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Archaeological research is recent in the Faleme Valley, so we don’t 

know much about its ancient occupations

Between the 8th and the 18th c. AD the nearby Bambuk area is 
widely famous for its gold mines

Gold was traded in the trans-Saharan trade in the form of powder, 
but we know litlle about gold manufacturing in West Africa

Djoutoubaya is a settlement near the bank of the Faleme River 
dated from the 9th to the 14th c. 

Several crucibles and a singular building in mudbricks have 
been discovered on the site

What was the history of the settlement of Djoutoubaya ? Who 
lived there ? What were the different production activities ? What 
did people eat ?

Was there a gold manufacturing activity on the site of Djou-

toubaya and, if so, in what form ?

If so, is the presence of the singular building linked to it ? 

Where does this building technology come from?

Carry out wide excavations on the site of Djoutoubaya

Study the excavated material with a pluridisciplinary approach

Analyse the crucibles with a Scanning Electron Microscope to 
determinate the presence of gold

Look for similar building in mudbricks in the litterature

Compare the site of Djoutoubaya with the other sites excavated 
in the Faleme Valley and, more widely, in West Africa

LOADING...
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QUESTIONS

METHODS

RESULTS

3 cm

The King of Mali Empire 

holding a gold nugget, as 

drawn in a european porto-

lan (the « Atlas Catalan ») 

in the 14th c. (©BnF)

One of the 24 crucibles 

found on the site of Djou-

toubaya (2020).

The building in mudbricks excavated on Djoutoubaya (2017).

Map showing the localisation of Djoutoubaya and the Bambuk area. 

Djoutoubaya

licence Natural Earth 2009-2020
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Environmental dynamics operate on a range of scales,
including those that extend far beyond the temporal limits
of ecological field studies, documentary sources, and oral
histories. We collected sediment cores from Lake
Victoria, wetlands, and kopje soils in Serengeti and a
volcanic lake in Ngorongoro. Analysing the sediment

deposits for pollen, phytoliths, charcoal, invertebrate
fossils (zooplankton), and chemical elements will provide
a better understanding of change and continuity in
vegetation, hydrology, biodiversity, and fire regimes
across central northern Tanzania on decadal, centennial,
and millennial time scales.

To varying degrees of success, people
play a key role in transforming the
landscapes they inhabit and societies
are likewise ever adapting to their
changing environments. To better
understand the long-term settlement
and land use history of the GSE, the
ARCC project is conducting systematic
archaeological surveys. This fieldwork
entails identifying and characterising
material culture, anthropogenic
landscape features, and test-
excavating promising sites in areas
that have been devoid of

archaeological exploration to date,
such as the western Serengeti. Our
archaeological results, in combination
with archival and oral historical
sources will be used to elucidate the
changing nature of land use during the
late Iron Age and into the colonial
period. Ultimately, this research aims
to reconstruct the long-term ecological
footprints of varied land use strategies
and reframe older narratives that
portray ‘baseline’ pre-colonial
ecological conditions as essentially
devoid of anthropogenic influences.

Learning 
about the 
outcomes 

and
implications 
of land use 

change

ARCC aims to enhance understanding of the variable
degrees of resilience among human and wildlife populations
within and adjacent to a key Protected Areas in Tanzania, and
to facilitate the transfer of this knowledge to diverse
audiences including researchers, stakeholders, and policy
makers at local, national, and global levels. To achieve these
ambitious scientific and training objectives the ARCC project

takes a multi-disciplinary approach with a core team
comprised of palaeoecologists, ecologists, archaeologists and
participatory stakeholder scenario analysts; from the
University of Basel, Nelson Mandela African Institution of
Science and Technology (NM-AIST), Uppsala University,
University of York, and University of Cambridge.

Figure modified from Capitani, C. et al. 2016. From local scenarios to 
national maps: a participatory framework for envisioning the future of 
Tanzania. Ecology and Society. 21(3): 4.  

Project outputs: http://www.real-project.eu/arcc
Mustaphi C, et al 2019 Integrating evidence of land use and land cover change for land management policy formulation along the Kenya-Tanzania borderlands. Anthropocene 28, 100228.
https://doi.org/10.1016/j.ancene.2019.100228

Mustaphi C et al 2020 A 3000-year record of vegetation changes and fire at a high-elevation wetland on Kilimanjaro, Tanzania. Quaternary Research. https://doi.org/doi:%2010.1017/qua.2020.76

Munishi, L. et al 2020 Observation of an adult female oribi with leucistic pelage in Lobo, Serengeti National Park, Tanzania. African Journal of Ecology 58(1): 129-132. http://doi.org/10.1111/aje.12677

Probert, J et al 2019 Anthropogenic modifications to fire regimes in the wider Serengeti-Mara ecosystem. Global Change Biology 25(10), 3406-3423. https://doi.org/10.1111/gcb.14711

Boles O, et al 2019 Historical ecologies of pastoralist overgrazing in Kenya: long-term perspectives on cause and effect. Human Ecology 47(3), 419–434. https://doi.org/10.1007/s10745-019-0072-9

Mustaphi C et al 2018 African fire histories and fire ecologies. PAGES Magazine 26(2), 88. https://doi.org/10.22498/pages.26.2.88

Exploratory sampling of colluvial soils and sediments in arid lands of Serengeti National Park Collecting sediment samples in Serengeti

Stone tools (obsidian) Historical air photos

Workshop participants in Karatu

Discussing scenarios of land use trajectories  
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Adaptation and Resilience to Climate Change project

The KESHO framework

Global climate change and managing resources and economic development are important in semi-arid regions.
Less predictable environmental conditions within and around the Greater Serengeti Ecosystem (GSE) in Tanzania
adds to the complexity for future economic development, food security, socio-political functioning, human health and
biodiversity. Adding to these complications is the fact that existing conservation and sustainable development
policies reflect societal decisions made with different environmental knowledge and social values and rules; and
reformulating land management policy requires synthesis and new information on historical climates, land cover,
and land use dynamics. The ARCC project addresses this challenge by collating and generating new data on how
people and landscapes in the GSE have responded to changes in socioeconomic and environmental conditions

over the last 300 years in northern Tanzania. Additionally, ARCC combines local participatory perspectives on
environmental and land use change with the ‘expert’ knowledge to better assess how varied land use strategies will
either lead to the realisation or dissolution of socio-economic development goals and sustainability targets. The
ARCC project is applying a novel methodological approach called KESHO to analyse diverse future land use
scenarios. Using the KESHO framework, qualitative, quantitative, and spatial outputs of future land use in the GSE
are being developed both for and by researchers, policy makers, and local stakeholders to improve the breadth of
engagement and level of knowledge directed towards charting more resilient and adaptive paths to the future.

Introducing ARCC and northern Tanzania

The ARCC approaches

ACKNOWLEDGEMENTS ARCC is part of the Sustainability and resilience - tackling climate and environmental changes programme funded by the Swedish Research Council
(Vetenskapsrådet), Sida and Formas (2016-06355). Research is supported by TAWARI, TANAPA, COSTECH, the Tanzanian Department of Antiquities and the University of Dar es Salaam.
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Scenarios are widely used to explore consistent and
realistic narratives of possible future land cover/use
patterns, to disseminate co-produced land
cover/use change information, and can inform policy
formulation dialogues. The ARCC project
incorporates the KESHO framework for the
participatory modelling of ‘land use change
scenarios’. Insights generated from a series of
workshops held in Karatu, Mugumu, Bariadi, and
Amboseli are being used in combination with
existing climate projections and ecological data to

model potential future land use change trajectories
at 2030 and 2063. These years were selected as
they connect to the UN Sustainable Development
Goals and the African Union Development agendas.
The iterative process in which these model outputs
are created, which includes their presentation to
workshop participants for feedback and
recalibration, is facilitating deep consideration of the
implications and outcomes of land use change on
biodiversity, ecosystem services, and human well-
being.

Palaeoecology @Geoecology, University of Basel

Archaeology @Uppsala, Cambridge and Basel

Stakeholder Scenario Analysis @Nelson Mandela AIST, Tanzania

Data on 19th century settlement sites in western Serengeti from Maps 6-7 in Shetler, J.B. 2007,
Imagining Serengeti: a history of landscape memory in Tanzania from earliest times to the
present. Ohio University Press.

The next steps integrate the results of long term
environmental change learned from the
Palaeecology with Archaeological and Historical
results with the lived memories and anticipated

futures of local communities to facilitate exploration
of how land cover and land use will continue to
change.
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Ancient iron-making along the Falémé river (Senegal) : 1000 years
of technological and cultural (dis)continuities

© d-maps.com

Introduction

The archaeological study of ancient iron metallurgy ultimately aims to produce a better under-
standing of ancient societies, by assessing the economical importance of iron production 
and utilisation, and the interactions between past populations, through the technical and 
stylistic caracteristics of each technology. Two major steps are required to access these informa-
tions :
The caracterisation of the technologies through archaeological excavations and ar-
chaeometric laboratory analyses. The reconstitution of the chaîne opératoire, of the spatial or-
ganisation, and of the technical functionning of the furnaces are used to define the different techno-
complexes.
The datation and quantification of the production of each technology, through archaeo-
logical survey, topographic mapping and laboratory analyses, to evaluate the intensity of 
production and its destination market.

Methodology

My first survey and excavation campain, conducted in 2020, focused on the Didé tradition, 
near the first discovered site of Birandjikou. More than 200 features were found on a 3 
km radius, most of which were slag heaps of less than 20 m. radius.
From West to East, the morphology of the vestiges seems to be gradually changing.
From massive tuyeres with few perpendicular holes and nut-shaped slags, common to Didé 
and Birandjikou 1, to smaller heaps with smaller tuyeres and stem-shaped slags, three 
groups of sites are distinguished. This spatial organisation evokes a chronological 
evolution.
In the Easternmost sector of Birandjikou, several series of aligned trapped-slags were 
found, along with perpendicularly-pierced tuyeres. This spatial organization, usually 
associated with single-use furnaces, goes against the initially assumed multi-
ple-use furnaces functioning of the Didé tradition. Did this technology evolve from 
multiple to single-use furnaces, or has the peculiar trait of pierced tuyeres been adopted by 
other groups of iron-producers ?

Early results

Perspectives

Localisation and datation of the three traditions.

Factor Analysis of Mixed Data comparing nut-shaped 
slags / slag heaps size / tuyeres categories. 3 major
 groups are found.

Map of the new sites discovered in 2020, and the different characteristic vestiges : pierced tuyeres and nut and stem-shaped slags. Only the sites used in the FAMD are represented.
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Numerus questions remain open. The furnaces of Didé and Birandjikou 1 are still to be 
found, while the more recently discovered sites, thought to be younger, are poorly conserved, 
making their chronology difficult to establish.
However, a potential bridge between technical aspects of reduction and the cultur-
al environment of the metallurgists may be found by the excavations of buldings asso-
ciated with metallurgical remains, such as Birandjikou sector 6, on which a charcoal frag-
ment trapped in a slag was dated of the 5th c. C.E., or the village of MCO-7, close to MCO-1, 
and probably contemporaneous. Who were these early metallurgists ? What did they share in 
common, and why and how did they make iron differently ? The techno-cultural influenc-
es, the transmission of knowledge inside and ouside groups of metallurgists and  
      the importance of iron production in the early “iron age” of West  
     Africa are among the questions this new region  
       of study may contribute to answer.

Pierre Lamotte
under the supervision of

Anne Mayor and Vincent Serneels

FACULTE DES SCIENCES
Laboratoire Archéologie et Peuplement de l’Afrique
Département de Génétique et Évolution
Unité d’Anthropologie

Still very little is known of ancient iron metallurgy in West Africa, despite its importance 
in the development of societies. In 2017, an ancient iron production region was discov-
ered along the western Faleme river bank in Senegal. A first study identified three tradi-
tions, with one dated from the 5th c. C.E., and two dating back to the 4th and 5th centuries 
B.C.E., making them among the best preserved and most ancient iron production sites 
known in Western Africa (Walmsley et al. 2020).
One in particular, in Didé Ouest 1 and Birandjikou, is dated from the 5th c. B.C.E. to the 
1st c. C.E., and maybe up to the 5th c. C.E., forming a chronological bridge between the 
other two. This technology, only known through slag heaps, is characterised by two particular 
kinds of vestiges : nut-shaped fayalitic slags, and laterally pierced tuyeres. The latter 
are the most surprising, and constitute a technological enigma. This technocomplex reveals a 
mature understanding of the iron smelting process, and the deliberate and advanta-
geous use of manganese-iron ore.
This new area offers the possibility to study the developpement of a tradition over a mille-
nium, and its interactions with the surrounding technocomplexes, which is the pur-
pose of my PhD thesis.

Topographic map of the sector 7, the Easternmost of the site of Birandjikou.
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Excavations on the building BIR_43 (Birandjikou, sector 6). Orthophotography of the Western section. The metallurgical 
remains are posterior to the ceramic deposits associated with the building utilisation level, and anterior to the collapse of 
the wall on top of them. A later accumulation of metallurgical wastes seems plausible (left of the section).
 No functional interpretation for the building can yet be risked. 

Excavations on the building BIR_43 (Birandjikou, sector 6). View of the excavated area (3*3 m.), with the wall, the ancient
ground level, a pit filled with metallurgical waste, and ceramic deposits.

Excavations on the building BIR_43 (Birandjikou, sector 6).
  The building in planimetry (drawing D: Weber, DAO P. La-
 motte), and excavated area.

A typical trapped-slag in situ.
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La construction des périphéries urbaines en Afrique 
Cas d’étude : Yaoundé (Cameroun) and Lomé (Togo)

Doctorant : Armel Kemajou 
Directeur de thèse : Dr. Jérôme Chenal

Communauté d’études pour l’aménagement du territoire (CEAT), 
École Polytechnique Fédérale de Lausanne (EPFL)

Efficacité du cadre légal dans la 
maîtrise de d’urbanisation, rôle et 
rapport de tous les acteurs à la loi

Le fonctionnement du marché foncier, 
son influence sur les stratégies 
individuelles d’accès à la propriété

Le rôle des mototaxis dans la création 
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Analyse de contenu des 
textes de loi et documents 

d’urbanisme

Collecte des données

Analyse des 
entretiens

Méthodologie et outils 
Triangulation méthodologique

Quelques résultats 
La croissance spatiale fulgurante des deux villes résulte d’un tissage 
d’urbanismes personnels, de paris à long terme, dans un contexte légal, 
technique et socioéconomique qui l’accélère

L'objectif de cette recherche est d'acquérir une compréhension approfondie des mécanismes 
contemporains de développement des périphéries des villes d’Afrique, et de proposer des pistes de 
solutions pour maîtriser leur expansion aujourd’hui fulgurante. Nous analysons le contexte dans lequel se 
produit cette croissance, selon trois perspectives différentes : juridico-légale, socioéconomique, et 
technique. Ce contexte est ainsi caractérisé par un cadre réglementaire inopérant, une configuration du 
système foncier qui permet une relative démocratisation de l’accès au foncier et dissipe les limites 
administratives de la ville, et l’individualisation massive des services urbains, notamment les transports, 
qui retire à la route son rôle primordial dans l’urbanisation. Dans ce contexte, nous analysons ensuite les 
stratégies individuelles d’accès à la propriété des résidents pionniers, ceux qui portent l’urbanisation, en 
s’installant les premiers dans de nouveaux quartiers d’extension, souvent loin de tout.  

En mettant l’individu au centre de la question, on postule que la compréhension fine des pratiques devrait 
être au départ de toute politique d’urbanisme se voulant efficace, et plus largement, de la construction de 
modèles d’urbanisme propres à l’Afrique sub-saharienne. L’étude se base sur deux zones d’étude : 
Yaoundé et Lomé, respectivement capitales du Cameroun et du Togo.

Le transport par 
motos à l’œuvre 
Accessibilité infinie du 
périmètre urbain 

Accélération des temporalités 
de construction

Outils légaux peu 
opérationnels 
Gestion en silos de 
l’urbanisme et du foncier 

Instruments de planification  
insuffisants et pas appliqués

Le foncier, entre 
tradition et marché 
Le marché foncier dissipe les 
limites de l’espace urbain 

Spéculation foncière, une 
prophétie auto-réalisatrice

PERIPHERIES 
URBAINES 

Tissage d’urbanismes 
personnels

Six figures du résident pionnier en périphérie urbaine

Processus d’installation résidentielle des habitants pionniers

(Anti) recommandations opérationnelles

Une planification urbaine efficace ne peut se faire sur la base d’un habitant moyen ayant 
pour objectif de se loger le moins cher et le plus vite possible. Les stratégies d’accès à la 
propriété résidentielle, autrement dit manières d’enchaîner les 6 étapes, sont diverses. Une 
différenciation de ces dernières peut se faire en fonction de trois variables principales, et six 
figures du nouveau résident se dégagent ainsi : 

• l’élément déclencheur ou la motivation à l’origine du projet; 

• le niveau d’exigence dans les choix du quartier, de la parcelle, du modèle; 

• le niveau de préparation du projet (financière, technique, logistique).
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ÉTAPE 5 
améliorer progressivement ses conditions 
(retrouver son urbanité pariée au début)

à l’échelle du logement

à l’échelle du quartier

ÉTAPE 6 
continuation du parcours résidentiel

upgrading et 
extensions

projet d’une 
autre maison en 
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fin du 
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« maison du village »
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ÉTAPE 1 
logements précédents en ville

chez un 
proche

maison      
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maison 
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squat

L’expansion urbaine est loin d’être maîtrisée dans nos deux villes, mais il est possible qu’elle 
s’accélère davantage si les conditions  

• Évoluer vers une vraie démocratisation de l’accès (légal) à la propriété foncière; 

• Réformer pour assouplir et/ou aligner aux pratiques le cadre légal existant; 

• Développer davantage le transport par moto-taxis pour répondre à la demande; 

• Évoluer vers l’individualisation des services urbains pour plus d’autonomie des 
habitants et des collectivités par rapport à la puissance publique.

Question 
Quels sont les mécanismes contemporains de la construction des 
périphéries urbaines dans les grandes villes d’Afrique ? 
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