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Summary - Colour strongly shapes our perception of the world and plays a main role in the emergence of 
language and in the transmission of information. It has been shown that systematic use of ochre, along with 
other cultural traits that reflect cognitive complexity, disappear and reappear from the archaeological record, 
suggesting that cultural transmission follows discontinuous trajectories that to this day are unknown to us. 
Understanding when humans started using colour and how this feature evolved may therefore be instrumental 
to understand the evolutionary paths followed by members of our lineage towards cultural complexity. The 
earliest secure evidence for ochre use is found at 300.000-year-old archaeological sites from Africa and Europe. 
It usually consists of iron-rich rocks characterised by a red, orange, yellow or brown colour and/or streak, 
modified by grinding, scraping and knapping to produce red or yellow powder, ochre residues adhering to 
different types of artefacts or sediment stained with ochre or rich in ochre microfragments. Around 160 ka, 
ochre use becomes a recurrent feature. Although analyses of ochre collections have become increasingly frequent, 
there is still very little information on the first instances of ochre use and on how this cultural feature evolved 
through time. Most cases of early evidence for colour use by different human fossil species were recovered during 
excavations conducted several decades ago, when ochre was not documented systematically. Excluding a few 
recently studied cases, there is often a lack of evidence to support the anthropogenic nature of these findings. The 
aim of this paper is to summarise what we know on ochre use during the Lower Palaeolithic / Early Stone Age 
(ESA) and Middle Palaeolithic / Middle Stone Age (MSA), review techniques currently used for the analysis of 
this material and highlight analytical and theoretical issues surrounding this complex cultural feature.
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Introduction 

The question of when and how our ancestors 
developed a complex cognition is fundamental to 
our understanding of the origin and development 
of human cultures and currently represents one of 
the most debated questions in Prehistory (d’Errico 
and Stringer 2011). Complex behaviour has been 
defined as a breakthrough corresponding to an 
increased cognitive sophistication (McBrearty and 
Brooks 2000), with actions shaped by minds equiv-
alent to those of Homo sapiens today (Henshilwood 
and d’Errico 2011). Symbolically-mediated behav-
iour –intended as the ability to attribute specific 
meaning to signs and to manipulate symbols to 

mediate hominins behaviour (d’Errico and Stringer 
2011; Watts 2010; Zilhão et al. 2010)– is an essen-
tial feature of such a new cognitive setting. Different 
models were proposed to explain the emergence of 
complex behaviour (d’Errico and Stringer 2011). 
Some researchers suggest that complex cognition 
is the direct consequence of a genetic mutation 
that took place 50 ka ago in Africa (Klein 2009). 
Others associate it with the appearance of ana-
tomically modern humans (McBrearty and Brooks 
2000) and favour a gradual evolution starting in the 
African Middle Stone Age (MSA). A third model 
argues that the origin of behavioural complexity is 
the result of a discontinuous evolutionary path tak-
ing place in Africa and Eurasia among modern and 
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archaic human populations, between 200 and 40 
ka (d’Errico and Colagè 2018; Scerri et al. 2018; 
Zilhão et al. 2010). The latter scenario seems to be 
more consistent with recent discoveries that show 
that the emergence and dispersal of anatomically 
modern humans are the result of much more com-
plex processes than previously thought. From 350 
ka, human remains found throughout the African 
continent show ‘modern’ anatomical features, but 
these are associated with ‘archaic’ features (Scerri 
et al. 2018). The morphological and chronological 
variability, as well as the geographical dispersion of 
the earliest fossils currently attributed to Homo sapi-
ens seem to show that the evolution of our species 
took place among subdivided populations in dif-
ferent regions of Africa and that these populations 
were connected by sporadic gene flow (Scerri et al. 
2018; Stringer 2016). Furthermore, it seems now 
clear that genetic exchanges took place between 
Homo sapiens, Denisovians and Neanderthals 
(Alves et al. 2012; Green et al. 2010; Meyer et al. 
2012; Reich et al. 2010; Sánchez-Quinto et al. 
2012; Yang et al. 2012). These findings show that 
the emergence of complex cultures is the result of 
intricate and non-linear evolutionary trajectories 
that are not fully understood and still need to be 
detected at a regional scale (Scerri et al. 2018). It 
is therefore necessary to revisit the question of the 
emergence and development of what characterises 
us as human beings, such as complex cognition, 
language, beliefs, and art.

To this end, researchers try to find proof for 
complex behaviour in the archaeological record 
(McBrearty and Brooks 2000). It is often argued 
that systematic exploitation of pigments, such as 
ochre, is a marker of cognitive complexity (Wadley 
2010a). Colour in fact plays a main role not only in 
our perception of the world but also in the emergence 
of language and in the transmission of information 
(Roberson et al. 2000). The colour red in particular 
carries strong symbolic connotations, often related 
to blood and fertility (Hodgskiss 2020) and is fun-
damental to colour classifications in all human soci-
eties (Berlin and Kay 1969; McBrearty and Stringer 
2007). Recent studies suggest that many cultural 
features that were thought specific to humans are 
also observed among other species (Whiten 2021). 

The use of colour is not an exception. For instance, 
deliberate staining with iron oxide-rich soil for its 
chemical proprieties, but also for purposes such 
as camouflaging or status-signalling was observed 
among different bird species (Delhey et al. 2007; 
Montgomerie 2006). Although the comparison of 
colour use among humans with that of other species 
is a question that still needs to be explored, assess-
ing the cognitive significance of this cultural fea-
ture may be key to understanding the evolutionary 
foundations of ochre use among humans (Whiten 
2021). However, many consider that systematic use 
of ochre reflects symbolically mediated behaviour 
among human cultures (Watts 2010). The presence 
of ochre from distant sources, the selection of cer-
tain hues or the deliberate thermally induced trans-
formation of goethite into hematite to produce 
red pigment were some of the arguments used to 
support this interpretation (Bordes 1952; Hovers et 
al. 2003; Knight et al. 1995; Watts 1999, 2009). 
Nevertheless, some researchers consider that, while 
ochre may be used for symbolic purposes in some 
cases, it is difficult to prove it in an archaeologi-
cal context. In addition, it has been shown that 
ochre can be used for functional purposes such as 
hide tanning (Rifkin 2011) or adhesive produc-
tion (Kozowyk et al. 2016; Wadley 2010a; Zipkin 
et al. 2014b). Its use as an insect repellent (Rifkin 
2015a), as sunscreen (Havenga et al. 2022; Rifkin 
et al. 2015) or for antiseptic treatments (Velo 1984) 
has also been highlighted. Today, researchers argue 
that the polarisation between symbolic and utilitar-
ian activities does not reflect the complex interac-
tion that exists between functional and symbolic 
activities among most traditional societies (d’Errico 
and Stringer 2011; Rosso 2017). 

In the past few years, analyses of ochre collec-
tions have become increasingly frequent. However, 
there is still very little information on the first 
instances of ochre use and how this cultural feature 
evolved through time. The aim here is to review 
what we know on ochre use during the Lower 
Palaeolithic / Early Stone Age (ESA) and Middle 
Palaeolithic / Middle Stone Age (MSA), revise tech-
niques currently used for the analysis of this mate-
rial and highlight analytical and theoretical issues 
surrounding this complex cultural feature.
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Definitions

By “ochre” (Cornell and Schwertmann 2003; 
Jercher et al. 1998; Popelka-Filcoff and Zipkin 2022; 
Salomon et al. 2021; Siddall 2018; Triat 2010) I 
mean an association of minerals in the form of soil 
lumps to iron ores, characterised by a red, orange, 
yellow or brown colour and/or streak. Red and yel-
low colours come respectively from a high content 
in iron oxides (generally hematite) or iron hydrox-
ides (generally goethite or limonite). Ochre is also 
composed of variable proportions of other minerals 
such as quartz, calcite, gypsum, feldspars and clay 
minerals and therefore include a wide range of raw 
materials, such as shales, ferricretes, mudstones, silt-
stones, sandstones or specularite (Hodgskiss 2020). 

In Palaeolithic contexts, ochre can be found in 
different forms. It is usually recovered in the form 
of modified or unmodified rocks (Figs. 1A-G, K). 
However, sediment stained with ochre or rich in 
ochre microfragments (Cavallo et al. 2017; Wadley 
2010b; Wadley et al. 2020) is also found. Other 
common occurrences are ochre residues on dif-
ferent types of artefacts, including lithic or bone 
artefacts, macrolithic tools (Figs. 1H,I), rocks or 
pebbles (Fig. 1J), shells (Figs. 1L,M), personal orna-
ments (Cârciumaru et al. 2014; Henshilwood et al. 
2011; Rosso et al. 2016; Wadley 2010a; Zilhão et 
al. 2010) or cave walls and portable art (Pomiès et 
al. 2000; Roldán García et al. 2016; Vignaud et al. 
2006). Ochre residues can be intentionally applied 
to colour surfaces or draw motives. They can also 
be found on instruments that were used to process 
(Figs. 1H,I), contain or apply ochre, or on tools 
hafted with ochre-based adhesives. However, ochre 
residues may also have been deposited uninten-
tionally, from direct contact with surfaces covered 
in ochre (skin, hide, sediment or other objects) or 
from post-depositional contact with iron oxides 
naturally present in the sediment (Rifkin 2015b).

Analytical methods for the study of 
ochre assemblages

The first chemical characterisation of prehis-
toric ochre dates back to 1902 (Moissan 1902, 

1903). Over time, new methodologies were used 
to characterise the chemical composition of this 
material (Couraud 1988; Menu and Walter 1992; 
Pomiès et al. 1999). Studies were usually aimed at 
characterising pigment in the context of the Upper 
Palaeolithic parietal art (Cabrera Garrido 1978; 
Couraud and Laming-Emperaire 1979). Ochre 
pieces, ochre residues on different types of artefacts 
and ochre accumulations or sediment impregna-
tions from Upper or Middle Palaeolithic sites were 
sometimes mentioned in the literature (Bordes 
1952; Capitan and Peyrony 1912; Cartailhac and 
Breuil 1906) but rarely analysed (Couraud 1983, 
1988). In the past two decades, the debate on the 
origin of complex behaviour has increased the 
interest in early instances of ochre use (Barham 
2002; Hovers et al. 2003; Watts 1998, 2002) and 
a number of ochre assemblages in Europe, Africa 
and the Near East were studied systematically. 
Chemical, technological, and experimental data 
were explored and combined in order to recon-
struct different phases of the ochre chaîne opéra-
toire, from the acquisition of the raw material to its 
processing and use.

Over the past few years, a combination of 
different methods have been used to character-
ise ochre, including petrographic, elemental and 
mineralogical analyses (Dayet 2021; Domingo and 
Chieli 2021; Popelka-Filcoff and Zipkin 2022). 
Some of those methods are non-invasive or require 
small samples of ochre (Dayet 2021). A few exam-
ples of analytical techniques that are used to analyse 
ochre are: Scanning electron microscopy coupled 
with Energy Dispersive X-ray Spectrometry (SEM-
EDS), Electron probe microanalysis (EPMA), 
X-ray fluorescence (XRF), X-ray diffraction (XRD), 
Raman spectroscopy, Colorimetry, Infrared spec-
troscopy, Inductively coupled plasma-mass spec-
trometry (ICP-MS), Inductively coupled plasma-
optical emission spectroscopy (ICP-OES), Particle-
Induced X-ray Photon Emission (PIXE), Neutron 
activation analysis (NAA), or Transmission electron 
microscopy (TEM) (Beck et al. 2011; Cavallo et 
al. 2015; Dayet 2021; Dayet et al. 2014; Huntley 
et al. 2015; Lebon et al. 2018; MacDonald et 
al. 2011; Mauran et al. 2021; Moyo et al. 2016; 
Pitarch Martí and d’Errico 2018; Pomiès et al. 
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Fig. 1 – Evidence for ochre use from African Early and Middle Stone Age sites (A-J) and European 
Middle Palaeolithic sites (K-M). (A) Modified ochre piece from Olorgesailie, Kenya. Photo: courtesy 
F. d’Errico; (B) Engraved ochre piece from Blombos Cave, South Africa. Photo: courtesy F. d’Errico, 
C. Henshilwood; (C, D) Ochre pieces with striations produced by scraping and grinding from Klasies 
River Mouth, South Africa. Photo: courtesy F. d’Errico; (E) Ochre piece with striations produced by 
scraping from Panga ya Saidi, Kenya. Photo: courtesy F. d’Errico; (F, G) Ochre pieces with stria-
tions produced by scraping and grinding respectively from Porc-Epic Cave, Ethiopia. Photo: D. E. 
Rosso (Rosso et al. 2017); (H, I) Ochre processing tools from Porc-Epic Cave, Ethiopia. Photo: D. 
E. Rosso (Rosso et al. 2016); (J) Painted pebble from Porc-Epic Cave, Ethiopia. Photo: D. E. Rosso 
(Rosso et al. 2016); (K) Ochre piece from Combe-Grenal, France. Photo: courtesy L. Dayet and 
F. d’Errico (Dayet and d’Errico 2016); (L) Perforated upper half-valve of Pecten maximus bearing 
ochre residues from Cueva Antón, Spain. Photo: courtesy J. Zilhão (Zilhão et al. 2010); (M) Aspa 
marginata shell bearing ochre residues from Fumane Cave, Italy. Photo: courtesy M. Peresani, F. 
d’Errico (Peresani et al. 2013). Scales: 1 cm.
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1999; Popelka-Filcoff et al. 2008; Popelka-Filcoff 
and Zipkin 2022; Roldán et al. 2013; Rosso et 
al. 2016; Velliky et al. 2019; Zilhão et al. 2010). 
Chemical analysis of ochre allows to determine the 
provenance of the raw material (Popelka-Filcoff et 
al. 2008; Zipkin et al. 2017) and to verify whether 
ochre is naturally occurring at a site or if it has been 
imported by humans. This is of particular impor-
tance in contexts where no clear anthropogenic 
modifications can be identified on ochre pieces. 
Additionally, it can bring important data on raw 
material selection criteria and it can allow the iden-
tification of complex transformation techniques, 
such as thermally-induced transformation of goe-
thite into hematite (Cavallo et al. 2018; Pomiès et 
al. 1999; Salomon et al. 2012).

Despite a certain lack of consensus on termi-
nology for specific types of ochre modifications 
(Haaland et al. 2020), technological analyses are 
fundamental and new technologies allow pre-
cise quantification of modifications. By recording 
morphometric variables and identifying striations 
produced by grinding (Fig. 2A), scoring or scrap-
ing (Fig. 2B), smoothed (Fig. 2C) and lustred areas, 
and flaking or pitting marks (Hodgskiss 2013), 
researchers reconstruct ochre processing techniques 
in order to determine how ochre was handled, what 
type of ochre powder would be produced and for 
what purposes. Surface texture analysis and three-
dimensional modelling techniques (Figs. 2E,F) are 
often used in wear studies on teeth (Scott et al. 2006; 
Souron et al. 2015), lithics (Evans and Donahue 
2008), and bone tools (Martisius et al. 2018). They 
were recently used to study anthropogenic modifi-
cations on ochre, with techniques such as confocal 
microscopy or X-ray microcomputed tomography 
(micro-CT)  (Haaland et al. 2020; Rosso et al. 
2017). Descriptions of modifications are usually 
conducted qualitatively and are based on subjec-
tive criteria, resulting in non-replicable results. By 
quantifying surface textures, intra-observer error 
is significantly reduced (Martisius et al. 2018). 
In addition, surface texture analysis can provide 
important data on how and with which tools ochre 
was processed (Rosso et al. 2017). Micro-CT scan-
ning is also used to inspect the internal structure of 
ochre pieces (Haaland et al. 2020).

Experimental replication of ochre processing 
(Fig. 2D) is also used to provide a comparative 
framework for the interpretation of modification 
marks (Rifkin 2012; Wadley 2010a). It has also 
shown the physical proprieties and effectiveness of 
ochre as sunscreen, hide-tanning agent, and hafting 
mastic ingredient. 

Although rare, ethnoarchaeological studies 
on ochre use, colour perception and categoriza-
tion (Huntley 2021; Lydall 1978; Rifkin 2015b; 
Rosso 2017; Rudner 1982; Sagona 1994) provide 
important insights into traditional uses of ochre 
consistently transmitted though time as part of a 
behavioural system that experimental data can-
not provide. Recent accounts of ochre extrac-
tion, processing and use among the Ovahimba of 
North-western Namibia (Rifkin 2015b; d’Errico 
and Quentin 2014) and the Hamar of Southern 
Ethiopia (Rosso 2017) allow us to evaluate the 
complexity of the ochre processing chaîne opéra-
toire (Fig. 3). Even though ethnographic analogues 
are not directly applicable to Palaeolithic cultures 
(Rifkin 2015b), they create a link between material 
culture and human behaviour (David and Kramer 
2001; O’Connell 1995; Skibo 2009) and are there-
fore instrumental to bring forward new research 
questions and possible interpretations of ochre use 
among past societies.

Significant progress was made in combining 
different analytical methods for the analysis of ochre 
assemblages in the past two decades. However, inte-
grated and pluridisciplinary analyses are still rela-
tively rare, particularly in Lower Palaeolithic and 
ESA contexts, and often focused on specific regions 
of the world.

Early instances of ochre use

Information on early uses of colouring materi-
als is still scant. The lack of modifications in most 
early ochre assemblages often makes it difficult to 
differentiate iron oxides naturally present at a site 
from ochre pieces brought by humans. In early con-
texts, it is therefore essential to verify whether iron 
oxides are part of the sedimentary environment of 
the studied sites or whether they are exogenous. 
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This can be done by using different analytical tech-
niques to characterise the chemical composition of 
the potential pigment. Contextual information can 
also be fundamental to determine whether ochre 
was used by humans, for instance by identifying 
anthropogenic ochre accumulations in specific 
areas or archaeological layers.

The earliest evidence of ochre (Appendix 
1) would come from archaeological levels dated 
between 1.5 and 1 million years in two East African 
sites: fragments of weathered basalt characterised 
by a red streak were found at Gadeb, Ethiopia 
(Clark and Kurashina 1979) and two lumps of red 
ochre were recovered at Olduvai Gorge, Tanzania 
(Leakey 1958). At Isernia la Pineta, Italy, pebbles 
with possible traces of ochre were found in levels 
dated to 610 ka (Coltorti et al. 2005; Cremaschi 
and Peretto 1988) and at Garba I, Melka Kunture, 
Ethiopia, a red stain in the sediment, associ-
ated with small elongated and rounded ochre 
lumps were found in levels dated to ca. 500 ka 
BP (Chavaillon and Berthelet 2004). At Kathu 
Pan 1, South Africa, modified ochre pieces were 

found in layers dated to ca. 500 ka (Beaumont and 
Bednarik 2013; Watts et al. 2016). In Acheulean 
levels of Kathu Townlands 1, South Africa, pos-
sible evidence for retrieval of both specularite and 
red ochre is reported (Beaumont and Vogel 2006). 
In the Kapthurin formation, GnJh-15 site, Kenya, 
possible grindstones stained with ochre and >70 
pieces of red ochre are reported in layers dated 
to 500–284 ka (Deino and McBrearty 2002; 
McBrearty 2001; McBrearty and Brooks 2000; 
Tryon and Faith 2013).  The site of Terra Amata, 
France, yielded 77 possible ochre pieces from levels 
dated to 380–400 ka. Lustred areas were identified 
on a few pieces and XRD analyses indicate that 
some of them may have been heated (De Lumley 
et al. 2016). Evidence for ochre use was also recov-
ered in levels dated to >350 ka at Ambrona, Spain, 
in the form of a slab of ochre, possibly shaped 
by trimming (Howell 1966; Pérez-González et 
al. 1999). At Olorgeisailie, Kenya, 86 lumps of 
potential black pigment and two red ochre pieces 
(Fig. 1A) are reported in levels dated from ≥295 
to ~320 ka, (Brooks et al. 2018). Geochemical 

Fig. 2 – Anthropogenic modifications on ochre pieces from Porc-Epic Cave, Ethiopia (A-C, F) and experi-
mental pieces (D, E). (A, B) Striations produced by grinding and scraping respectively. Photo: D. E. Rosso; 
(C) Smoothed areas. Photo: D. E. Rosso; (D) Experimental grinding. Photo: F. d’Errico and D. E. Rosso; 
(E) Confocal microscopy conduced on experimental piece. Photo: D. E. Rosso; (F) 3D image produced by 
confocal microscopy of ground facet from an ochre piece found at Porc-Epic Cave (Rosso et al. 2017).
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analyses show that these rocks are exogenous. Both 
ochre pieces show striations produced by grinding. 
One also bears a possible attempted perforation 
and the other anthropogenic notches. At Kabwe 
(Broken Hill), Zambia, one piece of weathered 

hematite with no visible modifications and one 
rounded stone featuring a reddish brown residue 
and interpreted as a possible grindstone were found 
in levels that are probably 300 ka old (Clark et al. 
1947). 497 pieces of yellow, brown, red, purple, 

Fig. 3 – An ethnographic example of ochre use: the Hamar of Southern Ethiopia. Photos: D. E. Rosso 
(Rosso 2017). (A) Raw material acquisition; (B) Unmodified ochre pieces; (C, D) Ochre processing; 
(E) Ochre powder application for traditional hairstyle; (F) Hamar traditional hairstyle.
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pink, and blue-black rocks, interpreted as poten-
tial pigments were found at Twin Rivers, Zambia, 
associated with pigment processing tools in levels 
dated to 300–140 ka (Barham 1998, 2000, 2002; 
Clark and Brown 2001; Zipkin et al. 2014a). 
Geochemical analyses suggest a preferential exploi-
tation of exogenous minerals (Zipkin et al. 2014a). 
At Canteen Kopje, South Africa, two ochre pieces, 
one of which bears anthropogenic modifications, 
were recovered in levels dated to ca. 300 ka (Watts 
et al. 2016) and a ground piece of hematite is 
reported at Nooitgedacht, South Africa from an 
apparently pre-MSA context (Beaumont 1990a; 
Watts et al. 2016). Evidence for ochre use was also 
found at Hungsi, India, in levels dated to 200–300 
ka (Paddayya 1976). A lump of red ochre iden-
tified as hematite is reported at Duinefontein 2, 
South Africa, in levels dated to 270–290 ka (Cruz-
Uribe et al. 2003). At Pniel 6, South Africa, half 
a dozen hematite fragments, some of which were 
slightly smoothed, were found in Early Middle 
Stone Age levels (Beaumont 1990b; Beaumont 
and Bednarik 2013).

Around 250–170 ka, ochre use seems more 
frequent. In Europe, one rubbed ochre piece 
was found in layers dated to ca. 250 ka ago at 
Achenheim, France (Bednarik 2014; Thévenin 
1976). Possible ochre pieces and grindstones, appar-
ently used to process pigments, were found in early 
Mousterian levels (250–200 ka) at Beçov I, Czech 
Republic (Marshack 1981; Šajnerová-Dušková et 
al. 2009; Trabska et al. 2010). Small concentrates 
of red material identified as non-local hematite 
were detected in archaeological levels dated to 
>200–250 ka at Maastricht-Belvédère, Netherlands 
(Roebroeks et al. 2012).

In Africa, ochre fragments and tools bear-
ing ochre residues were recovered in Tuff K4, 
Kapthurin Formation, Kenya, in levels dated to 
more than 250 ka (McBrearty and Brooks 2000). 
Small (~220–2970 μm) red and orange grains 
detected in grass beddings in layers dated to 200 
ka at Border Cave, South Africa, were tentatively 
identified as ochre resulting from processing activi-
ties, or from contact with painted human skin or 
objects. However, chemical analyses could not 
exclude a possible natural origin of these iron oxides 

(Wadley et al. 2020). At the same site, one ochre 
piece is reported in levels dated to >227 ka, and a 
systematic use of ochre was observed between ca. 
170 and 150 ka (Watts 2009). At Kalambo Falls, 
Zambia (Barham et al. 2015; Clark et al. 2001; 
Duller et al. 2015), red, yellow and white poten-
tial pigments sometimes showing anthropogenic 
modifications, and grindstones with no ochre resi-
dues were found in levels probably dated around 
200 ka. At Wonderwerk Cave, South Africa (Watts 
et al. 2016), secure evidence for ochre use found in 
levels dated to >187 ka  consists of four specularite 
pieces, of which two are utilised, a ground piece of 
weathered iron hydroxide and two pieces of hema-
tite, of which one is possibly modified. Other pos-
sible evidence of ochre use at this site includes one 
scraped piece of weathered dolomite and an incised 
ironstone slab. Yellow and red ochre pieces associ-
ated with ochre processing tools (sandstone mor-
tars shaped by knapping and small chert pebbles 
bearing yellow and red residues) were recovered in 
MSA levels of site Sai 8-B-11, at Sai Island, Sudan 
(Van Peer et al. 2003, 2004), dated to ca. 180 ka. 
Gouged, rubbed, and flaked limonite and specu-
larite pieces and colour-bearing sandstones possibly 
used as pigments were found in Mumbwa, Zambia 
(Barham 2000), in levels dated around 172–30 ka.

Systematic use of ochre from 160 ka 
to the end of the Middle Palaeolithic 
and MSA

Ochre pieces with clear anthropogenic modi-
fications and coloured residues on different types 
of artefacts become recurrent features around 160 
ka, in Europe, in the Middle East and in Africa. 
Evidence for ochre use during this period usually 
consists of modified lumps or residues on process-
ing tools or other artefacts.

In Europe, Neanderthals systematically used 
mostly black (Bonjean et al. 2015; Pitarch Martí 
et al. 2019) but also red colouring materials well 
before the arrival of Homo sapiens. A large num-
ber of Mousterian sites yielded evidence for a 
systematic use of ochre, such as: Cueva de los 
Aviones, Cueva Antón (Fig. 1L) (Zilhão et al. 
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2010), Cueva Ardales (Ramos-Muñoz et al. 2022), 
Cueva del Castillo and Cueva Morín (Kraybill 
1977) in Spain, Combe-Grenal (Fig. 1K) (Dayet 
et al. 2019), Ormesson (Bodu et al. 2014), Pech 
de l’Azé (Pitarch Martí and d’Errico 2018; Soressi 
and d’Errico 2007; Soressi et al. 2008), Le Moustier 
(Peyrony 1930; Pitarch Martí and d’Errico 2018), 
La Micoque, La Chapelle-aux-Sains, La Grotte de 
l’Ermitage, la Quina, la Ferrassie (Demars 1992) in 
France; Fumane Cave (Fig 1M) in Italy (Peresani et 
al. 2013), among many others. Research has shown 
that the last Neanderthals used large quantities 
of red and black pigments. Cases in point are the 
Chatelperronian sites of Grotte du Renne or Roc-
de-Combe in France (Caron et al. 2011; Dayet et 
al. 2014). Although this view has been contested 
(Aubert et al. 2018; Slimak et al. 2018; White et 
al. 2020), it has been proposed that Neanderthals 
may also have used pigments to produce cave art 
(Hoffmann et al. 2018; Pitarch Martí et al. 2021; 
Ramos-Muñoz et al. 2022).

In the Near East, convincing evidence for the 
use of colouring materials has been found in lev-
els dated around 100 ka at Qafzeh and Es-Skhul 
(Israel). Some pieces appear to have been heated to 
modify their colour (d’Errico et al. 2010; Godfrey-
Smith et Ilani 2004; Hovers et al. 2003; Salomon 
et al. 2012). 

During the MSA in Africa, examples of an 
intensive and recurrent use of ochre by early Homo 
sapiens are numerous. Ochre pieces with striations 
produced by grinding, scoring or scraping, and 
ochre-stained grindstones are frequent. Engraved 
ochre pieces are also found (Fig. 1B), but are not 
a common feature (Henshilwood et al. 2009; 
Hodgskiss 2010; Watts 1999, 2002). 

Studies on ochre use have been conducted 
mostly in South Africa. Blombos Cave’s MSA levels, 
dated to ca. 100–72 ka, yielded a collection of more 
than 8000 ochre pieces weighing approximately 5.8 
kg (Henshilwood et al. 2001, 2002, 2009; Moyo 
et al. 2016; Watts 2009). Modifications, including 
striations, grooves, scraping marks, percussion pits, 
possible traces of handling and abstract engrav-
ings (Fig. 1B), were identified on a large number 
of pieces (Henshilwood et al. 2001, 2002, 2009; 
Rifkin 2012; Watts 2009). Henshilwood et al. 

report two toolkits used for the production and 
storage of ochre-rich compounds, found in layers 
dated to 100 ka (Henshilwood et al. 2011). They 
included two large abalone shells containing an 
ochre-rich compound found in close proximity 
to modified ochre lumps, bones, as well as upper 
and lower grindstones. A silcrete flake displaying 
a cross-hatched pattern drawn on with an ochre 
crayon from 73,000-year-old levels was also found 
(Henshilwood et al. 2018). At Pinnacle Point Cave 
13B (McGrath et al. 2022; Watts 2010), 380 ochre 
pieces (1.08 kg) from layers dated to ca. 164–91 
ka were analysed. Possible evidence for the heat-
ing of ochre, and a preference for dark red shades 
have been identified. In MSA levels of Diepkloof 
Rockshelter dated to 110–55 ka, several thousand 
ochre pieces were recovered (Dayet et al. 2016). 
Some of them show modifications including stria-
tions, smoothed areas, and flaking. One piece is 
engraved. The analysis of 558 pieces (1.9 kg) iden-
tified different types of rocks, with the presence of 
exogenous raw materials suggesting complex mobil-
ity patterns. Quartzite slabs and silcrete flakes bear-
ing ochre residues may have been used as processing 
tools. At Sibudu, South Africa, levels dated between 
77.2 ± 2.6 ka – 37.6 ± 2.6 ka (Jacobs et al. 2008a,b; 
Wadley 2007; Wadley and Jacobs 2006), yielded 
5449 pieces of ochre (>8mm, 15,4 kg) and 3837 
small pieces. Modifications produced by grind-
ing, rubbing and scoring were identified, mostly 
on bright red ochre fragments (Hodgskiss 2010, 
2012, 2013). A few pieces are described as engraved 
(Hodgskiss 2014). Cemented hearths with signifi-
cant ochre deposits in layers dated to ca. 58 ka have 
been interpreted as receptacles for ochre powder 
or work surfaces (Wadley 2010b). Sandstone slabs 
and other lithic artefacts with ochre residues were 
also recovered (Soriano et al. 2009; Wadley 2005; 
Wadley et al. 2004; Williamson 2004; Wojcieszak 
and Wadley 2018, 2019). The analysis of residue 
adhering to a dolerite flake allowed the identifi-
cation of a compound including ochre and milk 
casein in layers dated to 49 ka BP (Villa et al. 
2015). At Klasies River Cave 1, 314 ochre pieces 
(Figs. 1C,D) were recovered from MSA levels dated 
between 115 and 55 ka (d’Errico et al. 2012; Dayet 
Bouillot et al. 2017). Some show grinding and 
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scraping marks, and one is engraved. Results indi-
cate that some pieces may have been intentionally 
heated. Other sites that yielded important ochre 
assemblages in South Africa include Hollow rock 
shelter (Högberg and Larsson 2011), Die Kelders 
(Thackeray 2000), Rose Cottage Cave (Hodgskiss 
and Wadley 2017), Hoedjiespunt (Will et al. 
2013), Klipdrift Shelter (Henshilwood et al. 2014), 
Klein Kliphuis  (Mackay and Welz 2008), Apollo 
11 (Rifkin et al. 2016), Mwulu Cave (de la Peña 
et al. 2019), Olieboompoort (Watts 1998) and 
Wonderkrater (Backwell et al. 2014).

The presence of ochre is also reported in East 
Africa, but systematic studies of these collections 
are rare. At Panga ya Saidi, Kenya, 17 ochre frag-
ments (Fig. 1E) were found in layers dated to ca. 
14.5–48 ka (d’Errico et al. 2020; Shipton et al. 
2018). Two of those, recovered in layers dated to 
ca. 25–48 ka, bear modification marks. Evidence 
for ochre use was also found at Enkapune Ya Muto 
in Kenya (Ambrose 1998); Mumba (Conard 2012; 
Diez-Martín et al. 2009; Gliganic et al. 2012; 
Mehlman 1989; Prendergast et al. 2007; Tryon 
and Faith 2013), Nasera (Mehlman 1989; Tryon 
and Faith 2013; Tryon and Ranhorn 2018) and 
Kisese II (Inskeep 1962; Leakey 1983; Tryon et al. 
2018) rockshelters in Tanzania; Mochena Borago 
Rock Shelter (Brandt et al. 2012), Gorgora Rock 
Shelter (Clark 1988; Leakey 1943; Moysey 1943), 
Aduma (Yellen et al. 2005) and Goda Buticha 
(Leplongeon 2014; Pleurdeau et al. 2014; Tribolo 
et al. 2017) in Ethiopia. A significant example 
of the intensification of ochre use after 100 ka is 
Porc-Epic Cave, Ethiopia,  that yielded a substan-
tial MSA ochre assemblage, comprised of 40 kg of 
ochre (n = 4213 pieces, Figs. 1F,G), 21 ochre pro-
cessing tools (Figs. 1H,I) and two ochre-stained 
artefacts (Fig. 1J) from levels dated to ca. 40 ka cal 
BP (Rosso et al. 2014, 2016, 2017). The analysis of 
the spatial distribution of this assemblage allowed 
the identification of possible areas devoted to 
ochre processing. The variety of raw materials and 
processing techniques, including flaking, grinding, 
scraping and pounding, showed that ochre pow-
ders of different coarseness and shades were used 
for a variety of functions. Chemical analyses of the 
residues identified on the grindstones demonstrate 

that these tools were used to process different types 
of ochre. Microscopic analyses show that some 
ochre pieces were curated and ground at different 
times to produce small quantities of red powder, 
which seems to be more consistent with symbolic 
activities. In addition, a round pebble with half its 
surface covered with ochre and no use-wear related 
to ochre processing was found (Fig. 1J). Possibly 
used as a stamp to create patterns or apply pig-
ment to soft materials, this object also supports 
the hypothesis that ochre was utilised in symbolic 
practices at Porc-Epic Cave.

In other regions of the African continent, 
research on ochre use is even scarcer, although 
ochre use is reported in MSA layers of a number 
of sites, such as Sehonghong, Lesotho (Carter et 
al. 1988), ≠Gi, Botswana (McBrearty and Brooks 
2000), Nswatugi, Pomongwe, Bambata and 
Zombepata, Zimbabwe (Cooke 1971; Cooke et al. 
1966; Larsson 1996; McBrearty and Brooks 2000; 
Walker 1995; Watts 2009) and Songona I, Mali 
(Huysecom et al. 2008, 2009). In North Africa, 
evidence for ochre use is reported at Grotte des 
Pigeons, Taforalt, in Morocco (Bouzouggar et al. 
2007; d’Errico et al. 2009), in levels dated to 82 ka.

Sahul and Asia have often been neglected in 
global narratives on the emergence of complex 
behaviour (Langley et al. 2019, 2020) but recent 
studies have shown that ochre was also used in these 
regions during the Palaeolithic. In Asia, one piece 
of ground ochre was found at Jwalapuram, India 
(Petraglia et al. 2007), in 74,000-year-old layers. 
Red, yellow and “silver” mica-rich ochre pieces were 
found in the Sri-Lankan site of Fa-Hien Lena, in 
levels dated to 48 ka (Langley et al. 2020). Ochre 
pieces displaying anthropogenic modifications were 
collected from levels dating to around 40,000 cal BP 
at Jerimalai, Timor-Leste (Langley and O’Connor 
2019). In China, the earliest known evidence for 
ochre processing was found at Xiamabei in levels 
dated to ca. 40 ka (Wang et al. 2022) and con-
sists of two ochre pieces, one of which bears clear 
traces of having been repeatedly abraded, and one 
limestone slab preserving residues of hematite-rich 
ochre. These three artefacts were lying on a spot of 
red-stained sediment. At Zoukoudian Upper Cave 
and Shuidonggou Locality 2, evidence for ochre use 
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was also found, dating back to 34–29 ka cal BP and 
31.3–29.9 ka cal BP respectively (Pitarch Martí et 
al. 2017). In Sahul, the first evidence for ochre use 
was found at Madjedbebe, Australia. Ground ochre 
was recovered in levels dated between 65.0 ± 5.7 
and 52.7 ± 4.3 ka and possibly in levels dated to 
80.2 ± 9.0 to 71.0 ± 7.3 ka (Clarkson et al. 2015, 
2017), although this chronology was contested by 
some (O’Connell et al. 2018).

Discussion and conclusion

Although there is a growing interest in 
Palaeolithic ochre use, there are still many gaps 
in our knowledge on how this cultural feature 
emerged and spread in different areas of the world. 

Among Lower Palaeolithic and ESA ochre col-
lections, a few cases have been studied systemati-
cally (Brooks et al. 2018; De Lumley et al. 2016; 
Roebroeks et al. 2012; Watts et al. 2016; Zipkin 
et al. 2014a). However, most cases of early evi-
dence for colour use by different members of 
our lineage were recovered during excavations 
conducted several decades ago, when ochre was 
not documented systematically. Gadeb, Ethiopia 
(Clark and Kurashina 1979), Olduvai Gorge, 
Tanzania (Leakey 1958), Isernia la Pineta, Italy, 
(Coltorti et al. 2005; Cremaschi and Peretto 1988), 
Kabwe, Zambia (Clark et al. 1947), Ambrona, 
Spain (Howell 1966), Hungsi, India (Paddayya 
1976) and Achenheim, France (Bednarik 2014; 
Thévenin 1976) are some of the sites where ochre 
remains were briefly mentioned in the literature, 
but for which there is no detailed evidence to sup-
port the anthropogenic nature of these findings. 
Excluding a few exceptional cases (Brooks et al. 
2018; De Lumley et al. 2016), ochre remains in 
Lower Palaeolithic and ESA contexts rarely feature 
clear modification marks. It is therefore essential to 
determine whether the ochre is natural or whether 
it was brought by humans to the sites. This can be 
evaluated by using different analytical techniques 
and by studying the context in which ochre remains 
were found (Roebroeks et al. 2012). However, this 
cannot be done when reassessing ochre collections 
that were not recovered in recent excavations. The 

same problem affects the analysis of raw material 
transformations, for example thermally induced 
transformation of goethite into hematite. While 
TEM and XRD analyses can determine whether an 
ochre piece has been heated (Pomiès et al. 1999), 
it is very difficult to demonstrate the intentional-
ity of this transformation without detailed contex-
tual data (Salomon et al. 2015). Finally, some early 
cases of ochre use are questioned for dating issues 
(Roebroeks et al. 2012; Wreschner et al. 1980) and 
often cannot be reassessed as their current location 
is in many cases unknown.

In MSA and Middle Palaeolithic contexts, 
systematic analyses of ochre assemblages are 
more frequent, but they tend to focus on specific 
regions, resulting in a biased view on how ochre 
use appeared and spread throughout the world. 
In South Africa, discoveries in key MSA sites such 
as Blombos (Henshilwood et al. 2001) or Sibudu 
Cave (Wadley and Jacobs 2006) among many oth-
ers have led to significant advances in research on 
the emergence of complex cultures (Conard 2008). 
Although evidence for ochre use was found in 
other areas of the African continent, their analy-
sis is rarely systematic. The question of whether 
Neanderthals shared our capacity to create and 
manipulate symbols has also favoured studies in 
ochre use, mostly focused in Southwestern Europe. 
Other regions of the world, including Asia and 
Sahul, are rarely mentioned in reviews on ochre use 
in Palaeolithic contexts. Cultural adaptations asso-
ciated with human fossil species and the incom-
ing populations of Homo sapiens into these regions 
remain unclear (Bae 2017). 

Another important issue in ochre studies is 
that there are few cases in which the spatial and 
stratigraphic distribution of ochre fragments 
is used to identify changes in ochre processing 
through time and detect specialised activity areas 
(Caron et al. 2011; Dayet et al. 2014; Roebroeks 
et al. 2012; Rosso et al. 2014; Salomon et al. 
2015; Zilhão et al. 2010). This is either due to 
a bias in the methodology used to study ochre 
assemblages in multistratified sites, or to the lack 
of ochre collections large enough to explore dia-
chronic shifts in ochre processing technology and 
function (Rosso et al. 2014).
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Despite these issues, research in the past few 
years has brought new essential data to our under-
standing of Palaeolithic ochre use. First of all, it 
has been shown that the use of colouring materials 
began well before the emergence of anatomically 
modern humans, among different human fossil 
species. Between 1.5 million years and 300 ka, evi-
dence for ochre use is still punctual and sparse in 
Europe and Africa. At this stage, ochre rarely fea-
tures clear anthropogenic modifications and issues 
related to their dating and context make it often 
difficult to confirm that they were used by humans. 
Around 300-250 ka, secure evidence proves that 
ochre was collected from far away sources and pro-
cessed by humans. It is only from 160 ka onwards 
that ochre use becomes ubiquitous, among the first 
anatomically modern humans and Neanderthals. 
Complex technical behaviours are observed: inten-
tional heating to modify the colour of pigments, 
selection of specific colour shades, use of diverse 
processing tools and techniques including grind-
ing, scraping, scoring and pounding to produce 
different types of ochre powders, and production 
of complex ochre-rich compounds. The presence of 
crayon-shaped ochre pieces featuring micro-facet-
ing on the tip and polished surfaces may indicate 
respectively a use of ochre to produce drawn col-
oured lines and a direct application on soft mate-
rials (Hodgskiss 2020). Archaeological evidence 
shows that ochre was probably used for both func-
tional and symbolic activities (see above).

Looking at evidence around the world, it has 
been highlighted that there is a substantial time lag 
is between the anatomical evolution of our species 
and the appearance of cultural innovations (Wadley 
2021) and that between 160 ka and 20 ka, system-
atic use of ochre, along with other cultural traits 
such as engravings, personal ornaments, bone tools 
and other complex technologies appear, disappear 
and reappear from the archaeological record, sug-
gesting that cultural transmission and complex 
behaviour follow discontinuous and non-linear tra-
jectories, probably triggered by social, demographic 
and environmental factors, that to this day are still 
unknown to us (d’Errico and Stringer 2011; Scerri 
et al. 2018). Retracing cultural paths followed by 
different human fossil species, investigating when 

these populations started using colour and how 
this feature evolved through time may therefore be 
instrumental to understand this crucial stage in the 
evolution of our lineage.

Acknowledgements

The author’s research is financially supported by the Fys-
sen Foundation and the Juan de la Cierva-Formación 
Research Fellowship (FJC2018-035605-I; Ministerio 
de Ciencia e Innovación, Spain). I thank Martine 
Regert (Université Côte d’Azur, CNRS, CEPAM) and 
Francesco d’Errico (Université de Bordeaux, CNRS, 
PACEA UMR 5199) for their critical reading of the 
text. I also thank Francesco d’Errico (Université de 
Bordeaux, CNRS, PACEA UMR 5199), Marco Pere-
sani (University of Ferrara), João Zilhão (Institució 
Catalana de Recerca i Estudis Avançats, Universitat de 
Barcelona, Universidade de Lisboa), and Laure Dayet 
(EDYTEM – UMR 5204) for providing some of the 
images presented in Figure 1. Finally, I thank two 
anonymous referees for their constructive comments, 
Ana Rosso for editorial input, and Buno Goffa and 
Ballo Aysire for explaining the traditional use of ochre 
among the Hamar presented in Figure 3.

References

Alves I, Hanulová AŠ, Foll M, et al (2012) Genomic 
Data Reveal a Complex Making of Humans. PLoS 
Genet 8:e1002837. https://doi.org/10.1371/jour-
nal.pgen.1002837

Ambrose SH (1998) Chronology of the Later 
Stone Age and Food Production in East Africa. J 
Archaeol Sci 25:377–392. https://doi.org/10.1006/
jasc.1997.0277

Aubert M, Brumm A, Huntley J (2018) Early dates 
for “Neanderthal cave art” may be wrong. J Hum 
Evol 125:215–217. https://doi.org/10.1016/j.
jhevol.2018.08.004

Backwell LR, McCarthy TS, Wadley L, et al (2014) 
Multiproxy record of late Quaternary climate 
change and Middle Stone Age human occupation 
at Wonderkrater, South Africa. Quat Sci Rev 99:42–
59. https://doi.org/10.1016/j.quascirev.2014.06.017



The first uses of colour

57

Bae CJ, (2017) Late Pleistocene Human Evolution 
in Eastern Asia: Behavioral Perspectives. 
Curr Anthropol 58:S514–S526. https://doi.
org/10.1086/694078

Barham L, Tooth S, Duller GAT, et al (2015) 
Excavations at Site C North, Kalambo Falls, 
Zambia: New Insights into the Mode 2/3 Transition 
in South-Central Africa. J Afr Archaeol 13:187–
214. https://doi.org/10.3213/2191-5784-10270

Barham LS (2002) Systematic Pigment Use in the 
Middle Pleistocene of South‐Central Africa. 
Curr Anthropol 43:181–190. https://doi.
org/10.1086/338292

Barham LS (2000) The Middle Stone Age of Zambia, 
South Central Africa, Western Academic and 
Specialist Press, Bristol.

Barham LS (1998) Possible Early Pigment Use in 
South‐Central Africa. Curr Anthropol 39:703–
710. https://doi.org/10.1086/204793

Beaumont P (1990a) Nooitgedacht 2 and Roseberry 
Plain 1. In: Beaumont P, Morris D (eds) Guide 
to Archaeological Sites in the Northern Cape, 
McGregor Museum, Kimberley, p. 4–6.

Beaumont P (1990b). Pniel 6 (The Bend). In: 
Beaumont P, Morris D (eds) Guide to Archaeological 
Sites in the Northern Cape, McGregor Museum, 
Kimberley, p. 10–13.

Beaumont P, Vogel J (2006). On a timescale for the 
past million years of human history in central South 
Africa. South Afr J Sci 102:217–228. https://hdl.
handle.net/10520/EJC96546

Beaumont PB, Bednarik RG (2013) Tracing the 
Emergence of Palaeoart in Sub-saharan Africa. 
Rock Art Res 30:33–54. https://search.informit.
org/doi/10.3316/informit.488018706238392

Beck L, Lebon M, Pichon L, Menu M, et al (2011) 
PIXE characterisation of prehistoric pigments from 
Abri Pataud (Dordogne, France). X-Ray Spectrom 
40:219–223. https://doi.org/10.1002/xrs.1321

Bednarik RG (2014) Pleistocene Paleoart of Europe. 
Arts 3: 245–278. https://doi.org/10.3390/
arts3020245

Berlin B, Kay P (1969) Basic Color Terms: Their 
Universality and Evolution, University of California 
Press, Berkeley.

Bodu P, Salomon H, Leroyer M, et al (2014) An 
open-air site from the recent Middle Palaeolithic in 

the Paris Basin (France): Les Bossats at Ormesson 
(Seine-et-Marne). Quat Int, Opportunities, prob-
lems and future directions in the study of open-air 
Middle Paleolithic sites 331:39–59. https://doi.
org/10.1016/j.quaint.2013.10.029

Bonjean D, Vanbrabant Y, Abrams G, et al (2015). 
A new Cambrian black pigment used during the 
late Middle Palaeolithic discovered at Scladina Cave 
(Andenne, Belgium). J Archaeol Sci 55:253–265. 
https://doi.org/10.1016/j.jas.2014.11.040

Bordes F (1952) Sur l’usage probable de la peinture 
corporelle dans certaines tribus moustériennes. Bull 
Société Préhistorique Fr 49:169–171.

Bouzouggar A, Barton N, Vanhaeren M, et al (2007) 
82,000-year-old shell beads from North Africa and 
implications for the origins of modern human be-
havior. Proc Natl Acad Sci USA 104:9964–9969. 
https://doi.org/10.1073/pnas.0703877104

Brandt SA, Fisher EC, Hildebrand EA, et al (2012) 
Early MIS 3 occupation of Mochena Borago 
Rockshelter, Southwest Ethiopian Highlands: 
Implications for Late Pleistocene archaeology, 
paleoenvironments and modern human dispersals. 
Quat Int, Temporal and spatial corridors of Homo 
sapiens sapiens population dynamics during the 
Late Pleistocene and Early Holocene 274:38–54. 
https://doi.org/10.1016/j.quaint.2012.03.047

Brooks AS, Yellen JE, Potts R, et al (2018) Long-
distance stone transport and pigment use in the ear-
liest Middle Stone Age. Science 360:90–94. https://
doi.org/10.1126/science.aao2646

Cabrera Garrido JM (1978) Les matériaux des 
peintures de la caverne d’Altamira. In: ICOM 
Committee for Conservation. 5th Triennial 
Meeting, Zagreb, 1 - 8 Oct. 1978, International 
Council of Museums, Paris, p. 5–6.

Capitan L, Peyrony D (1912) Station preshistorique 
de la Ferrassie. Rev Anthropol 22:29–50.

Cârciumaru M, Niţu E-C, Cîrstina O (2014) A ge-
ode painted with ochre by the Neanderthal man. 
Comptes Rendus Palevol 14:31–41. https://doi.
org/10.1016/j.crpv.2014.05.003

Caron F, d’Errico F, Del Moral P, et al (2011) The 
Reality of Neandertal Symbolic Behavior at the 
Grotte du Renne, Arcy-sur-Cure, France. PLoS 
One 6:e21545. https://doi.org/10.1371/journal.
pone.0021545



The first uses of colour

58

Cartailhac É, Breuil H (1906) L’ocre rouge dans les 
gisements, sa préparation, ses usages. In: Cartailhac 
É, Breuil H (eds) La caverne d’Altamira à Santillane 
près Santander (Espagne), Imprimerie de Monaco, 
Monaco, p. 115–121.

Carter PL, Mitchell PJ, Vinnicombe P (1988) 
Sehonghong: The Middle and Later Stone Age 
Industrial Sequence at a Lesotho Rock-shelter. 
British Archaeological Reports, International 
series, 406, Archaeopress, Oxford. https://doi.
org/10.30861/9780860545217

Cavallo G, Fontana F, Gialanella S, et al (2018) Heat 
Treatment of Mineral Pigment During the Upper 
Palaeolithic in North-East Italy. Archaeometry 
60:1045–1061. https://doi.org/10.1111/
arcm.12360

Cavallo G, Fontana F, Gonzato F, et al (2017) 
Textural, microstructural, and compositional 
characteristics of Fe-based geomaterials and 
Upper Paleolithic ocher in the Lessini Mountains, 
Northeast Italy: Implications for provenance stud-
ies. Geoarchaeology 32:437–455. https://doi.
org/10.1002/gea.21617

Cavallo G, Riccard, MP, Zorzin R (2015) Powder dif-
fraction of yellow and red natural earths from Lessini 
Mountains in NE Italy. Powder Diffr 30:122–129. 
https://doi.org/10.1017/S0885715614001407

Chavaillon J, Berthelet A (2004) The archaeological 
sites of Melka Kunture. In: Chavaillon J, Piperno 
M (eds) Studies on the Early Paleolithic Site of 
Melka Kunture, Ethiopia, Origines, Firenze, p. 
25–80.

Clark JD (1988) The Middle Stone Age of East Africa 
and the beginnings of regional identity. J World 
Prehistory 2:235–305. https://doi.org/10.1007/
BF00975618

Clark JD, Brown KS (2001) The Twin Rivers 
Kopje, Zambia: Stratigraphy, Fauna, and Artefact 
Assemblages from the 1954 and 1956 Excavations. J 
Archaeol Sci 28:305–330. https://doi.org/10.1006/
jasc.2000.0563

Clark JD, Cormack J, Chin S (2001) Kalambo Falls 
Prehistoric Site: Volume 3, The Earlier Cultures: 
Middle and Earlier Stone Age, Cambridge 
University Press, Cambridge.

Clark JD, Kurashina H (1979) Hominid occupation 
of the East-Central Highlands of Ethiopia in the 

Plio–Pleistocene. Nature 282:33–39. https://doi.
org/10.1038/282033a0

Clark JD, Oakley KP, Wells LH, et al (1947) New 
Studies on Rhodesian Man. J R Anthropol Inst G 
B Irel 77:7–32. https://doi.org/10.2307/2844533

Clarkson C, Jacobs Z, Marwick B, et al (2017) 
Human occupation of northern Australia by 
65,000 years ago. Nature 547:306–310. https://
doi.org/10.1038/nature22968

Clarkson C, Smith M, Marwick B, et al (2015) 
The archaeology, chronology and stratigraphy of 
Madjedbebe (Malakunanja II): A site in northern 
Australia with early occupation. J Hum Evol 83:46–
64. https://doi.org/10.1016/j.jhevol.2015.03.014

Coltorti M, Feraud G, Marzoli A, et al (2005) New 
40Ar/39Ar, stratigraphic and palaeoclimatic 
data on the Isernia La Pineta Lower Palaeolithic 
site, Molise, Italy. Quat Int, Lower and Middle 
Pleistocene: INQUA Subcommission on European 
Stratigraphy Symposium, Bari, Italy 131:11–22. 
https://doi.org/10.1016/j.quaint.2004.07.004

Conard NJ (2012) World Heritage and the Middle 
Stone Age: examples from east Africa and South 
Africa. In: Sanz N (ed) Human Origins Sites 
and the World Heritage Convention in Africa, 
UNESCO, Paris, p. 18–30.

Conard NJ (2008) A critical view of the evidence for 
a southern African origin of behavioural modernity. 
South Afr Archaeol Soc Goodwin Ser. 10:175–179. 
https://www.jstor.org/stable/40650029

Cooke CK (1971) Excavations in Zombepata 
Cave, Sipolilo District, Mashonaland, Rhodesia. 
South Afr Archaeol Bull 26:104. https://doi.
org/10.2307/3887799

Cooke CK, Summer, R, Robinson KR (1966) 
Rhodesian prehistory re-examined: Part 1: The 
Stone Age. Arnoldia Rhod 2:1–8.

Cornell RM, Schwertmann U (2003) The Iron 
Oxides: Structures, Properties, Reactions, 
Occurrences and Uses, Wiley-VCH, Weinheim.

Couraud C (1988) Pigments utilisés en Préhistoire. 
Provenance, préparation, mode d’utilisation. 
Anthropol 92:17–28.

Couraud C (1983) Pour une étude méthodologique 
des colorants préhistoriques. Bull Société 
Préhistorique Fr 80:104–110. https://doi.
org/10.3406/bspf.1983.5429



The first uses of colour

59

Couraud C, Laming-Emperaire A (1979) Les color-
ants. In: Leroi-Gourhan A, Allain J (eds) Lascaux 
Inconnu, Xlle  Suppl Gallia  Préhistoire, Paris, p. 
153–170.

Cremaschi M, Peretto C (1988) Les sols d’habitat du 
site paléolithique d’Isernia la Pineta (Molise, Italie 
centrale). L’Anthropologie 92:1017–1040.

Cruz-Uribe K, Klein RG, Avery G, et al (2003) Excavation 
of buried Late Acheulean (Mid-Quaternary) land 
surfaces at Duinefontein 2, Western Cape Province, 
South Africa. J Archaeol Sci 30:559–575. https://doi.
org/10.1016/S0305-4403(02)00202-9

d’Errico F, Colagè I (2018) Cultural Exaptation and 
Cultural Neural Reuse: A Mechanism for the 
Emergence of Modern Culture and Behavior. Biol 
Theory 13:213–227. https://doi.org/10.1007/
s13752-018-0306-x

d’Errico F, García Moreno R, Rifkin RF (2012) 
Technological, elemental and colorimetric analysis 
of an engraved ochre fragment from the Middle 
Stone Age levels of Klasies River Cave 1, South 
Africa. J Archaeol Sci 39:942–952. https://doi.
org/10.1016/j.jas.2011.10.032

d’Errico F, Pitarch Martí A, Shipton C, et al (2020) 
Trajectories of cultural innovation from the Middle 
to Later Stone Age in Eastern Africa: Personal or-
naments, bone artifacts, and ocher from Panga ya 
Saidi, Kenya. J Hum Evol 141:102737. https://doi.
org/10.1016/j.jhevol.2019.102737

d’Errico F, Quentin L (2014) The color of the 
Ovahimba. Cerimes (documentary)

d’Errico F, Salomon, H, Vignaud, C, et al 2010. 
Pigments from the Middle Palaeolithic levels of 
Es-Skhul (Mount Carmel, Israel). J Archaeol 
Sci 37:3099–3110. https://doi.org/10.1016/j.
jas.2010.07.011

d’Errico F, Stringer CB (2011) Evolution, revolution 
or saltation scenario for the emergence of modern 
cultures? Philos Trans R Soc B Biol Sci 366:1060–
1069. https://doi.org/10.1098/rstb.2010.0340

d’Errico F, Vanhaeren M, Barton N, et al (2009) 
Additional evidence on the use of personal orna-
ments in the Middle Paleolithic of North Africa. 
Proc Natl Acad Sci USA 106:16051–16056. htt-
ps://doi.org/10.1073/pnas.0903532106

David N, Kramer C (2001) Ethnoarchaeology in 
Action, Cambridge University Press, Cambridge

Dayet Bouillot L, Wurz S, Daniel F (2017) 
Ochre Resources, Behavioural Complexity and 
Regional Patterns in the Howiesons Poort: New 
Insights From Klasies River Main Site, South 
Africa. J Afr Archaeol 15:20–41. https://doi.
org/10.1163/21915784-12340002

Dayet L (2021) Invasive and Non-Invasive Analyses 
of Ochre and Iron-Based Pigment Raw Materials: 
A Methodological Perspective. Minerals 11:1–34. 
https://doi.org/10.3390/min11020210

Dayet L, d’Errico F (2016) Colorer et graver : à 
la recherche d’expressions symboliques chez les 
Néandertaliens. In: Turq A, Faivre J-P, Maureille 
B, Lahaye C, Bayle P (eds) Néandertal à La Loupe, 
Musée national de Préhistoire, Les Eyzies-de-Tayac, 
p. 112–119.

Dayet L, d’Errico F, Garcia-Moreno R (2014) 
Searching for consistencies in Châtelperronian pig-
ment use. J Archaeol Sci 44:180–193. https://doi.
org/10.1016/j.jas.2014.01.032

Dayet L, Faivre J-P, Le Bourdonnec F-X, et al 
(2019) Manganese and iron oxide use at Combe-
Grenal (Dordogne, France): A proxy for cultural 
change in Neanderthal communities. J Archaeol 
Sci Rep 25:239–256. https://doi.org/10.1016/j.
jasrep.2019.03.027

Dayet L, Le Bourdonnec F-X, Daniel F, et al (2016) 
Ochre Provenance and Procurement Strategies 
During The Middle Stone Age at Diepkloof Rock 
Shelter, South Africa. Archaeometry 58:807–829. 
https://doi.org/10.1111/arcm.12202

de la Peña P, Val A, Stratford DJ, et al (2019) 
Revisiting Mwulu’s Cave: new insights 
into the Middle Stone Age in the southern 
African savanna biome. Archaeol Anthropol 
Sci 11:3239–3266. https://doi.org/10.1007/
s12520-018-0749-9

de Lumley H, Audubert F, Khatib S, et al (2016) 
Les “crayons” d’ocre du site acheuléen de Terra 
Amata. In: De Lumley H (ed) Terra Amata, CNRS 
Editions, Paris, p. 233–278.

Deino AL, McBrearty S (2002). 40Ar/39Ar dating 
of the Kapthurin Formation, Baringo, Kenya. J 
Hum Evol 42:185–210. https://doi.org/10.1006/
jhev.2001.0517

Delhey K, Peters A, Kempenaers B (2007) Cosmetic 
Coloration in Birds: Occurrence, Function, and 



The first uses of colour

60

Evolution. Am Nat 169 :S145–S158. https://doi.
org/10.1086/510095

Demars P-Y (1992) Les colorants dans le Moustérien 
du Périgord : l’apport des fouilles de F. Bordes. Bull 
Société Préhistorique Ariège 47.

Diez-Martín F, Domínguez-Rodrigo F, Sánchez P, 
et al (2009) The Middle to Later Stone Age tech-
nological transition in East Africa. New data from 
Mumba Rockshelter Bed V (Tanzania) and their 
implications for the origin of modern human be-
havior. J Afr Archaeol 7:147–173. https://doi.
org/10.3213/1612-1651-10136

Domingo I, Chieli, A (2021) Characterizing the pig-
ments and paints of prehistoric artists. Archaeol 
Anthropol Sci 13:196. https://doi.org/10.1007/
s12520-021-01397-y

Duller GAT, Tooth S, Barham L, et al (2015) 
New investigations at Kalambo Falls, Zambia: 
Luminescence chronology, site formation, 
and archaeological significance. J Hum Evol 
85:111–125. https://doi.org/10.1016/j.
jhevol.2015.05.003

Evans AA, Donahue RE (2008) Laser scanning confo-
cal microscopy: a potential technique for the study 
of lithic microwear. J Archaeol Sci 35:2223–2230. 
https://doi.org/10.1016/j.jas.2008.02.006

Gliganic LA, Jacobs Z, Roberts RG, et al (2012) New 
ages for Middle and Later Stone Age deposits at 
Mumba rockshelter, Tanzania: Optically stimulated 
luminescence dating of quartz and feldspar grains. J 
Hum Evol 62:533–547. https://doi.org/10.1016/j.
jhevol.2012.02.004

Godfrey-Smith DI, Ilani S (2004) Past thermal history 
of goethite and hematite fragments from Qafzeh 
Cave deduced from thermal activation charac-
teristics of the 110°C TL peak of enclosed quartz 
grains. Rev Archéom 28:185–190. https://doi.
org/10.3406/arsci.2004.1073

Green RE, Krause J, Briggs AW, et al (2010) A 
Draft Sequence of the Neandertal Genome. 
Science 328:710–722. https://doi.org/10.1126/
science.1188021

Haaland MM, Strauss AM, Velliky EC, et al (2020) 
Hidden in plain sight: A microanalytical study of a 
Middle Stone Age ochre piece trapped inside a mi-
cromorphological block sample. Geoarchaeology 
36:283–313. https://doi.org/10.1002/gea.21830

Havenga D, Akoba R, Menzi L, et al (2022) 
From Himba indigenous knowledge to engi-
neered Fe2O3 UV-blocking green nanocosmet-
ics. Sci Rep 12:2259. https://doi.org/10.1038/
s41598-021-04663-0

Henshilwood CS, d’Errico F (2011) Middle Stone 
Age engravings and their significance to the de-
bate on the emergence of symbolic material cul-
ture. In: Henshilwood CS, d’Errico F (eds) Homo 
Symbolicus: The Dawn of Language, Imagination 
and Spirituality, John Benjamins Publishing 
Company, Amsterdam, p. 219–223.

Henshilwood CS, d’Errico F, Niekerk KL van, et al 
(2018) An abstract drawing from the 73,000-year-
old levels at Blombos Cave, South Africa. 
Nature 562:115–118. https://doi.org/10.1038/
s41586-018-0514-3

Henshilwood CS, d’Errico F, Van Niekerk KL, et al 
(2011) A 100,000-Year-Old Ochre-Processing 
Workshop at Blombos Cave, South Africa. 
Science 334:219–222. https://doi.org/10.1126/
science.1211535

Henshilwood CS, d’Errico F, Watts I (2009) Engraved 
ochres from the Middle Stone Age levels at Blombos 
Cave, South Africa. J Hum Evol 57:27–47. https://
doi.org/10.1016/j.jhevol.2009.01.005

Henshilwood CS, d’Errico F, Yates R, et al (2002) 
Emergence of modern human behavior: Middle 
Stone Age engravings from South Africa. Science 
295:1278–1280. https://doi.org/10.1126/
science.1067575

Henshilwood CS, Sealy JC, Yates R, et al (2001) 
Blombos Cave, southern Cape, South Africa: pre-
liminary report on the 1992–1999 excavations of 
the Middle Stone Age levels. J Archaeol Sci 28:421–
448. https://doi.org/10.1006/jasc.2000.0638

Henshilwood CS, van Niekerk KL, Wurz S, et al 
(2014) Klipdrift Shelter, southern Cape, South 
Africa: preliminary report on the Howiesons Poort 
layers. J Archaeol Sci 45:284–303. https://doi.
org/10.1016/j.jas.2014.01.033

Hodgskiss T (2020) Ochre use in the Middle 
Stone Age. Oxf Res Encycl Anthropol, Oxford 
University Press, Oxford. https://doi.org/10.1093/
acrefore/9780190854584.013.51

Hodgskiss T (2014) Cognitive Requirements for 
Ochre Use in the Middle Stone Age at Sibudu, 



The first uses of colour

61

South Africa. Camb Archaeol J 24:405–428. htt-
ps://doi.org/10.1017/S0959774314000663

Hodgskiss T (2013) Ochre Use in the Middle Stone 
Age at Sibudu, South Africa: Grinding, Rubbing, 
Scoring and Engraving. J Afr Archaeol 11:75–95. 
https://doi.org/10.3213/2191-5784-10232

Hodgskiss T (2012) An investigation into the prop-
erties of the ochre from Sibudu, KwaZulu-Natal, 
South Africa. South Afr Humanit 24:99–120. 
https://hdl.handle.net/10520/EJC127432

Hodgskiss T (2010) Identifying grinding, scor-
ing and rubbing use-wear on experimental ochre 
pieces. J Archaeol Sci 37:3344–3358. https://doi.
org/10.1016/j.jas.2010.08.003

Hodgskiss T, Wadley L (2017) How people used ochre 
at Rose Cottage Cave, South Africa: Sixty thousand 
years of evidence from the Middle Stone Age. PLoS 
One 12:e0176317. https://doi.org/10.1371/jour-
nal.pone.0176317

Hoffmann DL, Standish CD, García-Diez M, et al 
(2018) U-Th dating of carbonate crusts reveals 
Neandertal origin of Iberian cave art. Science 359:912–
915. https://doi.org/10.1126/science.aap7778

Högberg A, Larsson L (2011) Lithic technology 
and behavioural modernity: New results from the 
Still Bay site, Hollow Rock Shelter, Western Cape 
Province, South Africa. J Hum Evol 61:133–155. 
https://doi.org/10.1016/j.jhevol.2011.02.006

Hovers E, Ilani S, Bar‐Yosef O et al (2003) An Early 
Case of Color Symbolism: Ochre Use by Modern 
Humans in Qafzeh Cave. Curr Anthropol 44:491–
522. https://doi.org/10.1086/375869

Howell FC (1966) Observations on the Earlier 
Phases of the European Lower Paleolithic. Am 
Anthropol 68:88–201. https://doi.org/10.1525/
aa.1966.68.2.02a001000

Huntley J (2021) Australian Indigenous Ochres: Use, 
Sourcing, and Exchange. In: McNiven IJ, David B 
(eds) The Oxford Handbook of the Archaeology 
of Indigenous Australia and New Guinea, 
Oxford University Press. https://doi.org/10.1093/
oxfordhb/9780190095611.013.21

Huntley J, Aubert M, Ross J, et al (2015) One Colour, 
(at Least) Two Minerals: A Study of Mulberry Rock 
Art Pigment and a Mulberry Pigment ‘Quarry’ from 
the Kimberley, Northern Australia. Archaeometry 
57:77–99. https://doi.org/10.1111/arcm.12073

Huysecom E, Ozainne S, Robion-Brunner C, et al 
(2009) Nouvelles données sur le peuplement du 
Pays dogon: la onzième année de recherches du pro-
gramme “ Peuplement humain et évolution paléo-
climatique en Afrique de l’Ouest”. In: Jahresbericht 
SLSA 2008, Zürich et Vaduz, Fondation Suisse-
Liechtenstein pour les recherches archéologiques à 
l’étranger, Zürich, p. 71-183.

Huysecom E, Robion-Brunner C, Mayor A, et 
al (2008) La dixième année de recherche du 
programme “Peuplement humain et évolu-
tion paléoclimatique en Afrique de l’Ouest”. 
In: Jahresbericht SLSA 2007, Zürich et Vaduz, 
Fondation Suisse-Liechtenstein pour les re-
cherches archéologiques à l’étranger, Zürich, p. 
43-140.

Inskeep RR (1962) The age of the Kondoa rock paint-
ings in the light of recent excavations at Kisese II 
rock shelter. In: Mortelmans G, Nenquin J (eds) 
Actes Du IVe Congrès Panafricain de Préhistoire et 
l’Étude Du Quaternaire, Musée Royal de l’Afrique 
centrale, Tervuren, p. 249-256.

Jacobs Z, Roberts RG, Galbraith RF, et al (2008a) 
Ages for the Middle Stone Age of Southern 
Africa: Implications for Human Behavior and 
Dispersal. Science 322:733–735. https://doi.
org/10.1126/science.1162219

Jacobs Z, Wintle AG, Duller GA, et al (2008b) 
New ages for the post-Howiesons Poort, late 
and final Middle stone age at Sibudu, South 
Africa. J Archaeol Sci 35:1790–1807. https://doi.
org/10.1016/j.jas.2007.11.028

Jercher M, Pring A, Jones PG, et al (1998) Rietveld 
X-Ray Diffraction and X-Ray Fluorescence Analysis of 
Australian Aboriginal Ochres. Archaeometry 40:383–
401. https://doi.org/10.1111/j.1475-4754.1998.
tb00845.x

Klein RG (2009) The Human Career: Human 
Biological and Cultural Origins, University of 
Chicago Press, Chicago.

Knight C, Power C, Watts I (1995) The Human 
Symbolic Revolution: A Darwinian Account. 
Camb Archaeol J 5:75–114. https://doi.
org/10.1017/S0959774300001190

Kozowyk PRB, Langejans G, Poulis JA (2016) Lap 
Shear and Impact Testing of Ochre and Beeswax 
in Experimental Middle Stone Age Compound 



The first uses of colour

62

Adhesives. PLoS One 11:e0150436. https://doi.
org/10.1371/journal.pone.0150436

Kraybill N (1977) Pre-Agricultural Tools for the 
Preparation of Foods in the Old World. In: Reed 
CA (ed) Origins of Agriculture, Walter de Gruyter, 
The Hague, p. 485–522.

Langley M, O’Connor S (2019) 40,000 Years of Ochre 
Utilization in Timor-Leste: Powders, Prehensile 
Traces, and Body Painting. Paleoanthropology 
2019:82–104. https://doi.org/10.4207/PA.2019.
ART125

Langley MC, Amano N, Wedage O, et al (2020) 
Bows and arrows and complex symbolic displays 
48,000 years ago in the South Asian tropics. Sci 
Adv 6:eaba3831. https://doi.org/10.1126/sciadv.
aba3831

Langley MC, Clarkson C, Ulm S (2019) Symbolic 
expression in Pleistocene Sahul, Sunda, and 
Wallacea. Quat Sci Rev 221:105883. https://doi.
org/10.1016/j.quascirev.2019.105883

Larsson L (1996) The Middle Stone Age of 
Zimbabwe: some aspects of former research and 
future aims. In: Pwiti G, Soper R (eds) Aspects 
of African Archaeology, University of Zimbabwe 
Publications, Harare, p. 201–211.

Leakey LSB (1958) Recent discoveries at Olduvai 
Gorge, Tanganyika. Nature 181:1099–1103. htt-
ps://doi.org/10.1038/1811099a0

Leakey LSB (1943) The Industries of the Gorgora 
rock shelter, lake Tana. J. East Afr Nat Hist Soc 
XVII:199–203.

Leakey M (1983) Africa’s vanishing art: the rock paint-
ings of Tanzania, Doubleday, New York.

Lebon M, Pichon L, Beck L (2018) Enhanced 
identification of trace element fingerprint 
of prehistoric pigments by PIXE map-
ping. Nucl Instrum Methods Phys Res Sect 
B Beam Interact Mater At, PARTICLE 
INDUCED X-RAY EMISSION 15th 
International Conference on Particle Induced 
X-ray Emission 417:91–95. https://doi.
org/10.1016/j.nimb.2017.10.010

Leplongeon A (2014) Microliths in the Middle 
and Later Stone Age of eastern Africa: New data 
from Porc-Epic and Goda Buticha cave sites, 
Ethiopia. Quat Int 343:100–116. https://doi.
org/10.1016/j.quaint.2013.12.002

Lydall J (1978) Le symbolisme des couleurs dans le 
rituel Hamar. In: Tornay S (ed), Voir et Nommer 
Les Couleurs. Labethno, Nanterre, p. 553–580.

MacDonald BL, Hancock RGV, Cannon A, et al 
(2011) Geochemical characterization of ochre 
from central coastal British Columbia, Canada. 
J Archaeol Sci 38:3620–3630. https://doi.
org/10.1016/j.jas.2011.08.032

Mackay A, Welz A (2008) Engraved ochre from a 
Middle Stone Age context at Klein Kliphuis in 
the Western Cape of South Africa. J Archaeol 
Sci 35:1521–1532. https://doi.org/10.1016/j.
jas.2007.10.015

Marshack A (1981) On Paleolithic Ochre and the 
Early Uses of Color and Symbol. Curr Anthropol 
22:188–191. https://doi.org/10.1086/202650

Martisius NL, Sidéra I, Grote, MN, et al (2018) Time 
wears on: Assessing how bone wears using 3D 
surface texture analysis. PLoS One 13:e0206078. 
https://doi.org/10.1371/journal.pone.0206078

Mauran G, Caron B, Détroit F, et al (2021) Data 
pretreatment and multivariate analyses for ochre 
sourcing: Application to Leopard Cave (Erongo, 
Namibia). J Archaeol Sci Rep 35:102757. https://
doi.org/10.1016/j.jasrep.2020.102757

McBrearty S (2001) The Middle Pleistocene of East 
Africa. In: Barham L, Robson Brown K (eds) 
Human Roots: Africa and Asia in the Middle 
Pleistocene, Western Academic and Specialist Press, 
Bristol, p. 81–92.

McBrearty S, Brooks AS (2000) The revolution that 
wasn’t: a new interpretation of the origin of modern 
human behavior. J Hum Evol 39:453–563. https://
doi.org/10.1006/jhev.2000.0435 pmid:11102266

McBrearty S, Stringer C (2007) The coast in 
colour. Nature 449:793–794. https://doi.
org/10.1038/449793a

McGrath JR, MacDonald BL, Stalla D (2022) 
Middle Stone Age mineral pigment procurement at 
Pinnacle Point 5–6 North, Western Cape province, 
South Africa. Archaeometry 64:193–217. https://
doi.org/10.1111/arcm.12694

Mehlman MJ (1989) Late Quaternary archaeological 
sequences in northern Tanzania, Doctoral disserta-
tion, University of Illinois, Urbana-Champaign.

Menu M, Walter P (1992) Prehistoric cave paint-
ing PIXE analysis for the identification of paint 



The first uses of colour

63

“pots.” Nucl Instrum Methods Phys Res Sect B 
Beam Interact Mater At 64:547–552. https://doi.
org/10.1016/0168-583X(92)95531-U

Meyer M, Kircher M, Gansauge M-T, et al (2012) 
A High-Coverage Genome Sequence from an 
Archaic Denisovan Individual. Science 338:222–
226. https://doi.org/10.1126/science.1224344

Moissan H (1903) Sur les matières colorantes des fig-
ures de la grotte de la Mouthe - Chimie analytique. 
Compte-Rendu L’Académie Sci 136:144.

Moissan H (1902) Sur les matières colorantes des fig-
ures de la grotte de Font-de-Gaume - Chimie ana-
lytique. Compte-Rendu L’Académie Sci 134:1536.

Montgomerie R (2006) Cosmetic and Adventitious 
colours. In: Hill GE, McGraw KJ (eds) Bird Colora
tion, Volume 1: Mechanisms and Measurements
, Harvard University Press, London, p. 399–427.

Moyo S, Mphuthi D, Cukrowska E, et al (2016) 
Blombos Cave: Middle Stone Age ochre differen-
tiation through FTIR, ICP OES, ED XRF and 
XRD. Quat Int 404:20–29. https://doi.org/dx.doi.
org/10.1016/j.quaint.2015.09.041

Moysey F (1943) Excavation of a rockshelter at 
Gorgora, Lake Tana, Ethiopia. J East Afr Uganda 
Nat Hist Soc 17:196–198.

O’Connell JF (1995) Ethnoarchaeology Needs a 
General Theory of Behavior. J Archaeol Res 3:205–
255. https://doi.org/10.1007/BF02231450

O’Connell JF, Allen J, Williams MAJ, et al (2018) 
When did Homo sapiens first reach Southeast Asia 
and Sahul? Proc Natl Acad Sci USA 115:8482–
8490. https://doi.org/10.1073/pnas.1808385115

Paddayya K (1976) Excavation of an Acheulian Site at 
Hunsgi, South India. Curr Anthropol 17:760–761.

Peresani M, Vanhaeren M, Quaggiotto E, et al 
(2013) An Ochered Fossil Marine Shell From 
the Mousterian of Fumane Cave, Italy. PLoS 
One 8:e68572. https://doi.org/10.1371/journal.
pone.0068572

Pérez-González A, Santonja M, Soto E, et al (1999) 
The Archaeo-Palaeontological Sites of the Middle 
Pleistocene at Ambrona and Torralba (Soria). In: 
The Geological and Paleontological Heritage of 
Central and Eastern Iberia (Iberian Range, Spain), 
III International Symposium ProGeo on the 
Conservation of the Geological Heritage, Field 
Guide, Universidad de Zaragoza, Zaragoza, p. 7–42.

Petraglia M, Korisettar R, Boivin N, et al (2007) 
Middle Paleolithic Assemblages from the Indian 
Subcontinent Before and After the Toba Super-
Eruption. Science 317:114–116. https://doi.
org/10.1126/science.1141564

Peyrony D (1930) Le Moustier : ses gisements, ses 
industries, ses couches géologiques. Rev Anthropol 
40:48–76, 155–176.

Pitarch Martí A, d’Errico F (2018) Seeking black. 
Geochemical characterization by PIXE of 
Palaeolithic manganese-rich lumps and their po-
tential sources. J Anthropol Archaeol 50:54–68. 
https://doi.org/10.1016/j.jaa.2018.03.004

Pitarch Martí A, d’Errico F, Turq A et al (2019) 
Provenance, modification and use of manganese-
rich rocks at Le Moustier (Dordogne, France). 
PLoS One 14:e0218568. https://doi.org/10.1371/
journal.pone.0218568

Pitarch Martí A, Wei Y, Gao X, et al (2017) The earli-
est evidence of coloured ornaments in China: The 
ochred ostrich eggshell beads from Shuidonggou 
Locality 2. J Anthropol Archaeol 48:102–113. htt-
ps://doi.org/10.1016/j.jaa.2017.07.002

Pitarch Martí A. Zilhão J, d’Errico F, et al (2021) 
The symbolic role of the underground world 
among Middle Paleolithic Neanderthals. Proc Natl 
Acad Sci USA 118:e2021495118. https://doi.
org/10.1073/pnas.2021495118

Pleurdeau D, Hovers E, Assefa Z, et al (2014) 
Cultural change or continuity in the late MSA/
Early LSA of southeastern Ethiopia? The site 
of Goda Buticha, Dire Dawa area. Quat Int, 
Changing Environments and Movements through 
Transitions: Paleoanthropological and Prehistorical 
Research in Ethiopia A Tribute to Prof. Mohammed 
Umer 343:117–135. https://doi.org/10.1016/j.
quaint.2014.02.001

Pomiès M-P, Menu M, Vignaud C (2000) Lascaux, pig-
ments préhistoriques à base d’oxydes de fer: hématite 
naturelle collectée ou goethite chauffé. In: Art et Chimie 
– La Couleur, Actes Du Congrès, Paris, p. 22–27.

Pomiès M-P, Menu M, Vignaud C (1999) Red 
Palaeolithic Pigments: Natural Hematite or Heated 
Goethite? Archaeometry 41:275–285. https://doi.
org/10.1111/j.1475-4754.1999.tb00983.x

Popelka-Filcoff RS, Miksa EJ, Robertson JD, et al 
(2008) Elemental analysis and characterization of 



The first uses of colour

64

ochre sources from Southern Arizona. J Archaeol 
Sci 35:752–762. https://doi.org/10.1016/j.
jas.2007.05.018

Popelka-Filcoff RS, Zipkin AM (2022) The archae-
ometry of ochre sensu lato: A review. J Archaeol 
Sci 137:105530. https://doi.org/10.1016/j.
jas.2021.105530

Prendergast ME, Luque L, Domínguez-Rodrigo M, et 
al (2007) New Excavations at Mumba Rockshelter, 
Tanzania. J Afr Archaeol 5:217–243. https://doi.
org/10.3213/1612-1651-10093

Ramos-Muñoz J, Cantalejo P, Blumenröther J, et al 
(2022). The nature and chronology of human 
occupation at the Galerías Bajas, from Cueva de 
Ardales, Malaga, Spain. PLoS One 17:e0266788. 
https://doi.org/10.1371/journal.pone.0266788

Reich D, Green RE, Kircher M, et al (2010) Genetic 
history of an archaic hominin group from Denisova 
Cave in Siberia. Nature 468:1053–1060. https://
doi.org/10.1038/nature09710

Rifkin RF (2011) Assessing the efficacy of red 
ochre as a prehistoric hide tanning ingredi-
ent. J Afr Archaeol 9:131–58. https://doi.
org/10.3213/2191-5784-10199

Rifkin RF (2012) Processing ochre in the Middle 
Stone Age: Testing the inference of prehistoric be-
haviours from actualistically derived experimental 
data. J Anthropol Archaeol 31:174–195. https://
doi.org/10.1016/j.jaa.2011.11.004

Rifkin RF (2015a) Ethnographic and experimental 
perspectives on the efficacy of red ochre as a mos-
quito repellent. South Afr Archaeol Bull 70:64–75. 
https://www.jstor.org/stable/24643609

Rifkin RF (2015b) Ethnographic insight into the 
prehistoric significance of red ochre. Digging Stick 
32:7–10

Rifkin RF, Dayet L, Queffelec A, et al (2015) 
Evaluating the Photoprotective Effects of Ochre 
on Human Skin by In Vivo SPF Assessment: 
Implications for Human Evolution, Adaptation 
and Dispersal. PLoS One 10:e0136090. https://
doi.org/10.1371/journal.pone.0136090

Rifkin RF, Prinsloo LC, Dayet L, et al (2016) 
Characterising pigments on 30000-year-old port-
able art from Apollo 11 Cave, Karas Region, 
southern Namibia. J Archaeol Sci Rep 5:336–347. 
https://doi.org/10.1016/j.jasrep.2015.11.028

Roberson D, Davies I, Davidof, J (2000) Color 
categories are not universal: Replications and 
new evidence from a stone-age culture. J 
Exp Psychol Gen 129:369–398. https://doi.
org/10.1037/0096-3445.129.3.369

Roebroeks W, Sier MJ, Nielsen TK, et al (2012) Use of 
red ochre by early Neandertals. Proc Natl Acad Sci 
USA 109:1889–1894. https://doi.org/10.1073/
pnas.1112261109

Roldán C, Villaverde V, Ródenas I, et al (2013) 
Preliminary analysis of Palaeolithic black pigments 
in plaquettes from the Parpalló cave (Gandía, 
Spain) carried out by means of non-destructive 
techniques. J Archaeol Sci 40:744–754. https://doi.
org/10.1016/j.jas.2012.07.015

Roldán García C, Villaverde Bonilla V, Ródenas 
Marín I, et al (2016) A Unique Collection of 
Palaeolithic Painted Portable Art: Characterization 
of Red and Yellow Pigments from the Parpalló 
Cave (Spain). PLoS One 11:e0163565. https://
doi.org/10.1371/journal.pone.0163565

Rosso DE (2017) Aproximación etnoarqueológica al 
uso de las materias colorantes de origen mineral: 
los Hamar (Etiopía) y el tratamiento del cabello. 
Pyrenae 48:123–149. https://doi.org/10.1344/
Pyrenae2017.vol48num2.4

Rosso DE, d’Errico F, Queffelec A (2017) Patterns of 
change and continuity in ochre use during the late 
Middle Stone Age of the Horn of Africa: the Porc-
Epic Cave record. PLoS One 12:e0177298. https://
doi.org/10.1371/journal.pone.0177298

Rosso DE, d’Errico F, Zilhão J (2014) Stratigraphic 
and spatial distribution of ochre and ochre process-
ing tools at Porc-Epic Cave, Dire Dawa, Ethiopia. 
Quat Int 343:85–99. https://doi.org/10.1016/j.
quaint.2013.10.019

Rosso DE, Pitarch Martí A, d’Errico F (2016) Middle 
Stone Age Ochre Processing and Behavioural 
Complexity in the Horn of Africa: Evidence from 
Porc-Epic Cave, Dire Dawa, Ethiopia. PLoS One 
11:e0164793. https://doi.org/10.1371/journal.
pone.0164793

Rudner I (1982) Khoisan pigments and paints and 
their relationship to rock paintings, South African 
Museum, Cape Town.

Sagona A (1994) The quest for the red gold. In: 
Sagona A (ed), Bruising the Red Earth: Ochre 



The first uses of colour

65

Mining and Ritual in Aboriginal Tasmania, 
Melbourne University Press, Melbourne, p. 8–38.

Šajnerová-Dušková A, Fridrich J, Fridrichová-
Sýkorová I (2009) Pitted and grinding 
stones from Middle Palaeolithic settle-
ments in Bohemia: a functional study. In: 
Sternke F, Costa,LJ, Eigeland L (eds) Non-
Flint Raw Material Use in Prehistory: Old 
Prejudices and New Directions, Proceedings 
of the XV. Congress of the U.I.S.P.P., British 
Archaeological Reports, International Series, 
1939, Archaeopress, Oxford, p. 1–10.

Salomon H, Chanteraud C, Kergommeaux AC de, 
et al (2021) A geological collection and methodol-
ogy for tracing the provenance of Palaeolithic col-
ouring materials. J Lithic Stud 8:1–38. https://doi.
org/10.2218/jls.5540

Salomon H, Vignaud C, Coquinot Y, et al (2012) 
Selection and heating of colouring materials in the 
Mousterian level of Es-Skhul (c. 100 000 years BP, 
Mount Carmel, Israel). Archaeometry 54:698–722. 
https://doi.org/10.1111/j.1475-4754.2011.00649.x

Salomon H, Vignaud C, Lahlil S, et al (2015) 
Solutrean and Magdalenian ferruginous rocks 
heat-treatment: accidental and/or deliberate ac-
tion? J Archaeol Sci 55:100–112. https://doi.
org/10.1016/j.jas.2014.12.024

Sánchez-Quinto F, Botigué LR, Civit S, et al (2012) 
North African Populations Carry the Signature of 
Admixture with Neandertals. PLoS One 7:e47765. 
https://doi.org/10.1371/journal.pone.0047765

Scerri EML, Thomas MG, Manica A, et al (2018) 
Did Our Species Evolve in Subdivided Populations 
across Africa, and Why Does It Matter? Trends 
Ecol Evol 33:582–594. https://doi.org/10.1016/j.
tree.2018.05.005

Scott RS, Ungar PS, Bergstrom TS, et al (2006) 
Dental microwear texture analysis: technical con-
siderations. J Hum Evol 51:339–349. https://doi.
org/10.1016/j.jhevol.2006.04.006

Shipton C, Roberts P, Archer W et al (2018) 
78,000-year-old record of Middle and Later Stone 
Age innovation in an East African tropical forest. 
Nat Commun 9:1832. https://doi.org/10.1038/
s41467-018-04057-3

Siddall R (2018) Mineral Pigments in Archaeology: 
Their Analysis and the Range of Available Materials. 

Minerals 8:201. https://doi.org/10.3390/
min8050201

Skibo J (2009) Archaeological Theory and Snake-
Oil Peddling: The Role of Ethnoarchaeology in 
Archaeology. Ethnoarchaeology 1:27–56. https://
doi.org/10.1179/eth.2009.1.1.27

Slimak L, Fietzke J, Geneste J-M et al (2018) 
Comment on “U-Th dating of carbonate crusts re-
veals Neandertal origin of Iberian cave art.” Science 
361:eaau1371. https://doi.org/10.1126/science.
aau1371

Soressi M, d’Errico F (2007) Pigments, gravures, 
parures : les comportements symboliques contro-
versés des Néandertaliens. In: Vandermeersch B, 
Maureille B (eds) Les  Néandertaliens:  Biologie  et  
Cultures, Editions du CTHS, Paris , p. 297–309.

Soressi M, Rendu W, Texier J-P, et al (2008) Pech-
de-l’Azé I (Dordogne, France): nouveau regard 
sur un gisement moustérien de tradition acheulée-
nne connu depuis le XIXème siècle. Mém Société 
Préhistorique Fr 47:95–132.

Soriano S, Villa P, Wadley L (2009) Ochre for the 
Toolmaker: Shaping the Still Bay Points at Sibudu 
(KwaZulu-Natal, South Africa). J Afr Archaeol 7:41–
54. https://doi.org/10.3213/1612-1651-10121

Souron A, Merceron G, Blondel C, et al (2015) Three-
dimensional dental microwear texture analysis and 
diet in extant Suidae (Mammalia: Cetartiodactyla). 
Mammalia 79:279–291. https://doi.org/10.1515/
mammalia-2014-0023

Stringer C (2016) The origin and evolution of 
Homo sapiens. Philos Trans R Soc B Biol Sci 
371:20150237. https://doi.org/10.1098/
rstb.2015.0237

Thackeray AI (2000) Middle Stone Age artefacts from 
the 1993 and 1995 excavations of Die Kelders Cave 
1, South Africa. J Hum Evol 38:147–168. https://
doi.org/10.1006/jhev.1999.0354

Thévenin A (1976) Les civilisations du Paléolithique 
intérieur en Alsace. In: De Lumley H (ed), La 
Préhistoire Française: Les Civilisations Paléolithiques 
et Mésolithiques de La France, Centre National de 
la Recherche Scientifique, Paris, p. 984–996.

Trabska J, Gawel A, Trybalska B, et al (2010) 
Coloured raw materials on the Becov I site and in 
the vicinity. Preliminary results and futher perspec-
tives. In: Fridrichová-Sýkorová I (ed) Ecce Homo, 



The first uses of colour

66

In Memoriam Jan Fridrich, Praha 2010, Prague, p. 
205–217.

Triat J-M (2010) Les Ocres, CNRS Editions, Paris.
Tribolo C, Asrat A, Bahain J-J, et al (2017) Across 

the Gap: Geochronological and Sedimentological 
Analyses from the Late Pleistocene-Holocene 
Sequence of Goda Buticha, Southeastern Ethiopia. 
PLoS One 12:e0169418. https://doi.org/10.1371/
journal.pone.0169418

Tryon CA, Faith JT (2013) Variability in the Middle 
Stone Age of Eastern Africa. Curr Anthropol 
54:S234–S254. https://doi.org/10.1086/673752

Tryon CA, Lewis JE, Ranhorn KL, et al (2018) Middle 
and Later Stone Age chronology of Kisese II rock-
shelter (UNESCO World Heritage Kondoa Rock-
Art Sites), Tanzania. PLoS One 13:e0192029. 
https://doi.org/10.1371/journal.pone.0192029

Tryon CA, Ranhorn K (2018) New Radiocarbon 
Dates from Nasera Rockshelter (Tanzania): 
Implications for Studying Spatial Patterns in Late 
Pleistocene Technology. J Afr Archaeol 16. https://
doi.org/10.1163/21915784-20180011

Van Peer P, Fullagar R, Stokes S, et al (2003) The Early 
to Middle Stone Age transition and the emergence 
of modern human behaviour at site 8-B-11, Sai 
Island, Sudan. J Hum Evol 45:187–193. https://
doi.org/doi:10.1016/S0047-2484(03)00103-9

Van Peer P, Rots V, Vroomans J-M (2004) A story of 
colourful diggers and grinders. Farming 2004:1–
28. https://doi.org/10.3828/bfarm.2004.3.1

Velliky EC, Barbieri A, Porr M, et al (2019) A pre-
liminary study on ochre sources in Southwestern 
Germany and its potential for ochre provenance 
during the Upper Paleolithic. J Archaeol Sci 
Rep 27:101977. https://doi.org/10.1016/j.
jasrep.2019.101977

Velo J (1984) Ochre as Medicine: A Suggestion for 
the Interpretation of the Archaeological Record. 
Curr Anthropol 25:674–674. https://doi.
org/10.1086/203205

Vignaud C, Salomon H, Chalmin E, et al (2006) Le 
groupe des «bisons adossés» de Lascaux. Étude de 
la technique de l’artiste par analyse des pigments. 
L’Anthropologie 110:482–499. http://dx.doi.
org/10.1016/j.anthro.2004.12.001

Villa P, Pollarolo L, Degano I, et al (2015) A Milk 
and Ochre Paint Mixture Used 49,000 Years Ago 

at Sibudu, South Africa. PLoS One 10:e0131273. 
https://doi.org/10.1371/journal.pone.0131273

Wadley L (2021) What Stimulated Rapid, 
Cumulative Innovation After 100,000 Years Ago? J 
Archaeol Method Theory 28:120–141. https://doi.
org/10.1007/s10816-020-09499-y

Wadley L (2010a) Compound‐Adhesive Manufacture 
as a Behavioral Proxy for Complex Cognition in 
the Middle Stone Age. Curr Anthropol 51:S111–
S119. https://doi.org/10.1086/649836

Wadley L (2010b) Cemented ash as a receptacle 
or work surface for ochre powder production at 
Sibudu, South Africa, 58,000 years ago. J Archaeol 
Sci 37:2397–2406. https://doi.org/10.1016/j.
jas.2010.04.012

Wadley L (2007) Announcing a Still Bay industry at 
Sibudu Cave, South Africa. J Hum Evol 52:681–
689. https://doi.org/10.1016/j.jhevol.2007.01.002

Wadley L (2005) Putting ochre to the test: replica-
tion studies of adhesives that may have been used 
for hafting tools in the Middle Stone Age. J Hum 
Evol 49:587–601. https://doi.org/10.1016/j.
jhevol.2005.06.007

Wadley L, Esteban I, Peña P de la, et al (2020) Fire and 
grass-bedding construction 200 thousand years ago 
at Border Cave, South Africa. Science 369:863–
866. https://doi.org/10.1126/science.abc7239

Wadley L, Jacobs Z (2006) Sibudu Cave: background 
to the excavations, stratigraphy and dating. South 
Afr Humanit 18:1–26.

Wadley L, Williamson B, Lombard M (2004) Ochre 
in hafting in Middle Stone Age southern Africa: a 
practical role. Antiquity 78:661–675. https://doi.
org/10.1017/S0003598X00113298

Walker NJ (1995) Late Pleistocene and Holocene 
Hunter-Gatherers of the Matopos: An 
Archaeological Study of Change and Continuity 
in Zimbabwe, Studies in African Archaeology, 
Uppsala University, Uppsala.

Wang F-G, Yang S-X, Ge J-Y, et al (2022) Innovative 
ochre processing and tool-use in China 40,000 
years ago. Nature. 603:284–289. https://doi.
org/10.1038/s41586-022-04445-2

Watts I (2010) The pigments from Pinnacle Point 
Cave 13B, Western Cape, South Africa. J Hum 
Evol 59:392–411. https://doi.org/10.1016/j.
jhevol.2010.07.006



The first uses of colour

67

Watts I (2009) Red ochre, body painting, and lan-
guage: interpreting the Blombos ochre. In: Botha 
R, Knight C (eds) The Cradle of Language, Oxford 
University Press, Oxford, p. 62–92.

Watts I (2002) Ochre in the Middle Stone Age 
of Southern Africa: Ritualised Display or Hide 
Preservative? South Afr Archaeol Bull 57:1–14. 
https://doi.org/10.2307/3889102

Watts I (1999) The origin of symbolic culture. 
In: Dunbar RI, Knight C, Power C (eds) The 
Evolution of Culture, Edinburgh University Press, 
Edinburgh, p. 113–146.

Watts I (1998) The origin of symbolic culture: the 
Middle Stone Age of southern Africa and Khoisan 
ethnography, Doctoral dissertation, University of 
London, London.

Watts I, Chazan M, Wilkins J (2016) Early Evidence 
for Brilliant Ritualized Display: Specularite Use in 
the Northern Cape (South Africa) between ∼500 
and ∼300 Ka. Curr Anthropol 57:287–310. htt-
ps://doi.org/10.1086/686484

White R, Bosinski G, Bourrillon R, et al (2020) Still 
no archaeological evidence that Neanderthals cre-
ated Iberian cave art. J Hum Evol 144:102640. 
https://doi.org/10.1016/j.jhevol.2019.102640

Whiten A (2021) The burgeoning reach of ani-
mal culture. Science 372:eabe6514. https://doi.
org/10.1126/science.abe6514

Will M, Parkington JE, Kandel AW, et al (2013) 
Coastal adaptations and the Middle Stone Age lith-
ic assemblages from Hoedjiespunt 1 in the Western 
Cape, South Africa. J Hum Evol 64:518–537. htt-
ps://doi.org/10.1016/j.jhevol.2013.02.012

Williamson BS (2004) Middle Stone Age tool 
function from residue analysis at Sibudu Cave. 
South Afr J Sci 100:174–178. https://hdl.handle.
net/10520/EJC96236

Wojcieszak M, Wadley, L (2019) A Raman micro-
spectroscopy study of 77,000 to 71,000  year 
old ochre processing tools from Sibudu, 

KwaZulu-Natal, South Africa Herit Sci 7:24. htt-
ps://doi.org/10.1186/s40494-019-0267-9

Wojcieszak M, Wadley, L (2018) Raman spectroscopy 
and scanning electron microscopy confirm ochre 
residues on 71 000-year-old bifacial tools from 
Sibudu, South Africa. Archaeometry 60:1062–
1076. https://doi.org/10.1111/arcm.12369

Wreschner EE, Bolton R, Butzer KW, et al (1980) Red 
Ochre and Human Evolution: A Case for Discussion 
[and Comments and Reply]. Curr Anthropol 
21:631–644. https://doi.org/10.1086/202541

Yang MA, Malaspinas A-S, Durand EY, et al (2012) 
Ancient Structure in Africa Unlikely to Explain 
Neanderthal and Non-African Genetic Similarity. 
Mol Biol Evol 29:2987–2995. https://doi.
org/10.1093/molbev/mss117

Yellen J, Brooks A, Helgren D, et al (2005) The Archaeology 
of Aduma Middle Stone Age Sites in the Awash Valley, 
Ethiopia. PaleoAnthropology 10:25–100.

Zilhão J, Angelucci DE, Badal-García E, et al (2010) 
Symbolic use of marine shells and mineral pig-
ments by Iberian Neandertals. Proc Natl Acad Sci 
USA 107:1023–1028. https://doi.org/10.1073/
pnas.0914088107

Zipkin AM, Ambrose SH, Hanchar JM, et al (2017) 
Elemental fingerprinting of Kenya Rift Valley ochre 
deposits for provenance studies of rock art and ar-
chaeological pigments. Quat Int, With the back to 
the art. Context of Pleistocene cave art 430:42–59. 
https://doi.org/10.1016/j.quaint.2016.08.032

Zipkin AM, Brooks AS, Kosler J, et al (2014a) The Red 
and The Gray: Ochre Pigments and Iron Ores from 
Twin Rivers Kopje, Zambia (poster). Presented at the 
40th International Symposium on Archaeometry. 
https://doi.org/10.13140/RG.2.1.1491.6880

Zipkin AM, Wagner M, McGrath K, et al (2014b) 
An Experimental Study of Hafting Adhesives and 
the Implications for Compound Tool Technology. 
PLoS One 9:e112560. https://doi.org/10.1371/
journal.pone.0112560

This work is distributed under the terms of a Creative Commons Attribution-NonCommercial 4.0 Unported License http://creativecom-

mons.org/licenses/by-nc/4.0/



The first uses of colour

68

SITE LOCATION OCHRE PIECES GRINDSTONES/ 
OCHRE-
STAINED ARTEFACTS

OCHRE STAINS IN 
SEDIMENT/
OCHRE 
MICROFRAGMENTS

CHRONOLOGY REFERENCES

Gadeb Ethiopia Weathered basalt with red 
streak 

- - 1–1.5 Ma Clark and Kurashina 
1979

Olduvai 
Gorge

Tanzania Two lumps of red ochre - - 1–1.5 Ma Leakey 1958

Isernia la 
Pineta

Italy - Pebbles with possible 
ochre residues

- ca. 610 ka Cremaschi and 
Peretto 1988

Garba 
I, Melka 
Kunture

Ethiopia Ochre pieces - Red stains in 
sediment

ca. 500 ka Chavaillon and 
Berthelet 2004

Kathu 
Pan 1

South 
Africa

Modified ochre pieces - - ca. 500 ka Beaumont and 
Bednarik 2013; Watts 
et al. 2016

Kathu 
Townlands 1

South 
Africa

Specularite and red ochre - - Acheulean Beaumont and Vogel 
2006

Kapthurin 
formation, 
GnJh-15 

Kenya  >70 pieces of red ochre Possible grindstones 
with ochre residues

- 284–500 ka Deino and McBrearty 
2002; McBrearty 
2001; McBrearty and 
Brooks 2000

Terra 
Amata 

France 77 ochre pieces (some 
possibly modified)

- - 380–400 ka de Lumley et al. 2016

Ambrona Spain Slab of ocre, possibly 
shaped by trimming 

- - >350 ka Howell 1966

Olorgeisailie Kenya 86 lumps of potential black 
pigment and two modified 
red ochre pieces

- - ~320 to ≥295 
ka

Brooks et al. 2018

Kabwe, 
Broken Hill

Zambia One piece of weathered 
hematite

One rounded stone 
with reddish brown 
residue

- 300 ka Clark et al. 1947

Twin Rivers Zambia 497 pieces of yellow, brown, 
red, purple, pink, and blue-
black pigments

- - 300–140 ka Barham 2002; Clark 
and Brown 2001; 
Zipkin et al. 2014a

Canteen 
Kopje

South 
Africa

Two ochre pieces (one 
modified)

- - ca. 300 ka Watts et al. 2016

Nooitgedacht South 
Africa

Ground piece of hematite - - Pre-MSA Beaumont 1990a; 
Watts et al. 2016

Hungsi India Evidence for ochre use - - 200–300 ka Paddayya 1976

Duinefontein 
2

South 
Africa

One lump of red ochreous 
pigment

- - 270–290 ka Cruz-Uribe et al. 
2003

Appendix 1 - Potential early evidence for ochre use (before 160 ka).
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SITE LOCATION OCHRE PIECES GRINDSTONES/ 
OCHRE-
STAINED ARTEFACTS

OCHRE STAINS IN 
SEDIMENT/
OCHRE 
MICROFRAGMENTS

CHRONOLOGY REFERENCES

Pniel 6 South 
Africa

6 hematite fragments (some 
slightly smoothed)

- - Early MSA Beaumont 1990b; 
Beaumont and 
Bednarik 2013

Achenheim France One rubbed ochre piece - - ca. 250 ka Bednarik 2014; 
Thévenin 1976

Beçov I Czech 
Republic 

Possible ochre pieces Grindstones - 250–200 ka Šajnerová-Dušková 
et al. 2009; Trabska 
et al. 2010

Tuff K4, 
Kapthurin 
Formation

Kenya Ochre pieces Tools with ochre 
residues

- >250 ka McBrearty and 
Brooks 2000

Maastricht-
Belvédère

Netherlands - - Small 
concentrates of 
hematite 

>200–250 ka Roebroeks et al. 
2012

Border 
Cave

South 
Africa

One ochre piece - Small red and 
orange grains in 
grass beddings

>227 ka / 
200 ka

Watts 2009; Wadley 
et al. 2020

Kalambo 
Falls

Zambia Red, yellow and white 
pigments (some are 
modified)

Grindstones with no 
ochre residues

- ca. 200 ka Barham et al. 2015; 
Clark et al. 2001; 
Duller et al. 2015

Wonderwerk 
Cave

South 
Africa

Secure evidence: four 
specularite pieces (two 
modified), a ground 
piece of weathered iron 
hydroxide and two pieces 
of hematite (one modified). 
Possible evidence: one 
scraped piece of weathered 
dolomite and an incised 
ironstone slab

- - >187 ka Watts et al. 2016

Sai 8-B-11, 
Sai Island

Sudan Yellow and red ochre 
pieces

Sandstone mortars 
shaped by knapping 
and small chert pebbles 
with yellow and red 
residues

- ca. 180 ka Van Peer et al. 
2003, 2004

Mumbwa Zambia Gouged, rubbed, and 
flaked limonite and 
specularite pieces and 
colour-bearing sandstones 
possibly used as pigments

- - ca. 172–30  
ka

Barham 2000

Appendix 1 - Continued.




