/8th 
is then sorted by hand into four identified slag types 
and other categories including furnace lining, fur-
nace bricks, tuyères, ore samples, domestic pottery, 
smithing beads, fragments too small to sort, possible 
flux material and other material. These categories are 
then individually weighed and this information is 
used to quantify the remains within the area of the 
slag heap within which that particular trench was 
excavated, and numerous samples are taken from 
each category for analysis. Multiple trenches have 
revealed the heterogeneous nature of the slag heaps 
themselves, thus a number of trenches per slag heap 
is desirable. Samples are then also taken from within 
every identified context from every trench.

64 Humphris et al. 2009.
65 Rehren 2001.
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Alongside the slag heap excavation and sampling, 
geophysics is used to determine the depth and other 
features of the slag-rich layers in each heap in order 
to prepare appropriate excavation strategies, and to 
allow for general understandings of quantifications 
before excavation. A further aim is to locate ancient 
furnace workshops. Ground penetrating radar per-
formed by Burkart Ullrich of Eastern Atlas GmbH 
& Co. in 2013 at Hamadab was unable to pinpoint 
furnace locations. Future research strategies in col-
laboration with Dr. Chris Carey of the University 
of Brighton will trial resistivity and gradiometry.

Charcoal found within the slag heaps, and most 
importantly found embedded within fragments of 
iron slag (which can then be related directly to that 
piece of iron slag), is thoroughly sampled and sent 
for archaeobotanical wood species identification by 
Dr. Barbara Eichhorn (Institut für Archäologische 
Wissenschaften, Johann Wolfgang Goethe-Univer-
sität, Frankfurt) to allow for an understanding of 
fuel use. Charcoal collected by other teams working 
on non-ferrous production and domestic Meroitic 
contexts is also sent to Dr. Eichhorn for analysis 
to generate comparative data. Samples of charcoal 
confirmed as unlikely to be affected by the ‘old 
wood’ phenomenon is sent for AMS dating by Dana 
Drake Rosenstein at the University of Arizona’s 
AMS laboratory. Complementing the development 
of the AMS chronological sequence, a luminescence 
programme has also been implemented in the field by 
Drake Rosenstein. Dosimeters (used for calibration) 
are placed within sections of the slag heaps where 
they remain for one year before being collected 
under controlled conditions alongside samples for 
luminescence dating at the University of Washington 
Luminescence Laboratory.

Laboratory methods

The slag samples taken in the field are shipped to 
UCL Qatar where they are documented photogra-
phically and entered into a database. One specimen 
from each sample is cut to produce a cross-section 
of approximately 1 cm² and then set in resin and 
polished down to a grain size of 0.25 μm following 
established procedures to produce a mirror-like 
finish. 

Optical microscopy with plane polarised light 
(PPL) and cross-polarised light (XPL) is used to 
study the internal microstructure of the sample. This 
gives an indication of different phases present and 
thus of the type of processes which created the 
specific slag composition and appearance. Through 

careful examination of samples at up to x500 magni-
fication, detailed descriptions can be made of crystal 
structure and arrangements, allowing the smelting 
techniques to be categorised for example in terms 
of homogeneity and cooling rates, and the presence 
of residual minerals or metals. Features typical or 
unusual to each sample are recorded, and samples of 
interest selected for SEM-EDS investigation, which 
allows a greater magnification and specific chemical 
compositions of various phases of the samples to be 
analysed. Certain samples are selected for bulk che-
mical analysis using X-ray fluorescence (XRF) and 
these samples are either prepared as powder pellets 
or glass beads. 

Initial results and interpretations

This project is in its infancy. Over 500 kg of samp-
les from the site of Hamadab and the iron pro-
duction remains to the east of the railway outside 
Meroe Royal City have so far been shipped to UCL 
Qatar, and laboratory analysis and interpretation, 
and then contextualising the results, will take some 
time. However, below we present some initial results 
using one particular trench excavated at Hamadab as 
a particular focus. We also present some more gene-
ral interpretations. It is hoped that this preliminary 
offering will demonstrate the potential of this long-
term investigation.

Hamadab and Trench 2012-09

The research began in 2012 in collaboration with 
Dr. Pawel Wolf at the Meroitic site of Hamadab, 
three kilometres south of Meroe Royal City. Trench 
2012-09 was excavated within slag mound H 100-
200, which had been documented by Dr. Wolf lying 
approximately 20 m to the east of the east town wall, 
almost directly behind the location of the temple.66 
The trench was one metre wide and approximately 
four metres long, and excavated from the summit of 
the mound in an easterly direction to the edge of the 
mound. Separated at the top by a balk fifty centime-
tres wide, an adjacent trench (2012-08) was excavated 
along the same line running west down the western 
side of the slag mound. Both trenches were dug to 
a depth of c. 1 m at the highest point of the mound.

Of the approximately 3 m³ volume excavated 
from trench 2012-09, about half was metallurgical 
waste, as can be seen in figure 2, col. fig. 18. Nearly 

66 see Wolf & Nowotnick 2005; Wolf et al. 2008.
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twice as much furnace slag (clearly formed within the 
furnace structure, further loosely defined as type 1: 
porous and light, and type 2: dense and heavy) was 

present compared to tapped slag (slag removed from 
the furnace during smelting, further loosely defined 
as type 3: small complete slag drops and flows, and 
type 4: large flows with a clear top and bottom 
surface). Interestingly, while this slag type ratio was 
found to be the case in the metallurgical debris exca-
vated from trenches 2012-08 and 2012-09 (excavated 
in the same slag mound), the opposite was found 
to be the case in two other trenches excavated in 
other slag mounds at the site. Does this indicate that 
different workshops were operating at Hamadab, 
perhaps following different technological styles or 
operating under different smelting parameters, and 
if so, does this suggest specialisation, competition, 
innovation, access to different resources, production 
for different markets? Or does this represent change 
in techniques over time? 

Laboratory analysis of slag has only just begun, 
and has confirmed its fayalitic nature with limi-
ted wüstite present, as was identified by previous 
research. Figure 3 serves to illustrate the variable 
nature of Meroitic iron slag, with three of these slag 
samples being taken from one context but displaying 
quite different phase formations. It is for this rea-
son that such a large-scale detailed investigation of 
numerous slag fragments from many slag heaps at 
a variety of Meroitic sites is required before we can 
begin to really understand the iron industries.

General insights

Considering more general impressions of the work 
so far, it is clear that the Mero-
itic slag mounds themselves are 
heterogeneous in nature and 
their compositions are parti-
cularly complex (fig. 4). This 
means that a single trench in 
one slag heap is insufficient to 
represent the composition of 
the slag mound. Furthermore 
it seems that large trenches (as 
was trialled at Hamadab during 
the research [trench 2012-10] 
and as excavated by the Joint 
Meroe Excavations in 1992), 
do not allow for an understan-
ding of the intricate nuances of 
deposition evident in the slag 
heaps themselves. However, 
understanding such nuances is 
essential for the formation of 
the slag heap to be understood. 

Fig. 3: Photomicrographs of four slag samples taken from trench 2012-09. All samples 
at same scale and same magnification

Fig. 2: The shallow nature of the metallurgical deposits within 
trench 2012-09 (the two white tubes seen in the middle of the 
image are the locations of dosimeters)
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Another important observa-
tion made at Hamadab is that 
the slag mounds at this site were 
not solid slag, but actually in 
some cases relatively shallow 
layers of iron slag sat on other 
deposits  (fig. 2 and 4, col. fig. 
18). Such an observation po- 
tentially has quite serious im-
plications for previous estima-
tes of the quantity of iron slag 
produced at Meroe, and thus 
the quantity of iron produced. 
Occasionally it was found that 
under the archaeometallurgical 
deposits were accumulations 
of sand, and under this sand 
lay architectural remains that 
appear not to be associated with 
the iron production remains 
(fig. 5, col. fig. 19); this raises 
further questions regarding the chronology of iron 
production relative to these settlements and the 
choice of space in terms of where industrial waste 
was deposited.

So far, 101 charcoal samples were sent for wood 
species identification from the excavations at Hama-
dab. Of these, 72 were from the trenches excavated 
within the iron slag heaps at Hamadab. The remain-
der were taken from domestic contexts excavated 
within the city of Hamadab by Dr. Pawel Wolf and 
his team. The domestic contexts included household 
cooking areas, a pottery kiln, a sample excavated 
from a street, and one sample from the wood used 
during the construction of the Royal Baths at Meroe 
City (excavated by Dr. Simone Wolf and her team 
of the German Archaeological Institute). Of the 72 
samples from iron production contexts at Hama-
dab, 50 were embedded within iron slag, and the 
remaining 22 were selected during the excavations 
of the slag heaps. 67 of these 72 charcoal samples 
were classified by Dr. Eichhorn as Acacia Nilotica. 
Of the remaining 5 samples, 3 were Acacia type 
and one sample, which was taken from the sieve 
was classified as Leptadenia Pyrotechnica. The final 
sample was unidentifiable due to its small size. In 
stark contrast, of the 29 samples analysed from the 
domestic, non-iron production contexts, only 2 were 
identified as Acacia Nilotica. 21 of the samples were 
defined as Acacia type. Of the remaining 6 samples, 
1 was classified as Ziziphus species, 2 as Syzygium, 
1 as Capparaceae, 1 as palm charcoal and 1 was 
unidentifiable.

The domestic charcoal samples that were identified 
as definitely not of Acacia type come from two diffe-
rent houses, the pottery kiln and the street. The palm 
charcoal was identified from the sample taken from 
the Meroe Royal Baths. Therefore, it would seem 

Fig. 4: Section drawing of trench MIS4-2-13 within the large slag heap to the east of 
the railway outside the Royal City, demonstrating the complexity of the composition 
of the slag heaps

Fig. 5: Architectural remains in trench 2012-12
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that at this early stage in our research we can tenta-
tively suggest that the iron producers were specifical-
ly selecting Acacia Nilotica wood charcoal to power 
their furnaces, with more than 90% of the charcoal 
analysed from the iron smelting contexts being iden-
tified as Acacia Nilotica. This species is known for 
its highly calorific properties and structural stability. 
Furthermore, it can be suggested that within other 
contexts, for example cooking or pottery produc-
tion, such species selection was less important.

Dr. Eichhorn has just completed analysis of a 
further 244 samples of charcoal excavated from slag 
heaps to the east of the Royal City. Of these, one 
sample contained no identifiable charcoal; 3 samp-
les were ‘Acacia type’; 17 were probably Acacia 
Nilotica; and the rest, 223 (again more than 90%), 
was definitively identified as Acacia Nilotica. Again, 
these results suggest that the iron producers were 
specifically selecting Acacia Nilotica wood charcoal 
to power their furnaces. It is to be hoped that the 
corpus of wood species data from Meroitic contexts 
will gradually expand, incorporating comparative 
data from other Meroitic locations and from dome-
stic contexts, which will allow this understanding to 
develop over time. 

The final results that can be briefly discussed are 
the AMS dates generated from the charcoal samples 
analysed from Hamadab. The dates will be discussed 
in detail in future publications with Dr. Wolf, where 
we will combine all of the results generated by this 
study at Hamadab to produce an interpretation of 
the role and position of the technologies and the 
technologists within the life of the town. However, 
it is worth mentioning that three charcoal samples 
from each trench excavated as part of this study in 
iron slag heaps at Hamadab (five trenches in total), 
taken from the bottom, middle and upper levels 
of the metallurgical debris, were dated using AMS 
methods. They place iron production at Hamadab 
in 2 sigma ranges of between an average lower range 
of AD 311 and an average upper range of AD 530. 
Hence, the iron production at Hamadab seems to 
date to the Post Meroitic Period. 

Summary

The aim of this paper was to introduce the new 
UCL Qatar research into Meroitic iron production 
rather than to offer results and interpretations, main-
ly because the project is in its infancy and therefore 
results are currently limited. Long-term, the local 
region as well as the broad geographical expanse 
within which Meroe was a key player in trade and 

contact networks will be considered as an “inte-
grated cultural entity,”67 with local and external 
influences identified. However, even presenting the 
very preliminary snapshot provided here hopefully 
demonstrates the archaeometallurgical potential of 
this study, i.e. to produce a comprehensive under-
standing of the techniques, choices and materials 
used and produced during the period at different 
sites, and use this information to understand the role 
and impact of iron production during the Meroitic 
period. 

In the future, while the large-scale laboratory 
analysis of samples continues, geophysics is being 
used to identify furnace workshops, and excavations 
within and around the slag heaps at a variety of Mero-
itic locations will continue in collaboration with 
other teams to allow the potential of this research 
to be fulfilled. 
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