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ABSTRACT 

The Middle Stone Age rock shelter site Sibudu contains abundant evidence of 

pyrotechnology (the controlled use of fire) such as combustion features, ashy layers and 

lenses and burned bone. I study the use, reuse and discard of fire at Sibudu and the 

layers Brown/Grey mix and Brown under Yellow Ash 2(i) from the post-Howiesons 

Poort (post-HP) industry (c. 58 000 years BP) and the layers Pinkish Grey Sand and 

Pinkish Grey Sand 2 from the Howiesons Poort (HP) techno-tradition (c. 65 000 years 

BP) are selected for detailed studies. I describe properties of selected combustion 

features, such as size, form, number of hearth strata, contents (bone, charcoal and stone) 

and pH values. The post-HP combustion features generally contain a higher proportion 

of charcoal and are more acidic than the HP combustion features, suggesting post-

depositional differences. 

 

Twenty actualistic experiments including 39 experimental fires constitute the largest 

component and contribution of this thesis. The experiments were conducted in two 

cycles; the first cycle of experiments burned (in different fires) one each of the wood 

taxa Casuarina equisetifolia, Dichrostachys cinerea, Eucalyptus globulus or Acacia 

erioloba and the second cycle of experiments burned Dichrostachys cinerea 

exclusively. Variables such as wood mass, topsoil horizon and number of sequential 

fires were carefully controlled. The surface and subsurface temperatures of the 

experimental fires were recorded. The experimental hearths were excavated using 

similar techniques as those used at Sibudu. Surface temperatures vary greatly even 

under similar environmental conditions, but subsurface temperatures are more 

predictable. Five kilograms of wood is sufficient to produce high temperatures for 

several hours, and slowly adding logs to a fire ensures even temperatures. 

 

Sibudu's hearths have a basal black layer with charcoal, but experimental fires do not. 

Instead they produced 2 ï 5 distinct strata, and long-burning fires produced more strata 

than short-burning ones. Experimental ash dumps lack strata. Areal extent of a hearth is 
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dependent on the wood mass burned, but its depth is dependent on the wood taxon 

burned.  

 

I present spatial analysis of charcoal, bone and knapped stone from the selected Sibudu 

layers using Kernel density estimation. Higher densities of bone, charcoal and stone are 

present in the post-HP layers than in the HP. Specialist studies of wood taxa, 

micromorphology and organic petrology are also included. No specific firewood taxa 

were preferred, but herbaceous plants were burned at 65 000 years ago, suggesting short 

fires. 

 

This thesis provides a foundation for future research on fire-related behaviour at Sibudu 

and other Middle Stone Age sites. For example, higher acidity was recorded in the post-

HP than in the HP combustion features; this could be caused by different diagenesis and 

geoarchaeological studies need to be conducted to resolve the issue.. In addition, all the 

primarily deposited archaeological combustion features in this study were underlain by 

a basal black layer rich in charcoal, but such layers did not develop in the experimental 

combustion features and I cannot explain this difference. Thus it is necessary to conduct 

more studies of the variables affecting the formation and preservation of combustion 

features. One aspect to study experimentally is the range of attributes controlling 

surface temperatures of campfires. Amongst the experiments described here, 

experimental fires burning five kg wood produced maximum surface temperatures in 

the range of 132 - 848°C, which demonstrates that surface temperatures are 

unpredictable. The implication is that producing particular temperatures of a fire is not 

straight-forward and that prehistoric fire users needed planning abilities and a thorough 

knowledge of pyrotechnology. Both these skills require mental abilities like those of 

modern people and they also require a sophisticated understanding of environmental 

conditions. 
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Front page illustration: Experimental fires and archaeological combustion features 

and layers. Cut outs from pictures illustrate (from left to right): Start of experimental 

fire E4.3; Glowing phase of the fire (experimental fire E4.2); Cold ashes (experimental 

hearth E4); H. Kempson documenting hearth in layer Brown/Grey mix 01.11.2008; 

Detail from picture of layer Brown/Grey mix 03.11.2008; Detail from east wall 

stratigraphy at Sibudu, square B4. All photos taken by Silje Evjenth Bentsen and the 

east wall stratigraphy used by courtesy of Lyn Wadley.
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1 INTRODUCTION  

 

Pyrotechnology, or the use and control of fire, has been an important part of human life 

for hundreds of thousands of years. Whereas the modern campfire is mainly associated 

with food and a social setting, prehistoric fires were, in addition, important tools that 

were essential for a wide range of tasks that require different temperatures. For 

example, meat can be roasted even at low temperatures such as 95°C (Wandsnider, 

1997), some silcrete rock types can be heat treated in temperatures up to 400°C to 

improve knapping properties (e.g., Brown et al., 2009; Domanski & Webb, 1992; 

Flenniken & White, 1983; Mercieca, 2000; Purdy & Brooks, 1971),  temperatures up to 

600°C might be required for other silcretes (Schmidt et al., 2012, 2013) and the heat 

from a fire can help dry adhesives when hafting tools (Wadley, 2005a; Wadley et al., 

2009).  

 

Ethnographic studies of modern fire-users have also demonstrated that hearths can be 

instrumental in the organisation of hunter-gatherer camps (e.g., Binford, 1983; Gamble, 

1991; Yellen, 1977). For example, the !Kung divide their camps into private areas, 

containing individual family hearths where most activities take place, and a central 

public area, which may contain a communal hearth (Yellen, 1977). Other studies show 

that modern fire users can have clear preferences for the taxon or taxa used or not used 

as firewood (e.g., Abbot et al., 1997; Archer, 1990; Tabuti et al., 2003). Informants 

from Malawi's Central Region, for example, distinctly prefer Julbernadia paniculata as 

firewood (Abbot & Lowore, 1999) and Vhavenda groups in South Africa traditionally 

have a taboo against using Burkea africana, Kirkia acuminata and Kirkia wilmsii as 

firewood because these taxa are believed to attract lightning (Mutshinyalo & Siebert, 

2010).  
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Prehistoric fire use manifests itself at sites through combustion features, burnt artefacts 

or other burnt material. Accidental burning events caused by natural agents, such as 

lightning strikes, are not discussed in this thesis because the Sibudu deposits and 

combustion features are anthropogenic (see e.g., Goldberg et al., 2009; Schiegl & 

Conard, 2006; Schiegl et al., 2004). 'Combustion feature' is a generic term for an 

archaeological feature created through fire use. The term includes both primarily 

deposited features consisting of ash, organic matter and heat-affected sediments, such as 

hearths, and secondarily deposited fire-related material, such as dumped ash (see also 

discussion of the terms 'combustion feature' and 'hearth' in Mentzer, in press). Table 1.1 

contains an overview of combustion features relevant in this thesis.  I shall in this thesis 

refer to the strata in primarily deposited combustion features as 'hearth strata' and to 

combustion features produced in experiments as 'experimental hearths' or 'experimental 

ash dumps'. 

 

 

Figure 1.1 View from Sibudu towards the river (south). 
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Table 1.1 Definitions of fire-related terms relevant to this thesis.  

Term Description Associated 

processes 

Literature 

examples 

Ash dump Secondarily deposited and mixed 

fire-related material, such as ash, 

charcoal and burnt bone. Usually 

grey in colour. 

Site 

maintenance. 

scraping out ash 

from hearths 

Goldberg et 

al., 2009 

Ash feature A feature rich in ash, similar to an 

ash dump. 

Site 

maintenance, 

badly preserved 

hearths 

Goldberg et 

al., 2009 

Burned 

bedding 

A feature similar to a hearth, but 

contains laminated lenses or strata 

of fibrous plant material and 

charcoal. Often only distinguished 

from hearths through 

micromorphology. 

Burning of plant 

material used for 

surface 

preparation 

Goldberg et 

al., 2009; 

Wadley et 

al., 2011 

Hearth Primarily deposited combustion 

features containing an upper 

stratum of ash (usually white), 

organic matter (usually a blackish 

stratum rich in charcoal) and heat-

affected (rubified) sediments. 

Domestic 

fireplaces, 

cooking etc. 

Dibble et al., 

2009; 

Schiegl et al., 

1996 

Superimposed 

hearths 

Multiple hearths stacked on top of 

each other. 

Repeated fire 

use in the same 

area. 

Wadley, 

2012a 

 

 

1.1 A IMS 

I aim to examine, describe and discuss the characteristics of MSA pyrotechnology by 

studying the use, reuse and discard of selected combustion features at Sibudu. The 

sample is not sufficient for a thorough understanding of all aspects of MSA 

pyrotechnology, nor for an understanding of all fire-related behaviour at Sibudu. 

Nevertheless, this work aims to provide insights into a part of this technology during 

specific occupation phases at the site, and thus produce a wider foundation for further 

pyrotechnological research on Sibudu as well as other MSA sites. The properties of 

selected combustion features will be described and discussed not just in terms of their 

formation and use, but also to gain an understanding of how fire-related behaviour at 
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Sibudu contributed to the formation of the site. This is important because the sediments 

at Sibudu are largely made up of ash, combustion features, burnt bone and charred plant 

remains. Lastly, this project aims to make predictions about prehistoric fire use and site 

formation through actualistic studies of pyrotechnology. This experimental component 

of the research is conducted in controlled environments in open air, and not in a 

laboratory, to replicate the type of situation applicable during the MSA. 

 

1.2 T HE STRUCTURE OF THE THESIS 

A literature survey of MSA pyrotechnology is provided in Chapter 2. Pyrotechnology in 

the MSA is seen in the context of early fire use, and fire-related behaviour and features 

at Sibudu are described and discussed in relation to archaeological evidence for fire use 

from 33 other MSA sites. The current status of knowledge about MSA pyrotechnology 

demonstrates the benefits of applying new methodological approaches, facilitates 

comparisons with earlier and later archaeological periods, and is an important reminder 

of the benefits of a multi-disciplinary approach. This is a paper that is currently in press 

in the Journal of Archaeological Research, and I am the sole author of the paper. 

 

Sibudu is introduced in more detail in Chapter 3. The chapter provides information on 

excavation techniques as well as dating and previous research at the site. Some of this 

information is repeated in the chapters published as papers, but Chapter 3 provides a 

convenient overview and reference for the rest of the thesis. 

 

I describe and discuss the experimental component of my project in Chapters 4 to 8. 

Chapter 4 provides a background for the following chapters and introduces previous fire 

experiments and the aims and method for my experiments, such as the thermometer 

chosen for recording temperatures, the wood taxa used in my experiments and the 

topsoil horizon of the experiments. I also provide a brief summary of the results. Some 

experimental results important to the use of fire are presented in Chapter 5, where I use 
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results from my experiments to argue that controlling and using a fire is not straight-

forward. There are many variables that need to be taken into account, and it appears 

from my experiments that it is difficult to predict the development of surface 

temperatures in a fire even when controlling variables such as wood taxon, fuel mass 

and topsoil horizon. Chapter 5 was published in the South African Archaeological 

Bulletin, volume 68 (198) (December 2013) and I am the sole author. I include both 

surface and subsurface temperatures from all my experiments in Chapter 6, and I 

conduct statistical analyses of the data to examine the use of fire. One of the results is 

that the number of logs used in a fire can affect the maximum surface temperatures of a 

fire. Site maintenance such as cleaning ashes from a hearth before starting a new fire 

can also contribute to higher maximum surface temperatures, although the texture of the 

topsoil horizon does not seem to affect fire temperatures. 

 

Experimental data on the formation of combustion features are presented and discussed 

in Chapters 7 and 8. Chapter 7 gives results from ten fire experiments and discusses 

them in relation to combustion features at Sibudu. It is argued that variation in hearth 

area implies variation in hearth use. This paper was published in Quaternary 

International volume 270 (2012) and I am the sole author on this paper. Chapter 8 

elaborates on some of the results from Chapter 8. I include more data in Chapter 8, and I 

also perform statistical analyses of the data. I show that few experimental hearths 

contain a distinguishable black stratum rich in charcoal under the top white ash stratum. 

My experiments also suggest that more hearth strata are produced in long lasting fires 

and that the ash depth is related to fuel load for some wood taxa. 

 

In Chapter 9, I combine micromorphological, organic petrological and anthracological 

results from other researchers with a spatial analysis of Sibudu. This collaborative paper 

examines combustion features, fire-related behaviour and diachronic changes in layers 

dating to ~65 ka and ~58 ka, which are the same layers introduced in Chapter 3. The 

micromorphological analysis by Dr. C. Miller implies that many combustion features at 

Sibudu are the result of burning bedding, and the organic petrological analysis by Dr. B. 
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Ligouis suggest tightly controlled fires at Sibudu and that herbaceous plants were 

burned in many of the fires. The charcoal identification by Dr. L. Allott and the 

botanical analysis by Prof. L. Wadley imply that about half the taxa burned at Sibudu 

are suitable as firewood or wooden implements. I digitised site plans drawn by L. 

Wadley, weighed material from selected layers and entered the maps and weights into 

ArcMap. The spatial analysis of weights of bone, charcoal of stone, using the Kernel 

density estimation, suggests that clusters of material were more contained, and perhaps 

less trampled, in the younger than in the older layers. This paper is currently in 

preparation and will shortly be submitted to the PaleoAnthropology Journal. 

 

Chapter 10 provides pH readings from sediments in archaeological features and layers 

as well as experimental fires. It appears that there is a relationship between the lithic 

industry in a layer and the pH value of a layer, but the sample size is very small. I also 

report on the ratio of bone, charcoal and stone in archaeological combustion features 

and layers and charcoal from experimental fires.  

 

I summarise and discuss the results of my research in Chapter 11. My thesis provides 

implications for the study of Middle Stone Age pyrotechnology at Sibudu as well as at 

other sites. I have demonstrated in experiments that maintenance techniques such as 

adding logs to the fire at regular intervals and raking out ashes before starting a new fire 

in a hearth can be important to control the surface temperatures of a fire. The spatial 

analysis suggests dumping areas at Sibudu, and the contents of the combustion features 

suggest that different post-depositional processes were important to different layers at 

Sibudu. Chapter 11 also contains suggestions for future studies. New fire experiments 

could, for example, be conducted to examine maintenance techniques that helps control 

the development of a fire. More detailed studies of the sizes of bone, charcoal and stone 

could be conducted to further examine diachronic differences at Sibudu and a more 

detailed spatial analysis including specialist analysis of bone fragments and stone could 

help distinguish between activity areas at dumping areas at Sibudu as well as other sites. 
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2 FIRE-RELATED FEATURES AND 

ACTIVITIES IN THE MSA 

 

The paper presented in this chapter is a literature survey of MSA pyrotechnology in the 

context of early fire use. The paper is published in the Journal of Archaeological 

Research 22, pp. 141 ï 175.  
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