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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 – 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 AIMS 

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 THE 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. 



 

 7 

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 – 175.  
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3 INTRODUCTION TO SIBUDU 

 

Sibudu is a rock shelter, situated on a cliff 20 m above the uThongathi River (Figures 

1.1 and 3.1), 40 km north of Durban and 15 km inland from the Indian Ocean (see 

Figure 2.1). The shelter faces south-west, and a few natural rock steps lead from the 

river to the floor of the shelter. Aron Mazel from the Natal Museum dug a small trial 

trench at Sibudu in 1983. His research focus was, however, the Iron Age, and he 

stopped excavating after realising that Sibudu had MSA layers (Wadley & Jacobs, 

2006). Subsequent excavations were conducted by Prof. Lyn Wadley and her team from 

the University of the Witwatersrand from 1998 to 2011 (Figure 3.2), and the deepest 

part of this excavation covers 6 m² and is ca. 3 m deep. In this thesis I analyse material 

excavated by the Wadley team, mainly between 2008 and 2010, and the following 

introduction is based on material from the MSA layers documented in these 

excavations. Continuing excavations at Sibudu are currently being led by Prof. Nicholas 

Conard from the University of Tübingen, Germany.  

 

 

Figure 3.1 The uThongathi River below Sibudu. Sibudu can be accessed from 

the south-west by crossing the river and climbing up the cliff to the right in 

these pictures. The river under normal conditions to the left (photo taken 

15.11.2009) and in flood to the right (19.11.2009). 
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Figure 3.2 Plan of Sibudu showing the location of the excavations (Wadley & Jacobs 

2006) 
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3.1 EXCAVATION 

Sibudu was excavated using standard techniques, but a short introduction to the field 

methodology at Sibudu is given here. Twenty one meter squares were excavated to a 

depth of approximately one meter below the surface and, within this grid, six of the 

squares were excavated as a deep sounding that was excavated to about three meters 

below the surface (Figure 3.3). The site was divided into meter squares, named with a 

capital letter running from north to south (e.g., A, B, C, etc.) and Arabic numerals 

running from east to west (e.g., 1, 2, 3, etc.) (see Figure 3.2). Squares were excavated in 

50 x 50 cm quadrants, and these were named using lower case letters, 'a' being the 

north-eastern, 'b' the south-eastern, 'c' the north-western and 'd' the south western 

quadrant of each square. The site was excavated by stratigraphical layers, generally 

named by colour determined by the Munsell Colour Chart. Thus, for example, layer 

Pinkish Gray Sand refers to a pinkish gray layer, abbreviated to PGS. Combustion 

features, most of them perceived as hearths, were excavated within the quadrants by 

strata and named consecutively within each stratigraphic unit (Wadley & Jacobs, 2006). 

This means, for example, that H2 in PGS2 C4b signifies the part of Hearth 2 excavated 

in the layer named Pinkish Gray Sand 2, in quadrant b of square C4.  

 

The horizontal plane of each layer within each square was drawn to scale during 

excavation. The top and base of each layer and features within layers were always 

drawn, and different parts of a layer (e.g., middle) and objects within it (e.g., worked 

stone or shell beads) were drawn where appropriate. Above the ground surface, on the 

shelter wall, a permanent datum line is marked at 1.3 m (Wadley & Jacobs, 2006), and a 

theodolite was used to measure the depth of each layer and each feature as the 

excavation progressed. Depth readings for each corner of each square, the middle of the 

square and other parts of the square where appropriate (e.g., top of a hearth) were added 

to every drawing. These drawings were combined by layer to horizontal site plans by 

Prof. Lyn Wadley, and the maps used in this thesis were scanned and digitised using 

ArcMap software by me. Objects such as combustion features and rocks are drawn as 

polygons, and objects such as lithics marked on the site plans are drawn and recorded as 

points in ArcMap. 
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The volume of the excavated deposit was recorded in litres and a sediment sample from 

each layer was collected before the sediment was sieved. Only 2 mm sieves were used 

until 2003, after which stacked sieves of 2 mm and 1 mm were used. The volume in 

each sieve was recorded. The contents of the 1 mm sieve were subjected to 

archaeobotanical analysis (e.g., Sievers, 2013a) and the contents of the 2 mm sieve were 

sorted by material type (e.g., bone, charcoal, shell and stone) before being sent for 

specialist analyses.  

 

 

Figure 3.3 Detail of stratigraphy at Sibudu and collection of 

micromorphological sample. Left: detail of layers at Sibudu 17.08.2011. Right: 

Dr. C. Miller collecting samples 18.02.2009.  

 

Samples for other purposes from selected layers and contexts were also collected during 

the excavations. These include samples for dating and samples for micromorphological 

and organic petrological analyses. The dating samples were collected by Zenobia Jacobs 

and the other samples were collected at different times and from different parts of the 

excavation by Lyn Wadley, or Paul Goldberg, Boston University, USA, and Solveig 

Schiegl and Christopher Miller, University of Tübingen, Germany. The 

micromorphological samples were either cut from the excavated surface, or cut from the 

vertical sediment profiles and wrapped tightly with paper and packaging tape or plaster 

(gypsum) bandages (see Figure 3.3). The samples were dried and impregnated with 

unpromoted polyester resin, styrene and MEKP, redried, sliced and subsampled for thin 

sectioning and further analyses (see Goldberg et al., 2009; Wadley et al., 2011).  
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3.2 STRATIGRAPHY AND DATING 

As mentioned above, the deepest part of the Wadley excavation in the deep sounding is 

3 m below ground level and covers 6 m². Little or no water-borne transport of deposits 

is evident and the cultural material and in situ features at Sibudu are evidence of the 

almost entirely anthropogenic origin of the deposits (Pickering, 2006). The uppermost 

MSA sequence consists of several thin (centimeter scale) colourful strata (see Figure 

3.3) that represent multiple superimposed and inter-fingering combustion features. In 

the east wall of square B4 (Figure 3.4), these layers are found down to ca. 3.4 m below 

datum (1.1 m below ground surface). This part of the sequence also contains much 

gypsum (see Schiegl & Conard, 2006). The lower sequence consists of grey deposits 

that include discrete combustion features with gypsum, suggesting a relationship 

between large burning events and gypsum (Schiegl & Conard, 2006). At Pinnacle Point 

Cave 13B, it has been suggested that some of the gypsum formation has been caused by 

decayed guano (Karkanas & Goldberg, 2010), but it is difficult to estimate guano 

deposition at Sibudu in the past and to determine if this could account for all the 

gypsum (Schiegl & Conard, 2006, p. 161).  

 

Sibudu has been dated by single-grain optically stimulated luminescence (OSL) on 

sedimentary quartz grains (Jacobs et al., 2008a, 2008b). These dates imply several 

pulses of occupation and hiatuses between ~78 - ~38 ka (see Table 3.1). Environmental 

issues may have contributed to the hiatuses in occupation. During periods with much 

water in the river, for example, it may have been difficult to cross the river and get 

access to the site (see Figure 3.1). Sibudu may also at times have been situated within 

the habitat of the malaria carrying mosquito species Anopheles and this health risk may 

have discouraged people from staying at the site (Wadley, 2012b).  

 

The lowest layers (BS to LBG) contain material older than 71 ka, and this group of 

layers with its oldest age at ~77 ka is presently named pre-Still Bay. Layers RGS2 and 

RGS contain the Still Bay lithic industry and layers PGS to GR contain the Howiesons 

Poort lithic industry. The uppermost layers are divided in three informally named   
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Figure 3.4 East wall stratigraphy of square B4. Only layers RSp to BS2 are 

included due to space limitations, but there are two MSA layers above RSp and 

14 BS layers below BS2. Drawing courtesy of L. Wadley.
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Table 3.1 Summary of research results from Sibudu, including OSL ages and environmental information. See references in text. 
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LBMOD 

MOD 

OMOD 

OMOD-

BL 

RSp 

RD 

49.9 ± 2.5 

49.1 ± 2.1 

46.6 ± 2.3 

47.6 ± 1.9 

46.0 ± 1.9 

49.4 ± 2.3 

Late MSA Forest and savannah 

BSp 

SS 

P 

Ch2 

Y1 

B/Gmix 

57.6 ± 2.1 

59.6 ± 2.3 

59.0 ± 2.2 

58.3 ± 2.0 

58.6 ± 2.1 

58.2 ± 2.4 

Post-

Howiesons 

Poort 

Zebra and large and very 

large bovids 

Dry, cool savannah 

and some forest 

GR2 

GS2 

PGS 

61.7 ± 1.5 

63.8 ± 2.5 

64.7 ± 1.9 

Howiesons 

Poort 

Wide variety of species 

Small bovids (blue 

duiker abundant) 

Suids (particularly 

bushpig) 

Marine shell and land 

snail common 

Evergreen, moist 

forest 

Discrete, small and 

large  

RGS 70.5 ± 2.0 Still Bay Not yet available Moist forest, some 

savannah 

Discrete, small 

LBG 

LBG2 

BS 

72.5 ± 2.0 

73.2 ± 2.3 

77.2 ± 2.1 

Pre-Still Bay Not yet available Not yet available 
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groups: the post-Howiesons Poort layers (YA2 to RGS), the late MSA layers (YSp to 

PB) and the final MSA layers (Mou to Co). The terms "Sibudu technocomplex" and 

"Sibudan" have been suggested for lithic industries in these layers (Conard et al., 2012; 

Lombard et al., 2012), but are not necessarily agreed upon and the broader informal 

designations will thus be used here. In this thesis I shall mainly examine fire-related 

behaviour in the Howiesons Poort (HP) and post-Howiesons Poort (post-HP) layers. 

The previously mentioned change from grey deposits to the upper colourful sequence 

coincides with a change in the cultural material from HP to post-HP at ~58 ka. 

 

3.3 ENVIRONMENTAL AND CULTURAL CONTEXTS 

The thorough excavations and extensive research on material from Sibudu have 

provided detailed information on the environmental and cultural context of the site 

(Table 3.1). Analyses of charcoal and plant remains from the site (e.g., Allott, 2004, 

2005, 2006; Sievers, 2006, 2013a) show the fluctuations in vegetation around the shelter 

(Table 3.1). The woody taxa identified from charcoal in the HP layers, such as 

Podocarpus, Buxus spp., Curtisia dentata and Sapium/Spirostachys, imply an evergreen 

forest around the shelter, and the taxa identified in post-HP layers, such as Erica spp, 

Rapanea melanophleos, Morella pilulifera, Bridelia sp., Acacia spp. and Ximenia sp., 

imply patches of evergreen forest and less densely wooded savannah and a dryer 

environment (Allott, 2005, 2006). Analyses of fruits and seeds combined with the 

charcoal identifications imply that there were more deciduous taxa by the shelter in the 

post-HP than in the HP (Sievers, 2006). Bruch and colleagues (2012) recently combined 

environmental data from Sibudu using a GIS-based Coexistence Approach to describe 

the climatic range that would allow the maximum number of identified taxa to coexist 

(provided that the fossil taxa have climatic restrictions similar to their nearest living 

relatives). Their results imply less vegetation density and slightly colder winters during 

the HP than today and even colder and drier conditions with less vegetation density 

during the post-HP.  
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Almost any plant taxa can be used as fuel, but modern fire-users can have distinct 

opinions about taxa considered as suitable for firewood (e.g., Abbot et al., 1997; Archer, 

1990; Munalula & Meincken, 2009; Tabuti et al., 2003; Tietema et al., 1991). People at 

Sibudu do not seem to have selected firewood based on burning properties alone, but 

more woody taxa favoured as fuel by modern fire-users are represented in the post-HP 

assemblage than during the HP (Allott, 2005, 2006). Other types of plants may have 

been used as fuel or tinder at the site (e.g., Sievers & Muasya, 2011), but some of the 

burnt plant material was not primarily brought to the shelter as fuel. Plants were also 

brought to the shelter as bedding (surface preparation), and the oldest known example is 

from the pre-Still Bay layers at ~77 ka (Wadley et al., 2011). The earliest known 

bedding examples at Sibudu were not burnt, but bedding from ~73 ka were disposed in 

fires and this site maintenance practice intensified from ~58 ka (Goldberg et al., 2009; 

Sievers, 2013a; Wadley et al., 2011).  

 

Most of the bone fragments found at Sibudu are highly fragmented, and up to 95% of 

the bone in some of the layers are burnt (Cain, 2005; Clark & Ligouis, 2010). Bone 

fragments seem to have been disposed of in fires, not to have been used intentionally as 

fuel, and both green and dry bone have been burnt in fires (Cain, 2005, 2006; Clark, 

2009; Clark & Ligouis, 2010; Hanson & Cain, 2007). The fragmentation makes 

zooarchaeological analyses difficult, yet not impossible. The fauna identified from the 

HP layers at Sibudu show that people hunted and brought a wide variety of species to 

the site (Table 3.1), although there is an abundance of small bovids identified from 

these layers, while the post-HP sample consists of relatively more larger animals such 

as zebra and large and very large bovids (Clark & Kandel, 2013; Clark & Plug, 2008; 

Clark, 2009). The HP faunal assemblage, which includes small carnivores and the 

dangerous bushpig, provides circumstantial evidence for the use of snares (Wadley, 

2010a). Nevertheless, use-traces on stone tools suggest the use of bow and arrow during 

the HP (Lombard & Phillipson, 2010). Microscopic traces of adhesives on stone tools 

also suggest that they were hafted (e.g., Lombard, 2005, 2007), and fire may have been 

used to produce the adhesives and dry the hafted tools (Wadley, 2005a).  
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3.4 SELECTED COMBUSTION FEATURES 

The excellent preservation at Sibudu allowed recognition of different types of in situ 

combustion features (see also Table 1.1). Fortunately, combustion features at Sibudu 

have not been altered significantly or destroyed by biological activity such as root 

formation or diagenetic alteration such as calcification, which, for example, is the case 

in some parts of Pinnacle Point Cave 13B (Karkanas & Goldberg, 2010). Primarily 

deposited combustion features, named 'hearths' at Sibudu, often have distinct hearth 

strata: a white top stratum, a base stratum with much charcoal and rubified sediments 

under the feature (e.g., Schiegl et al., 1996). The bone fragments in each stratum tend to 

have the same colours as the sediments due to the physical changes in bone at certain 

temperatures. This means that the bone in the white stratum, for example, tend to be 

calcined and white because it has been exposed to high temperatures and bone in the 

black stratum have been exposed to lower temperatures and is thus carbonised and black 

(e.g., Stiner et al., 1995; see also Cain, 2005 on Sibudu). In situ and primarily deposited 

combustion features of burned bedding from maintenance fires have similar hearth 

strata, but also consists of finely laminated and fibrous charcoal (organic matter) 

(Goldberg et al., 2009) that sometimes can only be recognised through 

micromorphology. Furthermore, secondarily deposited combustion features have been 

recognised at Sibudu. These are generally uniformly grey in colour, do not have hearth 

strata and consist of mixed material such as charcoal and bone fragments of various 

sizes oriented at various angles (see Goldberg et al., 2009). Below follows a description 

of selected combustion features from the HP and post-HP layers.  

 

3.4.1 PRIMARILY DEPOSITED COMBUSTION FEATURES 

 It was possible to distinguish two, sometimes three, strata in primarily deposited 

combustion features at Sibudu, and I will describe four features as examples here. I have 

chosen these examples because I excavated both the HP features myself and helped 

excavating the post-HP features, which means that I have extensive notes about these 

features. Two of the selected primarily deposited combustion features were found in the 

HP layer Pinkish Grey Sand 2 (PGS2). Both Hearth 1 (H1) and Hearth 2 (H2) in PGS2  
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Figure 3.5 Overview of combustion features in layer PGS2. 

 

were found in square C4 (Figures 3.5 and 3.6), extended out of the excavation trench 

and were excavated in November 2009. These features were perceived as clear and 

discrete hearths in the field. They were spatially constrained and contained classic 

hearth strata: a distinct white top, a black (H1; Munsell colour reading 5 YR 2.5/1) or 

very dark grey (H2; Munsell colour reading 7.5 YR 3/1) middle and a very dark grey 

(H1; Munsell colour reading 7.5 YR 3/1) or very darkish brown (H2; Munsell colour 

reading 10 YR 3/2) base stratum.  

 

The other two selected primarily deposited combustion features were found in post-HP 

layers and were excavated in November 2008. Both H in B/Gmix (Figures 3.7 and 3.8) 

and H1 in BYA2(i) (Figures 3.9 and 3.10) were large combustion features with a 

diameter of more than one meter and extended beyond the excavation trench, although 

the latter feature covered a much larger area than the former. Two strata were  
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Figure 3.6 Excavation of H1 and H2 in PGS2. Top left: The extent of the 

hearths as seen in the field. Top right: The white top of H1 in PGS2 is removed. 

Bottom left: H1 in PGS2 and parts of the white top of H2 in PGS2 is removed. 

Bottom right: Excavation of the black base of H2 in PGS2.  

 

documented in H in B/Gmix: a white top and a black base. Subsequent 

micromorphological analysis by Dr. Christopher Miller at the University of Tübingen, 

Germany, demonstrated that post-depositional processes have altered this feature 

significantly, but that it probably was a maintenance fire for burning bedding (see 

Chapter 9). Three strata were documented in H1 in BYA2(i): a white top (Munsell 

colour 2.5 YR 8/1), a dark reddish-brown middle (Munsell colour 5 YR 2.5/2) and a 

black base (Munsell colour 10 YR 2/1) (see Wadley et al., 2011, SOM). The 

micromorphological analysis of this feature shows that it is a maintenance fire, used for 

burning bedding (Chapter 9; Wadley et al., 2011).  
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Figure 3.7 Overview of the middle of layer B/Gmix with combustion features. 

 

 

 

Figure 3.8 Excavation of H in B/Gmix. The picture to the left is taken during 

the excavation of the white top of the combustion features and while facing the 

east wall of the excavation. The picture to the right is taken while facing the 

north wall of the excavation after the white top has been partly removed.  The 

pictures show the part of squares B4 and C4 that was covered by combustion 

features (see also Figure 3.7). 
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Figure 3. 9 Overview of the middle of layer BYA2(i) with combustion features. 

 

 

 

 

Figure 3.10 Excavation of BYA2(i).The picture is taken while facing the east 

wall of the excavation. 

 



 

 57 

3.4.2  SECONDARILY DEPOSITED COMBUSTION FEATURES 

Three ash dumps illustrate the secondarily deposited combustion features here. All three 

were found in the post-HP layers; two of them in layer Brown/Grey mix (B/Gmix) and 

one in layer Brown under Yellow Ash 2(i) (BYA2(i)) (see Figures 3.7 and 3.9). These 

three dumps were excavated in November 2008 and they were found in square C4. Ten 

litres of sediment were removed from Ash dump from H1 in BYA2(i). Ash dump 1 in 

B/Gmix and Ash dump 2 in B/Gmix were smaller and contained nine litres of sediment 

in total. These features were recognised as ash dumps during excavation partly due to 

their uniform grey colour when compared to other combustion features in the same 

layer. For example, the ash dumps in B/Gmix had Munsell Soil Chart Colour 10R 7/1 

Light grey. The objects (e.g., bone fragments and charcoal) in these combustion features 

were not arranged in a laminar way, but were lying at various angles, which is 

consistent with documented ash dumps (Goldberg et al., 2009; Miller et al., 2010). 

 

3.5 CONCLUDING REMARKS 

The hearth strata, colour and laminar arrangements of material are easily recognisable 

properties of primarily deposited combustion features that can help distinguish them 

from secondarily deposited features. The excellent preservation and the excavation 

techniques used at Sibudu allow for field observation of different features, but colourful 

strata are not preserved at all sites. The bone, charcoal and stone from the selected 

combustion features at Sibudu will be part of the spatial analysis and the detailed 

analysis of the combustion features in Chapters 9 and 10. However, in the next four 

chapters I shall examine fire-related behaviour and the formation of combustion features 

through experimental studies. 
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4 INTRODUCTION TO THE FIRE 

EXPERIMENTS 

 

The term 'experimental archaeology' is sometimes used to describe experiential or 

educational projects, which aim to reconstruct, reproduce and/or re-enact prehistoric 

processes, actions and/or objects. This is unfortunate because it gives the impression 

that scientific components such as testing of hypotheses and controlling variables are 

not important in archaeological experiments (as discussed in e.g., Cunningham et al., 

2008; Lammers-Keijsers, 2005; Mathieu, 2002; Outram, 2008; Reynolds, 1999). Such 

an impression undermines the important contributions that experimental studies 

following scientific procedures have made and continue to make, for example to the 

understanding of prehistoric production of food and tools and formation processes 

important to the archaeological record (see e.g., Coles, 1973; Crabtree & Butler, 1964; 

Crabtree & Davis, 1968; Gur-Arieh et al., 2012; Mallol et al., 2013a; Miller et al., 2010; 

Newcomer, 1971; Nielsen, 1991; Shea et al., 2001; Shipman et al., 1984). The fire 

experiments I conducted as part of my PhD project are 'actualistic' as described by 

Outram (2008, pp. 2 – 3), which  means that I test hypothetical campfires exposed to 

environmental conditions (outside of the lab) while following scientific principles. 

Below, I provide an introduction to fire experiments before outlining the aims and 

method for my experiments. 

 

4.1 PREVIOUS FIRE EXPERIMENTS 

Many researchers have conducted experiments to examine various aspects of fire use, 

such as the production and use of pottery (e.g., Charters et al., 1997; Courty & Roux, 

1995; Evershed et al., 2008; Russell & Dahlin, 2007; Schiffer et al., 1994), but only 

aspects relevant to the MSA are included in this brief introduction. Mathieu (2002, pp. 2 

– 6) suggests a typology of experimental archaeological research that divides projects 

into replication of objects, behaviours, processes and systems. These four types often 
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overlap (see Mathieu, 2002, p. 6), and this is also true for fire experiments. For 

example, in experimental burning of bedding, Miller and Sievers (2012) replicate both 

behaviours (e.g., intentional vs. unintentional burning of bedding) and formation 

processes. I will not follow the typology suggested by Mathieu (2002) when describing 

experimental fires because overlap between categories would lead to unnecessary 

repetitions, but focus on the formation and strata of combustion features and fire-related 

behaviour. By 'fire-related behaviour', I refer to the use of fire for different activities 

such as cooking and tool production, but also to site maintenance behaviours such as the 

raking out of hearths and the creation of ash dumps. Furthermore, I do not include 

ethnoarchaeology in 'experimental archaeology', which is suggested by Mathieu (2002). 

Most of the experiments in this overview are actualistic, but I also include laboratory 

experiments where appropriate. 

 

4.1.1 THE FORMATION AND STRATA OF COMBUSTION FEATURES 

As defined in Chapter 1, a primarily deposited combustion feature often consists of a 

light (white) top ash stratum, a black stratum with much charcoal and rubified 

(reddened) substrate (e.g., Schiegl et al., 1996). Bellomo (1993, 1994; Bellomo & 

Harris, 1990) examined the difference between natural and anthropogenic fires in his 

experiments based on suspected fire-related features at the site FxJi20 East near Koobi 

Fora in Kenya. One of his conclusions was that campfires produce basin-shaped 

combustion features, but natural fires do not, and that anthropogenic fires can produce 

enough heat to cause reddening of the soil underneath the fire (Bellomo, 1993). Yet 

Canti and Linford (2000) find in their experiments that not all anthropogenic fires 

generate rubified subsoil. Wattez (1988, 1992) conducted experiments that demonstrate 

that a typical white ash stratum is produced by strong heat and that moderate 

temperatures produce ash in shades of yellow or brown, and she also found that fires of 

high intensities reduce all the charcoal to ash. Furthermore, Mallol and colleagues 

(2013a) demonstrate experimentally that the black stratum in flat combustion features 

can represent the carbonised surface of the soil underneath the fire, and that charcoal 

fragments are embedded in the white ash layer in experimental combustion features and 

do not form a separate black stratum rich in charcoal.  
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There could be many reasons for the discrepancy between the typical archaeological 

hearth (e.g., Schiegl et al., 1996) and the experimental results described above. Canti 

and Linford (2000) suggest that low temperatures and/or reducing organic matter may 

prevent iron oxide transformations, which again would prevent reddening of the soil. 

Wattez (1988, 1992) finds that the strata and colours of combustion features are related 

to temperatures and the intensity of burning, while Mallol et al. (2013a) suggest that 

post-depositional processes or specific pyrotechnological practices can contribute to the 

appearance of hearth strata. These are all plausible hypotheses that could be examined 

further in future experiments.  

 

Raking out ashes, dumping ashes and trampling are other processes that could affect 

combustion features and that were addressed experimentally by Miller and colleagues 

(2010). They constructed six experimental fires burning dried wood and bones and 

reworked five of the six resulting combustion features by trampling, sweeping out 

ashes, dumping ashes and combinations of these activities before sampling the 

combustion features for micromorphological analysis. The analysis demonstrated that 

the general structure of the combustion feature, in this case a stratum of charcoal on top 

of rubified subsoil, was intact after trampling, whereas swept and dumped deposits did 

not retain the original strata and items in swept and dumped deposits were lying at 

different angles (Miller et al., 2010).  

 

The formation and strata of combustion features in the MSA have been examined 

through the above mentioned experiments of Miller and Sievers (2012). They focused 

on the formation of maintenance hearths for burning bedding and demonstrated that 

burning sedges produces layers of laminated phytoliths (Millers & Sievers, 2012; see 

also Sievers, 2013a), and these laminations resemble layers observed in 

micromorphological samples from Sibudu (e.g., Goldberg et al., 2009; Wadley et al., 

2011). Stratigraphy and formation of MSA combustion features have not been the focus 

of other experimental studies, but are addressed in my experiments (Chapters 7-8). 
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4.1.2 FIRE-RELATED BEHAVIOUR 

The use of fire and fire-related behaviour can be inferred by studying the effects of fire 

on bone because the colour of burned bone reflects the temperatures the bone was 

exposed to. High temperatures such as those in open flames make bone calcined and 

white, while lower temperatures such as those at the base of the fire or under the fire 

transform bone to black or other dark hues (e.g., Brain, 1993b; Nicholson, 1993; 

Shipman et al., 1984; Stiner et al., 1995). These colours match the colours of strata in a 

typical hearth, and this means that white and highly burned bone fragments are usually 

found in the white ash stratum and black bones usually in the black stratum (see e.g., 

Cain, 2005; Stiner et al., 1995). Therefore, bones of different colours mixed in a hearth 

stratum suggest that post-depositional processes such as trampling and/or site 

maintenance and the creation of ash dumps have affected the stratum. However, heat 

from new fires on top of bones buried in deposits from previous occupations can affect 

the bones and cause colour changes in bones that were not burned when originally 

deposited (e.g., Stiner et al., 1995). Nevertheless, experiments by Asmussen (2009) 

show that the uniformity of burning, burning patterns and burning frequency by taxa 

can be used to distinguish incidental from intentional fires. Similarly, experiments by 

Cain and Hanson (2007) suggest that histological analysis can help identify the pre-

burning condition of bone, which is useful for identifying burning of fresh or dried bone 

and potentially also post-depositional burning. Burning of fresh bone may be an 

indication of cooking, but burning damages on bone (e.g., Shipman et al., 1984; Stiner 

et al., 1995) and post-depositional burning (e.g., Asmussen, 2009) makes it difficult to 

recognise cooking from bones burned for disposal purposes. To my knowledge, no 

researchers have published experiments to examine specific cooking techniques in the 

MSA and their archaeological implications. 

 

Could bone be used as fuel? This question has been examined through fire experiments 

because bone appears to have been used as fuel during the European Palaeolithic (e.g., 

Beresford-Jones et al., 2010; Théry-Parisot, 2002). Théry-Parisot (2001, 2002) shows in 

her experiments that burning bones produces more light than burning wood and that 

heat is transferred well through radiation and convection, but not as well through 
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conduction, when burning bones. This means that the use of bones as fuel can 

sometimes be a deliberate choice based on functional requirements (e.g., Théry-Parisot, 

2002). After comparing the colours, textures and burning patterns of bone from Sibudu 

with results from experimental studies,  Cain (2005, 2006) concludes that bones were 

thrown into the fires as a means of disposal and not intentionally used as fuel at the site. 

 

Rocks can fracture, change colour and undergo other changes when exposed to heat 

(e.g., Backhouse et al., 2005; Domanski et al., 1994; House & Smith, 1975; Lintz, 1989; 

Mercieca, 2000; Purdy & Brooks, 1971; Schmidt et al., 2012). These changes are 

important for the identification of cooking with heated rocks (e.g., Ellwood et al., 2013; 

Thoms, 2009), but the people in the MSA do not appear to have used hot rocks when 

cooking (see e.g., Chapter 2). Nevertheless, silcrete rocks at the site complex Pinnacle 

Point in the Western Cape were analysed using archaeomagnetism, thermoluminescence 

and maximum gloss, and the team of researchers concluded that the rocks were affected 

by heat (Brown et al., 2009). Silcrete rocks can become easier to flake when exposed to 

certain temperatures and controlled heating (e.g., Domanski & Webb, 1992) and 

experiments based on archaeological observations at Pinnacle Point (Brown, 2011; 

Brown et al., 2009, 2012) and Blombos Cave (Mourre et al., 2010) suggested that slow 

heat treatment of silcrete in sand covered pits was used to facilitate tool production. 

However, Schmidt et al. (2013) found in their experiments that South African silcretes 

can endure high temperatures and suggested that the rocks may have been heated next to 

campfires and that heat treatment of silcrete may have been an opportunistic practice. 

Oestmo (2013) examined experimentally heated quartzitic sandstone from the Western 

Cape using digital imaging technology and concluded that rocks may have been heated 

post-depositionally by campfires or intentionally heat treated, so the issue of heat 

treatment and tool production is still debated (see also Chapter 5). But heat could also 

have been used for other tasks during tool production. Wadley (2005a) showed, for 

example, that the heat from a campfire can help dry adhesives when hafting tools, thus 

shortening the time needed to produce the tools. 
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Fire-related behaviour can lead to post-depositional changes in bone and stone, as 

mentioned above. Some experiments were conducted to examine how heat can affect 

other types of material post-depositionally. Wadley (2009) shows that pieces of ochre 

can change colour from yellow to red when buried under a campfire, and this means that 

there may not be a preference for red ochre in the MSA (cf. e.g., Watts, 2002, 2010). 

Furthermore, the heat of a fire can carbonise and thus preserve seeds and plant material 

buried in the sediments under the fire (Sievers, 2013a; Sievers & Wadley, 2008). These 

post-depositional consequences of fire are important to remember when discussing fire, 

and I will comment on this topic when discussing my experiments. 

 

4.2 AIMS FOR MY EXPERIMENTS 

The aims for my experiments were based on the aims for this project, presented in 

Chapter 1, and involved the following research questions (see also Table 4.1): 

 

1) The use of fire 

a) How much effort is needed to control the temperatures of a fire? By "effort", 

I mean planning and gathering of fuel (such as selecting wood mass) and 

maintenance skills (such as adding logs or raking out ashes from a hearth 

before starting a new fire) as well as the labour and attention needed during 

fire use.   

b) Are there differences in the predictability of subsurface and surface 

temperatures in the same fire? 

2) The formation of hearths 

a) Which strata can be observed in hearths? Is the formation of hearth strata 

affected by different topsoil horizon, multiple fires in the same hearth or the 

fuel load? 

b) How is the formation of hearths affected by the use of the fire? I will 

examine whether fuel load, wood taxon, topsoil horizon or multiple fires in 

the same hearth affect hearth size and depth. 
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Table 4.1 Overview of hypotheses and variables tested in the fire experiments . 

Research aim Hypotheses Variables tested 

The use of fire: Controlling the temperature 

and the predictability of temperatures (see 

Chapters 5 and 6) 

Fires burning a similar fuel mass of the same wood taxon on a 

similar topsoil horizon will produce maximum surface 

temperatures within a range of 100°C 

Wood mass, topsoil 

horizon, wood taxon, 

Fires burning a similar fuel mass on a similar topsoil horizon will 

produce fires of similar duration (i.e., reach maximum surface 

temperature within a short period) 

Wood mass, topsoil 

horizon, wood taxon 

Subsurface temperatures generally develop alongside (similar 

temperature curve to) the surface temperatures of a fire 

Fuel mass, topsoil 

horizon, wood taxon  

Regularly adding logs to a fire helps maintaining constant heat Number of logs 

The number of logs affects the maximum surface temperature of a 

fire burning a similar fuel mass of the same wood taxon on a 

similar topsoil horizon 

Number of logs 

A larger fuel mass produce a higher surface temperature than a 

smaller fuel mass 

Wood mass 

Repeated fires in the same hearth affects maximum surface 

temperature in a fire 

 

 

Topsoil horizon (ash) 
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Research aim Hypotheses Variables tested 

Hearth formation: Hearth strata and the effect 

of using the fire (see Chapters 7 and 8) 

The fuel load of a fire affects hearth size Wood mass, hearth 

area 

The fuel load in a fire affects hearth depth (ash thickness) Wood mass, hearth 

depth 

The number of fires in a hearth affects hearth size Number of fires, 

hearth area 

The number of fires in a hearth affects hearth depth Number of fires, 

hearth depth 

Fires of long duration produces deeper hearths than fires of short 

duration 

Wood mass, hearth 

depth 

Ash dumps do not consist of distinct strata Hearth strata 

The fuel mass of a fire affects the number of hearth strata  Wood mass, hearth 

strata 

The number of fires in a hearth affects the number of hearth strata Number of fires, 

hearth strata 

The texture of the topsoil horizon affects  hearth area Topsoil horizon, 

hearth area 

Some wood taxa produce more ash than others Wood taxon, ash 

depth 

Table 4.1 (continued). Part 2 of 2. 
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4.3 METHOD 

The method in my experiments is based on the method of Sievers and Wadley (2008; 

see also Sievers, 2013a; Wadley, 2005a, 2009), but experiences during my first 

experiments and suggestions from Sievers, Wadley and other researchers influenced my 

decision to make some adjustments to the method. Both the experimental papers 

included in this thesis (Chapters 5 and 7) contain brief descriptions of the method, but a 

full description of the method is provided here as a reference and background. See also 

Table 4.2 for an overview of the experiments and Figure 4.1 for the setup of 

experiments. 

 

4.3.1 THE NUMBERING OF THE EXPERIMENTS 

Two cycles of experiments are included in this thesis. The first cycle consists of 

experiments conducted at various times between 2009 - 2011 and various places 

(Ballito, Johannesburg and the Waterberg), and these experiments are named with the 

letter F and a number, e.g., F1, F2 and F3. All the experiments in the second cycle were 

conducted within two weeks in 2011 at the same property in Johannesburg, and these 

experiments are named with the letter E and a number, e.g., E1, E2 and E3. A 'primary 

fire', meaning a fire made directly on the topsoil horizon, was part of all the experiments 

in both cycles. Some experiments also included a 'secondary fire', meaning a fire started 

on top of the cold ashes from one previous fire, and some also included a 'tertiary fire', 

meaning a fire started on top of the cold ashes from two previous fires. To distinguish 

between events in experiments with multiple fires, the primary fire is called .1 (e.g., 

E1.1), the secondary fire is called .2 (e.g., E1.2) and the tertiary fire is called .3 (e.g., 

E1.3). All fires were conducted outside and in open air in order to replicate the sort of 

situation applicable to the MSA, and no roof or similar structure covered the 

experimental area for any of the experiments.  
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Table 4.2 Overview of all experiments and experimental results.  Part 1 of 4. 

Exp 

# 

Fire Wood 

mass 

(kg) 

# 

logs 

Bone 

mass 

(g) 

Max. 

surface 

temp. 

(°C) 

Max. 

surface 

temp 

reached 

Max. 

subsurface 

temp (°C) 

Max. 

subsurface 

temp 

reached 

Diameter 

(cm) 

Hearth 

area 

(cm²) 

Tot. 

layers 

Tot. 

ash 

depth 

(cm) 

Tot. 

hearth 

depth 

(cm) 

Wood taxon Topsoil 

horizon 

F1 1 5.1 13 0 - - - - 42.0 1385.4 - ca. 

1.0 

ca. 5.0 Casuarina 

equisetifolia 

 

Fine/medum 

sand (Ballito) 

F2 1 5.25 13 0 132 0 h 15 

min 

189 3 h 15 min 41.0 1320.3 2 2.5 7.0   

 2 5.15 12 0 484 1 h 15 

min 

270 4 h 45 min        

F3 1 4.8 11 0 591 14h 35 

min 

396 14h 35 min 46.0 1661.9 3 2.5 9.0 Dichrostachys 

cinerea 

Coarse sand 

(Johannesburg) 

 2 4.8 11 0 569 10h 05 

min 

259 9 h 05 min        

 3 5.0 11 0 597 10h 05 

min 

234 9 h 35 min        

F4 1 5.0 5 510 490 7 h 209 (7 cm) 7 h 30 min 46.0 1661.9 3 >0.25 3.0 Eucalyptus 

globulus 

Coarse sand 

(Waterberg) 

 2 5.0 5 500 716 2 h 292 (7 cm) 5 h 45 min        

 3 5.1 5 510 795 4 h 325 (7 cm) 5 h 15 min        

F5 1 14.1 9 1550  567 5 h 439 (7 cm) 5 h 45.0 1590.4 3 >0.25 5.0   

F6 1 5.1 12 0 529 13h 15 

min 

292 (5 cm) 

256 (7 cm) 

12h 15 min 

10h 45 min 

38.0 1134.1 2 5.0 12.0 Acacia 

erioloba 

Fine sand 

(Sibudu) 
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Exp 

# 

Fire Wood 

mass 

(kg) 

# 

logs 

Bone 

mass 

(g) 

Max. 

surface 

temp. 

(°C) 

Max. 

surface 

temp 

reached 

Max. 

subsurface 

temp (°C) 

Max. 

subsurface 

temp 

reached 

Diameter 

(cm) 

Hearth 

area 

(cm²) 

Tot. 

layers 

Tot. 

ash 

depth 

(cm) 

Tot. 

hearth 

depth 

(cm) 

Wood taxon Topsoil 

horizon 

F6 2 5.0 11 0 589 1 h 45 

min 

284 (5 cm) 

268 (7 cm) 

8 h 30 min 

7 h 45 min 

38.0 1134.1 2 5.0 12.0 Acacia 

erioloba 

Fine sand 

(Sibudu) 

F7 1 5.0 13 0 577 1 h 45 

min 

248 3 h 37.0 1075.2 3 1.0 5.0 Eucalyptus 

globulus 

Fine/medium 

sand (Ballito) 

F8 1 5.0 13 0 677 1 h 200 3 h 30 min 37.0 1075.2 2 0.5 4.0  Sibudu 

sievings 

F9 1 5.0 14 0 529 1 h 45 

min 

293 3 h 15 min 37.0 1075.2 3 1.5 5.0 Casuarina 

equisetifolia 

Fine/medium 

sand (Ballito) 

 2 5.1 14 0 645 2 h 30 

min 

277 3 h 15 min        

F10 1 5.0 14 0 549 1 h 45 

min 

430 2 h 35.0 962.1 2 1.5 6.0  Sibudu 

sievings 

 2 5.1 14 0 709 2 h 261 5 h 15 min        

E1 1 5 7 0 739 4 h 215 4 h 15 min 49.0 1885.7 4 4.0 8.0 Dichrostachys 

cinerea 

Fine/medium 

sand 

(Johannesburg) 

 2 5  0 658 2 h 45 

min 

225 4 h 45 min        

 3 5 6 0 830 2 h 45 

min 

275 3 h 15 min        

E2 1 5 7 0 594 2 h 45 m 224 3 h 30 min 49.0 1885.7 3 3.0 8.0   

Table 4.2 (continued). Part 2 of 4. 
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Exp 

# 

Fire Wood 

mass 

(kg) 

# 

logs 

Bone 

mass 

(g) 

Max. 

surface 

temp. 

(°C) 

Max. 

surface 

temp 

reached 

Max. 

subsurface 

temp (°C) 

Max. 

subsurface 

temp 

reached 

Diameter 

(cm) 

Hearth 

area 

(cm²) 

Tot. 

layers 

Tot. 

ash 

depth 

(cm) 

Tot. 

hearth 

depth 

(cm) 

Wood taxon Topsoil 

horizon 

E2 2 5  0 686 2 h 15 

min 

242 3 h 30 min 49.0 1885.7 3 3.0 8.0 Dichrostachys 

cinerea 

Fine/medium 

sand 

(Johannesburg) 

 3 5 6 0 613 3 h 251 4 h 15 min        

E3 1 5 5 0 760 2 h 15 

min 

243 3 h 45 min 45.0 1590.4 3 2.0 7.0   

 2 5 6 0 601 2 h 30 

min 

255 3 h 30 min        

 3 5 5 0 772 1 h 15 

min 

237 3 h        

E4 1 5 5 0 599 5 h 234 5 h 45 min 45.0 1590.4 3 4.0 9.0   

 2 5 6 0 685 2 h 30 

min 

254 6 h        

 3 5 7 0 589 1h30min 296 8 h        

E5 1 5 7 0 577 2 h 30 

min 

240 4 h 41.0 1320.3 3 3.0 9.0   

 2 5 5 0 807 1 h 15 

min 

221 4 h 30 min        

E6 1 5 5 0 466 3 h 45 

min 

178 6 h 15 min 41.0 1320.3 3 3.0 9.0   

 2 5 7 0 848 1 h 15 

min 

307 3 h        

Table 4.2 (continued). Part 3 of 4. 
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Exp 

# 

Fire Wood 

mass 

(kg) 

# 

logs 

Bone 

mass 

(g) 

Max. 

surface 

temp. 

(°C) 

Max. 

surface 

temp 

reached 

Max. 

subsurface 

temp (°C) 

Max. 

subsurface 

temp 

reached 

Diameter 

(cm) 

Hearth 

area 

(cm²) 

Tot. 

layers 

Tot. 

ash 

depth 

(cm) 

Tot. 

hearth 

depth 

(cm) 

Wood taxon Topsoil 

horizon 

E7 1 15 16 0 730 5 h 361 5 h 15 min 45.0 1590.4 4 4.0 13.0 Dichrostachys 

cinerea 

Fine/medium 

sand 

(Johannesburg) 

E8 1 15 15 0 690 2 h 15 

min 

354 9 h 47.0 1734.9 4 4.0 13.0   

E9 1 15 19 0 562 4 h 15 

min 

354 5 h 15 min 50.0 1963.5 5 4.0 14.0   

E10 1 15 13 0 571 4 h 15 

min 

286 5 h 30 min 47.0 1734.9 4 3.0 9.0   

 

 

Figure 4.1 Illustrations of experiments. From left to right: The start of E2.1, E2.1 after c. 2 hours, setup of fire E1.2 and 

experimental hearth E2 after 3 fires.

Table 4.2 (continued). Part 4 of 4. 
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4.3.2  THE TOPSOIL HORIZONS 

The topsoil horizon could be expected to affect the fires. Moist soil can increase the 

thermal conductivity of the sediments, but restrict temperatures below the fire to about 

95°C or lower due to the evaporation of water (see e.g., Campbell et al., 1994, 1995; 

Frandsen & Ryan, 1986). None of my experiments were, however, conducted on moist 

soil. Furthermore, some experiments imply that the texture of the sediments have little 

influence on their thermal conductivity (e.g., Campbell et al., 1994; Canti & Linford, 

2000), and I will discuss the topsoil horizon as a contributing factor to surface 

temperatures.  

 

All the experiments in the second cycle (E1 – E10) were conducted in the same place 

and on the same topsoil horizon; a fine-grained and hard-packed sediment. Experiments 

in the first cycle (F1 – F10) were conducted at different places, and thus on different 

topsoil horizons. F1, F2, F7 and F9 were conducted in Ballito on the local topsoil. F6, 

F8 and F10 were also conducted in Ballito, but on discarded sieved sediments from 

Sibudu that included ˂ 1 mm fragments of charcoal, seeds and other items small enough 

to fall through the mesh used at the excavation. F3 was conducted in Johannesburg, but 

not on the same property as the experiments in the second cycle, and on the local 

topsoil. Experiments F4 and F5 were conducted in the Waterberg on local river sand.  

 

I took soil samples from the topsoil horizons of the experiments in Ballito and 

Johannesburg and Lyn Wadley provided a soil sample of the topsoil horizon for the 

experiments in the Waterberg. I sieved these soil samples through stacks of sieves at the 

soil laboratory at the University of the Witwatersrand to examine grain sizes, and the 

results are given in Table 4.2. Classification of soil types followed international 

standards based on grain size (see e.g., Goldberg & Macphail, 2007) and I grouped the 

primary fires by the texture of the topsoil horizon following the column "Soil" in Table 

4.2 for statistical analyses and the secondary and tertiary fires were grouped together 

because they were all started on a topsoil horizon of ash. 



 

 72 

Table 4.3 Grain sizes for topsoil horizons used in experiments.  

Experiments Place Grain size for topsoil 

horizon 

Soil 

F1, F2, F7, 

F9 

Ballito (local soil) 53 – 710 μm Fine/medium 

sand 

F6, F8, F10 Ballito/Sibudu 

sievings 

˂38 – 500 μm Fine sand 

F3 Johannesburg (local 

soil) 

300 μm – ˃1 mm Coarse sand 

F4, F5 Waterberg (river sand) 250 μm – ˃1 mm Coarse sand 

E1 – E10 Johannesburg (local 

soil) 

53 – 710 μm Fine/medium 

sand 

 

 

4.3.3 ENVIRONMENTAL CONDITIONS 

Ballito, Johannesburg and Waterberg belong to different veld types (Acocks, 1988) and 

are also at different altitudes. The air pressure is different at different altitudes, and fire 

safety studies of burning characteristics of wood imply that the ignition temperatures of 

wood are similar at different altitudes and that flame height and fuel burning rate is 

higher at higher altitudes (Yafei et al., 2010; Zhang et al., 2012). These results suggest 

that a fire could produce more light and burn quicker in Johannesburg than in Ballito, 

and I shall comment on this shortly.  

 

The weather is another variable that cannot be controlled during experiments, and 

weather conditions may affect combustion. Gusts of wind may, for example, provide 

extra oxygen to a fire and rain may cool down or even terminate a fire. Table 4.4 

contains data on humidity, mean temperature and precipitation collected by weather 

stations nearby the locations for the experiments on the dates of the experiments. I 

collected these data from the weather archive at www.tutiempo.net.  
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Table 4.4 Weather data from www.tutiempo.net. 

Exp. 

Location for 

experiment Date T
em

p
er

a
tu

re
 a

t 
st

a
r
t 

o
f 

ex
p

er
im

en
t 

(°
C

) 

(f
ir

st
 r

ea
d

in
g
 f

ro
m

 s
u

rf
a
ce

 p
ro

b
e)

 
Weather station 

location M
ea

n
 h

u
m

id
it

y
 (

%
) 

M
ea

n
 t

em
p

e
ra

tu
r
e 

(°
C

) 

P
re

ci
p

it
a
ti

o
n

 a
m

o
u

n
t 

(m
m

) 

F1 Ballito 15.02.09 - Durban Louis 

Botha 

79 21.6 0 

F2.1 20.02.09 28 82 25.1 2.03 

F2.2  21.02.09 33 77 27.4 0 

F3.1 Johannesburg 

(Northcliff) 

15.04.09 18 Johannesburg 

Botanical Gardens 

64 15.8 0 

F3.2 16.04.09 55 48 15.8 0 

F3.3 17.04.09 36 58 15.4 0 

F4.1 Waterberg 15.05.10 30 Warmbaths 67 18.9 0 

F4.2 15.05.10 27 67 18.9 0 

F4.3 16.05.10 27 75 16.7 0 

F5 17.05.10 17 No data 

F6.1 Ballito 10.10.10 24 Durban Louis 

Botha 

81 23.7 0 

F6.2 11.10.10 78 73 22.6 0 

F7 

F8 

21.03.11 25 No data 

F9.1 

F10.1 

22.03.11 26 74 24.8 0 

F9.2 

F10.2 

23.03.11 50 76 26.5 0 

E1.1 

E2.1 

Johannesburg 

(Midrand) 

29.08.11 10 Grand Central 59 13.8 0 
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Exp. 

Location for 

experiment Date T
em

p
er

a
tu

re
 a

t 
st

a
r
t 

o
f 

ex
p

er
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t 

(°
C

) 

(f
ir

st
 r

ea
d
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m
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u
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a
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b
e)

 

Weather station 

location M
ea

n
 h

u
m

id
it

y
 (

%
) 

M
ea

n
 t

em
p

e
ra

tu
r
e 

(°
C

) 

P
re

ci
p

it
a
ti

o
n

 a
m

o
u

n
t 

(m
m

) 

E1.2 

E2.2 

Johannesburg 

(Midrand) 

30.08.11 16 Grand Central 38 17.3 0 

E1.3 

E2.3 

31.08.11 21  26 18.0 0 

E3.1 

E4.1 

01.09.11 14  20 19.4 0 

E3.2 

E4.2 

02.09.11 19  15 18.6 0 

E3.3 

E4.3 

04.09.11 16  19 15.5 0 

E5.1 

E6.1 

07.09.11 16  20 19.6 0 

E5.2 

E6.2 

08.09.11 17  31 18.4 0 

E7 

E8 

05.09.11 14  14 18.9 0 

E9 

E10 

06.09.11 14  18 18.9 0 

 

 

Table 4.4 (contibued). Part 2 of 2 



 

 75 

The weather conditions were stable for experiment F1, F2, F3, F4, F5 and F6, with 

regards to environmental conditions. Nevertheless, I started to conduct experimental 

fires in pairs at the same time to reduce the effect that the weather on different days 

potentially could have on the experiments (Figure 4.2). The experiments F7/F8, F9/F10, 

E1/E2, E3/E4, E5/E6, E7/E8 and E9/E10 were conducted simultaneously in pairs. The 

distance between the fires (centre-centre) in each pair was at least 2 m to avoid the heat 

of one fire affecting the result of the other. 

 

 

Figure 4.2 Fire experiments conducted in pairs. Left: E4.2 in the foreground, 

E3.2 in the middle, E2 about to be excavated in the background. Right: E6.1 in 

the foreground, E5.1 in the background.  
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4.3.4 RECORDING TEMPERATURES 

F1 was a pilot experiment to examine the formation of hearths and ash dumps, and 

temperatures were not recorded during this experiment. The temperatures for all the 

other experiments were recorded using MajorTech MT 632 thermometers attached to 

thermocouples (probes). I manually recorded the temperature because the thermometers 

did not record data automatically, and I recorded temperatures from the time that the 

fire started until the temperatures of the fire decidedly declined. The temperatures were 

generally recorded every 15 minutes, but were recorded every 30 minutes after the first 

hour of F3. However, this does not appear to have affected the temperature curve 

substantially. After stopping the recording of temperatures at 15 (or 30) minute intervals 

in each experiment, control recordings were taken after one hour. In some experiments, 

several control points were taken even later, but these are not included here. 

 

In general, the subsurface temperatures of fires were recorded by placing a probe under 

the centre of the fire. This was prepared before the fire was started by excavating a pit 

down to the desired depth, placing the probe in the excavated pit and filling the pit with 

the sediments excavated. The subsurface probe would not be moved during experiments 

with multiple fires in the same hearth. This means that ash accumulating on the surface 

could and was expected to affect the subsurface temperatures in secondary and tertiary 

fires. A subsurface probe was placed 5 cm below the surface in experiments F2, F3, F6-

F10 and E1-E10. Some of these experiments contained extra subsurface probes; a 

second subsurface probe was placed under a rock 5 cm below the surface during 

experiment F2 and a second subsurface probe was placed 7 cm below the ground during 

experiment F6. The subsurface probe was placed 7 cm below the surface during 

experiments F4 and F5. The surface temperatures were recorded by placing a probe on 

the topsoil horizon and in the middle of the fire for experiments F2-F10 and E1-E10. 

However, the surface probe in fire 2.1 ended up next to the fire, and I will be careful 

when comparing the temperatures of fire 2.1 to other fires. The surface probe would be 

lifted on top of the ashes and placed between the logs for the next fire in experiments 

with multiple fires, except for F2.2. During this fire, the first surface probe was left 
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were it was and a second surface probe was added to the top of the ashes from the 

primary fire of the experiment. 

 

4.3.5 FIREWOOD 

Only one wood taxon was burned in each experiment. I chose to use precut, 

commercially available logs in my fires to limit the variables in my experiments. In 

addition, many of the trees used as firewood at Sibudu are protected species today and 

may not be cut. The use of commercially available wood restricted the taxa I could use 

for the experiments because not many taxa are sold in the required quantity (see Section 

4.5 for more details). Eucalyptus globulus (Blue Gum, not an indigenous taxon) was 

used for experiments F4, F5, F7 and F8. F4 and F5 also included bone fragments from a 

tibia with the knee attached from a lamb (Ovis aries aries) and a femur from a bull (Bos 

primigenius). Casuarina equisetifolia (she-oak, not indigenous to South Africa) was 

burned in experiments F1, F2, F9 and F10, Acacia erioloba (Camel thorn, indigenous to 

South Africa) was used in experiment F6 and Dichrostachys cinerea (Sickle bush, 

indigenous to South Africa) was burned in experiments F3 and E1-E10. The fuel mass 

and number of logs in each experiment is given in Table 4.2. All the firewood was well 

dried. 

 

4.3.6 ASH DUMPS 

All the contents (ashes and charcoal) of the combustion feature in F1 were scraped to 

one side to create an ash dump. Half the contents of the combustion features in 

experiments F4, F5, F6, F7, F8, F9 and F10 were also scraped to the side to create an 

ash dump as contrast to the layers of the experimental hearths.  
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4.3.7 EXCAVATION 

All the hearths and ash dumps in these experiments were excavated using the same 

techniques as at Sibudu. I documented the excavations with photos and drawings 

(Figure 4.2). Measurements of the diameter of the hearths were taken at the widest 

extent of the white ashes and, for experiments which included ash dumps, always before 

scraping out ashes for creating dumps.  

 

4.3.8 STATISTICAL ANALYSIS 

Statistical analysis of the data from my experiments was conducted using the program 

GNU PSPP release 0.7.10-g29c145. Some analyses of correlation contained categorical 

variables, and I then tested Spearman's Rank correlation coefficient and used Table H 

for critical values in Fletcher and Lock (1991) to determine the statistical significance of 

the test. I have followed statistical conventions and use rs for Spearman's Rank 

correlation. Yet most of my variables are continuous, and I then tested (Pearson's) 

product moment correlation coefficient r.  

 

 

Figure 4.3 Drawings of cross sections from selected experiments.  Top left: E2. 

Base left: E5. Top right: E10. Base right: legend.  
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4.4 SUMMARY OF RESULTS 

The results from these experiments are summarised in Table 4.2. Excluding fire F2.1, 

where the surface probe may have been next to the fire, the maximum surface 

temperature in primary fires burning ca. 5 kg wood and no bone (n = 12) ranged from 

466°C (E6.1) to 760 (E3.1) with an average of 598.9°C. The maximum surface 

temperature in primary fires burning 15 kg wood (n = 4) ranged from 562°C (E9) to 

730°C (E7) with an average of 638.3°C.  The maximum surface temperature in 

secondary fires burning ca. 5 kg wood (n = 12) ranged from 484°C (F2.2) to 848°C 

(E6.2) with an average of 666.4°C and the maximum surface temperature in tertiary 

fires burning ca. 5 kg wood (n = 6) varied from 589°C (E4.3) to 830°C (E1.3) with an 

average of 699.3°C. Fires burning Dichrostachys cinerea resulted in both the highest 

(848°C in E6.2) and lowest (466°C in E6.1) surface temperature recorded in all the 

experiments. Fire F3.1 took the longest to develop maximum surface temperature (14 

hours 35 minutes). Excluding this fire, the primary fires burning ca. 5 kg of wood 

conducted in Johannesburg (E1.1, E2.1, E3.1, E4.1, E5.1 and E6.1) took 3.4 hours on 

average to develop maximum surface temperatures, while the primary fires burning ca. 

5 kg wood conducted in Ballito (F2.1, F6.1, F7.1, F8.1, F9.1 and F10.1) took 3.3 hours 

on average to develop maximum surface temperatures. In other words, the expectation 

that fires in Johannesburg would burn quicker than fires in Ballito, was not met. I shall 

discuss results on the temperatures and use of fires in Chapters 5 and 6. 

 

The hearth area of the experimental combustion features ranged from 962.1 cm² (F10) 

to 1963.5 cm² (E9); meaning that two fires burning 10 kg Casuarina equisetifolia on 

fine sand (Sibudu sievings) produced the smallest hearth area and one fire burning 15 

kg Dichrostachys cinerea on fine/medium sand produced the largest hearth area. Little 

ash was produced in experiments F4, F5, F7 and F8, which might be related to the wood 

taxon (Eucalyptus globulus) used for these fires (see Chapters 7 and 8). From 2 to 5 

different hearth strata and lenses were documented in the experimental hearths, yet none 

of the experimental combustion features contained a well-defined black and charcoal 

rich stratum under a well-defined white ash top stratum. Some fires produced a thin 

black lens directly below the white ash or under a rubified layer in the hearth, but this 
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black layer did not contain large charcoal fragments. The ash dumps contained mixed 

layers and not the clear stratigraphy of the in situ combustion features. The Munsell 

colour of the hearth strata in the experimental hearts and the ash dumps are given in 

Table 5.2. I shall discuss results on the hearth strata and the formation of combustion 

features in Chapters 7 and 8. 

 

4.5 CONCLUDING REMARKS 

Through planning, conducting and analysing the first cycle of experiments, I learned 

valuable lessons on the many different variables that can affect a fire and the formation 

of combustion features and the difficulty in controlling them. I used these lessons to 

improve my method for the second cycle of experiments. One example of the variables 

that can affect a fire concerns the firewood taxon used. The staffs at many places that 

sell firewood in South Africa (such as gas stations or supermarkets) do not know the 

taxon or origin of the wood for sale. Some places had managers that were willing to 

contact their supplier for me, or give me contact information so that I could contact the 

company myself, but many places did not. Furthermore, even the supplier did not 

always know which wood taxon or batch of wood they supplied to a certain outlet. 

Suppliers might not have the same taxon or taxa in stock at all times because some 

wood taxa are more popular than others or only available to the wood supplier for 

limited periods or in small batches, depending on the areas harvested (Jeremy Wood, 

wood supplier, personal communication, Ballito 2011). Experiments F1, F2, F5, F6, F7, 

F8, F9 and F10 were conducted in Ballito during field trips, which meant that I had to 

use the taxa available during the weeks I stayed in Ballito. During the second cycle of 

experiments, the fires were conducted consecutively and during two weeks. I could buy 

wood for these fires from one supplier and get a large batch of one wood taxon that had 

grown in the same area and had been harvested, transported and stored in similar 

conditions, which limited variables connected to the firewood used. I demonstrate, 

however, in the next chapter that it is difficult to predict the temperatures of a fire even 

when only one wood taxon is used as firewood. 
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5 CONTROLLING THE HEAT: AN 

EXPERIMENTAL APPROACH TO 

MSA PYROTECHNOLOGY 

 

The paper presented in this chapter contains experimental results on the use of fire. 

Only fires in the second cycle of experiments are included in this chapter, and the 

remaining experiments are included in Chapter 6. The paper in this chapter was 

published in the South African Archaeological Bulletin in 2013, volume 68, pages 137 – 

145. 
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6 USING THE FIRE – MORE 

EXPERIMENTAL RESULTS 

 

The previous chapter presented and discussed some results from experiments E1 – E10 

on the predictability of temperatures in a fire in primary fires. As mentioned in Chapter 

4, a 'primary fire' is a fire made directly on top of the topsoil horizon. Experiments E1 - 

E10 also consisted of secondary fires, made on top of the ashes from one previous fire, 

and tertiary fires, made on top of the ashes from two previous fires. I include primary, 

secondary and tertiary fires from all my experiments in this chapter, which means that I 

include both the first and second cycle of experiments. I used GNU PSPP Software 

Release 0.7.10-g29c145 for the statistical analyses in this chapter. Topsoil horizons in 

the experiments were classified according to grain size (see Table 4.2) and as described 

in Chapter 4; ash (n = 14), fine/medium sand (n = 14), fine sand (n = 3) and coarse sand 

(n = 3). 

 

6.1 USING AND CONTROLLING THE FIRE 

Cooking, drying adhesives and heat treatment of silcrete have already been mentioned 

as activities using fire in the MSA (see Chapters 2 and 5), and I will not repeat the 

descriptions of these activities here. I will not include new activities in this chapter, 

although I will comment on the potential post-depositional effects of new fires on top of 

sediments containing previously deposited objects. As stated in Section 4.2, one of the 

questions I wish to examine is the effort involved in controlling the temperatures of the 

fires. In this chapter I will specifically look at the factors that affect: 

a) the maximum surface temperature of the fires, because the heat of the fire can be 

important for some activities; 

b) the time it took to reach maximum surface temperature, which suggests the 

preparation time needed before high temperatures could be used in an activity; 

and  
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c) the average temperature during the first hour of temperatures ˃100°C, which 

suggests the heat that can be generated fast for use in activities. 

 

The other research question on fire use in section 4.2 refers to the differences in the 

predictability of the surface and subsurface temperatures of the same fire. Research on 

the heat treatment of silcrete has, as mentioned in Chapter 5, suggested the use of below 

surface roasting in the MSA (e.g., Brown et al. 2009), although other studies have 

questioned the need to use this method for heat treatment (Schmidt et al., 2013). I wish 

to stress that I did not test the heating of silcrete or other rock types, or other activities 

using the subsurface temperatures, I only focused on the above and below ground 

temperatures produced by a fire. I will discuss these data later, but only the subsurface 

temperatures at 5 cm because I only have data on the subsurface temperatures at 7 cm 

from 6 fires.  

 

6.2 THE SURFACE TEMPERATURES 

In this section, I will use the results from my fire experiments in a discussion of the 

variables that can affect the maximum surface temperature of a fire, the time taken to 

reach maximum surface temperature and the average temperature during the first hour 

of temperatures ˃ 100°C. 

 

6.2.1 MAXIMUM SURFACE TEMPERATURE 

We have seen in Chapter 5 that the temperatures of different fires can vary greatly even 

if the same wood taxon is used for all the fires. Chapter 5 only included fires burning 

Dichrostachys cinerea wood, which was used in most of my experiments, but data from 

my other experiments also suggest that maximum surface temperature can vary greatly 

in different fires burning the same taxon. For example, similar weights of Casuarina 

equisetifolia wood was burned on similar topsoil horizons in the secondary fires F2.2 



 

 93 

and F9.2, producing maximum surface temperatures of 484°C and 645°C, respectively 

(Table 4.2 and Figure 6.1).  Nevertheless, F10.2 was started at the same time and place 

and with the same wood taxon from the same supplier as F9.2, and F10.2 produced a 

similar maximum surface temperature (709°C) to F9.2 (Table 4.2 and Figure 6.1). Thus, 

I cannot rule out the possibility that factors such as the weather and the storage 

conditions of the wood supplier (e.g., moisture) contributed to the differences between 

F2.2 and F9.2 and, consequently, that the maximum surface temperatures of fires 

burning Casuarina equisetifolia under similar circumstances are more predictable than 

the maximum surface temperatures of fires burning Dichrostachys cinerea. 

 

 

Figure 6.1 Surface temperatures of fires F2.2, F9.2 and F10.2. 

  

The combustible properties of different wood taxa can vary because of their chemical 

composition and density (e.g., Ragland et al., 1991; Théry-Parisot et al., 2010). A 

scatterplot of the wood taxa and the maximum surface temperature produced (Figure 

6.2) shows that the number of fires burning a wood taxon may account for the 

temperature range produced because wood taxa burned in many fires produced a larger 

variation in maximum surface temperature than wood taxa used for few fires. Some 

researchers (e.g., Théry-Parisot & Henry, 2012; Théry-Parisot et al., 2010) have 

0

100

200

300

400

500

600

700

800

00:00 01:00 02:00 03:00 04:00 05:00 06:00 07:00 08:00 09:00

T
em

p
er

a
tu

re
 (
°C

) 

Time (hours) 

Fire 2.2

Fire 9.2

Fire 10.2



 

 94 

suggested that the firewood taxon might be the least important factor affecting a fire, 

although the differences between the two cycles of experiments I conducted (e.g., 

different topsoil horizons) and the sample size makes it difficult to draw conclusions on 

the effect of wood taxon from my experiments.  

  

 

Figure 6.2 Scatterplot of maximum surface temperatures per wood taxon. X-

axis: 1 = Casuarina equisetifolia, 2 = Dichrostachys cinerea, 3 = Eucalyptus 

globulus and 4 = Acacia erioloba. 

 

Before I conducted my experiments, I expected that larger masses of fuel would 

produce higher maximum surface temperatures than smaller masses of fuel. However, 

as seen in Chapter 5, a small fire burning 5 kg wood can produce higher temperatures 

than a large fire starting with 5 kg of wood and where 10 kg wood was added at regular 

intervals to the fire. Figure 6.3 shows the relationship between wood mass and 

maximum surface temperature in the fires. Adding bone to the initial fuel load, as in F4, 

resulted in a slightly lower maximum surface temperature for the primary fire F4.1 

(490°C) than for F7 (577°C) and F8 (677°C), all fires burning Eucalyptus globulus 

wood (Table 4.2). The experiments of Théry-Parisot (e.g., 2001. 2002) demonstrate that 

burning bone may affect the properties of a fire, including the method of heat transfer. 
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The maximum surface temperature of F4.1 is consistent with the results from Chapter 5; 

a larger fuel load does not automatically produce higher surface temperatures. The 

statistical analysis also implies that there is no relationship between the wood mass and 

the maximum surface temperatures, but the result is not statistically significant (r = -.01, 

p = .97).  

 

 

Figure 6.3 Scatterplot showing the relationship between maximum surface 

temperature and wood mass. 

 

Previous studies have mentioned size of the burning material as a contributing factor for 

the combustion of wood (see e.g., Nurmi, 1992; Ragland et al., 1991). Figure 6.4 

contains a scatterplot of the relationship between the maximum surface temperature and 

the number of logs in the fires, but I also conducted further statistical analyses. When I 

include all the fires from all the experiments I conducted in the analysis, there is a 

significant moderate correlation between the number of logs in a fire and the maximum 

surface temperature of the fire (r = -.32, p = .05); fewer logs appear to produce higher 

temperatures than more logs. If I exclude the fires in experiments F4 and F5 (burning 

wood and bone) as well as the fires of experiments E7, E8, E9 and E10 and only include 

the fires burning approximately 5 kg wood, the correlation between the number of logs 

and maximum surface temperature is stronger and more significant (r = -.44, p = .02). 
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Thus, it appears that a few large logs are more appropriate than many small logs with 

the same total weight if high maximum surface temperature is required. 

 

 

Figure 6.4 Scatterplot showing the relationship between maximum surface 

temperature and the number of logs in a fire.  

 

The texture of the topsoil horizon is another factor that can affect the combustion of 

wood, although soil texture might only have a minor effect on the thermal conductivity 

of soils (e.g., Campbell et al., 1994; Canti & Linford, 2000). A topsoil horizon of ash 

seems to affect the heat of the fires in all my experiments because the average 

maximum surface temperature is higher for tertiary fires (699.33°C) than for secondary 

fires (666.42°C) and primary fires (557.79°C). Figure 6.5 contains a scatterplot of 

maximum surface temperature and type of fire (primary, secondary, tertiary or large). If 

I only include the second cycle of experiments, the average maximum surface 

temperature for primary fires is 622.5°C, secondary fires 714.17°C and tertiary fires 

701°C. Statistically, there is a significant relationship (rs = .48, p = .01) between the 

type of fire (primary, secondary or tertiary) and the maximum average temperature 

when I include all my experiments, but the relationship is not statistically significant (r 

= .32, p ˃.05) if I only include fires from the second cycle of experiments. The first 

cycle of experiments contains more wood taxa than the second, which could mean that 
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different volumes of ash were produced (see Chapters 7 and 8) and, consequently, that 

wood taxa contributed to the differences in surface temperatures in secondary and 

tertiary fires. Nevertheless, it appears that ash as topsoil horizon may have only a small 

effect on the temperatures of a fire, but this should be examined further. 

 

 

Figure 6.5 Scatterplot showing the relationship between maximum surface 

temperature and the type of fire. 

 

The statistical analysis also suggests a significant moderate to low relationship between 

all the different types of topsoil horizon used here (ash, fine sand, fine/medium sand and 

coarse sand) and the maximum surface temperatures of a fire when I include all the fires 

from all my experiments in the analysis (rs =-.34, p ˃ .01). However, removing all the 

18 fires that were started on top of ash from previous fires and only including the 

remaining primary fires in the analysis gives a result that suggests no relationship 

between the texture of the topsoil horizon and the maximum surface temperatures (rs = -

.23, p ˃ .05), although the result is not statistically significant. The scatterplot of types 

of topsoil horizons and maximum surface temperatures (Figure 6.6) shows that the 

maximum temperatures of fires on fine/medium sand and ash span a larger range than 

the maximum surface temperatures of fires on fine sand and coarse sand, and it is 

possible that sample size is influencing the results here. 
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Figure 6.6 Scatterplot of maximum surface temperatures and types of topsoil 

horizon. X-axis: 1 = Fine sand, 2 = Fine/medium sand, 3 = Coarse sand and 4 

= ash. 

 

6.2.2  THE TIME TAKEN TO REACH MAXIMUM SURFACE TEMPERATURE 

The primary fires in experiments E1 – E6, all burning 5 kg of the same wood taxon on 

the same topsoil horizon, took from 2 hours 15 minutes (E3.1) to 5 hours (E4.1) to 

produce maximum surface temperature (see Figures 5.2, 5.3 and 5.4). In fact, the fires 

that took the longest and the shortest time to produce maximum surface temperature 

were conducted at the same time and under the same environmental conditions. The 

fires E7 – E10, all burning 15 kg of the same wood taxon on the same type of topsoil 

horizon, also demonstrate a variation in the time taken to produce maximum surface 

temperature; from 2 hours 15 minutes (E8) to 5 hours (E7) (see Figures 5.5 and 5.6). If I 

include all the fires from all the experiments, there is an even greater variation in time 

taken to produce maximum surface temperature; from 15 minutes in F2.1 and 1 hour in 

F8 to 14 hours 35 minutes in F3.1. Furthermore, there is no strong relationship between 

wood taxon, wood mass, the number of logs, the texture of the topsoil horizon or the 

maximum surface temperature on the one hand and the time taken to reach maximum 

surface temperature on the other, which suggests that it is hard to predict when the fire 

will reach its maximum surface temperature even when controlling these variables. 

Nevertheless, all the fires in my experiments were started by the same person using the 

same basic techniques, and I cannot rule out the possibility that other techniques for 

0

200

400

600

800

1000

0 1 2 3 4

T
em

p
er

a
tu

re
 (
°C

) 

Topsoil horizon 



 

 99 

starting the fires would have aided the predictability of the time from the fire started to 

the maximum surface temperature was reached.  

 

Table 6.1 Average surface temperatures during the first hour of temperatures ˃ 

100°C.  

Fire Av. surface temperature during 

the 1
st
 hour of temp. ˃ 100°C 

 Fire Av. surface temperature during 

the 1
st
 hour of temp. ˃ 100°C 

F2.1 80.25  E1.1 99.50 

F2.2 305.25  E1.2 410.00 

F3.1 423.50  E1.3 353.67 

F3.2 310.75  E2.1 355.50 

F3.3 438.25  E2.2 444.25 

F4.1 143.50  E2.3 239.75 

F4.2 524.25  E3.1 317.50 

F4.3 519.25  E3.2 342.00 

F5 192.25  E3.3 477.00 

F6.1 339.00  E4.1 202.25 

F6.2 421.50  E4.2 151.00 

F7 435.75  E4.3 306.50 

F8 572.25  E5.1 220.75 

F9.1 352.00  E5.2 403.25 

F9.2 440.25  E6.1 169.75 

F10.1 437.25  E6.2 744.50 

F10.2 495.00  E7 318.75 

   E8 379.50 

   E9 219.00 

   E10 241.75 
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6.2.3  THE AVERAGE TEMPERATURE DURING THE FIRST HOUR OF TEMPERATURES               

˃ 100°C 

Fires F2.1 (80.25°C) and E1.1 (99.5°C) produced the lowest average temperature during 

the first hour of temperatures ˃ 100°C (Table 6.1). Fire 2.1 may be an outlier because 

the probe was at the side of the fire and E1.1 may be an outlier due to difficulties 

starting the fire. If we eliminate these outliers, the average temperature during the first 

hour of temperatures ˃ 100°C for the remaining fires in all experiments ranged from 

143.5°C (F4.1) to 744.5°C (E6.2) (Table 6.1). There seems to be a significant strong 

correlation between the texture of the topsoil horizon and the average temperature 

during the first hour of temperatures ˃ 100°C (rs = -.49, p ˂ .01) if I include all the fires 

from all my experiments, but the result is not statistically significant if I only include 

the primary fires from all my experiments (rs = -.43, p ˃.05). 

 

We have seen above that there appears to be a relationship between the number of logs 

and the maximum surface temperature of a fire. When analysing the number of logs 

used for the fire and the average temperature during the first hour of temperatures  ˃ 

100°C, the result is not statistically significant, but suggests no relationship between the 

variables (r = .05, p = .75). Furthermore, variables such as wood taxon, wood mass and 

the time taken to reach maximum surface temperature do not seem to have a strong 

relationship with the average temperature during the first hour of temperatures ˃ 100°C. 

However, there is a statistically significant strong relationship between the maximum 

surface temperature of a fire and the average temperature during the first hour of 

temperatures ˃ 100°C (r = .55, p = .00). Perhaps a fire that reaches high temperatures 

shortly after being started results in a high maximum surface temperature; however, this 

relationship should be investigated further. 

 

6.3 THE SUBSURFACE TEMPERATURES 

Maximum subsurface temperatures 5 cm below the fires from 178°C (E6.1) to 415°C 

(F10.1) were recorded in my experiments (Table 4.2 and Figure 6.7). Because ash was 
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left in the hearth before starting the secondary and tertiary fires and the subsurface 

probe not moved between primary, secondary and tertiary fires, the ash was expected to 

affect the heat penetration (see e.g., Canti & Linford, 2000) and the primary fires were 

expected to produce the highest subsurface temperatures. Nevertheless, the subsurface 

temperatures for primary fires were lower than for one or two of the subsequent fires in 

all the experiments that included multiple fires (see Table 4.2). The relationship 

between the subsurface temperatures and the type of fire (primary, secondary or 

tertiary) was neither strong enough to be meaningful or statistically significant (rs = .19, 

p ˃.05), suggesting that the ash did not affect the subsurface temperatures of the fires. 

This result does not support Canti and Linford (2000, p. 393), who suggest that fires can 

produce an insulating layer of ash and affect subsurface temperatures. Perhaps my result 

is different because I only made short fires, whereas some of the fires in the experiments 

conducted by Canti and Linford (2000) were quite large and lasted for up to 4 days. 

Furthermore, there does not appear to be a strong correlation between the texture of the 

topsoil horizon and the subsurface temperatures (r = .05, p ˃ .05) when including all 

types of topsoil horizon and all fires from all my experiments. This result is consistent 

with the result for the surface temperatures, as discussed above. 

 

 

Figure 6.7 Examples of subsurface temperatures: F10.1 and E6.1 
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The large fires in my experiments were expected to produce higher subsurface 

temperatures than the fires burning ca. 5 kg wood. If we include only the primary fires 

burning ca. 5 kg wood and the larger fires burning 15 kg wood, the average maximum 

subsurface temperature in large fires was 338.75°C and in primary fires 246.33°C, 

which supports my expectations. The correlation between maximum subsurface 

temperatures and wood mass is strong, but not statistically significant (r = .46, p = .06) 

if we include only large and primary fires from all experiments. Including all fires that 

burn wood in the statistical analysis of maximum subsurface temperatures and wood 

mass returns a significant and strong correlation (r = .47, p = .01) between these two 

variables. However, the mean maximum subsurface temperature of all fires burning 5 

kg wood is 259.1°C, and it appears that the higher temperatures of secondary and 

primary fires affects the relationship between maximum subsurface temperatures and 

wood mass positively. 

 

We have seen above that the number of logs can affect maximum surface temperature, 

and the number of logs appears to also have a strong positive relationship with the 

maximum subsurface temperatures (r = .54, p = .00). Yet the maximum surface 

temperature do not have a statistically significant or strong correlation to maximum 

subsurface temperatures (r = .11, p = .53) if we include all the fires from all my 

experiments. If omitting the secondary and tertiary fires, there is still no strong and 

statistically significant relationship between maximum surface temperature and 

maximum subsurface temperatures (r = .24, p = .35). It is counterintuitive that 

maximum subsurface temperatures are not related to maximum surface temperature, 

although both these variables appear to be correlated with the number of logs used in 

the fire. We have also seen in Chapter 5 that when omitting the first cycle of 

experiments, the subsurface temperatures appear to follow the general development of 

the surface temperatures of fires. This issue should clearly be examined more 

thoroughly in future experiments. 
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My experimental fires produced subsurface temperatures that could affect objects buried 

under the fire. Sievers and Wadley (2008) report, for example, that temperatures of 152 

°C maintained for long periods can carbonise seeds buried directly under a fire, and 

Wadley (2005a) report that subsurface temperatures down to 250 °C can transform the 

colour of ochre (from yellow to red hues). Most of my experiments reached even higher 

subsurface temperatures (see Table 4.2). Furthermore, Asmussen (2009) shows that 

post-depositional heat can alter bones and overprint the signals of burning or alterations 

caused by heat at the time of deposition. The potential post-depositional effects of new 

fires are thus important to keep in mind at a site such as Sibudu, with repeated 

occupation involving new fires. 

 

6.4 SUMMARY AND IMPLICATIONS 

In this chapter, I have expanded some of the conclusions from Chapter 5 and introduced 

some new aspects about fire use by combining information from all my experiments and 

conducting statistical analysis of the data. The results with implications for the effort 

involved in using fire can be summarised as follows: 

 

1) Selecting one wood taxon for firewood does not make it easy to predict 

maximum surface temperature of the fire because the same wood taxon can 

produce a wide range of surface temperatures. 

2) Using a large fuel load may not produce higher maximum surface temperatures 

than a small one.  

3) Selecting few, large logs can give a fire with higher maximum surface 

temperature than selecting many, small logs if the total fuel load is the same for 

both fires. 

4) Cleaning ashes from a hearth before starting a new fire can affect the maximum 

temperature of the hearth because the maximum surface temperature is higher 

for tertiary fires than for primary and secondary fires. However, the texture of 
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the topsoil horizon appears to have little effect on the maximum surface 

temperature of a fire. 

5) The time taken for a fire to produce maximum surface temperature is difficult to 

predict and it appears that controlling the type of topsoil horizon, wood mass, 

wood taxon and the number of logs in the fire will not have an effect on the time 

taken to produce maximum surface temperature.  

6) Controlling the number of logs used in a fire, wood taxon and wood mass may 

not aid the predictability of temperatures produced during the first hour of fire 

temperatures ˃100°C. 

7) Controlling the number of logs and possibly the wood mass can help predict the 

maximum subsurface temperatures. There is no strong relationship between the 

maximum temperatures at the surface and the subsurface. 

 

Based on these observations, it appears that it is difficult to predict and use a fire. 

Nevertheless, all the fires in my experiments produced temperatures that could be used 

for cooking (Wandsnider, 1997; see also Chapter 5) for several hours. Furthermore, 

more than 5 kg firewood appears necessary for heat treatment as described by Brown 

and colleagues (2009; see also Chapter 5). 

 

6.5 CONCLUDING REMARKS 

The fires in my experiments were not used for activities, for example cooking, because 

this would introduce yet another variable to the experiments. Yet the people that 

occupied Sibudu during the MSA would conduct several activities next to the fire and 

activities using fire, which can be implied, for example, from the production of stone 

tools at Sibudu (see e.g., Wadley, 2005b; Wadley & Jacobs, 2006) and from the burned 

bones at the site (see e.g., Cain, 2005; Clark & Ligouis, 2010). Charcoal analyses also 

suggest that several plant taxa were burned in each fire (e.g., Allott, 2005, 2006; see 

also Chapter 9), and my experiments (burning a single wood taxon in each fire) cannot 

rule out the possibility that burning different plants, including several wood taxa, in one 
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fire, can affect the temperatures of the fire. The people using fire at Sibudu during the 

MSA thus had to work with and control more variables than the ones in my experiments 

if specific temperatures were desired. It is possible that maintenance techniques 

suggested in my experiments, such as adding logs to the fire, are even more important 

when there are more variables to control in a fire. The use of fire in different activities 

and the effect of different maintenance techniques form possible topics for future 

experiments. In the following chapters, however, I shall focus on the formation of 

combustion features and their archaeological implications. 
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7 HEARTH AREA, FUEL LOAD AND 

THE FORMATION OF 

COMBUSTION FEATURES 

 

I present a paper on experimental fires and archaeological site formation processes in 

this chapter. The paper was published in Quarternary International (2012), volume 270, 

pages 95 – 102. There is, however, an error in the last column in Table 2: F6 was 

conducted on top of Sibudu sievings (see Table 4.2). 
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8 FORMATION PROCESSES -  MORE 

EXPERIMENTAL RESULTS 

  

Chapter 7 presented results on the formation of combustion features based on my first 

cycle of experiments. In this chapter, I will use data from all the 20 experiments I have 

conducted to discuss the research questions about formation processes that I outlined in 

Chapter 5. 

  

8.1 THE STRATA IN COMBUSTION FEATURES 

The ash dumps produced in my experimental fires contained no distinct strata, which is 

consistent with archaeologically observed ash dumps (e.g., Goldberg et al., 2009). The 

hearths produced in my experimental fires contained two to five strata. Experiments F4 

and F5 produced a distinguishable charcoal stratum, but no proper white ash layer. The 

little ash produced in these experiments were found as grey and white (see Table 8.1 for 

Munsell colour readings) patches on top of and in between the charcoal. Some 

experimental hearths, e.g., E1-E10, had a distinct black middle stratum without charcoal 

fragments because all the charcoal fragments were mixed with the ashes, but other 

experimental hearths such as F2 and F6 did not have similar strata. The lack of a clear 

charcoal stratum supports the results of Mallol and colleagues (2013a) who found that 

charcoal was mixed with the white ash layer in their experimental hearths. However, 

this distinguishes the experimental hearths from many archaeological combustion 

features, including field observations from Sibudu (see e.g., Wadley, 2012a; Wadley & 

Jacobs, 2006). Post-depositional processes or pyrotechnological practices have been 

suggested as reasons for the discrepancy between experimental hearths and 

archaeological combustion features (Mallol et al., 2013a) and I shall return to the 

difference between archaeological hearts and experimental combustion features in 

Chapter 10. Furthermore, all of my experimental fires reproduced a stratum of reddened 

or reddish brown soil (see Table 8.1 and Figure 8.1), which is in contradiction to the
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Table 8.1 Munsell colour readings from the strata in the experimental hearths. Part 1 of 3. 

Exp 

# 

Topsoil 

horizon 

Top  

hearth stratum 

Second  

hearth stratum 

Third  

hearth stratum 

Fourth  

hearth stratum 

Fifth hearth 

stratum 

Ash dump 

F1 7.5 YR 4/3  

Brown 

Gley 8/  

White 

2.5 YR 6/8  

Light red 

7.5 R 2.5/1  

Reddish black 

  7.5 YR 5/2  

Brown 

F2 7.5 YR 4/3  

Brown 

Gley 1 8/N  

White 

2.5 YR 6/8  

Light red 

    

F3 5 YR 4/3 

Reddish brown 

2.5 Y N8/0  

White 

2.5 YR 5/6  

Red 

10 YR 2/1  

Black 

   

F4 5 YR 4/6  

Yellowish red 

10 YR 7/1  

Light gray 

7.5 YR 3/2  

Dark brown 

2.5 YR 5/8  

Red 

7.5 YR 2.5/1  

Black 

  5 YR 5/6  

Yellowish red 

F5 5 YR 4/6  

Yellowish red 

7.5 YR 7/2  

Pinkish grey 

5 YR 5/6 

Yellowish red 

7.5 YR 2.5/1  

Black 

  2.5 YR 4/6  

Red 

F6 10 YR 5/2  

Grayish Brown 

2.5 YR 8/1  

White 

7.5 YR 8/3  

Pink 

   7.5 YR 8/3  

Pink 

7.5 YR 5/2  

Brown 

F7 10 YR 5/3  

Brown 

10 YR 8/1  

White   

1 7/5GY  

Light green gray 

2.5 YR 6/8  

Light red 

7.5 YR 3/1  

Very dark gray 

  7.5 YR 4/3  

Brown 
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Table 8.1 Munsell colour readings from the strata in the experimental hearths. Part 2 of 3. 

Exp 

# 

Topsoil 

horizon 

Top  

hearth stratum 

Second  

hearth stratum 

Third  

hearth stratum 

Fourth  

hearth stratum 

Fifth hearth 

stratum 

Ash dump 

F8 10 YR 5/2  

Grayish brown 

5 Y 8/1  

White 

5 YR 8/3  

Pink 

   7,5 YR 8/2  

Pinkish white 

F9 10 YR 5/3  

Brown 

2.5 YR 8/1  

White 

5 YR 6/8  

Reddish yellow 

7.5 YR 3/2  

Dark brown 

  7.5 YR 4/2  

Brown 

F10  10 YR 5/2  

Grayish brown 

5 Y 8/1  

White 

7.5 YR 8/3  

Pink 

   10 YR 6/2  

Light brownish gray 

E1 10 YR 6/3  

Pale brown 

2.5 Y 8/0 

White 

5 YR 7/8  

Reddish yellow 

5 YR 3/4  

Dark reddish brown 

5 YR 2/1  

Black 

  

E2 10 YR 6/3  

Pale brown 

5 Y 8/1  

White 

5 YR 7/8  

Reddish yellow 

7.5 YR 4/2  

Dark brown 

   

E3 10 YR 6/3  

Pale brown 

2.5 Y 8/0  

White 

5 YR 6/6  

Reddish yellow 

7.5 YR 4/2  

Dark brown 

   

E4 10 YR 6/3  

Pale brown 

2.5 Y 8/0  

White 

5 YR 7/8  

Reddish yellow 

5 YR 4/2  

Dark reddish gray 

   

E5 10 YR 6/3  

Pale brown 

5 Y 8/1  

White 

5 YR 7/8  

Reddish yellow 

7.5 YR 3/2  

Dark brown 

   

E6 10 YR 6/3  

Pale brown 

5 Y 8/1  

White 

5 YR 7/8  

Reddish yellow 

10 YR 4/3  

Brown/dark brown 

   

E7 10 YR 6/3  

Pale brown 

5 Y 8/1  

White 

5 YR 7/8  

Reddish yellow 

7.5 YR 2/0  

Black 

10 YR 3/3  

Dark brown 
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Table 8.1 Munsell colour readings from the strata in the experimental hearths. Part 3 of 3. 

Exp 

# 

Topsoil 

horizon 

Top  

hearth stratum 

Second  

hearth stratum 

Third  

hearth stratum 

Fourth  

hearth stratum 

Fifth hearth 

stratum 

Ash dump 

E8 10 YR 6/3  

Pale brown 

5 Y 8/1  

White 

5 YR 7/8  

Reddish yellow 

2.5 Y 2/0  

Black 

10 YR 3/2  

Very darkish 

brown 

  

E9 10 YR 6/3 

Pale Brown 

5 Y 8/1 

White 

10 YR 7/3  

Very pale brown 

5 YR 7/8 

Reddish yellow 

5 YR 2/1 

Black 

10 YR 4/3 

Brown/dark brown 

 

E10 10 YR 6/3 

Pale brown 

5 Y 8/1 

White 

10 YR 6/3 

Pale brown 

5 YR 7/8 

Reddish yellow 

2.5 YR 2/0 

Black 

  

 

Figure 8.1 Examples of reddened topsoil horizons after experimental fires. Left: The white top of F10 removed, leaving a 

pinkish topsoil horizon. Middle: Half of the white ash removed from F2. Right: Half of the white ash removed from E10. 
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experiments of Canti and Linford (2000). The organic content and iron oxides of the 

topsoil horizons and moisture content are suggested by Canti and Linford (2000) as 

reasons for no reddening, and it is plausible that the conditions during my experiments 

were more favourable for reddening of the soil. 

 

In previous studies, researchers have concluded that multiple fires in a hearth within a 

short time span do not lead to more hearth strata than a single fire in a hearth (e.g., 

Mallol et al., 2013b). This is supported by my results because I could not distinguish 

separate burning events in the experimental hearths during excavation. I also examined 

the number of strata in the experimental hearths and variables such as the number of 

fires in the hearth, the wood mass and the topsoil horizon, because any relationship 

between these variables and the hearth strata would be of help when interpreting fire use 

at a site. Most of the fires burning 5 kg wood produced combustion features with 2 – 3 

strata and most of the fires burning 15 kg wood produced 4 – 5 hearth strata (Table 8.1). 

There is a weak correlation between the number of strata and the number of fires in the 

hearth, but the relationship is not statistically significant (r = -.23, p = .35).The number 

of strata in the experimental hearths has a strong positive relationship to the wood mass, 

but the result is not statistically significant (r = .45, p = .06). Nevertheless, this result 

suggests that a large fuel load would contribute to more strata in the hearth. 

 

Higher temperatures as a result of fuel load could be thought to contribute to the 

formation of the features. We have, however, seen in Chapters 5 and 6 that a larger fuel 

load might not necessarily produce a higher maximum surface temperature than a 

smaller fuel load, although the larger fires produced a higher average maximum surface 

temperature than the smaller fires. Most of the larger fires in my experiments were 

made on the same type of topsoil horizon. There does not appear to be a relationship 

between the topsoil horizon and the number of hearth strata in my experiments, but the 

result is not statistically significant (rs = .13, p ˃.05). However, it is possible that the 

relationship between the number of strata and wood mass is connected to the fact that 

80% of the large fires were made on the same type of topsoil horizon and that including 
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more large fires on different types of topsoil horizons might have contributed to 

resolving this issue. 

 

8.2 FUEL LOAD, HEARTH SIZE AND DEPTH 

We saw in Chapter 8 that hearth area appears to be related to fuel load. I calculated the 

hearth area for all the experimental hearths as if they were perfect circles (Table 4.2), as 

described in Chapter 8 for the first cycle of experiments. The statistical analysis of the 

hearths from all my experiments shows a statistically significant, strong positive 

correlation between hearth area and wood mass (r = .81, p = .00). Even after including 

all my experiments, the hearths can be divided into two groups; Fires burning 5 – 10 kg 

wood produced hearth areas that were 962.1 – 1385.4 cm² and fires burning 14 – 15 kg 

wood produced hearth areas that were 1590.4 – 1963.5 cm². While it appears that fuel 

load can be estimated from the size of combustion features, it is important to remember 

that the shape of the fireplace can affect combustion (e.g., Théry-Parisot & Henry, 

2012) and possibly also the shape of the combustion feature produced by the fire. 

Because I arranged the wood in tepee formation before starting all the fires, it cannot be 

ruled out that this arrangement affected the size as well as the shape of the combustion 

features produced in these experiments.  

 

There is a statistically significant positive correlation between the texture of the topsoil 

horizon and the hearth area (rs = .50, p ˃.01) that I find difficult to explain. It is possible 

that, for example, the temperatures of fires on different types of topsoil horizon 

contributed to the production of different amounts of ash. The relationship between 

hearth area and hearth depth is also strong and statistically significant (r = .46, p = .04), 

and one possible explanation is that fires that produce deep ash also produce a wide 

spread of ash. A different interpretation would be that properties of some topsoil 

horizons made it easier to distinguish subtle changes in both horizontal and vertical 

changes of colours and texture, but there does not appear to be a relationship between 

the topsoil horizon and hearth depth (rs = -.05, p ˃ .05).  
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One conclusion in Chapter 8 was that some wood taxa produces less ash than others, 

which is consistent with results from other studies (e.g., Tietema et al., 1991). Table 4.2 

shows that Eucalyptus globulus produced very little ash (˂0.25 cm) in experiments F4 

and F5 and little ash in experiments F7 and F8 (0.5 – 1 cm) compared to the other wood 

taxa used in the other experiments (1 – 4 cm ash), suggesting that some wood taxa do in 

fact produce very little ash compared to others (Figure 8.2). Furthermore, the ash depth 

in all my experimental hearths does not have a strong relationship to the number of fires 

in the hearth (r = .13, p = .59). Yet the fires burning Eucalyptus globulus are outliers 

also when it comes to wood mass burned and ash depth. This suggests that ash depth 

generally can be used for estimating the fuel mass in a fire, but not for fires burning 

Eucalyptus globulus. Other wood taxa could also have similar properties to Eucalyptus 

globulus.  More experiments comparing ash depth from fires burning different wood 

taxa should be conducted to examine this further.  

 

 

 

Figure 8.2 Experimental hearths F4 and F5. Left: E4 after half the hearth has 

been scraped away as ash dump. Right: F5 before excavation.  
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8.3 SUMMARY AND IMPLICATIONS 

In this chapter, I have discussed some of the conclusions from Chapter 8 and introduced 

some new aspects about the formation of combustion features by combining 

information from all my experiments and conducting statistical analysis of the data. The 

results with implications for the formation of combustion features can be summarised as 

follows: 

1) An experimental hearth consists of laminar strata, but an ash dump created by 

raking out ashes does not contain distinguishable laminar stratigraphy. 

2) Out of the 20 hearths produced in my experiments, 18 did not include a 

distinguishable black stratum of charcoal although ten included a black hearth 

stratum with little charcoal. This is partly consistent with other experimental 

studies (Mallol et al., 2013a), but contrary to archaeological observations, 

including those at Sibudu (e.g., Wadley, 2012a; Wadley & Jacobs, 2006). 

3) All the experimental fires produced rubified soil under the fire. 

4) The number of fires in a hearth does not appear to affect the number of hearth 

strata and multiple fires could not be distinguished during excavation.  

5) Many hearth strata appear to be produced by fires with large fuel loads. 

6) Hearth area is correlated to fuel load (in fires where the wood is arranged in a 

tepee formation). 

7) The type (grain size) of the topsoil horizon appears to have an effect on the 

hearth area. 

8) Ash depth appears to be related to fuel load, but not for all wood taxa.  
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8.4 CONCLUDING REMARKS 

In this chapter, I have used data from all my 20 experiments to discuss the formation of 

combustion features, following the research questions outlined in Chapter 5. I have 

focused on hearth strata, which are important parts of the features. The last four chapters 

have discussed experimental results on combustion features. In the next chapter, I shall 

focus on the archaeological sample. The contents and spatial distribution of combustion 

features are important to the understanding of fire use at a particular site. I combine 

spatial data and the contents of the features with results from micromorphology, organic 

petrology and anthracology in Chapter 9 for a more holistic understanding of MSA fire 

use at Sibudu. 
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9 COMBUSTION FEATURES AND 

FIRE-RELATED BEHAVIOUR AT 

SIBUDU: RESULTS FROM A 

MULTIDISCIPLINARY STUDY 

 

This chapter contains a collaborative paper that is almost ready for submission. Here I 

use it as a chapter and I have edited it for this purpose, but it will shortly be submitted to 

the PaleoAnthropology Journal. The following researchers are involved in this work: 

From the University of the Witwatersrand: 

I, Silje Evjenth Bentsen, conducted the spatial analysis and wrote and edited the draft of 

the paper. Prof. Lyn Wadley conducted the botanical analysis and helped me write and 

edit the draft of the paper for submission. 

From the University of Tübingen, Germany: 

Dr. Christopher Miller conducted the micromorphological analyses for the paper and is 

currently editing the sections on micromorphology for publication. Dr. Bertrand Ligouis 

conducted the organic petrological analyses for the paper and is currently editing the 

sections on organic petrology for publication. 

From University College London, United Kingdom: 

Dr. Lucy Allott conducted the charcoal analyses as contract work specifically for this 

project, and she has not contributed interpretations or helped to write the paper. 
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9.1 INTRODUCTION 

The Middle Stone Age (MSA) rock shelter site of Sibudu, South Africa, contains 

multiple strands of evidence for sophisticated fire-related behaviour, including 

superimposed combustion features and repeated site maintenance such as burning 

bedding and bones and sweeping ashes (e.g., Cain, 2006; Clark & Ligouis, 2010; 

Goldberg et al., 2009; Sievers, 2013a; Wadley et al., 2011).  Fire use was an important 

part of everyday life in the MSA in Southern Africa, as well as in other prehistoric 

periods and geographic areas, and researchers have recently begun to conduct detailed 

studies fire-related behaviour in the MSA using different approaches (Chapters 2, 5 and 

7; see also e.g., Brown et al., 2009; Charrié-Duhaut et al., 2013; Lombard, 2005, 2007; 

Miller and Sievers, 2012; Miller et al., 2013; Mourre et al., 2010; Schmidt et al., 2013; 

Sievers, 2013b; Wadley, 2010b, 2012a; Wadley et al., 2009, 2011). This paper presents 

results from a multidisciplinary study of fire-related behaviour at Sibudu. Specifically, 

we aim to (1) identify types of combustion features, (2) identify fire-related behaviour 

such as selection of firewood and sweeping of ashes, (3) identify spatial distribution of 

artefacts and (4) identify diachronic differences in fire-related behaviour (see e.g., 

Goldberg et al., 2009; Wadley and Jacobs, 2006). The sample size here is not large 

enough for firm conclusions, but our work is an example of the detailed information on 

fire-related behaviour that can be achieved by combining data from field observations, 

anthracology, micromorphology, organic petrology and spatial analysis. 

 

9.1.1 COMBUSTION FEATURES AND FIRE-RELATED BEHAVIOUR 

'Combustion feature' is a generic term that describes the manifestation of fire-related 

activities, and can be defined spatially (as an ancient surface or stratigraphic unit) and 

by function (e.g., a domestic hearth used multiple times for cooking) (Mentzer, in 

press). Well-preserved primarily deposited combustion features, such as domestic 

hearths, typically consist of a top stratum of white ash, a black stratum rich in charcoal 

and a heat-affected (rubified) stratum under the combustion feature (see e.g., Schiegl et 

al., 1996). MSA researchers generally refer to primarily deposited combustion features 

as hearths, which are often described as irregular or circular ash patches of various 
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sizes, without a stone lining and sometimes concave in profile (see Chapter 2). The 

MSA hearths were used, amongst other things, for light, warmth and cooking. Another 

task, identified by Goldberg and colleagues (2009), is maintenance fires for burning 

used bedding at Sibudu. Bedding is characterised by fibrous, carbonised organic 

material in addition to the ash and charcoal found in other primarily deposited 

combustion features. Burning of bedding has also been identified at the MSA site 

Diepkloof Rock Shelter, South Africa (Miller et al., 2013). Secondarily deposited 

combustion features, such as ash dumps, are created when the contents of a primarily 

deposited combustion feature are raked out and redeposited in the vicinity of or in a 

different area than the original combustion feature. Secondarily deposited combustion 

features typically have no distinct strata and items such as charcoal are found randomly 

orientated in these features and not in a regular, horizontal manner (e.g., Goldberg et al., 

2009; Karkanas & Goldberg, 2010; Meignen et al., 2008; Miller et al., 2010).  

 

Combustion features are not necessarily static types used for a single purpose and can 

have been used and reused several times for different activities. For example, domestic 

hearths and ash dumps can be laid on top of burnt bedding and an abandoned domestic 

hearth can be reused as an ash dump. There are superimposed combustion features at 

MSA sites (e.g., Chapter 2, Table 2.1 and references therein), including Sibudu. The 

layers at Sibudu are not 'living floors' with completely undisturbed remains from an 

occupation restricted in time and space and where the remaining clusters of artefacts 

solely reflect human behaviour (see discussions in e.g., Dibble et al., 1997; Malinsky-

Buller et al., 2011). Nevertheless, the deposits are 'largely anthropogenic' (Goldberg et 

al., 2009, p. 95) and do not represent palimpsests or overlapping anthropogenic and 

natural processes over long periods (see description and discussions in e.g., Goldberg 

and Macphail, 2007; Malinsky-Buller et al., 2011; Stern, 1993). 

 

Modern fire-makers can have distinct opinions on preferred firewood taxa and 

properties (e.g., Abbot et al., 1997; Archer, 1990; Tabuti et al., 2003). Proficient fire-

users would be familiar with factors that affect the performance of the fire and would 
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take measures to control them when needed. Previous charcoal analyses from MSA sites 

do not, as yet, suggest a strong selection for one taxon or a few taxa for firewood (e.g., 

Allott, 2005, 2006; Cartwright and Parkington, 1997; Cowling et al., 1999), but the 

exploitation of plant resources nonetheless shows that people were acquainted with the 

properties of various plants (e.g., Albert and Marean, 2012; Goldberg et al., 2009; 

Mercader, 2009; Miller et al., 2013; Sievers, 2006; Sievers and Muasya, 2011; Wadley 

et al., 2011). Regarding fuel,  Théry-Parisot (2001, 2002) demonstrated in her fire 

experiments that burning bones in fires can be a deliberate act because they produce 

much light, and heat transfer through radiation and convection is more important than 

conduction when bone is burned than in wood fires. An abundance of burned bone has 

been found at MSA sites, including Sibudu (see e.g., Chapter 2). However, bones may 

have been thrown into the fire as a cleaning strategy and not intentionally been used as 

fuel at the site (Cain, 2005; Clark & Ligouis, 2010), which is why we focus on wood as 

fuel in this paper. 

 

Combustion features, as well as the archaeological deposits around them, may be 

affected by syn-depositional and post-depositional processes. Such processes include 

chemical alterations; for example, accumulations of bat guano can alter the pH of 

archaeological sediments (Shahack-Gross et al., 2004), thereby altering the conditions 

for preservation, and also cause shell fragments and similar organic matter to dissolve 

(see e.g. Karkanas and Goldberg, 2010). Site management by people in the past, such as 

cleaning, raking out ashes and preparing the surface, can have a blurring effect and 

make it difficult to recognise combustion features visually (e.g., Goldberg et al., 2012), 

and experimental results imply that trampled combustion features can retain their strata 

and there may be little horizontal displacement of sediments, although the underlying 

sediments are compacted and artefacts can be pressed downwards (Miller et al., 2010).  

Researchers have also conducted experimental studies of trampling and horizontal 

movement of artefacts. For example, Nielsen's (1991) experiments imply that dense and 

heavy objects like large lithics move less than large and light objects such as bone, and 

Villa and Courtin (1983) conclude in their study that objects weighing less than 50 g 

move more than heavier objects. Yet an experimental study involving goat trampling 
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implies that factors other than the size of the object cause its displacement (Pargeter and 

Bradfield, 2012). Both syn-depositional and post-depositional trampling and other 

processes are thus important to keep in mind when studying site organisation and the 

distribution of material. Evidence for processes such as trampling at Sibudu has 

previously been identified through micromorphology (e.g., Goldberg et al., 2009), and 

combining this method with the spatial analysis will help interpret the spatial 

distribution of artefacts. 

 

9.2 EXCAVATION AND SELECTED MATERIAL 

A general description of Sibudu, the excavation and the selected layers and are provided 

in Chapter 3, but some information is repeated or expanded on below because this 

information is important to the discussion (Section 9.5). 

 

The layers Brown under Yellow Ash 2(i) (BYA2(i)) and Brown/Grey mix (B/Gmix) 

from the lower part of the post-Howiesons Poort (post-HP) sequence, dated to ca. 58 ka 

(Jacobs et al., 2008b), and the layers Pinkish Grey Sand (PGS) and Pinkish Grey Sand 2 

(PGS2) within the Howiesons Poort Industry (HP), dated to 64.7 ±1.9 ka (Jacobs et al. 

2008b), have been selected for analysis here. These layers were selected because they 

represent the time frame when the proposed change in fire-related behaviour happened 

(Goldberg et al., 2009). The i in BYA2(i) refers to an arbitrary division of a layer during 

excavation, as does the "2" in PGS2. In the east profile of B4, the layers including 

combustion features have the following thickness: BYA2(i) is 4 – 10 cm thick, B/Gmix 

is 6 – 12 cm thick, PGS is 4 – 5 cm thick and PGS2 is 8 – 15 cm thick (see also the site 

stratigraphy in Figure 3.4). Six combustion features were selected for detailed analyses 

and bone, stone and charcoal from all the combustion features was included in the 

spatial analysis (see the description in Section 9.3). 
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Bone, charcoal and stone from the selected layers were excavated in quadrants, as 

explained in Chapter 3. By 'stone', we refer to knapped stone (lithics) from every stage 

in the operational chain – from cores to discarded tools. When referring to 'material' or 

'archaeological material' in the following text, we refer to bone, charcoal and stone. 

Lithics ˃ 2 cm, as well as large bone fragments, were drawn on the site plans before 

removal, but smaller pieces were not. In order to get as comprehensive picture of 

Sibudu as possible, we include all the excavated bone, charcoal and stones in this study. 

This means that we do not have the exact coordinates for small objects, but we do know 

which quadrant and, where applicable, which combustion feature the bones, charcoal 

and stones are from. We can use this information to place archaeological material on the 

site plan (see the description of the spatial method below). Furthermore, as much as 80 

– 95% of the bone fragments in some layers at Sibudu are burned (e.g., Cain, 2005; 

Clark & Ligouis, 2010) and all fragments are included in the spatial analysis. We chose 

to weigh the material in order to quantify it because the bone was very fragmented 

(numerous fragments were ˂ 2 cm, even < 1 cm), which would give a meaningless 

count, but a useful mass. As a result of this approach, heavy objects will have the most 

impact on the spatial analysis and we are aware of this shortcoming. 

 

9.3 MATERIAL AND METHODS  

This section contains brief descriptions of the methods chosen in this study.  

 

9.3.1 ANTHRACOLOGY 

Charcoal fragments from H1 in BYA2(i), H in B/Gmix, H1 in PGS, H1 and H2 in PGS2  

and layers PGS in square B5 and PGS2 in square C4 were analysed by Dr. L. Allott 

using standardised procedures for woody taxon identification (see Allott, 2005, 2006). 

These features and layers were selected because they contained sufficiently large 

charcoal fragments for potential taxon analysis. Sixty pieces of charcoal were randomly 

selected from each of the combustion features. Anatomical features of charcoal 
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specimens were recorded and compared to modern reference material. Species 

identifications are rare, but genera and families are named where species identification 

was not possible. 

 

9.3.2  MICROMORPHOLOGY 

Sediment blocks for micromorphological analysis of H1 in BYA2(i), H in B/Gmix, H1 

in PGS and H5 in PGS2 were collected and prepared for analysis by Dr. C. Miller. This 

means that the sediment blocks were cut out from the profile column and wrapped in 

plaster bandages. The samples were oven dried in the field at a temperature of c. 60°C 

for c. 24 hours, before being immersed in a mixture of unpromoted polyester resin, 

styrene and MEKP-hardener. They were left in the mixture until it had a gel-like 

consistency, after which the samples were reheated at 60°C overnight. The resulting 

hardened blocks were sliced and subsampled for thin sectioning. Spectrum 

Petrographics (Vancouver, WA, USA) produced the thin sections by grinding the 

samples to 30μ thickness, each sample measuring 50 x 70 mm (see also description of 

method in Miller et al., 2013). The thin sections produced from the blocks were 

observed by CM under the naked eye and under magnification (25x-200x) using a Zeiss 

Axioimager petrographic microscope with plane-polarized light (PPL), cross-polarized 

light (XPL), oblique incident light (OIL), dark field illumination and blue-light 

fluorescence. Analysis of the thin sections followed procedures described by Stoops 

(2003) and Courty et al. (1989). 

 

9.3.3 ORGANIC PETROLOGY 

In this study, organic petrological analysis consists principally of determining the 

reflectance of the plant tissues in order to recognise whether plant remains have been 

burnt or not. Terms used in the description of organic petrology have the following 

definitions: 'Maceral' describes a component, originally organic, of coal. An important 

group of macerals is 'inertinite', which has a higher reflectance in low- and medium-

rank coals and sedimentary rocks than other groups of macerals (ICCP, 2001, p. 459). 
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Two types of macerals in this group are relevant here: fusinite and secretinite. Fusinite 

macerals have plant cell structure preserved, while the plant cell structure is not 

preserved in secretinite macerals (ICCP, 2001).  

 

The determination of reflectance of plant tissues (huminite reflectance, vitrinite 

reflectance) is an established means of measuring the maturation degree of organic 

matter in peats, brown coals, coals, and sedimentary rocks (Borrego et al., 2006). In soil 

and palaeoenvironmental studies, measurements of reflectance on humanistic tissues 

and fusinite tissues are used, respectively, to characterise the humification process 

(Jacob, 1972, 1980; Schwaar et al., 1990) and to characterize charcoal particles (Bustin 

and Guo, 1999; Guo and Bustin, 1998; Jones et al., 1993). The organic petrological 

studies of H1 in BYA2(i), H in B/Gmix, H1 in PGS and H5 in PGS2 were carried out 

by Dr. B. Ligouis on pre-existing thin sections, whose surface had been re-polished 

following dry polishing procedures similar to those used in organic petrology (Taylor et 

al., 1998). Dry polishing avoids the loss of material caused by contact with a lubricant. 

 

Description of the organic micro-components (macerals) in the thin section is based on 

the classification of macerals in brown coal and coal (ICCP, 1998, 2001; Sýkorová et 

al., 2005; Taylor et al., 1998). Identification and characterization of the macerals in the 

soil samples or hearth sediments allow us to determine the presence or absence of 

organic components, their origin and the microfacies of the sediments. Fluorescence 

examination was used to identify and classify the macerals of the huminite (huminitic 

tissues) and liptinite groups (pollen, spores, cuticules, resin bodies, etc.) as well as to 

recognize their alteration through burning. The fluorescence properties of macerals of 

the huminite group and the liptinite group alter by contact with fire or heat from fire 

(Ligouis et al., 2006). 

 

Random reflectance in oil (mean %R) of the tissues (cell walls and fillings) was 

measured according to the standard procedures published in Taylor et al. (1998). Tissue 
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fragments or cell walls smaller than 3μm were not measured, and one measurement was 

made per tissue. Charcoal reflectance is used to estimate the temperature of charcoal 

formation (Jones and Lim, 2000) according to the formula determined by Jones (1991): 

 Temperature (°C) = 184+118x [light reflectance (%)]  (R² =0.93). 

The microscopic investigations were carried out by BL in incident white light and UV 

blue light using a Leitz DMRX MPVSP microscope photometer. Oil immersion 

objectives were used to obtain a magnification range of 200-500x.  

 

9.3.4 SPATIAL ANALYSIS 

The contents of each square excavated at Sibudu were drawn to scale for every layer 

and feature, and often also for different parts (e.g., hearth strata or middle of layer) of 

the layer and features, as mentioned in Chapter 3. After being combined to site plans by 

LW, the drawings were scanned and added to a base map for each layer in ArcMap by 

SEB. Objects such as combustion features and large rocks were drawn as polygons. The 

charcoal and stone from each selected layer and combustion feature was weighed by 

SEB. Dr. J. Clark from University of Alaska, Fairbanks, had already performed basic 

analysis of the faunal material from the selected layers and combustion features, 

including dividing the bone fragments into the categories identifiable/non-identifiable 

fragments and the size categories ˃ 2 cm/˂ 2 cm and weighing the bone fragments in 

each category, before the weight data was needed for this study. She allowed the use of 

her weights of non-identifiable bone fragments for the purposes of this paper. The 

identifiable bone fragments, however, were few and too light to register on the scale and 

they are not included here.  

 

The weight data for bone, charcoal and stone from each selected layer were entered into 

a database that was connected to ArcMap and displayed on the site plans for the layer. 

Not all layers at Sibudu cover the entire excavated area, and this means that there are 

not data for all excavated squares for all the selected material even if all the bone, 

charcoal and stone from the selected layers are included here. BYA2(i) and B/Gmix 
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covered 4 m² (squares B4, B5, B6 and C4), although the majority of the bone, charcoal 

and stone was found within combustion features and in squares B4 and C4 in these 

layers. PGS covered 6 m² (squares B4, B5, B6, C4, C5 and C6) and PGS2 covered 2 m² 

(squares B4 and C4). This difference is taken into account in the spatial analyses. Each 

material category was shown separately in ArcMap, and I will describe the spatial 

representation of bone in PGS in detail here as an example. (The method for other layers 

and material categories were identical.) The weight of bone in PGS was ordered by 

quadrant and the weight of bone from each combustion feature in the layer was ordered 

by feature and quadrant. All weights were represented by points in ArcMap (illustrated 

in Figure 9.1). The data point for the bone in PGS for each quadrant was given 

coordinates that corresponded to the middle of the quadrant because this approach gave 

the smallest margin of error for bone originating from the different parts of the quadrant 

(see e.g., Weiss et al., 2008 for a similar approach). Furthermore, the data point for the 

bone in each combustion feature was given coordinates that corresponded to the middle 

of the part of the quadrant covered by the combustion feature (illustrated in Figure 9.1).  

 

There are many potential methods for analysing and displaying the distribution and 

density of material in ArcMap. Displaying the weights of bones using simple 

symbology (Figure 9.1I) would not give a suitable impression of the weights of bone. 

Another method that could have been used here was to display the weights per quadrant 

and combustion feature as 'proportional symbols', where larger weights of bone are 

displayed by larger points than smaller weights of bone (Figure 9.1II). However, the 

more categories one chooses when classifying proportions, the more difficult it is for 

the reader to see the differences between categories when using this method for 

displaying data. More importantly, ArcMap contains several methods that can help 

analyse the spread and density of the material and not just display data points. We chose 

to use the kernel density estimation (KDE) function from the spatial analyst tools in 

ArcMap to analyse spatial distribution and display the densities of bone, charcoal and 

stone as continuous plots (Figure 9.2). Baxter and colleagues (1997, p. 348) use the 

following analogy to explain KDE: 
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Figure 9.1 Example: Displaying bone data in PGS using points. I: Using simple 

symbology to mark the placement of the bone data; II; Using proportional 

symbols to display weights of bone. The categories are quartiles (each category 

represents 25% of the bone).  



 

 135 

Given n points X1, X2, ..., Xn situated on a line a KDE can be obtained by placing a 

‘‘bump’’ at each point and then summing the height of each bump at each point on the 

X-axis. The shape of the bump is defined by a mathematical function, the kernel K(x), 

that integrates to 1. The spread of the bump is determined by a window- or band-width, 

h, that is analogous to the bin-width, c, of a histogram. (Baxter et al., 1997, p. 348). 

 

In other words, KDE is based on a statistical weighting probability density function that 

calculates the density of points around each output cell and presents a locally weighed 

averaging of the distribution of data (Baxter and Beardah, 1996; Baxter et al., 1997; 

Silverman, 1986). The result for this study is a map that estimates the spatial 

distribution (density) of the weights (occurrence) of bone/charcoal/stone in the selected 

layers at Sibudu (Figure 9.2). 

 

 

Figure 9.2 Kernel density estimation of bone in PGS2 Using the spatial analyst 

in ArcGIS, the spread and density of bone in PGS2 has been estimated and is 

displayed as continuous data.  
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KDE has been used in other archaeological contexts (e.g., Aldeias et al., 2012; 

Alperson-Afil et al., 2009; Weiss et al., 2008); for example, it was used to estimate 

densities of microartifacts at the site Gesher Benot Ya'aqov in the Middle East 

(Alperson-Afil et al., 2009). The data in this study, as described above and in Chapter 3, 

are two dimensional (as is Weiss et al., 2008), which do not allow displaying the density 

from different layers in the same way as three dimensional data would (see Aldeias et 

al., 2012; Alperson-Afil et al., 2009). Each point on our map (Figure 9.1) represents 

total weight, not a single artefact, so we used the population field in the dialogue box 

for kernel density estimation in ArcMap spatial analyst to ensure correct calculation. 

The value of the search radius was set to 0.5 for all maps. The processing extent was set 

to cover only the extent of each layer. 

 

9.4 RESULTS 

The results from the different methods are summarised in this section. The weights of 

each material category in each layer and quadrant is summarised in Table 9.1. 

 

9.4.1 FIELD OBSERVATION 

Layer PGS2 contains rock fall and nine combustion features (Figure 9.3), while PGS 

contains three putative hearths and four patches of ashes (Figure 9.4). These layers are 

densely packed with material. Only material from squares B4 and C4 is included from 

PGS2, but these 2 m² (including the features in the layer) contained ca. 6.85 kg stone/m² 

and ca. 4.4 kg bone/m². The 6 m² of PGS, including its features, contained ca. 6.2 kg 

stone/m² and ca. 3.5 kg bone/m². The charcoal fragments from these layers and their 

combustion features were generally small (~0.5 cm or smaller) and fragile. All the 

combustion features in PGS and PGS2 were recorded as distinct hearths during 

excavation, and some had a discrete white or pinkish top stratum and a middle or basal 

black stratum with charcoal. A few of the combustion features had a reddish-brown 

substratum. Many of these combustion features were basin-shaped, or slightly concave. 
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Table 9.1 Field description and weights of bone, charcoal and stone from the selected combustion features and layers at Sibudu.  

The HP layers are shaded, while the post-HP layers are not. 

 

Layer Feature Field description Squares included 
Total weight (g) 

Bone Charcoal Stone 

Pinkish Grey Sand 2  Loose, ashy, sandy. B4, C4 7030.9 30.8 9924.4 

 H1 PGS2 Loose, fine, ashy. 3 strata. C4 439.8 0.8 633.1 

 H2 PGS2 Loose, fine, ashy. 3 strata. C4 520.0 1.6 833.5 

 H3 PGS2 Loose, ashy. 2 strata. C4 241.1 0.5 375.0 

 H4 PGS2 Loose, ashy. 1 stratum. C4 37.7 0.1 22.3 

 H5 PGS2 Loose, ashy. 1 stratum. B4 122.2 0.7 2.9 

 H6 PGS2 Loose, ashy. 2 strata. B4 4.0 0.4 746.2 

 H7 PGS2 Loose, ashy. 2 strata. B4 36.2 0 60.1 

Pinkish Grey Sand  Ashy, sandy. B4, B5, B6, C4, C5, C6 19524.4 133.8 33229.6 

 H1 PGS Fine, ashy. 2 strata. C4 162.8 0.3 9.6 

 H2 PGS Fine, ashy. 1 stratum. B6 295.1 0 2972.6 

 H3 PGS Fine, ashy. 1 stratum. B5, B6 347.1 3.3 1002.7 

 Ash in PGS Fine, ashy. C4, C5 493.0 0.5 144.2 

 Ash dump in PGS Fine, ashy. C4 82.8 0.1 231.6 

Brown/Grey mix  Silty, ashy. B4, B5, B6, C4 2883.5 220.3 8225.3 

 H in B/Gmix Ashy, silty. 2 strata. B4, B5, C4 1577.8 41.5 1658.6 

 H1 in B/Gmix Ashy, silty. 1 stratum. B6 0 0 21.4 

 Ash dump B/Gmix Ashy, silty. B4, C4 382.3 10.3 111.0 

 Ash dump 2 in B/Gmix Ashy, silty. B4, C4 559.6 6.2 230.9 

Brown under Yellow Ash 2(i)  Silty, ashy, greasy. B4, B5, B6, C4 644.2 144.2 4.3 

 H1 BYA2(i) Fine, ashy. 3 strata. B4, C4 4718.5 303.1 2502.2 

 SW hearth Fine, ashy. 1 stratum B6 0 1.6 0 

 Grey hearth Fine, ashy. 1 stratum B5 0 1.6 0 

 Ash dump BYA2(i) Loose, ashy. B4, C4 368.7 39.4 188.43 

 Ash dump 2 BYA2(i) Loose, ashy. B4 19.4 0 0 
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Figure 9.3 Site plan and kernel density estimations of bone, charcoal and stone in layer PGS2  
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                 Figure 9.4 Site plan and kernel density estimation of bone, charcoal and stone in layer PGS.  
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                 Figure 9.5 Site plan and kernel density estimation of bone, charcoal and stone in layer BYA2(i)  
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                 Figure 9.6 Site plan and kernel density estimation of layer B/Gmix  
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Five combustion features were recorded in BYA2(i) (Figure 9.5), including three 

putative hearths and two ash dumps, while four putative hearths and two ash dumps 

were recorded in B/Gmix (Figure 9.6). The matrix and combustion features of BYA2(i) 

contained ca. 0.45 kg stone/m² and ca. 0.97 kg bone/m², although the majority of this 

material was found in the combustion feature H1 in BYA2(i). B/Gmix, including 

combustion features, contained ca. 1.2 kg stone/m² and ca. 0.9 kg bone/m².  Both these 

layers contained more charcoal than the HP layers, and the charcoal in the post-HP 

layers generally consisted of large fragments (1 cm or larger). Furthermore, H in 

B/Gmix stands out from the other combustion features in this and other layers because 

five large cobbles, likely manuports, formed a circle within the edge of the feature. H in 

B/Gmix was slightly concave, and the cobble bases dipped towards the centre of the 

feature at angles of between 10 – 23 degrees. 

 

9.4.2 ANTHRACOLOGY 

Some of the charcoal selected for taxon identification was badly preserved, and many of 

the identifications were restricted to family level. More taxa types (26) were recognised 

in the post-Howiesons Poort layers than in the Howiesons Poort (21) (Table 9.2), but 

there was also more charcoal suitable for analysis from the post-Howiesons Poort 

layers. The results from the charcoal analysis confirm previous vegetation studies, with 

many evergreen taxa and some riverine and forest taxa (see e.g., Allott, 2005, 2006; 

Sievers, 2006). The focus of this paper is, however, the anthropogenic selection of 

plants and the properties of the plants selected. 

 

9.4.3 MICROMORPHOLOGICAL ANALYSIS 

In thin section, H5 in PGS2 consists of a 1 cm thick, whitish layer, with evidence of 

rubification below. The whitish layer is largely siliceous (possibly siliceous aggregates), 

and the base of this combustion feature consists of ash which rests directly on a 

previous surface. The lack of a charcoal base appears not to be a result of diagenesis, 

but rather suggests that the fuel was burnt to completion.  This is based on the  
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Table 9.2 Charcoal identifications. The HP layers and combustion features are 

shaded, while the post-HP layers and combustion features are not . 

Identification 

H in 

B/G 

mix 

H1 in 

BYA2(i) 

PGS H1 in 

PGS2 

H2 in 

PGS2 

PGS2 

ANACARDIACEAE  2     

ANACARDIACEAE/BURSERACEAE   4    

APOCYNACEAE 1  2    

ASTERACEAE / Brachylaena sp.   4    

Buxus sp. 5 3  1   

CELASTRACEAE     1 4 

cf. CELASTRACEAE  1   4  

cf. Cola sp. 1 1     

cf. Commiphora sp.     1  

cf. Commiphora sp. / Rhus sp. 1      

cf. Cryptocarya sp. 7 2     

cf. Curtisia dentata    2   

cf. Erica sp.  1  1   

EUPHORBIACEAE 3      

FABACEAE 2      

cf. FABACEAE 1      

FABACEAE: Baphia type     1  

FABACEAE: cf. Milletia sp. 1      

FLACOURTIACEAE: cf. Dovyalis sp.     2  

cf. Justicea sp. 3      

cf. LOGANIACEAE 2      

Morella sp. 6 1    1 

Mundulea sericea 2      

Mystroxylon sp. 2  2    

Ochna sp.  3     

cf. Ochna sp. 6     1 

cf. Olea sp. 1 1     

Podocarpus sp. 2  3 1   

PROTEACEAE 2 3 3    

cf. PROTEACEAE    1   

Protea sp.  1     

RHIZOPHORACEAE: Cassiporea?   1    

cf. ROSACEAE  1     

SAPINDACEAE: Deinbollia sp.   4    

SAPOTACEAE   4    

cf. Spirostachys sp.  2     

cf. Trichilia sp.  2  1   

Total fragments identified 48 24 27 7 9 6 

Identifiable   36    

Unidentifiable 11 13 17 5 21 12 
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observation that charcoal is well preserved outside, not within, the combustion features. 

The surface on which the feature was built has a chestnut to reddish-brown colour 

directly beneath it. The reddening seems largely the result of heating of sand-sized 

fragments of burnt bone contained within the material directly below the surface. The 

deposits below and above the feature appear trampled. 

 

H1 in PGS was also described in Wadley et al (2011). The slide consists of a thin lens 

of laminated fibrous charcoal and laminated, articulated phytoliths that appear partially 

altered. Secondary phosphates are present. The deposits above and below this thin 

feature are composed of trampled deposits of sand (derived from granular 

disaggregation of the shelter wall), charcoal, organic material, and sub-rounded sand-

sized fragments of burnt bone, which are interpreted as forming through trampling 

(Goldberg et al., 2009). 

 

As previously described (Wadley et al., 2011), H1 in BYA2(i) consists of multiple 

layers of laminated fibrous charcoal and laminated phytoliths, typical of burnt bedding 

deposits (Goldberg et al., 2009). The phytolith layers here contain secondary phosphates 

and the phytoliths appear altered, but less so than those in H in B/Gmix. Interestingly, 

some of the plant layers are separated by thin layers of clay. The clay does not resemble 

the clay aggregates found within the bedding deposits and described in detail elsewhere 

(Goldberg et al, 2009, Wadley et al, 2011). It comprises microgranules, or massive 

aggregates with finely comminuted organic material and weathered mica. 

 

H in B/Gmix comprises multiple depositional events, homogenized through post-

depositional chemical alteration. Some strata within the sample contain higher 

proportions of organic material than others. In those sections, most material appears 

siliceous and is likely derived from the alteration of phytoliths, siliceous aggregates, or 

other combustion-derived residues. Secondary mineral formations, in the form of 

gypsum and phosphate nodules, are numerous and account for the physical disturbance 
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of distinct layers within the sample.  Although combustion activities undoubtedly 

account for the anthropogenic input into these deposits, there is no calcareous ash 

preserved. Laminated phytolith layers are identifiable, but the phytoliths appear highly 

altered.  

 

9.4.4 ORGANIC PETROLOGICAL ANALYSIS 

Reflectance measurements and temperatures calculated from the mean reflectance 

values of fusinite and secretinite macerals (see definitions in Section 9.3.3) in the 

analysed samples are summarised in Table 9.3.  Further observations from the organic 

petrological analysis follow below, ordered by feature. 

 

Table 9.3 Reflectance measurements from the selected combustion features. The 

HP combustion features are shaded, and the post-HP features are not. 

Combustion 

feature 

Sample No. of  

measurements 

Reflectance values 

(%) 

Temp. 

(°C) 

Range Mean 

H5 in PGS2 YIR15 100 0.71 – 1.14 0.89 292 

H1 in PGS YIR23 100 0.71 – 1.31 0.91 299 

H1 in PGS YIR23B 100 0.74 – 1.22 0.89 289 

H1 in PGS YIR23C 100 0.73 – 1.22 0.91 292 

H1 in BYA2(i) YIR11A 100 0.80 – 1.40 1.11 300 

H1 in BYA2(i) YIR11B 55 0.82 – 1.13 0.98 315 

H1 in BYA2(i) YIR11C 83 0.76 – 1.21 0.97 300 

H in B/G mix YIR5 31 0.88 – 1.43 1.14 319 

H in B/G mix YIR6 48 0.77 – 1.57 1.00 302 

H in B/G mix  YIR7 62 0.82 – 1.28 1.03 306 
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Plant tissues are regularly distributed in the thin section of H5 in PGS2, but are less 

abundant in a light brown section of the slide. Fragments of the tissues are generally 

smaller than 50µm and those smaller than 10µm are common. Most tissues are fissured, 

strongly fragmented and often compressed and many have fine structures with thin cell 

walls like those of herbaceous plants. Few tissues are derived from seeds, and woody 

tissues are rare. Homogeneous and heterogeneous char particles (Goldberg et al., 2009) 

are frequent. Their size can reach up to 300µm. Anisotropic char particles with low 

heterogeneity are common. The reflectance value (Table 9.3) is characteristic of a low 

reflecting fusinite and secretinite, and the reflectance histogram exhibits a unimodal 

population. Low reflecting fusinite/secretinite R~ 0.7-1.14% forms under low 

temperature in comparison to high reflecting fusinite/secretinite, for example R= 4.00%. 

A unimodal population means the origin of fusinite/secretinite is related to only one 

source, such as only one burning event with no mixing or more or less constant 

conditions during burning (e.g., oxygen supply, air humidity, wind influence, low 

diversity in plant materials). Secretinite recorded in these sediments is, on the basis of 

its morphology, size and association with tissues, probably related to the incomplete 

combustion of humic gels from seeds (seed coating tissues). 

 

The thin section of H1 in PGS could be divided into three parts: The obliquely dark 

brown discontinuous basal layer (YIR23B), the middle of the feature (YIR23) and the 

top lighter layer (YIR23C). Tissue fragments in YIR23B (the base) were strongly 

dispersed and mostly smaller than 50µm, although fragments smaller than 10µm are 

well represented. Inertodetrinite (fragmented intertinite; see  (ICCP, 2001) for 

definition) and partly permineralized (fossilized) tissues are common. Seed-derived 

tissues are regularly present, but most tissues comprise thin structures which seem to 

belong to stem tissues of herbaceous plants. Homogeneous and heterogeneous char 

particles are also very dispersed in the layer. Fine heterogeneous char has been 

encountered in band morphology. This type of char could have originated from seed 

tissues. Huminite and liptinite particles are absent. The reflectance values (Table 9.3) 

are characteristic of a low reflecting fusinite and secretinite. The reflectance histogram 

exhibits a unimodal population with a well-defined peak (see above). 
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YIR23 (the middle of H1 in PGS) is rich in tissue and char fragments smaller than 

10µm as well as those in the sizes range from 10 to 50µm. Tissue remains are mixed 

with micro-fragments of bones. Most tissues have thin structures or perforations and 

may originate from herbaceous plants. The other tissues are seed-derived, but there are 

rare woody tissues. The largest tissues are so compressed and strongly fissured that their 

architecture is no longer recognizable. Cell walls and cell fillings (reflecting gels) are 

intermingled. The size of the char particles can reach up to 500µm. Both types of char, 

homogeneous and heterogeneous, are represented. The reflectance value (Table 9.3) is 

characteristic of a low reflecting fusinite and secretinite. The reflectance histogram 

exhibits a unimodal population with a well-defined peak (see above). 

 

The tissues encountered in YIR23C (the top of H1 in PGS) are mostly smaller than 

50µm, while tissues larger than 100µm are rare. Fragments smaller than 10µm 

(inertodetrinite) comprise cell walls and cell fillings (reflecting gel particles). A few 

strip-shaped reflecting gel particles may be from seed tissues. Homogeneous char 

particles with large pores morphology (pore diameter up to 100µm) are common. 

Heterogeneous char particles are often elongated and their size can reach up to 400µm. 

Few partly permineralized char particles have been observed. Huminite and liptinite 

particles are absent. The reflectance value (Table 9.3) is characteristic of a low 

reflecting fusinite. The mean reflectance value correlates very well to that of the other 

layers 23B and 23. However, the reflectance histogram is skewed, which could reflect a 

bimodal distribution. Our observations confirm that two types of tissues forming two 

reflectance populations occur in the layer. The first type consists of finely structured 

tissues characterized by thin cell walls possibly derived from herbaceous plants and 

having a reflectance ranging from 0.73% to 0.90%. The second type of tissues shows 

thick cell walls (similar to seed tissues) with reflectance ranging from 0.85% to 1.10%. 

Both tissue types include small and large fragments (up to 100µm). 
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The slides YIR11A, B and C, from H1 in BYA2(i), show four dark organic-rich layers. 

In the lowest layer, there is reflecting fusinite. The thin structures resemble those in 

herbaceous plants. A few fragments of seed tissues and woody tissues were observed. 

Char particles which probably derived from bone fat are present in the top layer. The 

reflectance value for YIR11 (Table 9.3) is characteristic of low reflecting fusinite and 

secretinite. The reflectance histogram exhibits a unimodal population with a well-

defined peak. For YIR11A, the reflectance value (Table 9.3) is again characteristic of 

low reflecting fusinite and secretinite, but the histogram of reflectance measurements 

exhibits a slightly bimodal distribution that seems to be related to the types of tissues. A 

particular type of tissue showing a very fine structure with thin cell walls has lower 

reflectance values than the other tissues. This phenomenon could be due to differences 

in the composition of the tissue cell walls or varying states of dryness before burning. 

The reflectance values for YIR11B and YIR11C (Table 9.3) are characteristic of low 

reflecting fusinite. They correlate very well with the mean reflectance value obtained 

for ample YIR11. The histogram of reflectance measurements from YIR11C exhibits a 

slightly bimodal distribution as in YIR11A. 

 

H in B/Gmix was represented in three slides; YIR5, 6 and 7. The samples appeared 

macroscopically as light grey, (light) brown, reddish-brown and pale yellowish. The top 

of YIR5 showed numerous reddish-brown inclusions, and all samples had fine black 

grains and a rough horizontal stratification. Little organic matter was present, except for 

fragments of tissues, large homogeneous reflecting gel particles and few char particles. 

The reflectance value for YIR5 (Table 9.3) is characteristic of a low reflecting fusinite. 

Huminite and liptinite particles are absent. The histogram of reflectance exhibits a 

plurimodal distribution. For YIR6, the reflectance value is characteristic of a low 

reflecting secretinite and fusinite. The histogram of reflectance exhibits a bimodal 

distribution. The reflectance value for YIR7 is characteristic of a low reflecting fusinite 

and its histogram of reflectance measurements exhibits a bimodal distribution that 

seems to be related to the types of tissues in sample YIR11A. 
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9.4.5 SPATIAL ANALYSIS 

The results of the kernel density estimation are shown as amount per unit area on the 

density maps (Figures 9.3, 9.4, 9.5 and 9.6), where red marks areas with high densities 

of material, yellow/orange medium densities and green low densities. There is a high 

density of bone, charcoal, and stone by H1 and H2 in square C4 in PGS2 (Figure 9.3). 

There are also high densities of bone and charcoal by H5, H6, and H7 in PGS2. The 

highest density of bone in PGS was found in square C5, next to the grey ash in square 

C4 (Figure 9.4). There are medium densities of bone and charcoal and high densities of 

stone by H2, H3, and the white ash patches in square B5 in PGS. A high density of 

charcoal in PGS was also found in square C6, where no combustion features were 

registered, and by H1 in square C4. In BYA2(i), there are high densities of bone, stone, 

and charcoal in square C4 (Figure 9.5). High densities of bone in B/Gmix (Figure 9.6) 

were found in square C4, where there is an ash dump, and B6, where no combustion 

features were registered during excavation. There was also a medium density of bone in 

B/Gmix square B4. In B/Gmix, a high density of charcoal was found by the ash dump 

and hearth registered in square C4, and high densities of stone were found by the ash 

dump and hearth in square B4 in B/Gmix. 

 

9.5 DISCUSSION 

The discussion of results is structured by the questions outlined in the introduction. The 

sample size is small, however, and the interpretations are suggestive rather than 

conclusive. 

 

9.5.1 TYPES OF COMBUSTION FEATURES REPRESENTED AT SIBUDU 

The combustion features analysed here were recorded as hearths during excavation. 

Nevertheless, only H5 in PGS2 was recognised as a classic hearth through 

micromorphological analysis and organic petrology. This illustrates the difficulty of 

making correct interpretations of combustion features during excavation. Furthermore, 
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the micromorphological analysis of H5 in PGS2 suggests that it, like some of the other 

hearths in the HP layers (Christopher Miller, personal communication), were burnt to 

completion and then abandoned. The hearth appears to have been used for a relatively 

short time, not only because it is a thin feature, but because there is no evidence of 

raking ashes from it. The reflectance histogram produced during the organic 

petrological analysis exhibits a unimodal distribution, which implies single use of the 

hearth. The organic petrological analysis also revealed many tissues in H5 in PGS2 

similar to herbaceous plants. Herbaceous plants might be used as tinder in domestic 

hearths (see e.g., Albert & Marean, 2012) or be brought to the shelter as food or for 

other purposes and the remnants might be thrown in the fire as a disposal method. It is 

more surprising that the organic petrological analysis detected few woody tissues in any 

of the features analysed. Burning plants implies a short fire.  

 

The micromorphological analyses of H1 in PGS, H1 in BYA2(i), and H in B/Gmix 

suggest that these combustion features are burnt bedding, and possibly a result of site 

maintenance (Goldberg et al., 2009). The organic petrological analysis supports the 

impression that many herbaceous plants were burnt in these features. Nevertheless, the 

micromorphological results point to differences between the features. H1 in PGS 

probably represents a single episode of constructing and burning of bedding. This 

combustion feature has an unusually small diameter for a bedding patch; however, it is 

not completely excavated because it lies against the section wall, so it may represent 

only part of the bedding area. The reflectance histogram of the top layer of H1 in PGS is 

skewed, which may be due to the different tissue types in the feature and not point to 

evidence for several burning events.   

 

Based on micromorphology, H1 in BYA2(i) appears to represent repeated construction 

and burning of bedding in the same location, suggesting intensive use, several 

occupation episodes and/or long stays at the site. H in B/Gmix also likely represents 

several episodes of bedding construction and burning; however, it is difficult to interpret 

because these sediments were significantly altered by post-depositional chemical 
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diagenesis. The micromorphological sample for H in B/Gmix was removed from B4b 

just outside of the circle of cobbles interpreted as hearth stones during excavation. The 

implication is that this combustion feature is more complex than was recognised during 

excavation, for example, bedding may have been burned in a domestic hearth. The 

charcoal analysis (Table 9.2) shows that woody taxa was burned in this feature, which 

suggests that wood or glowing charcoal was used to set the bedding alight or that the 

bedding was burned in or on top of a hearth. With hindsight, we realise that a small 

micromorphological block removed inside the circle of cobbles would have resolved 

this issue.  

 

9.5.2 FIRE-RELATED BEHAVIOUR 

Some suggestions about fire-related behaviour and the selection of firewood and fuel 

can be made from our analyses because the properties of some of the identified plants 

are known or implied by modern sources. Relatively few of the identified taxa 

represented bear edible fruits. The people living at Sibudu could have burned plants 

bearing edible fruits even if they did not eat the fruit, and it is thus difficult to use taxa 

identified from charcoal to interpret plants gathered for their food value. Analysis of 

seeds (see e.g., Sievers, 2006, 2013a; Sievers & Muasya, 2011) is better suited for this 

purpose, but is beyond the scope of this paper.  

 

Quite a high proportion of represented taxa have aromatic leaves and/or bark and wood 

(Palgrave, 1977). Such taxa discourage insects and they can be used in bedding (Wadley 

et al., 2011) or in fires to create smoke that dispels, for example, mosquitoes (see 

discussion in Wadley, 2012b, p. 92). Most of these aromatic taxa occur within the post-

Howiesons Poort layers (n = 6; 23%); in the Howiesons Poort only three aromatic taxa 

(14%) occur. However, this difference in the proportion of aromatic taxa might be 

influenced by the sample size. 
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The charcoal analysis does not suggest clear preferences for one taxon or a group of 

taxa for firewood in any of the layers and features examined, but about half of the taxa 

identified are suitable as firewood and/or for implements and wood handles.  In modern 

times, woods favoured for use as implement handles include Curtisia dentata, 

Mystroxylon sp. and Baphia racemosa, as well as some SAPOTACEAE, such as 

Englerophytum natalense (Palgrave, 1977).  

 

The reflectance measurements imply that the Sibudu combustion features selected for 

analysis burned at maximum temperatures of 289 - 319°C (Table 9.3). These 

temperatures are well within the range that can be recorded with reflectance values from 

charcoal. A reflectance study including experimentally produced charcoal, could 

recognise high temperatures (up to 1100°C) in anthropogenic fires (McParland et al., 

2009). The Sibudu temperatures are much lower and have a smaller range than the 

surface temperatures of ten experimental wood fires that varied from 466 - 760°C 

(Chapters 5, 6, 7). They also have a much smaller range than experimental sedge and 

grass fires that produced maximum temperatures between 157 and  >800°C (Miller & 

Sievers, 2012).   

 

Moderate temperatures reached in combustion features can suggest particular 

conditions, such as damp bedding that smouldered (see also Goldberg et al., 2009) or 

they can be a result of controlling and managing the fire. The people living at Sibudu do 

not seem to have been selective about the plant taxa for their fires; however, there are 

also other ways to control and manage a fire. For example, physical properties such as 

wood moisture, the size of the burning logs, and the level of decay of the wood can 

affect combustion  (e.g., Nurmi, 1992; Ragland et al., 1991; Théry-Parisot, 2001; Théry-

Parisot & Henry, 2012) and in turn attributes such as temperatures. Management 

techniques such as adding logs at particular intervals can also affect temperatures 

(Chapter 5). Nevertheless, organic petrology demonstrated that some bone from HP and 

post-HP layers at Sibudu burned at 300 - ˃800°C (Clark & Ligouis, 2010), and Herries 

(2009) found that rocks at Sibudu had been heated to 400 - 500°C. These results suggest 
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fires with varying temperatures, unlike the tightly controlled fires suggested by the 

organic petrological analysis of the selected fires for this chapter. There are several 

possible interpretations of the varying temperatures from the fires, for example, some 

fires may have been tightly controlled whereas others were not, or it was not important 

to achieve a specific temperature range in (some of) the fires. More experiments are 

needed to understand fully the management of fire at Sibudu.  

  

The slightly bimodal histogram distribution of reflectance values from H1 in BYA2(i) 

suggests burning of poorly dried tissues, mostly herbaceous plants. On the one hand, 

this could be interpreted as burning bedding that had not dried completely, for example, 

by cleaning out herbaceous plants that were used for a short time and replacing them 

with new plants. In other Sibudu layers sedges and rushes were used for bedding (see 

e.g., Wadley et al., 2011) and Sievers (2013a) demonstrates that it can take several 

months to dry sedges properly. Sievers also show that it can be very difficult, if possible 

at all, to start a fire with green sedges alone. It is plausible, however, that wood fires 

may generate high enough temperatures to ignite green sedges and, consequently, that 

even poorly dried bedding could burn if thrown into a wood fire. In conclusion, the 

organic petrological analysis suggests that bedding material was burned, although we do 

not yet know whether the bedding was damp or well dried before burning. 

 

9.5.3 SPATIAL DISTRIBUTION 

Turning now to the spatial distributions of material, different densities at an 

archaeological site may have several interpretations. An area with a low density of 

material may be the result of few or no activities, but can also be created through site 

maintenance such as removing refuse to a dumping area (see e.g., Binford, 1983; 

Stevenson, 1991). However, squares C5 and C6 were not included in the kernel density 

estimation analysis of BYA2(i) and B/Gmix (see Section 9.3.4), so the apparent lack of 

material in these squares is artificial (Figures 9.5 and 9.6).  The low densities of bone, 

charcoal and stone in squares B5 and B6 in BYA2(i) may be due to site maintenance 
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activities or simply few other activities in the area. Rocks can also be barriers for the 

spatial distribution of archaeological material and they prevent the accumulation of 

material. For example, a large rock occupied much space in square B6 in layer PGS 

(Figure 9.4), so this area also has a low density of bone, charcoal and stone.  

 

The distribution of archaeological material can give insight into the disturbance of a 

site. For example, good correlation between observed combustion features and high 

densities of charcoal suggests little disturbance by trampling and other post-depositional 

processes (see e.g., Balme & Beck, 2002; Goldberg, 2000). In the post-HP layers 

BYA2(i) and B/Gmix at Sibudu, the high densities of charcoal coincide with 

combustion features identified through micromorphology as burned bedding (Figures 

9.5 and 9.6). The high density of charcoal in BYA2(i) is a more discrete cluster than 

that in B/Gmix, where chemical diagenesis and trampling are potential agents. It is also 

possible, however, that the charcoal in BYA2(i) represents a more contained event that 

resulted in charcoal spread over a smaller area than in B/Gmix. The HP combustion 

feature H1 in PGS, also identified through micromorphology as burned bedding, 

contains a high density of charcoal. The combustion features H2 and H3 in PGS, as well 

as ash patches in square B5 in PGS, also have high densities of charcoal. Yet these 

clusters are not as contained as the ones in the post-HP layers. Furthermore, there are 

high densities of charcoal in squares C6 and B5 in PGS and this area does not 

correspond to any large combustion features. It is possible that these clusters represent 

combustion features (hearths or ash dumps) that could not be distinguished during 

excavation, but they may also have formed through redistribution of material. The 

kernel density estimation of PGS2 (Figure 9.3) shows a high density of charcoal in 

square C4, partly overlapping H2 in PGS2, and a high density of charcoal in B4 that 

partly overlaps H5, H6 and H7 in PGS2, but also covers a much larger area than these 

combustion features. This pattern suggests some redistribution of material and a similar 

situation to that in layer PGS. 
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Clusters of archaeological material intermingled with bedding have been identified at 

other sites, for example, the Middle East site Ohalo II (Nadel et al., 2004), and 

accumulations of bone and stone in and on top of the bedding would be expected if 

activities such as bone smashing and stone tool production were conducted on top of the 

bedding. The bedding might also contribute to containing objects to  protect them 

against redistribution by trampling. However, objects such as bone could snap in the 

bedding when trampled (see e.g., Goldberg et al., 2009). The areas with high densities 

of bone and stone in layer BYA2(i) (Figure 9.5) are discrete and they overlap with H1 

in BYA2(i), identified through micromorphology as burned bedding. There is also an 

area with high and medium-high densities of bone and stone in B/Gmix (Figure 9.6), on 

top of the combustion feature that likely represents multiple episodes of burned 

bedding, although these clusters are less contained and cover a larger area than the ones 

in BYA2(i). On the one hand, post-depositional processes may have shaped BYA2(i) 

and B/Gmix differently, thus contributing to different distributions of material. We 

know, for example from the micromorphological analysis, that B/Gmix was affected by 

chemical diagenesis, which may have influenced the distribution of bone and stone. On 

the other hand, the contained clusters in BYA2(i) could be the result of a very restricted 

activity area, or the dumping of waste in one spot, whereas a larger activity area or 

dumping area might have resulted in the less contained high densities on top of bedding 

in B/Gmix. The bedding patch H1 in PGS (Figure 9.4) has little bone and stone and may 

represent only one or a few episodes of burning bedding. However this combustion 

feature is not fully excavated and it may extend beyond the excavated area.  

 

High densities of bone, charcoal or stone appear to be concentrated in the bedding zone 

of layer BYA2(i) (Figure 9.5). Outside the presumed bedding area in layer B/Gmix, 

there is one area with a high density of bone (within square B6) and one with a high 

density of stone (square B5) (Figure 9.6).  The lack of charcoal in these squares 

suggests that there was no combustion features in the area or that the wood was entirely 

ashed. No micromorphological samples were taken in this part of B/Gmix, so we do not 

have analyses that could explain the microstratigraphy in squares B5 and B6. 

Nevertheless, there are some possible explanations for the high densities of material in 
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these squares. One possibility is that the high density of bone in square B6 was created 

when bones were thrown into a fire and that the high density of stone in square B5 

represents a knapping event.  Another possibility is that the bone and stone in squares 

B5 and B6 represent discarded and dumped material and not activity areas, but this is 

less likely because of the separation of the two materials. A detailed study of the 

contents in the clusters may provide more information on the contents and whether it 

has been dumped or not. Furthermore, and regardless of whether the two clusters in 

squares B5 and B6 in B/Gmix represent a fire with an associated activity area or 

dumping events, these clusters may have formed before, during or after the activities in 

squares B4 and C4.  

 

The high densities of bone and stone in the HP layers appear less contained than the 

clusters in the post-HP layers. There is a high density of bone in squares B5 and B6 in 

PGS (Figure 9.4), partly overlapping the combustion features H2 and H3 and the ash 

patches in square B5. These bones could have been thrown into or processed next to the 

combustion features, although the bones appear to have been redistributed when 

compared to the placement of the combustion features. Similarly, the high densities of 

stone in squares B5 and B6 in PGS may represent stone tool production by the 

combustion features and ash patches in this area and possible redistribution of the 

material. However, it is also possible that the ash patches in square B5 represent 

material that was dumped by H2 and H3 in PGS and that dumping and subsequent 

redistribution have merged the material from the different events (burning and 

dumping). In square C5 in layer PGS, there is a high density of bone and a medium high 

density of stone that partly overlap. These high densities of bone and stone could 

represent activities connected with the ash patch and H1 in C4, the high density of 

charcoal in C6 and/or the ash patches and combustion features in B5 squares B5 and 

B6, or they could represent separate activities.  

 

The area studied in PGS2 is smaller than in PGS, yet there are partly overlapping 

clusters of high density of bone and stone in PGS2. A high density of bones is 
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overlapping H1 and H2 in PGS2 and could be bones thrown into these combustion 

features, and the medium high density of bones in square B4 in PGS2 could represent 

bones burned in H5 or one of the other combustion features in this area. The high 

densities of stone in PGS2 coincide with combustion features. It is possible that both the 

stone and bone have been dumped in this area, but also that this material is redistributed 

by trampling or subsequent activities in the area. Furthermore, H5 in PGS2 was the only 

combustion feature identified as a hearth through micromorphological analysis. H5 

contains a smaller proportion of stone than the other combustion features in PGS2 

(Table 9.1), though there is a high density of stone next to H5. This might represent 

stone tool production next to this hearth or others in the same square.  

 

9.5.4 DIACHRONIC DIFFERENCES 

We have discussed data and interpretations of types of combustion features, fire-related 

behaviour and spatial distribution in the selected post-HP and HP layers in the previous 

sections. Diachronic differences between post-HP and HP layers at Sibudu have been 

suggested (Goldberg et al., 2009; Wadley & Jacobs, 2006; Wadley et al., 2011), and the 

following hypotheses for the differences have been put forward: 

 

Since the vast majority of sediments at Sibudu result from anthropogenic deposition, the 

homogenous Howiesons Poort and earlier layers, representing lower deposition rates, 

would suggest that there was an increase in the intensity of occupation at Sibudu during 

the post-Howiesons Poort occupation. Another possible, but not mutually exclusive, 

hypothesis is that the use of sedge and/or grass bedding influenced the effects of 

trampling on the different types of deposit. (Goldberg et al., 2009, p. 120) 

 

In this section, while being aware of the small data sample in this paper, we shall 

discuss to what extent our data support these hypotheses. 
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H1 in BYA2(i) and H1 in PGS are previously interpreted as, respectively, multiple or 

single episodes of burning bedding (Goldberg et al., 2009; Wadley et al., 2011), which 

is the same conclusion as we offer in this paper. Multiple episodes of burning bedding 

suggest intensive occupation not only because of the many burning events and effort 

spent on site maintenance, but also takes into account the time spent on processes such 

as gathering the large amounts of plant material needed to produce thick layers of 

bedding (see Miller & Sievers, 2012; Sievers, 2013a). Our analysis of H in B/Gmix 

(post-HP) suggests that it contains multiple episodes of burning, thus supporting the 

interpretation of repeated or intensive occupation during the post-HP.  

 

The last combustion feature included in the micromorphological analysis, H5 in PGS2, 

was found to be a classic hearth. The organic petrological analysis implies the 

placement of many herbaceous plants, but little wood in the hearth, although the 

charcoal analysis identified woody genera such as Podocarpus in layer PGS2. Wood 

generally produces fires that last longer than herbaceous plants, and these soft plants 

may be used as tinder and not as primary fuel (see e.g., Albert & Marean, 2012). The 

use of many herbaceous plants with little wood thus suggests short fires. A similar 

observation has previously been made at Sibudu where it was suggested that there were 

few signs of deliberate selection of taxa, implying minimal knowledge of wood 

properties and/or short occupations (Allott, 2005). However, the lithic component in the 

HP technocomplex includes backed blades and segments thought to be hafted (see e.g., 

Lombard, 2005, 2007; Lombard & Phillipson, 2010; Wadley, 2005a; Wadley et al., 

2009) and Allott (2005) points out that people that produce wooden shafts for hafting 

would be expected to be familiar with wood qualities. Furthermore, our charcoal 

analysis shows selection of taxa with aromatic leaves and/or bark and wood (Section 

9.5.2 and Table 9.2), which implies knowledge of plant properties. Aromatic taxa have 

been identified in 77 ka pre-Still Bay layers (Wadley et al., 2011), suggesting this 

property in plants was known before the HP. Selection of plants for bedding (see 

Sievers, 2013a) also suggests an awareness of the environment and the qualities of 

different plants. It is thus likely that people living during the HP had knowledge of 
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wood properties and that brief occupation spans with short-lived fires are the reason for 

little charcoal in the HP layers. 

 

Allott (2005) observed more selection of woody taxa known as good firewood in post-

HP layers than in HP layers. The new charcoal analysis presented here did not 

distinguish a clear difference through time in the selection of firewood taxa, but the 

sample size was small and the sample contained less charcoal suitable for analysis from 

the HP layers than from the post-HP layers (see Section 9.4.2). The post-HP sample did 

contain more aromatic taxa than the HP sample, suggesting more use of such plants. 

More aromatic taxa may point towards intensified use and more need for insect 

repellents, although the difference in aromatic taxa might also be a result of sample size. 

 

There is little difference between temperatures in HP and post-HP layers as suggested 

by the organic petrological analysis (Section 9.4.4 and Table 9.3). On the one hand, the 

similar temperatures could suggest similar maintenance techniques for fire in the HP 

and post-HP. On the other hand, we saw in Section 9.5.2 that other studies from other 

layers have identified a wider range of temperatures at Sibudu (Clark & Ligouis, 2010; 

Herries, 2009). The range of temperatures in fires at Sibudu and the differences between 

temperatures in HP and post-HP layers might thus be larger than represented by our 

analysis. 

 

There are some differences in the weights of bone, charcoal and stone and the spatial 

distribution in HP and post-HP layers. Much of the bone, charcoal and stone in the post-

HP layers BYA2(i) and B/Gmix was found inside combustion features (see Table 9.1), 

but much material in the HP layers PGS and PGS2 was found outside combustion 

features. Redistribution of material through trampling has been observed in the HP 

micromorphological slides (Goldberg et al., 2009), which may explain the different 

distributions. However, the percentage of material found inside combustion features 

also raises the question of the protective effect of the bedding material (see Goldberg et 
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al., 2009) in the post-HP layers, for example layer BYA2(i). The other post-HP layer 

included here, B/Gmix, does not contain clusters of material that are as well-defined in 

the bedding area, perhaps due to chemical diagenesis or to more widespread activity 

there. The bedding area of H1 in PGS did contain little bone and stone, suggesting even 

fewer activities there. These observations appear to support the idea that bedding holds 

material in place and that and there were intensive activities carried out in the post-HP 

layers. 

 

9.6 CONCLUSION 

In general, this study confirms results from previous studies (e.g., Allott, 2005, 2006; 

Goldberg et al., 2009; Wadley et al., 2011). The first aim here was to identify types of 

combustion features at Sibudu. Our sample consisted of two combustion features from 

post-HP layers, both of which represented multiple episodes of burned bedding, and two 

combustion features from HP layers. One of the latter was identified as a single episode 

of burning bedding, while the other was interpreted as a classic hearth. These results 

illustrate the importance of using micromorphology in addition to field observations 

from archaeological sites, because all of the combustion features were interpreted as 

hearths in the field. 

 

The second aim of the paper was to examine fire-related activities. Aromatic taxa that 

might function as insect repellents were identified from charcoal fragments, which did 

not demonstrate clear preferences for firewood taxa. Many herbaceous plants were 

burned in the combustion features, and the organic petrological analysis also suggested 

a limited temperature range for the fires.  

 

The third aim was to identify spatial distributions of artefacts. High densities of 

charcoal were recognised within combustion features in the post-HP layers, but not in 

the HP layers. Bone and stone were clustered within the bedding area in BYA2(i) and 
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B/Gmix, although the latter layer contained a cluster of bone and a cluster of stone 

implying activities outside of the bedding area. The high density clusters in PGS and 

PGS2 may represent activity areas near hearths, although redistribution of material may 

also have occurred.  

 

The last and fourth aim was to identify diachronic differences in fire-related behaviour. 

Multiple episodes of burning bedding, lots of charcoal, aromatic woody taxa and 

clusters of material suggest rapid accumulation and intensive occupations of the post-

HP layers. Single episodes of burned bedding, little charcoal and lots of herbaceous 

plants imply short fires. Scatters (as opposed to clusters) of material can imply 

redistribution from trampling or rake-out, or they can imply short and ephemeral 

occupation. However, our sample size is limited and these conclusions are therefore 

speculative and need confirmation with larger samples. 

 

This study provides an example of the strengths of a multi-disciplinary approach In 

which many methods complement each other. For example, the organic petrological 

analysis could distinguish herbaceous plants from wood in the HP samples, while the 

woody taxa burned could be identified by charcoal analysis. The combination of the 

kernel density analysis and the micro stratigraphic analysis using micromorphology 

combines data of different resolutions, and allows different perspectives on the site . 

The multi-disciplinary approach thus allows detailed information on many aspects of 

the site and helps build different strands of evidence. In the next chapter, I shall study 

the pH and charcoal in selected archaeological and experimental combustion features to 

see whether these data can provide insight into the formation processes at Sibudu. 
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10 ASH pH AND CHARCOAL FROM 

ARCHAEOLOGICAL SAMPLES AND 

EXPERIMENTAL COMBUSTION 

FEATURES 

 

The previous chapter analysed some diachronic differences between features and layers 

at Sibudu. In this chapter, I shall include both experimental and archaeological samples 

to further describe selected archaeological combustion features and examine if 

predictions about prehistoric fire use and site formation can be made from experimental 

fires (see aims for this thesis in Section 1.1). More specifically, I want to examine if 

different types of combustion features (hearths, ash dumps, burned bedding) and layers 

containing selected lithic industries (HP and post-HP) can be recognised using selected 

contents (ash pH and weight of charcoal) of combustion features. This is important 

because it might help researchers identify different types of combustion features and 

formation processes, and it can also contribute to the understanding of differences 

identified through other methods, such as the diachronic differences in fire-related 

behaviour identified through micromorphological analysis and seed and plant 

identifications as described in Chapter 10 (see also Goldberg et al., 2009; Sievers, 

2013a; Wadley et al., 2011). This chapter consists of 2 sections (10.1 Ash pH and 10.2 

Charcoal), which both are structured similarly: First a short introduction to the section, 

followed by the method used, results, discussion of results and a short comment on the 

archaeological implications. 

 

10.1 ASH PH 

Ash is alkaline, although the constituents of ash and its surrounds can vary. The 

properties of the local topsoil horizon affect the pH value, but post-depositional 

processes can also reduce the pH value (see e.g., Canti, 2003; Goldberg & Macphail, 

2007 and references therein). For example, the pH of bat guano can affect sediments 
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and the diagenesis in caves occupied by bats and the degradation of organic matter in 

the bat guano can contribute to a reduction in pH values by ca. 1.5 pH points, dependent 

on the diet of the bats (Shahack-Gross et al., 2004). Ash and pH can also affect the 

preservation of objects such as bone (e.g., Berna et al., 2004; Karkanas et al., 2007) that 

are embedded in the sediments. I measured the pH values of ash from selected 

combustion features at Sibudu as well as some of the combustion features from my 

experiments to examine if there are differences in pH values between hearth strata in 

combustion features, different types of combustion features or features formed under 

different archaeological industries. Note that some of the pH values below were also 

presented by Sievers (2013a), who noted that the damage observed on phytoliths from 

Sibudu is consistent with the alkaline pH values recorded in some of my experiments 

(Sievers, 2013a, p. 31). The relationship between pH values and preservation will not be 

discussed here. 

 

10.1.1 METHOD 

Soil samples were taken from combustion features during excavation and during my fire 

experiments. Some of these samples were analysed by Prof. Mary Scholes at the 

University of the Witwatersrand for research projects conducted by Dr. Christine 

Sievers and Prof. Lyn Wadley. These samples are named Sib and a number (Table 

10.1). The samples named # and a number were analysed by me in the soil laboratory at 

the School of Geography, Archaeology and Environmental Studies, and I selected 

experimental samples for this analysis to ensure that I included samples from all hearth 

strata and from fires burning different wood taxa. Both the samples analysed by Prof. 

Scholes and samples analysed by me were diluted in 5:1 distilled water. Missing 

numbers from the Sib samples belong to samples not relevant for this thesis and missing 

numbers from the # samples belong to modern samples that are not included in my 

project.  
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10.1.2 RESULTS AND DISCUSSION 

The pH values are given in Table 10.1. The average pH value for the archaeological 

samples was 6.73 and the average value for the experimental samples from combustion 

features (excluding samples #11 and #17 taken from clean topsoil horizons) was 8.85. 

The top hearth stratum of white ash in experimental combustion features had a higher 

pH value than the topsoil horizon. For example, the top of the combustion feature 

produced in E1 (#18) was very alkaline with a pH value of 10.51, whereas the topsoil 

horizon in the experiment was neutral with a pH value of 7.45. The pH values of the 

middle and bases of hearths were closer to the value of the topsoil horizon they were 

started on. 

 

Table 10.1 Experimental and archaeological pH readings. Values from HP 

layers are shaded light grey, values from post-HP layers are not shaded and the 

experimental samples are shaded dark grey. Part 1 of 2.  

Label Type Context pH 

value 

#6 Arch PGS2 7.36 

#2 Arch Top of H2 in PGS2 6.62 

#3 Arch Top of H1 in PGS2 6.81 

#4 Arch Middle of H1 in PGS2 7.45 

#5 Arch Base of H1 in PGS2 7.50 

Sib17 Arch PGS 7.54 

Average pH value from HP layers  6.18 

Sib23 Arch Top of H1 in Brown under YA2(i) 6.08 

Sib24 Arch Middle of H1 in Brown under Ya2(i) 6.09 

Sib25 Arch Base of H1 in Brown under YA2(i) – black lens 5.83 

#7 Arch Brown under YA2(i) Ash dump 5.86 

Sib8 Arch Top of Hearth in B/Gmix 5.81 

Sib26 Arch Base of H in B/Gmix 5.90 

#1 Arch Ash dump from H1 on B/G mix 5.29 

Average pH value from post-HP layers 5.84 
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Table 10.1 (continued). Part 2 of 2. 

Label Type Context pH 

value 

#11 Exp Topsoil horizon E1 – E10 7.45 

#18 Exp E1 top of hearth 10.51 

#21 Exp E1 middle of hearth (red lens) 8.43 

#20 Exp E1 middle of hearth  7.88 

#19 Exp E1 base of hearth 7.78 

#26 Exp E9 top of hearth 11.02 

#14 Exp E9 top of hearth (beige lens) 8.80 

#16 Exp E9 middle of hearth (red lens) 8.85 

#27 Exp E9 base of hearth 7.52 

#24 Exp E10 top of hearth 10.70 

#13 Exp E10 middle of hearth 8.36 

#28 Exp E10 base of hearth 6.24 

#17 Exp Topsoil horizon F4 and F5 5.62 

#23 Exp F4 top of hearth 10.32 

#22 Exp F4 top of hearth (grey lens) 10.09 

#15 Exp F4 middle of hearth 9.56 

#25 Exp F4 black base 8.08 

#12 Exp F4 ash dump 8.38 

Sib27 Exp F1 Ash dump 9.70 

Sib28 Exp F3 top of hearth 10.86 

Sib30 Exp F3 middle of hearth 9.55 

Sib29 Exp F3 base of hearth 8.05 

 

 

We have seen in Chapters 7 and 8 that the white top hearth stratum produced in my 

experimental hearths consists of white ash and charcoal, while the black and rubified 

strata represent heat-induced changes of the topsoil horizon (see also Mallol et al., 

2013a). The pH values from the experimental hearth strata support this suggestion. For 

the purposes of the statistical analysis, I ranked hearth strata by their inherent order 



 

 172 

from top to base so that the top stratum has value 1, the middle stratum 2 and the base 

stratum of a feature has value 3. The strong relationship between ashy strata (that is, the 

top stratum of the features), middle and base strata in my experiments on the one hand 

and pH values on the other is statistically significant (rs = -.80, p ˃ .01). Furthermore, 

the few exceptions to this rule in Table 10.1 are related to where the sample was 

collected. Sample #14, for example. was taken from a beige lens in the top of E9 and 

returned a lower value (8.80) than the other samples from top strata in other 

experimental combustion features and also a lower value than sample #26, which was 

taken from the proper white ash in the same feature (pH value 11.02). Sample #14 was 

taken closer to the middle strata than sample #26, which could be the reason for the 

lower pH value.  

 

The pH values of the experimental combustion features do not appear to have a 

relationship to the wood taxon burnt, even when I sample only the strata containing the 

most ash (top of hearth and ash dump) from my experiments. However, the sample size 

of many wood taxa is very small. The statistical results after comparing pH value with 

wood mass (r = -.13, p = .59) or the number of fires in the hearth (r = .09, p = .72) in the 

experimental sample were not significant and did not reveal a strong relationship 

between the variables.  

 

There is a difference between the pH values for the ashy strata (ash dumps and top 

strata) on the one hand and the values for other hearth strata (middle and base) and the 

matrix of the layer on the other hand for the archaeological samples. The relationship 

between these variables is moderate and not statistically significant (rs = .58, p ˃ .05), 

but the sample size is also small. The tops of hearths in PGS2 (samples #2 and #3) were 

acidic compared to the sample from the matrix of layer PGS2. The samples from the 

post-Howiesons Poort layers B/Gmix and BYA2(i) were generally more acidic than the 

samples from the HP layers. There is a very strong and statistically significant 

difference between the pH values of the two archaeological industries (r = .91, p = .00), 

although the sample sizes are small. The more acidic conditions in the post-HP layers 
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could be related to more burning of bedding and plant material in these layers than in 

the HP layers (Chapter 9; see also Goldberg et al., 2009; Wadley et al., 2011), and 

Sievers (2013a, p. 31) has previously noted that different plant material burned at 

Sibudu should be considered together with pH values at the site. 

 

On the one hand, the pH values of the two archaeological ash dumps tested (Ash dump 

in BYA2(i) and Ash dump from H1 on B/Gmix) are similar to the pH values from other 

combustion features in these layers. Furthermore, the experimental ash dump from F1 

(sample Sib27) has a pH value of 9.7, which is slightly lower than the tops of the other 

experimental hearths tested, but higher than the middle and bases of the other selected 

experimental hearths. These data imply that there is little difference in pH value 

between ash dumps and the tops of primarily deposited combustion features, perhaps 

because of the volume of ash in ash dumps and in the tops of combustion features. On 

the other hand, the pH value of the ash dump from experiment F4 (sample #12, pH 

value 8.38) is lower than the pH value of the top of the hearth in the same experiment 

(sample #23, pH value 10.32), which suggest some differences in pH values between 

ash dumps and other combustion features. As described in Chapters 7 and 8, however, 

F4 produced very little ash, and Table 10.1 shows that the pH value for the topsoil 

horizon for experiment F4 (sample #17) was acidic (pH value 5.62). Sediments from the 

topsoil horizon (acidic) were raked out with the ash (alkaline) from F4 to create an ash 

dump, and mixing these two components would affect the pH value. The wood taxon 

used in F1 produced much ash, so the ash dump from F1 would mainly consist of ash 

and thus have a pH value close to the top ashy stratum in a combustion feature. It 

appears that pH values can be used to distinguish the top stratum of combustion features 

from the topsoil horizon, but not to distinguish secondarily and primarily deposited 

combustion features because the pH value of ash dumps is dependent on the volume of 

ash and sediments raked out and dumped.  
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10.1.3 ARCHAEOLOGICAL IMPLICATIONS 

These results have the following implications: 

 

 The top white ash hearth stratum in experimental combustion features is 

generally more alkaline than the other hearth strata. This difference can 

sometimes be distinguished in archaeological samples. 

 The pH value of primarily deposited combustion features cannot always be 

distinguished from the pH value of secondarily deposited combustion features 

because high volume of ash in an ash dump will have a similar pH value to the 

top stratum of a primarily deposited combustion feature. 

 A significant difference in pH in HP and post-HP layers at Sibudu is suggested 

by the samples included in this study, although the sample size is small. Possible 

reasons for different pH values include different diagenesis and moisture 

content, but future studies will have to examine this diachronic difference. The 

relationship between the plant material burned and the pH values should be 

examined in the future. 

 

10.2 THE CHARCOAL CONTENT OF COMBUSTION FEATURES 

In addition to measuring the pH values, I weighed the charcoal content of 

archaeological and experimental combustion features. In this section, I shall use the 

charcoal content from archaeological and experimental hearths to examine (1) any 

diachronic differences in charcoal content between HP and post-HP layers and (2) if 

there are differences in the weight of charcoal within the different hearth strata of 

primarily deposited combustion features. 
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10.2.1 METHOD 

As described in Chapter 9, I weighed the charcoal from layers PGS and PGS2 (HP 

industry) and B/Gmix and BYA2(i) (post-HP industry). The total mass of bone, 

charcoal and stone was also weighed (see Chapter 9). Some combustion features were 

small and/or it was not possible to separate different hearth layers, and the charcoal 

content from such combustion features was combined and weighed as one unit. In other 

combustion features, it was possible to distinguish hearth strata during excavation, and 

the charcoal content from each stratum was weighed separately. In experiments F3, F4, 

F5 and F6, I scraped half the experimental hearth to the side as an ash dump and 

excavated the remaining half of the experimental hearth by hearth strata (see Section 

4.3.6). I do not include charcoal from the experimental ash dumps here. 

 

10.2.2 RESULTS AND DISCUSSION 

The total weights of charcoal from all the archaeological combustion features are given 

in Table 10.2. The table also shows the total mass of contents (bone, charcoal and stone) 

from the features and the percentage of charcoal as a reference because the combustion 

features have different sizes and, consequently, a heavy weight of charcoal in a feature 

can be a result of the size of the feature. The 12 HP combustion features contained on 

average 0.69 g charcoal, and charcoal constituted on average 0.1% of the total mass of 

contents from the HP features. The nine post-HP combustion features contained on 

average 44.18 g charcoal, and charcoal constituted on average 23.8% of the total mass 

of contents from the post-HP features including the two features with 100% charcoal or 

1.9% of the total mass of contents from the post-HP features excluding the two features 

with 100% charcoal.  

 

The time-related differences in the percentage of charcoal (compared to bone and stone) 

in combustion features seem large, but they are not statistically significant (r = .40, p = 

.07). Nevertheless, we saw in Chapter 9 that a large proportion of the charcoal from the 

HP layers PGS and PGS2 was found outside of combustion features and that the  
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Table 10.2 The charcoal content of selected archaeological combustion 

features. The HP layers are shaded, while the post-HP layers are not. 

 

Feature   

Total mass of bone, stone 

and charcoal (g) 

Charcoal 

g %
1
 

H1 PGS2 1073.7 0.8 0 

H2 PGS2 1355.1 1.6 0.1 

H3 PGS2 616.6 0.5 0 

H4 PGS2 60.1 0.1 0.2 

H5 PGS2 125.8 0.7 0.6 

H6 PGS2 750.6 0.4 0 

H7 PGS2 96.3 0 0 

H1 PGS 172.7 0.3 0.2 

H2 PGS 3267.7 0 0 

H3 PGS 1353.1 3.3 0.2 

Ash in PGS 637.7 0.5 0 

Ash dump in PGS 314.5 0.1 0 

H in B/Gmix 3277.9 41.5 1.3 

H1 in B/Gmix 21.4 0 0 

Ash dump B/Gmix 503.6 10.3 2.0 

Ash dump 2 B/Gmix 314.5 0.1 0 

H1 BYA2(i) 7523.8 303.1 4.0 

SW hearth 1.6 1.6 100.0 

Gray hearth 1.6 1.6 100.0 

  

micromorphological analysis suggests that trampling and redistribution of material 

affected the HP layers to a large degree (see also Goldberg et al., 2009). Such processes 

might also explain why the percentage of charcoal is low in the HP combustion features. 

Furthermore, the HP layers are more alkaline than the post-HP layers, as seen above in 

Section 10.1. The alkalinity of the HP layers and features might have affected the 

preservation of charcoal and contributed to the low volume and small mass of charcoal. 

                                                 
1
 The percentage of charcoal is calculated from the combined content of bone, charcoal and stone in the 

features. Values ˂ 0.1% are represented by 0. 



 

 177 

Braadbaart and colleagues (2009) have demonstrated high fragmentation and, 

consequently, potential loss of charcoal under alkaline conditions; processes that would 

not favour preservation of charcoal in the HP combustion features and, at least partly, 

explain the different weights and percentages of charcoal in the HP and post-HP 

combustion features.  

 

Other processes that may have affected the mass of charcoal in the combustion features 

are the wood mass burned, the choice of wood taxa, the number of fires in the hearth, or 

the temperatures of the fire. For example, it was mentioned in Chapter 4 that high 

temperatures can reduce all the charcoal to ash and some wood taxa also produce more 

charcoal than others (see e.g., Smart & Hoffman, 1988; Wattez, 1988, 1992). 

Furthermore, we have seen in Chapters 7 and 8 that Eucalyptus globulus wood 

produced less ash than the wood taxa used in the other experimental fires I conducted. 

Although many variables can affect the production of charcoal in a fire (e.g., Smart & 

Hoffman, 1988 and references therein) and I only include a limited experimental sample 

here, the total charcoal content from the included experiments (Table 10.3) support 

previous studies; some wood taxa produce more charcoal than others.  For example, 

experiments F4 and F5, burning Eucalyptus globulus, produced more charcoal than the 

other selected experimental samples (Table 10.3; see also Chapters 7 and 8). F4 burned 

15.1 kg wood in total, distributed in three fires, and F5 burned 14.1 kg wood in one fire. 

Nevertheless, F5 produced more charcoal than F4, suggesting  that repeated fires in a 

hearth and reheating of charcoal can lead to more mass loss than one large fire in the 

hearth.  It appears that the wood taxa and the number of fires in a heart could have 

contributed to the differences in charcoal content observed in the HP and post-HP layers 

at Sibudu. However, the differences in pH values identified in Section 10.1 and the 

different processes (e.g., gypsum formation) identified through micromorphological 

analysis (Chapter 9; see also e.g., Goldberg et al., 2009; Wadley et al., 2011) suggest 

different diagenesis in the HP and post-HP layers, which would also affect the charcoal 

content.  
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The second research question in this section relates to the hearth strata. We saw in 

Chapters 7 and 8 that the experimental fires did not produce hearths with a distinct 

charcoal stratum, and Table 10.3 shows the charcoal content in the hearth strata of the 

experimental hearths included here. (As described in Chapter 4 and above, one half of 

these experimental hearths were scraped out to create an ash dump and the weights in 

Table 10.3 only represents the remaining half of the hearth.) Table 10.3 shows that all 

the included experimental samples contained more charcoal in the top stratum (38 – 

93%) than in the middle (6 – 27%) and base (1 – 35%) strata. This shows that the lack 

of a distinct charcoal-rich stratum at the base of these experimental hearths was not just 

an impression during excavation (see also Chapter 4); it is also supported by the weight 

of charcoal from the hearth strata.  

 

Table 10.3 The charcoal content in the hearth strata of selected experimental 

hearths. Please note that half the hearth was scraped out to create an ash dump 

and that charcoal from the ash dump is not included in this table.  

 

 

Experiment 

 

Total 

(g) 

Charcoal content by hearth stratum 

Top 

(g) 

Top 

(%) 

Middle 

(g) 

Middle 

(%) 

Base 

(g) 

Base 

(%) 

F3 6.65 2.51 38 1.80 27 2.34 35 

F4 94.70 88.27 93 5.22 6 1.21 1 

F5 105.02 88.45 84 12.93 12 3.64 4 

F6 13.97 12.92 92 0.90 6 0.15 1 

 

Field observations from Sibudu suggest a distinct black base stratum rich in charcoal 

(see e.g., Wadley, 2012a; Wadley & Jacobs, 2006) in primarily deposited archaeological 

combustion features. Table 10.4 shows the charcoal content from selected 

archaeological combustion features where it was possible to excavate different hearth 

strata. The base stratum of the included HP combustion features contains 32 – 100% of 

the charcoal found in the features, and the base stratum in the post-HP combustion 

features contains 56 – 90%. The charcoal content of the base stratum in the selected 

combustion features thus conforms to the expectation of a large proportion of charcoal 
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in the base stratum of archaeological combustion features. Nevertheless, the top stratum 

in the post-HP combustion features contains a small proportion of the charcoal (10 – 

18%) found in the combustion feature, in contrast to both the experimental sample 

included (38 – 94%) and the HP sample (30 – 61%, excluding H6 in PGS2). Diagenesis 

or pyrotechnological techniques have been suggested to influence the distribution of 

charcoal within combustion features (see Mallol et al., 2013a), and these are possible 

explanations for the difference between the hearth strata of my experimental hearths and 

the archaeological sample from Sibudu. Furthermore, my data on charcoal content 

suggest diachronic differences in the contents of hearth strata which may again be a 

result of different diagenesis as mentioned above. There is clearly a potential for future 

studies of the diagenesis at Sibudu, using a combination of different methods. 

 

Table 10.4 Charcoal content in hearth strata from selected archaeological 

combustion features. The HP features are shaded, while the post -HP features 

are not. 

Combustion 

feature 

Total 

(g) 

Charcoal content by hearth stratum 

Top 

(g) 

Top 

(%) 

Middle 

(g) 

Middle 

(%) 

Base 

(g) 

Base 

(%) 

H1 PGS2 1.40 0.45 32 0.83 59 0.12 9 

H2 PGS2 1.61 0.78 48 - - 0.83 52 

H3 PGS2 0.51 0.31 61 - - 0.20 39 

H6 PGS2 0.42 - - - - 0.42 100 

H1 PGS 0.43 0.13 30 - - 0.30 70 

H1 BYA2(i) 287.34 51.29 18 75.61 26 160.44 56 

H3 BYA2(i) 1.06 0.11 10 - - 0.95 90 

H in B/Gmix 41.51 4.14 10 - - 37.37 90 
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10.2.3 ARCHAEOLOGICAL IMPLICATIONS 

These results have the following implications: 

 

 The wood taxon burned and the number of fires in a hearth can affect the total 

weight of charcoal in a combustion feature. 

 There is a difference in the total weight of charcoal in the HP and post-HP 

features, and this supports other analyses, such as micromorphology, that 

suggest diachronic differences in fire-related behaviour and, possibly, 

differences in the post-depositional processes that affect HP and post-HP layers 

(see e.g., Chapter 9; Goldberg et al., 2009). 

 The top stratum of my experimental hearths contains more charcoal than the 

middle and base strata. In contrast, most of the charcoal in all of the included 

post-HP combustion features and three of the included HP features was found in 

the base stratum. The difference between experimental hearths and 

archaeological combustion features may be a result of diagenesis and should be 

examined in future studies. 

 There is a diachronic difference in charcoal content in the top stratum of the 

included archaeological combustion features; the top stratum of post-HP 

combustion features contains less charcoal than the top stratum of HP 

combustion features.  

 

These implications can be tested in the future, but must also be evaluated in the context 

of the other results in this thesis. In the following chapter, I shall summarise and discuss 

results and archaeological implications of the results from all the chapters in this thesis. 

I shall also summarise suggestions for future studies that arise from this thesis. 
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11 DISCUSSION AND CONCLUSION 

 

In this thesis, I have examined the characteristics of MSA pyrotechnology through 

actualistic fire experiments, spatial analysis and an in-depth study of properties of 

selected combustion features at Sibudu. I have also collaborated with other researchers, 

who have contributed micromorphological, organic petrology and anthracological 

results (Chapter 9). In this chapter, I shall summarise and discuss the results presented 

in previous chapters and the aims presented in Section 1.1.  

 

To give the reader a brief reminder, the main aim of this thesis is to examine, describe 

and discuss the characteristics of MSA pyrotechnology by studying the use, reuse and 

discard of selected combustion features. I acknowledge that the sample size is small and 

not sufficient for a comprehensive understanding of fire use in the MSA, or at Sibudu, 

but aim to provide insight into this technology at selected occupation phases at the site 

and thus to provide a foundation for future research on fire-related behaviour at Sibudu 

and other MSA sites. Properties of selected combustion features are described in terms 

of their formation and use, but also to gain an understanding of how fire-related 

behaviour at the site contributed to the formation of Sibudu. A last aim for the thesis is, 

therefore, to make predictions about prehistoric fire use and site formation through 

experimental fires. Results from statistical testing are summarised in Tables 11.1, 11.2 

and 11.3. 

 

The first three sections in this chapter are structured by important terms from the aims; 

namely, the use, reuse and discard of fire. These sections also include discussions on the 

actualistic fire experiments. The fourth section of this chapter contains an evaluation of 

my results in light of the aims. The fifth section contains some suggestions for future 

research and Section 11.6 summarises implications for MSA pyrotechnology stemming 

from this thesis. 
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Table 11.1 Summary of results from statistical testing in Chapter 6. The result s 

are presented in the same order as they appeared in the text. Analyses of 

Pearson's product moment correlation are shaded, while analyses of 

Spearman's Rank correlation coefficient are not.  

Relationship tested C
o
rr

el
a
ti

o
n

 

S
ig

n
if

ic
a
n

ce
 

N
 

Wood mass / Maximum surface temperature .01 .97 37 

Number of logs / Maximum surface temperature (all fires) .32 .05 37 

Number of logs / Maximum surface temperature (5 kg wood) .44 .02 29 

Type of fire (primary, secondary, tertiary) / Maximum surface 

temperature (all experiments) 
.43 .01 32 

Type of fire (primary, secondary, tertiary) / Maximum surface 

temperature (only 2
nd

 cycle of experiments) 
.36 ˃.05 16 

Topsoil horizon / Maximum surface temperature (all fires) .34 ˂.05 37 

Topsoil horizon / Maximum surface fires (primary fires) .23 ˃.05 19 

Topsoil horizon / Average surface temperature during 1
st
 hour of 

temperatures ˃100°C (all fires) 
-.47 ˂.01 37 

Topsoil horizon / Average surface temperature during 1
st
 hour of 

temperatures ˃100°C (primary fires) 
-.43 ˃.05 19 

Number of logs / Average surface temperature during 1
st
 hour of 

temperatures ˃100°C (all fires) 
.05 .75 37 

Maximum surface temperature / Average surface temperature 

during 1
st
 hour of temperatures ˃100°C (all fires) 

.55 .00 37 

Maximum subsurface (5 cm) temperature / Type of fire (primary, 

secondary, tertiary fires) 
.19 ˃.05 29 

Topsoil horizon / Maximum subsurface (5 cm) temperature .05 ˃.05 33 

Maximum subsurface (5 cm) temperature / Wood mass (primary, 

large fires) 
.46 .06 17 

Maximum subsurface (5 cm) temperature / Wood mass (all fires) .47 .01 33 

Number of logs / Maximum subsurface (5 cm) temperature .54 .00 33 
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Relationship tested C
o
rr

el
a
ti

o
n

 

S
ig

n
if

ic
a
n

ce
 

N
 

Maximum surface temperature / Maximum subsurface (5 cm) 

temperature (all fires) 

.11 .53 33 

Maximum surface temperature / Maximum subsurface (5 cm) 

temperature (primary and large fires) 
.24 .35 17 

 

 

11.1 THE USE OF FIRE 

I made several observations on the use of fire during my research and I have split this 

section in two parts to make it easier to read.  

 

11.1.1 USING THE FIRE 

The use of fire includes preparations for using fire, such as the selection of firewood. 

We saw in Chapter 9 that Dr. L. Allott's charcoal analysis did not imply that specific 

taxa were selected as firewood and this result supports previous charcoal analyses 

(Allott, 2005, 2006). Lack of a strong selection of firewood taxa could mean that people 

were not aware of firewood properties; however, Allott's identification of taxa with 

aromatic leaves and/or bark and wood (Chapter 9; see also Wadley et al., 2011 on 

aromatic taxa at Sibudu), which could be used as insect repellents, imply that people 

were knowledgeable about plant and wood properties. The organic petrology analysis 

by Dr. B. Ligouis presented in Chapter 9 implies that many herbaceous plants were 

burned in the analysed combustion features, suggesting that long wood burning fires 

were not always desired at Sibudu. The bones that were thrown into the fire as a method 

of disposal (see Cain, 2005; Clark & Ligouis, 2010) likely contributed to fires that 

produced more light than wood burning fires (see Théry-Parisot, 2001, 2002). 

Table 11.1 (continued). Part 2 of 2. 
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Nevertheless, wood was burned at Sibudu, and my experimental results (Chapters 4 – 6) 

imply that c. 5 kg firewood can produce high surface temperatures for many hours. For 

example, Fire F6.1 burned 5.1 kg Acacia erioloba wood on fine sand (sievings from 

Sibudu) and produced a maximum surface temperature of 529°C after 13 hours 15 

minutes and Fire E6.1 burned 5 kg Dichrostachys cinerea wood on fine/medium sand 

(in Johannesburg) and produced a maximum surface temperature of 466°C after 3 hours 

45 minutes (see Table 4.2). These temperatures are well within the range needed for 

cooking (see e.g., Wandsnider, 1997), and imply that wood burning fires similar to my 

experimental fires could be used for a long period. The observation that 5 kg of wood 

produces heat for several hours also implies that limited effort was needed to gather the 

wood mass that was strictly necessary for activities such as cooking (see also Chapter 

5). 

 

Previous studies demonstrate that the texture of the topsoil horizon only has a minor 

effect on the thermal conductivity of the soil (Campbell et al., 1994; Canti and Linford, 

2000) and thus is less important for the temperatures of a fire than other variables. 

When examining the temperatures of the primary fires in Chapter 6, I found that there 

was no relationship between the texture of the topsoil horizon and the maximum surface 

temperatures or the time taken to reach the maximum surface temperatures in my 

experimental fires (see also Table 11.1). Although the result is not statistically 

significant, it does support the previous studies. I showed in Section 6.2.3 that there is a 

correlation between the average temperatures during the first hour of the primary fires 

in my experiments and the texture of the topsoil horizon (Table 11.1); however, this 

correlation is also not statistically significant. In summary, it appears that the texture of 

the topsoil horizon only has a minor influence on the temperatures and, consequently, 

the use of fires, but I shall return to this issue when discussing topsoil horizons of ash 

and reuse of combustion features in Section 11.2. 
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Furthermore, my experiments demonstrate that the surface temperatures of a fire can 

vary even when variables such as firewood taxon, wood mass and topsoil horizon are 

controlled. For example, Fire E1.1 reached a maximum surface temperature of 739°C 

after 4 hours and Fire E2.1 reached a maximum surface temperature of 594°C after 2 

hours 45 minutes (see Table 4.2). Both these fires burned 5 kg Dichrostachys cinerea 

on fine/medium sand in Johannesburg. The different maximum surface temperature and 

the different time taken to reach peak temperature in Fire E1.1 and E2.1 do not reflect 

environmental differences because these two fires were started at the same place and at 

the same time. This result suggests that it can be very difficult to control the surface 

temperatures of a fire. Yet the organic petrological results presented in Chapter 9 

suggest that selected fires at Sibudu produced temperatures within a small range (289 - 

319°C). There might be different explanations for this small range of temperatures 

produced by fires at Sibudu, although these interpretations are not mutually exclusive. 

Firstly, previous studies of Sibudu have found that bones have burned at 300 - ˃800°C 

(Clark & Ligouis, 2010) and that rocks have been heated to 400 – 500°C (Herries, 

2009), suggesting that some fires produced a wider range of temperatures than those 

presented in Chapter 9 and that the small range of temperatures is caused by the sample 

size. Secondly, particular combustion conditions such as damp bedding that smoulders 

could produce moderate temperatures (Goldberg et al., 2009) and at least partly explain 

the temperature range presented in Chapter 9. Thirdly, and lastly, my experiments 

demonstrate that adding logs to a fire at regular intervals is one method to ensure more 

even surface temperatures and a longer duration of heat in a fire (Chapter 5). It is 

possible that maintenance techniques were used to control the temperatures so that at 

least some fires at Sibudu produced temperatures within a limited range. 

 

I recorded the subsurface temperatures of my experimental fires as well as the surface 

temperatures. The subsurface temperatures are more predictable than the surface 

temperatures (see Chapters 5 and 6), suggesting that it would be convenient to use these 

temperatures for activities where a certain range of temperatures are desirable. We do 

not, however, yet know if or to what extent subsurface temperatures were used in the 

MSA. It has been suggested that people in the MSA carefully heat treated silcrete rocks 
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in sand for easier shaping of tools (see Brown, 2011; Brown et al., 2012, 2009; Mourre 

et al., 2010), but this interpretation has been challenged because careful heating does not 

appear to be necessary for South African silcretes (Schmidt et al., 2012, 2013). There 

are no reports of subsurface combustion features in the MSA (see Chapter 2), which 

suggests that subsurface temperatures was not exploited. Yet rocks could potentially be 

heated under heaps of sand or in shallow pits covered by sand and ashes (see e.g., 

description of method in Brown et al., 2009), which might be impossible to distinguish 

from ash dumps once the sand and ashes were raked out and the heated rocks retrieved. 

Nevertheless, my experiments were not designed to examine if subsurface heat treating 

of rock was conducted; I only examined the predictability of the subsurface 

temperatures and cannot draw conclusions on their use. 

 

In the spatial analysis of selected layers from Sibudu, presented in Chapter 9, I 

identified high density clusters of bone and stone that may represent activity areas by 

combustion features. In layer B/Gmix, for example, I found a high density of bone in 

square B6 and a high density of stone in square B5 which may represent, respectively, 

bones thrown into a fire and a knapping area. These two clusters may or may not 

represent contemporaneous events. Another example is layer PGS, where high densities 

of bones and stones represent activities by the combustion features H2 and H3 in square 

B6. The clusters in PGS may, however, represent dumping of material and/or 

redistribution of material through trampling as well as activity areas. It is hardly 

surprising that activities were performed next to combustion features; however, my 

spatial analysis only provided a general picture of the activities in relation to the 

combustion features. Detailed studies of the contents of each cluster should be 

conducted to examine the association between the clusters and the combustion features 

and to identify spatial relationships between specific combustion features and specific 

activities. 

 

Lastly, turning to the question of diachronic differences at Sibudu (Goldberg et al., 

2009; Wadley et al., 2011), there appear to be some differences in the use of fire 
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between the HP and the post-HP. The organic petrological analysis suggested burning 

of less woody taxa and more herbaceous plants in the HP layers (Chapter 9), which 

implies shorter fires than in the post-HP layers. The micromorphological analysis by Dr. 

C. Miller (Chapter 9; see also Goldberg et al., 2009; Wadley et al., 2011) implies 

repeated burning of bedding in the post-HP layers compared to single episodes of 

burning in the HP layers. The spatial analysis presented in Chapter 9 shows that the two 

combustion features containing burned bedding in the post-HP layers are associated 

with contained clusters of bone and stone (see Figures 9.5 and 9.6), whereas the one 

combustion feature containing burned bedding included from a HP context (Figure 9.4) 

does not contain high densities of bone and stone. The different densities of bone and 

stone associated with the burned bedding could be a result of intensified dumping 

activities and/or of more bone and stone being associated with multiple bedding (and 

activity) episodes than with fewer bedding episodes. Although the sample size is small, 

the different densities of bone and stone in the post-HP bedding compared to the HP 

bedding appears to support the interpretation of longer, intensified occupation during 

the post-HP (as suggested by Goldberg et al., 2009).  

Table 11.2 Summary of results from statistical testing in Chapter 8. The results 

are presented in the same order as they appeared in the text. Analyses of 

Pearson's product moment correlation are shaded, while analyses of 

Spearman's Rank correlation coefficient are not. 

Relationship tested C
o
rr

el
a
ti

o
n

 

S
ig

n
if

ic
a
n

ce
 

N
 

Number of hearth strata / Number of fires in the hearth -.23 .35 19 

Number of hearth strata / Wood mass .45 .06 19 

Topsoil horizon / Number of hearth strata .13 ˃.05 19 

Hearth area / Wood mass .81 .00 20 

Topsoil horizon / Hearth area .50 ˂.05 20 

Hearth area / Hearth depth .46 .04 20 

Topsoil horizon / Hearth depth -.05 ˃.05 20 

Ash depth / Number of fires .13 .59 20 
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11.1.2 THE USE OF FIRE AND SITE FORMATION PROCESSES 

This thesis also contributes results that help to explain site formation processes at 

Sibudu. My experimental fires showed that the production of an upper white ashy 

stratum in a combustion feature depends on the amount of ash produced by the wood 

taxon or taxa burned (see Chapters 5, 7 and 8). The thickness of the white ash layer can 

only be used to estimate the wood mass burned in the fire if the wood taxon produces 

much ash. In other words, it is necessary to be familiar with the wood taxon (taxa) 

burned in a fire if one wants to estimate wood mass burned based on the ash produced. 

Nevertheless, most of my experimental hearths contained a clear white stratum at the 

top, similar to most of the primarily deposited combustion features at Sibudu (see e.g., 

Chapter 3).  

 

My experiments also demonstrated that the hearth area, calculated from the extent of the 

top white ash stratum (see Chapters 4, 7 and 8), is dependent on the wood mass burned 

(see also Table 11.2). When including all my experimental hearths, fires burning 5 – 10 

kg wood produced hearth areas of 962.1 – 1385.4 m² and fires burning 14 – 15 kg wood 

produced hearth areas of 1590.4 - 1963.5 m² (see Section 8.2). The logs burned in all 

these fires were arranged in similar tepee formations before the fires were started and it 

cannot be ruled out that this affected the shape of the experimental hearth and, 

consequently, the hearth area. My experimental fires only burned wood, and it is 

plausible that a combination of, for example, wood and herbaceous plants would have 

affected the shape of the hearth and the hearth area. The experimental burning of sedges 

to replicate burning bedding conducted by Sievers (2013a; see also Miller and Sievers, 

2012; Sievers, 2013b) was not designed to examine the ashy area left after the fire, but 

Sievers (2013b, p. 204) noted that the ashes, remaining after one of the fires had died, 

spread and covered a larger area than the dry sedges did before the fire. This suggests 

that burning bedding may have an effect on the size of the combustion feature, but more 

work is needed to examine how the arrangement of firewood and the burning of plant 

material affect hearth area compared to my experiments with wood fires. 
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Table 11.3 Summary of results from statistical testing in Chapter 10. The 

results are presented in the same order as they appeared in the text. Analyses of 

Pearson's product moment correlation are shaded, while analyses of 

Spearman's Rank correlation coefficient are not.  

Relationship tested C
o
rr

el
a
ti

o

n
 

S
ig

n
if

ic
a
n

c

e N
 

Hearth strata (top, middle, base, topsoil) / pH value -.80 ˃.01 22 

pH value / Wood mass (experiments) -.13 .59 20 

pH value / Number of fires (experiments) .09 .72 20 

Hearth stratum (ashy or other) / Topsoil horizon (archaeological 

sample) 
.58 ˃.05 13 

pH value / Archaeological industry .91 .00 13 

 

 

My analysis of pH values (Chapter 10, Table 11.3) shows that the white ash top stratum 

generally has a higher pH value than the surrounding matrix. However, the pH values 

from the selected post-HP combustion features are more acidic than the selected HP 

combustion features. Sievers (2013a, p. 30) suggests that the type of plant material 

burned should be studied in combination with the pH values at Sibudu. It is possible 

that the plant material used for bedding (see e.g., Sievers, 2013a; Sievers and Muasya, 

2011) contributed to the acidity in the post-HP layers, where there are multiple bedding 

episodes, unlike the situation in the HP layers, but this question remains open for future 

studies. 

 

Combustion features at Sibudu often contain a basal black charcoal stratum (see Chapter 

3) and a similar stratum has been observed in classical archaeological hearths (e.g., 

Schiegl et al., 1996). Yet my experiments did not produce a similar separate stratum 

rich in charcoal in the experimental hearths (see Chapters 4, 7 and 8), and this is 

consistent with other experimental results (e.g., Mallol et al., 2013a). It is possible that 

pyrotechnological techniques are at least partly responsible for the lack of the charcoal-
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rich stratum in the experimental hearths (see Mallol et al., 2013a), but post-depositional 

processes might also have been responsible for altering the archaeological combustion 

features. There are some signs of different post-depositional processes affecting the HP 

and post-HP layers. For example, a larger proportion of bone, charcoal and stone was 

found outside the combustion features in the HP layers than in the post-HP layers (see 

Table 9.1), which may be the result of trampling and the protective effect of bedding 

material in the post-HP layers (see Goldberg et al., 2009; Wadley et al., 2011). The HP 

combustion features also generally contain a smaller proportion of charcoal than the 

post-HP combustion features (see Table 10.2). The separate black stratum that is rich in 

charcoal has, however, been found in both HP and post-HP combustion features (see 

Chapter 3), so there is no diachronic difference in this respect. In conclusion, neither the 

fire properties, nor maintenance techniques observed and tested in my experiments, nor 

the evidence for different diagenesis observed in the archaeological sample are variables 

that affected the formation of a black base hearth stratum that was rich in charcoal. 

Testing different fire maintenance techniques and fuel types in future experiments may 

help to explain this issue better.  

 

My experiments also demonstrate that longer fires can have more hearth strata (lenses) 

than shorter fires. For example, the long fires in experiments E7, E8 and E10 produced 

four hearth strata and the long fire in E9 produced five strata, but the short fires in 

experiments E5, E6 and E7 produced three strata each (see Table 4.2). The number of 

strata is not connected to fuel load because multiple short fires in the same hearth 

produce the same number of hearth strata as fewer short fires in a hearth. This is 

important because it provides a means for archaeologists in the field to estimate fast and 

simply whether a combustion feature being excavated had contained longer or shorter 

fires. Such an interpretation should preferably be tested through other analyses, such as 

micromorphology, because the microstratigraphy of a combustion feature can provide 

even more information on its use (see e.g., Courty et al., 1989; Goldberg and Macphail, 

2007). 
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11.2 THE REUSE OF FIRE AND COMBUSTION FEATURES 

The selected HP layers at Sibudu contain multiple combustion features (see Chapter 3) 

and there could originally have been more combustion features that later were reworked 

by trampling (see Goldberg et al., 2009). Multiple combustion features could suggest 

short time use (Goldberg et al., 2009) or a new fire was made whenever needed at a new 

location and little reuse of combustion features. As a contrast, the selected post-HP 

combustion features have clearly been used multiple times; for example, through 

multiple episodes of burning bedding (Chapter 9; see also Goldberg et al., 2009; 

Wadley et al., 2011). The hearthstones within H in B/Gmix may also represent reuse of 

a combustion feature for burning bedding (Chapter 9).   

 

My experiments demonstrated that reusing hearths without raking out ashes from 

previous fires can have an effect on the temperatures of the fire. Depending on the 

amount of ash in the hearth (and the number of previous fires), temperatures can get 

higher than in fires lit on a clean surface and the duration of the heat can also be shorter 

in fires lit on top of ashes (see Chapters 4 and 6). If controlling the heat of a fire is 

important, cleaning ashes can thus be a good maintenance strategy, and ash dumps from 

cleaning hearths have been observed at Sibudu (Section 11.3; see also Goldberg et al., 

2009). 

 

My experiments also demonstrated properties of combustion features that are not 

dependent on reuse or the number of stacked, sequential fires in a combustion feature. 

First, it is not possible to distinguish between multiple fires within a short time span in 

the same hearth. This result is consistent with previous studies (e.g., Mallol et al., 

2013a). Secondly, and as noted in the previous section, the hearth area is a result of fuel 

load, but not necessarily of the number of fires in the hearth. A long fire burning 15 kg 

of wood will produce a similar hearth area to three short fires burning a total wood mass 

of 15 kg, and it is not possible to estimate the number of fires by the hearth area. 

Thirdly, the number of fires in a hearth does not appear to influence the pH value of the 

combustion feature (see Chapter 10). 
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Interestingly, the analysis of charcoal from experimental fires (see Chapter 10) implies 

that repeated fires in a hearth can lead to more mass loss of charcoal than one long fire 

in a hearth that burns the same wood mass. This is important because it means that 

comparing the number of hearth strata and the charcoal mass can give an indication of 

reuse of a hearth. However, my sample size is small, and should be expanded to 

examine the mass loss in charcoal further. Perhaps other contents of combustion 

features, such as bone fragments, could be included in similar analyses.  

 

 

11.3 DISCARD OF, AND BY, FIRE 

The remains of a fire, in the form of ashes and charcoal fragments, can be raked out 

from the hearth and discarded into ash dumps. The observed ash dumps at Sibudu do 

not contain distinct strata (see Chapter 3) and the experimental ash dumps (see Chapter 

4) had a similar stratigraphy. The lack of distinct strata is thus a property that can be 

used to recognise ash dumps (see also Goldberg et al., 2009). My analysis also implies 

that ash dumps generally have a similar pH to the tops of primarily deposited 

combustion features (Chapter 10) and it is thus not possible to separate the two using 

pH values.  

 

The spatial analysis (Chapter 9) suggests that the ashes and the contents of combustion 

features (charcoal, bone and stone) might have been dumped repeatedly in the same 

area. For example, B/Gmix and BYA2(i) have distinct clusters of bone and stone that 

could represent discarded material. The HP layers contain less distinct clusters, perhaps 

due to redistribution of material through trampling, but there are, for example, clusters 

of material not associated with combustion features in PGS and that may represent an 

area for discard also in a HP context (see Chapter 9). 
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Previous studies (Cain, 2005; Clark & Ligouis, 2010; Goldberg et al., 2009; Wadley et 

al., 2011) have shown that fire was used for discard, such as burning used bedding and 

bones, in the MSA at Sibudu. However, the contents of the combustion features (see 

Tables 9.1 and 10.2) and the spatial analysis (Chapter 10) do not suggest that some 

combustion features were preferred for the discard of bones. There is only a limited 

sample of combustion features with burned bedding analysed, but the contents of the 

combustion features containing burned bedding do not appear different from other 

combustion features. More detailed studies of this issue are needed, but the current 

analysis does not suggest that discard by fire was limited to certain combustion features.  

 

11.4 EVALUATION OF AIMS ACHIEVED 

The title of this thesis, 'By the campfire. Pyrotechnology and Middle Stone Age hearths 

at Sibudu Cave', alludes both to the fire as the centre of many activities and to the 

technological importance of fire in the MSA, and these perspectives were also reflected 

in the aims of this thesis. I aimed to examine the use, reuse and discard of 

pyrotechnology, to gain an understanding of how fire-related behaviour contributed to 

the formation of the site and to provide a foundation for future research (see Section 

1.1). I achieved these aims through actualistic fire experiments, spatial analysis and 

descriptions of the contents of selected combustion features. The selection of methods 

for this thesis put some constraints on the questions it was possible to ask as well as the 

results it was possible to get, as is the case for any research project. During the course of 

this project, I did consider using other methods that would provide new types of 

information for the analysis, and rejected some methods for various reasons. For 

example, I looked into chemical analysis of sediments and bones from combustion 

features at Sibudu in collaboration with the chemistry department at University of the 

Witwatersrand, but the necessary equipment and personnel were not available during 

the time frame of my project. Therefore, I limited the chemical analysis to recording pH 

values.  
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The sample size is another factor that influences the results of a study. The limited 

number of archaeological layers and combustion features selected for the study made 

detailed studies possible and it was possible to cooperate with specialist researchers 

(e.g., in the fields of micromorphology, and organic petrology) to analyse material 

within the time frame of my project.  

 

The sample size of experimental fires is constrained partly by the time and space 

required to conduct scientific experiments, because one fire conducted ‘in the field’ is 

time-consuming and one must have access to a suitable area during the entire duration 

of the experiment.  Fire preparations, which include getting wood, weighing wood and 

placing thermocouples before the fire, controlling the fire (including recording of 

temperatures) and subsequent excavation and documentation can last 24 hours per fire, 

not including the time it takes for the ashes to cool down so that excavation is possible 

and the subsequent analysis of the data. I learned a lot during the first cycle of 

experiments that helped me improve the second cycle of experiments (see Chapter 4), 

and I have gained much experience conducting fire experiments that I shall use to 

improve future experiments. Some of the questions that have arisen from my 

experiments are summarised in the section below on future research. 

 

11.5 FUTURE RESEARCH 

My research has led to several areas for future studies. These include: 

 

1) Fire experiments 

I have examined the properties of wood burning fires in my experiments and 

thus provided a sample that could be compared to other types of fires. For 

example, the charcoal analysis (Chapter 9; see also Allott 2005, 2006) shows 

that many different taxa could be burned in the same combustion feature and 

Sievers (2013a) has examined the burning of plants used for bedding at Sibudu. 
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Furthermore, the fires at Sibudu contained burned bones and it is likely that the 

fires were used for activities such as cooking. Future experiments could examine 

the properties of MSA fires through, for example, burning different plants, 

burning the taxa identified in some of the fires at Sibudu and using the fire for 

cooking. Future experiments could also focus on maintenance techniques that 

could help control the temperatures and development of a fire, for example, 

through burning logs of different sizes or arranging the wood in different shapes 

before starting the fire. Lastly, fire experiments could also contribute more 

information on the formation of combustion features as well as how 

archaeologists can make predictions about fire use from the combustion features 

at a site. Why do archaeological combustion features, for example, contain a 

basal black stratum rich in charcoal whereas my experimental hearths do not? 

 

2) The contents of the combustion features 

I examined the content of experimental and archaeological combustion features 

in Chapters 9 and 10, but the study was quite limited. The weights of charcoal 

presented in Chapter 10 suggested a difference between the hearth strata of HP 

and post-HP combustion features. It might be worthwhile to examine if this 

diachronic difference is reflected in other contents, such as bone fragments and 

stone. Perhaps one could examine the contents in more detail and explore the 

possibility that the different combustion features and hearth strata contain 

different sizes of bone, stone and charcoal. Such a study might contribute 

information that could be used in the discussion of diagenesis and post-

depositional processes such as trampling. 

 

3) A more detailed spatial analysis 

Chapter 9 consists of a collaborative paper that has been reworked for 

resubmission. The spatial analysis in Chapter 9 is based on general trends in the 

distribution of bone, charcoal and stone. However, a possible area for future 

studies is to collaborate with researchers doing detailed studies of the bone and 

stone and examine whether there are differences, for example, in the distribution 

of particular animals or lithics from different stages of the chain of production. 



 

 196 

Such studies could contribute more information on the use of space in the MSA 

as well as reveal any preferred areas for certain activities. It would also provide 

a stronger base for interpretations of dumping areas and activity areas. 

 

11.6 IMPLICATIONS FOR MSA PYROTECHNOLOGY 

I have provided the following results that have implications for the study of MSA 

pyrotechnology: 

 

 5 kg of firewood can provide temperatures sufficient for cooking for several 

hours. A limited effort was thus needed to gather the wood mass necessary for 

such activities. 

 Maintenance techniques, such as adding logs to the fire in regular intervals or 

raking out the ashes from previous fires in the hearth before starting new fires, 

could be important to control the temperatures of a fire because the surface 

temperatures of a fire can vary greatly even when controlling variables such as 

the topsoil horizon, fuel mass and firewood taxon. 

 The texture of the topsoil horizon has little effect on the temperatures of a fire. 

 Data from organic petrology (Chapter 9) suggests that the temperatures of some 

fires at Sibudu were tightly controlled, but other studies (Clark & Ligouis, 2010; 

Herries, 2009) suggest a wider range of temperatures in fires at Sibudu. It 

remains an open question whether people in the MSA required a certain range of 

temperatures in their fires, or if the temperatures of the fires were not important 

to MSA pyrotechnology. 

 I present a spatial analysis of four layers at Sibudu, which suggests dumping 

areas and high densities of bone and stone that imply activity areas nearby 

hearths. These results can contribute to a model for the use of space in the MSA 

when more spatial analyses from other sites are available. 
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 The people in the MSA do not appear to prefer certain combustion features for 

tasks such as discard of bones and the spatial analysis did not reveal that 

knapping was confined to specific combustion features.  

 I discussed diachronic differences in fire-related behaviour at Sibudu (see also 

Goldberg et al., 2009). It is suggested that short fires, possibly for short 

occupations, are associated with the HP occupations, while the post-HP 

occupations are associated with longer fires and multiple reuse of combustion 

features (see also Goldberg et al., 2009; Wadley et al., 2011).  

 My experimental results imply that it is possible to draw some general 

conclusions about pyrotechnology based on the combustion features observed in 

the field. For example, the hearth area is a result of the wood mass burned in the 

combustion feature and longer fires can produce more hearth strata than multiple 

small fires. 

 My experimental results also show that the reuse of combustion features cannot 

be recognized through properties of combustion features such as the number of 

hearth strata and the pH of the ashes. 

 Experimental hearths do not produce a black stratum rich in charcoal that is 

similar to recorded archaeological combustion features. This discrepancy has 

been noted by others (Mallol et al. 2013), but should be addressed also in future 

experimental studies because the reasons for the discrepancy have not yet been 

identified. 
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