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ABSTRACT

The Middle Stone Age rock shelter site Sibudu contamsdant evidence of
pyrotechnolog (the controlled use of fire) such as combustion features, asémg lagd
lenses and burned bonestudy the use, reuse and digtaf fire at Sibudwandthe

layers Brown/Grey mix and Brown under Yellow Ash 2(i) from the {ptstviesons

Poort (postHP) industry €. 58 000 years BP) and the layers Pinkish Grey Sand and
Pinkish Grey Sand 2 from the Howiesons Poort (HP) tet¢tatbtion €. 65 000 years

BP) are selected for detailed studies. | describe properties of selected combustion
features, such as sizerm, number of hearth strata, contents (bone, charcoal and stone)
and pH values. The peBtP combustion features generally contain a higher proportion

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

depositional differeces.

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 wbtia
taxaCasuarina equisetifoligDichrostachys cinereducalyptus globulusr Acacia
eriolobaand the second cycle of experiments burDeghrostachys cinerea

exclusively. Variables such as wood mass, topsoil horizon and numéeguential

fires werecarefully 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 environmeal 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 layén charcoalbut experimental fires do not.
Instead they producedi25 distinct strata, and loAgurning fires produced more strata

than shorburning ones. Experimental ash dumps lack strata. Areal extent of a hearth is



dependent on the wood mass burried,its depth is dependent on the wood taxon
burned.

| 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 postP layers than in the HRSpecialist 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 providea foundation for future research on fiedatedbehaviourat Sibudu

and other Middle Stone Age sitér examplehigher acidity was recorded in the post

HP than in the HP combustion featyréss could be caused by different diagenesid
geoarchaeolgical studies need to be conducted to resolve the idsuaddition,all the
primarily deposited archaeological combustion features in this stedy underlain by

a basal black layer rich in charcoblt such layerslid not develop in the experimental
combustion features and | cannot explain this differefbas 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 ammtrolli
surface temperatures of cafimes. 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
unpredictableThe imgication is thatproducing particular temperatures of a fire is not
straightforward and that prehistoric fire users needed planning abilities and a thorough
knowledgeof pyrotechnologyBoth these skills require mental abilities like those of
modern peom@ and they also require a sophisticated understanding of environmental

conditions.



Front page illustration: Experimental fires and archaeological combustion features
and layers. Cut outs from pictures illustrate (from left to right)riSthexperimental

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 front essl

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. Whereasrtbdern campfire is mainly associated
with food and a sociadetting, prehistoridires 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 testyrexs such as 96 (Wandsnider,
1997) somesilcrete rock types can be heatated in temperatures up 400°C to
improve knapping propertieg.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 silcret¢Schmidt et al., 2012, 2012nd the heat

from a fire can help dry adhesives when hafting t¢@dladley, 2005a; Wadley et al.,
2009)

Ethnographic studies of modern fiusers have also demonstrated tresirths cand
instrumental irthe organisation of huntgatherer camp&.g., Binford, 1983; Gambile,
1991, Yellen, 1977)For example, the 'Kung dividaeir camps into private areas,
containing individual family hearths where most activities take place, and a central
public area, which may contain a communal he@ftilen, 1977) Other studies show
that modern fire usexsan have clear preferences fioe taxon or taxa used or not used
as firewood(e.g., Abbot et al., 1997; Archer, 1990; Tabuti et al., 2003prmants

from Malawi's Central Region, for example, distinctly prefelbernadia paniculatas
firewood (Abbot & Lowore, 1999and Vhavenda groups in South Africaditionally
have a taboo against usiBgrkea africanaKirkia acuminataandKirkia wilmsii as
firewood because these taxa are believed to attract lighivintghinyalo & Siebert,
2010)



Prehistoric fire use manifests itself at sites thfoagmbustion features, burnt artefacts
or other burnt materiaAccidental burning events caused by natural agents, such as
lightning strikes, are not discussed in this thbsisause th8ibudu deposits and
combustion featuregre anthropogenic (see e @gldberg et al., 2009; Schiegl &
Conard, 2006; Schiegl et al., 200gJombustion feature' is a generic term for an
archaeological feature created through fire use. The term includes both primarily
deposited features consisting of ash, organic matteheaiffected sediments, such as
hearths, and secondarily deposited-fekated material, such as dumped @ also
discussion of the terms 'combustion feature' and 'hearth' in Mentzer, in pedds)11
contains an overview of combustion featurgvant in this thesis. | shall in thisesis
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 11 View from Sibudu towards the river (south).



Table 11 Definitions of firerelated terms relevant to this thesis.

Term Description Associated Literature
processes examples
Ash dump Secondaly deposited andhixed  Site Goldberg et

fire-related material, such as ash maintenance. al., 2009
charcoal and burnt bon®sually  scraping out ash

grey in colour. from hearths

Ash feature A feature rich inash, similar to an Site Goldberg et

ash dump maintenance, al., 2009
badly preserved
hearths

Burned A feature similar to a hearth, but Burning of plant Goldberg et

bedding cortains laminated lenses or stra material used for a|., 2009
of fibrous plant material and surface Wadley et
charcoal Often onlydistinguished preparation

al., 2011
from hearthghrough
micromorphology.

Hearth Primarily depsited combustion  Domestic Dibble et al.,
featurescontaining an upper fireplaces, 2009:;
stratumof ash (usuallyvhite), cooking etc. Schiegl et al.,
organic mattefusually a blackish 1996

stratum rich in charcophnd heat
affected (rubified) sediments.
Superimposed Multiple hearths stacked on top ¢ Repeated fire ~ Wadley,
hearths eah other. use in the same 2012a
area.

1.1AIMS

| 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 urstanding of all aspects of MSA
pyrotechnology, nor for an understanding of all-fietated 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 pealudder 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 understarafihgw firerelated behaviour at



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 makegictions 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 sitiwait applicable during the MSA.

1.2THE 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, andrétated behaviour and features

at Sibudu are deribed and discussed in relation to archaeological evidence for fire use
from 33 other MSA sitesThe current status of knowledge abMSA pyrotechnology
demonstrates the benefits of applying new methodological approaches, facilitates
comparisons with eker and later archaeological periods, and is an important reminder
of the benefits of a mukdlisciplinary approachrhis is a paper that is currently in press

in theJournal of Archaeological Reseayeimd | am the sole author of the paper.

Sibudu is mtroduced 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

convenent overview and reference for the rest of the thesis.

| 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 am&thod 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. | also provide a brief summary of the r&uhe

experimental results important teethse of fire are presented in Chapter 5, where | use



results frommy 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 dfficult to predict the development surface

temperatures in a fire even when controlling variables such as wood taxon, fuel mass
and topsoil horizon. Chapter 5 was published inSbeth African Archaeological

Bulletin, volume68 (198) (December 2013and | am the sole author. | include both
surface and subsurface temperatures from all my experiments in Chapter 6, and |
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 edfect 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 toedf 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 iseaf@iiat variation in hearth

area implies variation in hearth use. This paper was publish@daternary
Internationalvolume 270 (2012) and | am the sole author on this paper. Chapter 8
elaborates on some of the results from Chapter 8. | include mora dapter 8, and |

also perform statistical analyses of the data. | 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 areceaulong lasting fires

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

In Chapter 9, | combine micromorphological, organic petrological and anthracological
results from other researchers with a spatial analysis of Sibudu. Thisocatlab paper
examines combustion features, fidated behaviour and diachronic changes in layers
dating to~65 ka and ~58 kavhich are the same layers introduced in Chapter 3. The
micromorphological analysis by Dr. C. Miller implies that many combuodeatures at

Sibudu are the result of burning bedding, and the organic petrological analysis by Dr. B.



Ligouis suggest tightly controlled fires at Sibudu and that herbaceous plants were
burned in many of the fires. The charcoal identification by Dr. lotAdnd the

botanical analysis by Prof. L. Wadley imply that about half the taxa burned at Sibudu
are suitable as firewood or wooden implements. | digitised site plans drawn by L.
Wadley, weighed material from selected layers and entered the maps ahts$ we@
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 paperegsttyiin

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 betwe#ndahe i
industry in a layer and the pH value of a layer, but the sample size is very small. | also
report on the ratio of bone, charcoal and stone in archaeological combustion features

and layers and charcoal from experimental fires.

| summarise and discu#ise 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. | have demonstrated in experiments that maintenance techniques such as
adding logs to the firat 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 thatlifferent postdepositional 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 deelopment 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.



2 FIREERELATED 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 us& he paper is published inglJournal of Archaeological
Researcl22, pp. 141 175.

CONTENTS:
Abstract 2
Introduction 2
Recognizing early fire use 3
The earliest fire use: Light, warmth, and protection 5
Structuring spze and symbolic behavior 6
Selecting, fuel, cooking, and making tools 7
A spotlight on MSA pyrotechnology 8
The MSA material: Recognition of fire use andriéfated features in the MSA of
southern Africa 9
Charcoal and burnt aterial as proxies for fire use in the MSA 15
Ash layers and fineelated features 16
Interpretations of fire use in the MSA 17
Examples of choice of fuel in the MSA 17
Cooking techniques, transforming materials, and making tools irsth&8vi
Symbolic behavior and spatial structuring of MSA sites 20
Summary 22
Acknowledgements 25
References cited 26

Bibliography of recent literature 34



J Archaeol Res (2014) 22:141-175
DOI 10.1007/s10814-013-9069-x

Using Pyrotechnology: Fire-related Features
and Activities with a Focus on the African Middle Stone
Age

Silje Evjenth Bentsen

Published online: 22 November 2013
© Springer Science+Business Media New York 2013

Abstract Pyrotechnology was important in prehistory and has been a research
topic for decades, in particular, the origins of controlled and habitual use of fire. The
earliest putative evidence of fire use is from the African sites of Swartkrans
(1,500,000-1,000,000 years ago) and Koobi Fora (1,500,000 years ago). In contrast,
researchers working with European sites debate whether habitual use of fire
occurred before 400,000 years ago. This paper provides a brief introduction to early
fire use and then focuses on the African Middle Stone Age. Published evidence on
fire use is available for 34 sites in southern Africa. Combustion features yield much
evidence about human behavior, not only in regard to technical skills but also
concerning social activities. Several activities using fire, symbolic behavior, spatial
structuring, and group size in the Middle Stone Age are inferred from bone and
lithic data, ash discard, site maintenance, and hearth size. The current status of
knowledge on Middle Stone Age 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
multidisciplinary approach.

Keywords Southern Africa - Middle Stone Age - Pyrotechnology - Hearths

Introduction

Pyrotechnology, the use of fire as a tool, was an important part of prehistoric life
and has been a research topic for decades (e.g., Brain and Sillen 1988; Clark and
Harris 1985; Goldberg et al. 2001; Gowlett 2006; Oakley 1961; Wrangham and
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Carmody 2010). Research generally focuses on the origins of the control and
habitual (i.e., regular and fully controlled) use of fire. Recent publications include,
for example, an announcement of “the earliest secure evidence for burning in an
archaeological context” at Wonderwerk Cave, South Africa (Berna et al. 2012), a
review of early fire use that concludes that Europe was colonized without the
habitual use of fire (Roebroeks and Villa 2011a), and a study that questions whether
Neanderthals were able to make their own fire (Sandgate et al. 2011). The control
and use of fire enabled the production of warmth and light, cooking and other
activities; focusing on how and when this happened illuminates important research
issues such as the development of complex technologies (e.g., making ceramic pots
or metal tools) through time. Yet the development from the origins of fire use
through various technological advances to the use of pyrotechnology as an advanced
tool remains poorly understood (Brown et al. 2009, p. 861). This article provides a
brief introduction to early pyrotechnology before focusing on fire use in the Middle
Stone Age (MSA) of southern Africa.

Recognizing early fire use

It has been suggested that human control of fire is the result of a complex
evolutionary process that started with the cognitive ability to conceptualize fire,
which has been observed in chimpanzees (Pruetz and LaDuke 2010). Even great
apes seem to prefer cooked food, which implies that early hominins may have had
the same preference and that cooking might have spread rapidly once people
became aware of its transformative effect on food (Wobber et al. 2008). Wrangham
(2009) highlights the evolutionary significance of fire in enabling cooked foods and
estimates, based on morphological adaptations that indicate the quality of the diet,
that Homo erectus was able to control fire and was the first species to deliberately
cook food (Carmody and Wrangham 2009; Wrangham and Carmody 2010). It is
difficult, however, to recognize early fire use based on hominin anatomical features;
recognizing fire archaeologically also is not as straightforward as one might
presume. Early anthropogenic fire use can, for example, be difficult to distinguish
from natural fires at archaeological sites, which have been exposed to postdepo-
sitional processes for several hundreds of thousands years. Nevertheless, a few
examples of early fire use and the methods used to recognize early pyrotechnology
are available in the literature.

During excavations of the South African site of Swartkrans Cave, in layers that
are about 1,500,000 to 1,000,000 years old, the researchers found 270 bones they
thought were burned (e.g., Brain 1993a, b). Experimental studies supported this
interpretation and indicated that the bones had been exposed to temperatures around
400-500 °C, which are consistent with temperatures in campfires (Brain and Sillen
1988). Skeptics have suggested that the bones were burned in wildfires (see
Pickering 2012), but four burnt bones from the cave have butchery marks (Pickering
et al. 2008). Uncooked bones at the site might have been burned in a wildfire or, just
as likely, been dropped in fires maintained for purposes other than cooking
(Pickering 2012). Some researchers thus emphasize that the data do not demonstrate
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habitual fire use (e.g., Roebroeks and Villa 2011a). Pickering (2012), however,
emphasizes the contextual value of the Swartkrans material and points to the lack of
burnt bones in other depositional units in the cave, the occurrence and distribution
of burnt bone within a specific set of layers, and the butchery marks on some of the
bones. These data are still some of the earliest putative examples of the deliberate
use of fire. The experimental work on bones from Swartkrans (Brain and Sillen
1988) also has contributed to other projects that have investigated the evidence of
burning of bones (e.g., Nicholson 1993; Shipman et al. 1984; Stiner et al. 1995).
Experimental studies have demonstrated, for example, that bone buried under the
fire becomes carbonized and black, while bones on the surface of the fire are
calcined and white (Stiner et al. 1995). This is a very useful insight for interpreting
fire use at a site, although burnt bones are not considered by all archaeologists as an
acceptable proxy for purposeful fire use by early hominins.

Burnt sediments also can indicate fire use, sometimes in combination with burnt
artifacts. For example, patches of burnt sediments and thermally altered stone
artifacts have been found at the Koobi Fora FxJj 20 site in northern Kenya, which is
approximately 1,500,000 years old (e.g., Bellomo 1994; Clark and Harris 1985). As
is the case at Swartkrans, there is some debate about whether these burnt traces
could have been caused by wildfires. Micromorphological analyses, where thin
sections from sediment blocks are studied under the microscope (e.g., Courty et al.
1989), can sometimes identify fire use that could not be distinguished during
excavation. For example, micromorphological analyses of 1,000,000-year-old
sediments from Wonderwerk Cave, South Africa, identified well-preserved ashed
plant material and fragments of burnt bones in what appears to be in situ burning
events (Berna et al. 2012). Samples for micromorphology can be taken from
remaining stratigraphic sequences years after the original excavation, as was done at
Wonderwerk Cave (Berna et al. 2012). This method thus presents potential for new
studies of fire at sites where excavation has ceased but where stratigraphic columns
survive and can be sampled.

Even when burnt sediments are not detected at a site, the spatial distribution of
burnt artifacts can help identify use of fire at a site through the use of mapping and
geospatial tools. If the distribution of burnt artifacts is spatially restricted, then there
is a strong case supporting fire use. A well-known example is the 780,000-year-old
site of Gesher Benot Ya’aqov in the Middle East. By mapping the distribution of
burnt flint artifacts at the site, indications of several combustion features were found
(e.g., Alperson-Afil and Goren-Inbar 2010; Alperson-Afil et al. 2007; Goren-Inbar
et al. 2004). Mapping burnt lithics to identify fire use is, however, regarded with the
same concerns as the use of burnt bone.

Combustion features, often referred to as “hearths,” are an important sign of fire
use and are considered secure evidence by most researchers. What seems like well-
defined features at a site, however, may sometimes have been deposited through
nonanthropogenic processes. Two examples illustrate this problem: the Chinese site
of Zhoukoudian and the Cave of Hearths in South Africa. Until quite recently
Zhoukoudian was considered to have the earliest known secure evidence of fire use
in layers dating to approximately 600,000 years ago. Micromorphological analyses
of the site suggest, however, that the sediments include water-laid accumulations of
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fine-grained, dark, organic-rich material and reworked loess, not hearths and ashes
(Goldberg et al. 2001). The Cave of Hearths has occupation layers from the Earlier
Stone Age (ESA) to historical times. Recent paleomagnetic analyses, which involve
comparing known reversals of the earth’s magnetic field to the direction and
intensity of magnetism preserved in sediments or rocks from a site, suggest that the
oldest occupation of the site dates to around 400,000-600,000 years ago (Herries
and Latham 2009). Several hearths were initially described at the site (Van Riet
Lowe 1954), though Oakley (1954) pointed to the lack of carbon in the features and
suggested that guano could have been ignited by lightning strikes in the cave.
Mason (1988) considered that the earliest inhabitants lit fires on top of the guano,
thus igniting it. A recent archacomagnetic study (Herries and Latham 2009) did not
find convincing evidence for hearths in the cave. The researchers behind the study
point out, however, that many areas with described hearths have already been
excavated and that there is no remaining evidence for the features observed in these
areas. Thus they do not rule out the possibility or probability of hearths in the cave
(Herries and Latham 2009, p. 64), which leaves the question open.

The earliest fire use: Light, warmth, and protection

The first fire users may have used fire to keep predators at a distance (Brain 1993a).
Clark and Harris (1985, p. 21) suggest that early fire users were opportunistic
scavengers who transported fire and might even have used it to drive carnivores
from their kills. Early fire users probably also used the fire for light and warmth. For
example, a study of the spatial clustering of stone artifacts around combustion
features at Koobi Fora FxJj 20 indicates that the primary use of fire at the site was
for protection, as a light source, and/or as a heat source (Bellomo 1994). From an
archaeological perspective it is difficult to evaluate the importance of these three
properties of pyrotechnology to early fire users. The interpretations, while based on
common sense, are often speculative.

Fire for light and warmth could have contributed to the expansion of home ranges
(Clark and Harris 1985), exemplified by the discussion of human expansion into
Eurasia. The Spanish site of Sima del Elefante has been proclaimed the oldest site
with artifacts and human fossil remains in Europe, dating to 1,200,000-1,100,000
years ago (Carbonell et al. 2008). Other finds, such as the 1,800,000-1,600,000-
year-old hominin fossils from Dmanisi in Georgia (e.g., Gabunia and Vekua 1995;
Gabunia et al. 2000; Rightmire et al. 2006; Vekua et al. 2002), indicate an even
longer occupational history. Although these sites are from periods consistent with
early evidence of fire use in Africa, sites with indications of fire use in Europe are
much younger. One example is Beeches Pit in the UK. The site is dated to about
400,000 years ago, and burnt flint, burnt bone, and fire-related features (hearths)
were found (e.g., Gowlett 2006; Preece et al. 2006). At the Spanish site of Torralba,
which dates to between 350,000 and 300,000 years ago, the presence of charcoal
implies the use of fire at the site (Howell 1966). Another example of early fire use in
Europe is Terra Amata. Dating of the site ranges from 350,000 to 200,000 years ago,
and hearths, burnt flint, and burnt shell were observed (De Lumley 1969; Villa
1983; Wintle and Aitken 1977).
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The lack of fire at the earliest European sites can be explained by poor
preservation (Gowlett 2006). It also has been considered an indication of sporadic
use of fire in the first half of the Middle Pleistocene rather than habitual and
controlled used of fire (Roebroeks and Villa 2011a). Sites such as Gesher Benot
Ya’aqov point to fire as an African tradition that was a trigger for migration into
Eurasia (Alperson-Afil and Goren-Inbar 2010, p. 97), but fire might not have been a
prerequisite for colonizing Europe and might have been regularly used only from
400,000 to 300,000 years ago (Roebroeks and Villa 2011a). Sandgate et al. (2011)
suggest that habitual fire use did not occur until much later, that Neanderthals did
not know how to make fire, and that the use of fire was not a significant part of
Neanderthal adaptation. Neanderthals, however, seem to have used fire for a wide
range of tasks, which indicates that fire was indeed significant and self-sustained
among these groups (e.g., Roebroeks and Villa 2011b).

The colonization of Europe has been researched from several perspectives, and
researchers have looked at the speed of this process. It has previously been
suggested that a large guild of carnivores prevented hominin occupation of Europe
before 500,000 years ago (Turner 1992) or that the process was delayed by social
constraints (Gamble 1999, pp. 421-422), but hypotheses about the process also have
changed as new archaeological sites are discovered and excavated (e.g., Pavlov
et al. 2004; Roebroeks 2001). Fire is just one of the factors that could affect this
process. Sites such as Gesher Benot Ya’aqov (Alperson-Afil and Goren-Inbar 2010;
Alperson-Afil et al. 2007; Goren-Inbar et al. 2004) do show that, whether habitual
and self-sustained or not, pyrotechnology was definitely part of the cultural
repertoire of early hominins in Eurasia.

Structuring space and symbolic behavior

Fire might have helped not only to expand the home base but, in a more narrow
perspective, pyrotechnology and the construction of hearths may have created a
base or meeting point in a camp. Ethnographic examples point to the social
importance of the placement of fires. For example, Yellen (1977) showed how a
hearth can represent a social unit and that these units can be arranged in a specific
pattern according to customary practice. The social significance of early fire as a
gathering point where hominins could interact has been suggested previously (e.g.,
Clark and Harris 1985; Gowlett 2006; Oakley 1961; Roebroeks and Villa 2011a),
and the hearth has been considered an important sign of a living site (Van Riet Lowe
1954). 1 do not provide a review here of hypotheses concerning the social and
cognitive development of hominins and the use of fire (see instead Twomey 2013
and references therein), but I do mention a few points relevant to fire-related
features and MSA pyrotechnology.

Symbolic behavior, such as the structuring of space, can be related to the
importance of fire or combustion features in the social sphere, but this is not limited
to modern humans. For example, as mentioned above, there is a distinct spatial
patterning of activities at Gesher Benot Ya’aqov (e.g., Alperson-Afil and Goren-
Inbar 2010). Studies of Neanderthal sites also show that these hominins repeatedly
constructed combustion features at the same place, created specific activity areas
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around hearths as well as away from hearths, maintained sleeping areas by hearths
(pointing to social units and relationships), and created refuse areas away from their
habitation areas (e.g., Albert et al. 2012; Bar-Yosef et al. 1992; Schiegl et al. 1996;
Speth 2004, 2006; Vallverdu et al. 2010, 2012; Vaquero and Pasté 2001; Vaquero
et al. 2001). Structuring space by adding a stone lining to the hearth does not seem
to be a regular feature until the Upper Palaeolithic (e.g., Villa 2010, p. x), but
containing the fire with rocks might have had a practical rather than a symbolic or
social function. Different types of hearths have been classified by the appearance (or
lack) of stone linings or foundations (e.g., Leroi-Gourhan and Brézillon 1972), and
the value of refitting stone tools to examine relationships between spatial units at a
site has been recognized (Cahen et al. 1979) for a very long time. Combinations of
refitting, recognition of activity areas, and the construction of hearths can be used to
interpret social organization. This is, for example, the case at the Dutch Late
Palaeolithic site of Rekem, where spatial segregation of diverse stages in the
maintenance of hunting tools can be interpreted as a sign of private or socially
restricted contexts around certain hearths (Caspar and De Bie 1996).

Selecting fuel, cooking, and making tools

Before using pyrotechnology, one has to select the fuel for the fire. Variables such
as locally available resources, the desired properties of a fire, rules for using the fire,
and the principal user(s) of the fire can be important in the selection of firewood.
The type and quality of firewood can influence the fire and its development. There
are two main types of wood: hardwood from angiosperms and softwood from
conifers. Hardwood has more hemicelluloses, a higher content of acetyl and
methoxyl groups, and a more complex morphology than softwood (Braadbaart and
Poole 2008, pp. 2434-2435; Shafizadeh and DeGroot 1976, pp. 2-3). Several other
variables, such as moisture content, chemical composition, and wood density, affect
how the wood burns (Munalula and Meincken 2009, p. 416), and each wood taxon
has different properties that can affect the qualities of a fire. The expected
completion and success of other tasks, such as the gathering of plants to be cooked
or the selection of raw materials to be transformed, also can influence the gathering
and preparation of firewood.

Studies of the fuel used in a fire can be important to interpretations of climatic
variables and prehistoric knowledge of the available resources in an environment as
well as prehistoric preferences for firewood properties. Modern fire users in Malawi,
for example, select wood based on properties such as perceived drying rate, ability
to produce embers, and a low moisture content or low dry weight; they prefer
different properties for different tasks (Abbot et al. 1997). Prehistoric fire users may
have had other preferences when selecting firewood, and identification of wood taxa
from archaeological charcoal (e.g., Allott 2006; Cartwright and Parkington 1997;
Cowling et al. 1999; Théry-Parisot et al. 2010) can help identify desired properties.
Bones have been used as fuel at European Palaeolithic sites, which may have
affected the properties of the fire (e.g., Théry-Parisot 2001, 2002). Dung is another
possible fuel type, though it might not have been widely used before the keeping of
livestock (Shahack-Gross 2011).
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Cooking, that is, using heat to prepare food, helps people to digest it. Cooking
itself can involve many processes and stages, e.g., cutting up and distributing meat,
rinsing plants, and bathing food tissues in salty baths, before the actual heat
treatment occurs (see Wandsnider 1997). The chemical processes involved during
cooking not only change the texture and flavor of the food but also kill bacteria.
Cooking can thus protect people against illnesses as well as preserve food and
extend its storage time (Carmody and Wrangham 2009; Wandsnider 1997).
Roasting and other cooking techniques can be performed in many different ways,
e.g., roasting on rocks by the fire, smoking meat, and cooking food in pits under the
fire. It has been suggested, however, that pit roasting of meat, which is widely
documented in ethnographic contexts (e.g., Wandsnider 1997 and references
therein), was established only about 30,000 years ago (Thoms 2009). A more
detailed look at pyrotechnology might contribute to our understanding of how and
when cooking techniques developed.

Pyrotechnology can be instrumental in transforming materials and making
various tools. Thermal alterations of certain rock types to improve their knapping
properties have been investigated through experiments and technological studies.
For example, heating silcretes can have a positive effect on rock properties (e.g.,
Flenniken and White 1983; Purdy and Brooks 1971), possibly caused by
recrystallization of the heated rocks (e.g., Domanski et al. 1994; cf. Schmidt
et al. 2012). An experimental study also indicated that intentionally heat-treated
silcretes (silicified sediment or rock) have fewer cracks than unintentionally,
possibly postdepositionally, heat-fractured silcretes, and this can be used to
distinguish between intentional and unintentional exposure to heat (Mercieca 2000).
Pyrotechnology also can aid the hafting and mounting of tools. This is not a
technique that is limited to groups of modern humans. For example, Neanderthals
could use pyrotechnology to haft tools with birch-bark tar (Koller et al. 2001; Mazza
et al. 2006).

A spotlight on MSA pyrotechnology

In the rest of this article I focus on MSA pyrotechnology. The MSA spans more than
250,000 years, ending at about 30,000 years ago (Jacobs et al. 2008; McBrearty and
Brooks 2000; Tryon and McBrearty 2002). This is the period when Homo sapiens
appeared and ultimately colonized the world. The cognitive differences between
Homo sapiens and other species, as well as differences within Homo sapiens, are
vast research areas that can only be briefly summarized here. The former conception
of a cognitive sophistication of modern humans around 50,000 to 40,000 years ago
has been critically questioned by several researchers during the last 10—-15 years
(e.g., Brooks et al. 2006; Henshilwood et al. 2002; Jacobs et al. 2008; McBrearty
and Brooks 2000; Wadley 2001; Wadley et al. 2009). Excavations of MSA sites
have contributed important archaeological data to this debate. Lithics (e.g., Brooks
et al. 2006; Mourre et al. 2010; Soriano et al. 2007; Villa et al. 2005; Wurz 1999,
2012), bone tools (e.g., Backwell et al. 2008; d’Errico and Henshilwood 2007;
Henshilwood et al. 2001a), ochre (e.g., d’Errico et al. 2012; Henshilwood et al.
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2002, 2009; Hodgskiss 2012; Mackay and Welz 2008; Rifkin 2012; Wadley 2005,
2009; Watts 2002, 2010), and shell and marine resources (e.g., Avery et al. 2008;
d’Errico et al. 2005, 2008; Klein et al. 2004; Langejans et al. 2012) are among the
archaeological finds that provide a base for interpretations of the technological
sophistication and symbolic behavior of Homo sapiens during the MSA. From a
different perspective, other researchers have pointed out that the Neanderthals seem
to have been more cognitively adept than previously assumed and exhibit traits that
until recently were considered to be strictly modern (e.g., Albert et al. 2012; Speth
2004, 2006; Vallverda et al. 2010; Vaquero et al. 2001; Zilhao 2007).

In a comment on the debate about modernity, Shea (201 1) points out that all modern
human behavior, as well as the behavior of extinct hominins, varies and that any
development through time is reversible and, in any case, only recognizable after it has
happened. He further calls for a construction of better models for the variability of
human behavior through a focus on the costs and benefits of specific strategies in
various contexts (Shea 2011, p. 14). I accept behavioral variability as a premise for the
MSA part of this article, which focuses on the different fire-related features reported
and interpretations of fire use rather than cognitive implications (but see Twomey 2013
and references therein for a discussion of cognitive behavior and fire use).

Pyrotechnology was an important part of life in the MSA and constitutes an
additional practice that can augment the knowledge of technological practices in the
MSA. Building a holistic image of MSA pyrotechnology will create a productive
base for comparisons with pyrotechnology in other periods and areas. There are
some studies of fire use at individual sites in the MSA (Albert and Marean 2012;
Allott 2005, 2006; Brown et al. 2009; Goldberg et al. 2009; Henderson 1992;
Herries and Fisher 2010; Mason 1988; Mourre et al. 2010; Schiegl et al. 2004;
Schmidt et al. 2013; Wadley 2005, 2009, 2012; Wadley et al. 2011), but a synthesis
of pyrotechnology in the MSA has not yet been published. The following outline of
MSA pyrotechnology provides that synthesis.

The MSA material: Recognition of fire use and fire-related features in the MSA
of southern Africa

In the available literature on southern Africa, 34 MSA sites have preserved signs of
fire use (Table 1). Burning events created through fire use can leave various
signatures at a site, such as charcoal, burnt organic material and lithics, and
combustion features. For several reasons, these or other attributes of fire use might
not have been included in publications of sites, so some sites or attributes might be
missing from Table 1, which includes only those sites where hearths, ash dumps/
layers, burnt items, and the other categories were positively identified in a
publication. It has been suggested that early methods of excavating MSA sites were
not fine enough to recognize fire-related features (Klein 1970, p. 131). Indeed, my
review of the literature reveals that many observations of the signs of fire have been
recognized in more recent studies (Table 1). The data in Table 1 refer exclusively to
MSA layers at sites where occupation layers preceding or postdating the MSA also
occur.
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