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This paper critically reviews the various approaches used to estimate the age of the rock art in the
Kimberley region of Western Australia. They include: (i) the relative superimposition of styles; (ii) the
use of diagnostic subject matter (depictions of extinct animals, stone tool technology, introduced
European and Asian objects and animals); (iii) the recovery of a ‘painted’ slab from a dated archaeological
unit; (iv) radiocarbon dating of beeswax figures, charcoal pigments, organic matter in overlying mineral
deposits and ‘accreted paint layers’ (oxalate rich crusts and amorphous silica skin), pollen grains from an
overlaying mud-wasp nest; and (v) optically stimulated luminescence (OSL) dating of quartz grains from
overlying mud-wasp nests. Future directions for rock art dating in the Kimberley include uranium-series
dating of overlying and underlying mineral deposits.

� 2011 Elsevier Ltd. All rights reserved.
1. Introduction

Rock art is of unique heritage value and the Kimberley region of
Western Australia has one of the greatest concentrations in the
world. This archive is of international importance and of particular
concern to local Aboriginal people. Given the number and variety of
Kimberley rock art styles, the possible time-depth they represent,
their potential association with occupation deposits and the
amount of ethnographic information available, the region is an
ideal place to apply new methods for studying rock art and to
develop new techniques for determining its age.

The rock art of this region shows a sequence of distinctive
figurative styles depicting changes and continuity in the natural
and cultural environment. These include the Wanjina and Gwion
Gwion (Bradshaw in earlier publications and known by other
Aboriginal names depending on the area and the language spoken)
as well as many other art styles. The antiquity of the Gwion Gwion
has been the subject of controversy with the notions of Pleistocene
aged rock art and non-Aboriginal authorship popularised through
the work of Grahame Walsh (e.g. Walsh, 1994, 2000; AAA, 1995;
Wilson, 1995; Sunday Program, 1996; Australian Story, 2002). For
the Traditional Owners of this region the rock art is a fundamental
part of a cultural landscape that was created by the ancestors who
remain within Country (e.g. Doring, 2000; Chalarimeri, 2001).

The major problem with use of the Kimberley rock art as
a source of scientific information about the past is the lack of
All rights reserved.
a robust chronology (cf. Langley and Taçon, 2010). At present,
there are very few numerical dates available to anchor the rock
art sequence (Watchman, 1996, 1997; Watchman et al., 1997;
A. Watchman, 2000; Roberts et al., 1997; Roberts, 1997, 2000;
Morwood et al., 2010). Claims of Pleistocene aged rock art in the
Kimberley come from optically stimulated luminescence (OSL)
dating of quartz grains from a mud-wasp nest said to be overlying
a rock painting (Roberts et al., 1997; Roberts, 1997, 2000), descrip-
tion of ‘megafauna’ (Akerman, 1998; Akerman and Willing, 2009),
and the recovery of a ‘painted’ slab from a dated archaeological unit
(O’Connor and Fankhauser, 2001). This paper is a critical review of
rock art dating in the Kimberley region of Western Australia. It is
also a review of rock art dating techniques and the issues it raises
have relevance for rock art dating worldwide.

2. Dating approaches

2.1. Style sequence

Relative dating based on the combined evidence of differential
weathering and superimposition of distinctive figurative styles is
the most widely applied method of estimating the age of Kimberley
rock art (e.g. Crawford, 1968, 1977; Welch, 1993a, 1993b, 1993c,
1999; Walsh, 1988, 1994, 2000; Walsh and Morwood, 1999).
Stylistic rock art dating is based upon the idea that style is specific
to certain times, places, and groups of people (Rosenfeld and Smith,
1997). However, social context may also result in non-temporal
stylistic differences and therefore aspects of variation that appear
due to temporal factors must be identified and isolated from those
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influenced by social factors (Rosenfeld and Smith, 1997). It is
important to stress that relative chronology as such does not
provide numerical data but the combination of the two groups of
dating approaches (stylistic and numerical) can be used to ask and
answer key archaeological questions.

Pleistocene date for Kimberley rock art has been suggested
based on interpretations of styles and ethnographic comparisons.
The Gwion Gwion art in particular has caught the imagination of
people and is often referred to as Pleistocene. While it is true that
the usual date cited is the OSL date (see below), this view initially
derived from Grahame Walsh’s interpretation of the Gwion Gwion
figures. His claimwas based on his interpretation of the relative age
of an identified stylistic group (the Gwion Gwion figures). Because
he interpreted these figures as representing a non-Aboriginal group
that must have disappeared, and there are hiatuses in occupation in
some west Kimberley sites at the end of the Pleistocene, he sug-
gested (Walsh, 1994, 57) that the Gwion Gwion painters must have
disappeared at that time. While his interpretation about a non-
Aboriginal origin is generally not a view held by archaeologists
(e.g. AAA, 1995), it is a view still widely embraced by the public.

2.2. Diagnostic subject matter

The presence and absence of diagnostic subject matter in
Kimberley rock art have been used as a chronological tool. The
success of this approach is dependent on the positive identification
of the diagnostic subject matter and may be prone to issues related
to differences in the conceptualisation of the universe on the part of
the observer and the creator of rock art.

Depictions of locallyextinct animals, notably the Tasmanian tiger
(Thylacinus cynocephalus) (Akerman, 2009; Walsh, 1994) and the
marsupial lion (Thylacoleo carnifex) (Akerman and Willing, 2009;
Akerman, 1998) have been reported in Kimberley rock art. Given
these are known to have become extinct on the Australianmainland
at about 3000 years ago (cf. Gale, 2009) and in the late Pleistocene
(e.g. Prideaux et al., 2010) respectively, their depiction may provide
an estimation of age. Additionally, depictions of dingoes (Canis lupus
dingo) (Welch,1993b;Walsh,1994), a species introduced toAustralia
about 3500 years ago (Gollan, 1984) are confined to ‘recent’ parts of
the rock art sequence reflecting the relatively late introduction of
this animal to Australia. Despite the use of these images for dating,
such images can only be considered a potential indication of antiq-
uity, particularly given the frequency with which non-literal art
appears and because of the subjective nature of subject matter
identification. Consequently, the presence of amarsupial lion image
should be considered an interesting stimulus for further investiga-
tion rather than proof of Pleistocene aged rock art.

Another example of this dating approach is the suggestion that
the ‘Clawed Hand’ painting style (relatively situated between the
Gwion Gwion and the Wanjina in the rock art sequence) (Walsh,
1994) must be of Holocene age, for late panels of this style
include depictions of stone spear points that were introduced to
the Kimberley in the mid-Holocene (Dortch, 1977; O’Connor, 1996;
Veitch, 1996; Walsh and Morwood, 1999). It was also argued that
the absence of these stone spear points in some ‘Bradshaw’ paint-
ings indicate that these paintings were older than the introduction
of this technology in the region (Crawford, 1968).

Several European and possibly one Indonesian watercraft
depictions have been reported in the Kimberley rock art (cf.
O’Connor and Arrow, 2008). An example of these is what appears
to be a rowboat with three ‘Wanjina-style’ figures smoking pipes
(Crawford, 1968). These watercraft depictions are thought to be
post mid 17th century when Indonesian fishing fleets started
sailing to the northern coast of Australia (cf. O’Connor and Arrow,
2008).
2.3. Excavation

Excavation at Carpenter’s Gap in the Napier Range has unveiled
a ‘painted’ slab bracketed in time by radiocarbon dates on charcoal
from the strata above (33,600 � 500 years BP) and below
(42,800 � 1850 years BP) (O’Connor and Fankhauser, 2001). It is
presumed that a fragment of decorated limestone from the cave
roof or walls must have fallen to the ground and was subsequently
covered by sediments. Description of the slab reports a red
substance on two sides and one edge but no mention of iconic
representation. The authors have used energy dispersive X-ray
analysis (EDXA) to determine the elemental composition of the
red substance on the limestone slab and have concluded that it
is consistent with that of an ochre. Despite this interesting find,
the presence of ochre alone provides no evidence for the use of
this substance for artistic expression. Ochre occurs naturally in
the geological record and has been observed elsewhere seeping
from limestone cave surfaces (e.g. Aubert et al., 2007; Taçon et al.,
2012). While a non-local composition for the ochre (O’Connor
and Fankhauser, 2001) may suggest anthropogenic transport,
a robust interpretation of Pleistocene rock art would require
a recognisable motif as ochre was not exclusively used to produce
rock art.

2.4. Radiocarbon dating

Accelerator mass spectrometry (AMS) radiocarbon dating
was used to date beeswax figures and underlying and overlying
paintings (Watchman, 1997; A. Watchman, 2000; Morwood et al.,
2010), charcoal pigments (Watchman, 1997; Watchman et al.,
1997; A. Watchman, 2000; Morwood et al., 2010), oxalate salts
in mineral crust from the base of a pecked cupule (Watchman,
1997; A. Watchman, 2000; Morwood et al., 2010), ‘oxalate
accreted paint layers’ (Watchman, 1997; Watchman et al., 1997;
A. Watchman, 2000), carbon-bearing substances in amorphous
silica skin overlying a painting and in the ‘silicate accreted
paint layer’ (Watchman, 1996, 1997; Watchman et al., 1997;
A. Watchman, 2000); and pollen grains from a mud-wasp nest
overlying a painting (Roberts et al., 1997). Principles, assumptions
and technical problems of radiocarbon dating are not discussed
here but have been reviewed elsewhere (e.g. Elias, 2007). In this
paper, radiocarbon years are reported before present (BP),
meaning before A.D. 1950. These are not calibrated calendar years
but statistical expressions of radiocarbon ratios.

‘Beeswax’ rock art figures are mainly composed of bees-
collected plant resin with a little wax (Morwood et al., 2010). It is
generally assumed that only fresh, malleable substances were
applied to the rock surface. Therefore, the radiocarbon age of these
substances should be close to the time they were produced and
subsequently applied to the rock surface. In the Kimberley, they
range from modern to 3780 � 60 years BP (Watchman, 1997;
A. Watchman, 2000; Morwood et al., 2010). Some dated wax
pellets were also found overlying and underlying stylistically
diagnostic paintings, and thereby provide minimum andmaximum
ages for these paintings respectively (Morwood et al., 2010).

In the Kimberley, charcoal pigment was sometimes used for
painting and drawing. Charcoal is a result of the imperfect
combustion of wood, bones, and other organic matter. Radiocarbon
dating of charcoal indicates a time since the organic matter ceased
exchanging carbon with the biosphere. This time is generally
assumed to be the death of the organic matter but this is not
necessarily the case. Trees grow by the addition of rings, and these
rings stop exchanging carbonwith the biosphere once they are laid
down. Therefore, if charcoal from long-lived tree species was
radiocarbon dated, the difference between the time of growth and
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the time of death could be up to several hundreds of years. There
could also be a significant amount of time between the death of the
organic matter, its combustion to charcoal and its subsequent use
in a painting or drawing. Radiocarbon age estimates for charcoal
pigment in the Kimberley seem to indicate that the associated
‘Wanjina-style’ figures range from modern to 1210 � 140 years BP
(Watchman, 1997; Watchman et al., 1997; A. Watchman, 2000;
Morwood et al., 2010).

Oxalate salts in mineral crust from the base of a pecked cupule
(Watchman, 1997; A. Watchman, 2000; Morwood et al., 2010) and
two ‘oxalate accreted paint layers’ were dated using radiocarbon
(Watchman, 1997; Watchman et al., 1997; A. Watchman, 2000). In
mineral crusts and prehistoric paint, calcium oxalate can be found
as hydrated minerals (whewellite and weddellite) within a mixture
of other minerals (cf. Watchman et al., 2005). It is assumed that
these oxalate minerals are precipitated as a result of microbiolog-
ical production of oxalic acid, whose carbon is derived from
atmospheric sources, which reacts with calcium in the substrate or
in aerosols to form calcium oxalate. If this biogeochemical pathway
is the only mechanism involved in the production of these oxalate
minerals (the microorganisms involved in the production of these
oxalate minerals have never been positively identified) and if they
are the exclusive source of carbon analysed, radiocarbon dating
could indicate the time of oxalate formation (which could be
different than the time of crust formation and paint application).

This dating method has been tested at Carpenter’s Gap where
oxalate rich mineral crusts (not associated with rock art) at the
surface of boulders are found buried in a dated stratified sedimen-
tary deposit. After chemical separation of oxalate minerals from
the crusts, radiocarbon dating produced age estimates marginally
older than the covering sediments (Watchman et al., 2005). In the
Kimberley, oxalate salts from three mineral crusts (one at the
surface of a pecked cupule and two encapsulating distinct paint
layers) were radiocarbon dated. After chemical separation of oxalate
minerals, they provided age estimates of 2200 � 100, 3140 � 350,
and 3880 � 110 years BP for the associated cupule, ‘Irregular Infill’,
and ‘Cane Bradshaw’ figures respectively (Watchman, 1997;
Watchman et al., 1997; A. Watchman, 2000; Morwood et al., 2010).

Three radiocarbon measurements are also available for carbon-
bearing substances in amorphous silica skin overlying a paint-
ing and in the ‘silicate accreted paint layer’. Measurements of
1490 � 290 and 1490 � 50 years BP (duplicates sent to two inde-
pendent laboratories) are from a layer immediately above the paint
containing diatoms and other algal matter with possible uniden-
tified organics. The third sub-sample (1430 � 180 years BP), is from
unidentified organics in silica that encloses the same paint layer
and is an average from mostly over, as well as under and in the
paint layer (Watchman pers. comm.). That particular sample is
shown to be under paint in previous publications (Watchman,1997;
Watchman et al., 1997). These analyses provide minimum age esti-
mates for the associated ‘Tassel Bradshaw’ figure (Watchman, 1996,
1997; Watchman et al., 1997; A. Watchman, 2000).

Carbon isotopes from four pollen samples from a mud-wasp
nest overlying a ‘Wanjina-style’ painting were also measured for
dating. Analysis revealed that two of the samples have ages that
are indistinguishable from modern (consistent with optically
stimulated luminescence (OSL) age estimate from quartz grains
from the same nest). The other two revealed ages of 990 � 60
and 640 � 95 years BP and “finely comminuted contaminants are
presumably involved” (Roberts et al., 1997, Table 1). The other rock
art-associated nests analysed for OSL dating yielded an insufficient
quantity of material for radiocarbon dating (Roberts et al., 1997).

There are various factors complicating the radiocarbon dating
of rock art. Some of these concern the age of the organic materials
when they were put on the wall or incorporated in mineral
deposits. Others involve sources of contamination, both in the form
of bacteria, algae and other organic activity, or the intrusion of
modern or ancient carbon through the activity of environmental
factors such as water or wind. Watchman has reviewed the major
carbon-bearing components (organic and inorganic) found in rock
surface deposits and their typical formation conditions and ages
(A.L. Watchman, 2000). It is important to note that if the mineral
deposits (and associated rock art) have remained closed systems for
carbon and that no contamination occurred in sample extraction
and preparation, most of the factors presented above could
potentially overestimate the radiocarbon age but not underesti-
mate it. In general, the problems are so severe with radiocarbon
dating of rock art that, unless the source of carbon can be identified
and isolated prior to analysis, radiocarbon dates on related art and/
or associated mineral deposits should be taken as of unknown
accuracy.

2.5. Optically stimulated luminescence (OSL)

In a pioneering study by Roberts et al. (1997), optically stimu-
lated luminescence (OSL) dating of quartz grains from mud-wasp
nests was used to obtain minimum ages for underlying paintings
in the Kimberley. Three ‘Wanjina-style’ paintings were dated in this
fashion. The first two dates are from quartz grains sampled from
the core of individual nests overlying separate paintings. They
provided minimum ages of about 100 and 150 years for these
paintings. The age of the third nest is from grains sampled from
multiple layers providing a sequence of OSL ages ranging from
about 100 to 600 years. Four additional nests were dated: two were
not associated with any paintings and the other two (KERC4 and
KERC5) are said to be associated with a painting that “may be
related to the Bradshaw style” (Roberts et al., 1997, 697).

OSL dating provides an estimation of the time since grains of
quartz or feldspar were last exposed to sunlight. The method is
based on the time dependent accumulation of trapped electrons in
the crystal lattice of these minerals and their proportional
discharge once exposed to sufficient light. The time since the last
discharge is obtained by dividing the estimated dose acquired by
the sample (palaeodose) by the estimated amount it receives per
year (environmental dose rate). Formore details on themethod and
its applications see e.g. Aitken (1998) and Elias (2007).

The age of nests KERC4 and KERC5 is of the utmost importance
for rock art research in Australia as it implies a Pleistocene antiquity
for the ‘underlying’ painting. Roberts et al. (1997, 697) report that
“the residual stump of a heavily cemented, probably S. laetum, nest
(KERC4) directly overlay the head-dress of a mulberry-coloured
human figure (which, in turn, overlay a hand stencil), and this
nest thickened laterally into a much larger but similarly indurated
nest (KERC5)”. Roberts (2000, 48) further reports that “the stump
(only 5 mm thick) of a heavily cemented nest (KERC4) directly
overlay the head-dress of a mulberry-coloured human figure, and
this nest thickened over a distance of 6 cm into a much larger but
similarly fossilised nest (KERC5)”. These descriptions suggest that
the two nests are related but no photos were originally provided
although onewas subsequently published in Roberts (2000). In this
photo, nests KERC5 and KERC4 do not appear to be physically
connected and KERC5 is clearly seen several centimetres distant
from the painting. The relationship between KERC4 and the
painting appears also unclear on the photo, the nest being located
at the margin of the paint. Confusion also arises from the fact that
in the figure caption KERC4 is mislabelled as KERC5 and vice versa.

Roberts (pers. comm.) considers that the two nests may have
been physically connected but remained two distinct nests. He also
thinks that only the ‘lip’ of nest KERC4 (a few millimetres wide
and less than a millimetre thick) may have directly overlaid the



Fig. 1. Nests KERC5 and KERC4 collected for OSL dating. Note that KERC5 does not overlie the painting and that KERC4 is located at the margin of the paint. The ‘lip’ of the nest,
where the painting is located (outside of the yellow dot semicircle), was not collected for dating (Photo: Richard Roberts modified by M. Aubert). (For interpretation of the
references to colour in this figure legend, the reader is referred to the web version of this article.)
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painting. This portion of the nest was not collected as it was too thin
to provide suitable grains for dating and its removal could have
damaged the painting (Roberts pers. comm.) (Fig. 1).

The OSL age of KERC5 (17,500 � 1800 years) is unrelated to the
painting and was obtained from quartz grains sampled from the
core of the nest (i.e. the portion that was attached to the shelter
wall). The OSL age of KERC4 comes from quartz grains extracted
from the whole nest (minus the portion left on the rock wall).
Because of its small size (5 mm thick compared to 20e40 mm for
the other nests), nest KERC4 was completely disaggregated and
a single-grain approach was devised. This approach was used to
distinguish the grains that would have been exposed to modern
sunlight on the outer surface of the nest to the grains that would
have originated from the assumed light-safe innermost portion
of the nest. The single-grain analysis showed two ‘populations’
of grains: 25% of the grains had small palaeodoses in the range
of 0.5e8 Gy and the other 75% were in the range of 14e75 Gy.
The first ‘population’ was discarded as being partially bleached
due to their presumed location near the surface of the nest. The
remaining grains (33 grains with palaeodoses of 14e56 Gy and
three grains with additive-dose palaeodoses of w75 Gy) showed
broad equivalent-dose distributions and the mean values of 21
grains (45 � 4 Gy) and 15 grains (31 � 3 Gy) were used in the age
calculation resulting in mean ages of 23,800� 2400 years (for those
measured with additive-dose protocol) and 16,400 � 1800 years
(for those measured with regenerative-dose protocol) respectively.
The oldest age is influenced by the inclusion of the three grains
with palaeodoses of w75 Gy; their omission would reduce the
mean age to w21,200 years (Roberts, 1997). Because of the paucity
of mud available, the nest-derived dose rate for KERC4 could not be
measured and is assumed to be the same as that determined for
KERC5.

The OSL dating method applied to mud-wasp nests was an
innovative and promising avenue for rock art dating. However, in
order to accurately date rock art with this approach, the relation-
ship between the OSL dated quartz grains and the art needs to be
clearly demonstrated. This is further complicated by the observa-
tion that mud-dauber wasps prefer to build nests near existing
nests and on the stumps of abandoned nests, rather than on a bare
rock surface (Naumann, 1983; Waterhouse, 1991). Also, it appears
that this method is best suited to large nests where grains can be
extracted from the nest core. Whether or not the Kimberley has
Pleistocene aged rock art remains debatable and requires additional
dated motifs.

3. Future directions

Natural calcite laminations and amorphous silica skins under-
lying and overlying rock paintings and petroglyphs have been
observed in the Kimberley landscape and can provide estimates of
the maximum and minimum ages of pigment layers and petro-
glyphs using high-resolution uranium-series dating methods. This
is possible because the sub-millimetre-thick laminations can now
be precisely and accurately studied, chemically and isotopically
analysed, and dated at extraordinary and unprecedented spatial
and temporal resolutions using multi-collector inductively coupled
plasma mass spectrometry (MC-ICPMS) (Aubert et al., 2007; Taçon
et al., 2012). This has so far never been applied to Australian rock art
sites but is the focus of a novel Kimberley rock art dating program
financed by the Australian Research Council.

The viability of this approach to date finely layered calcite
deposits has recently been demonstrated, where only micrograms
of samples are needed (Aubert et al., 2007; Taçon et al., 2012).
Calcite coatings are formed from the deposition of dissolved
calcium bicarbonate from saturated solution. Because 238U and 234U
isotopes are soluble in aqueous solutions but 230Th is not, calcium
carbonate (CaCO3) crystals precipitated in calcite coatings will
initially not contain any 230Th. Subsequently, 234U will decay to
230Th. Themeasurement of the 230Th, 238U, and 234U isotopes allows
calculation of the age of the carbonate host because the decay rate
is known (Bourdon et al., 2003).

Hydrated amorphous silicon dioxide (SiO2.nH2O), or opal-A,
is deposited naturally from seepage and runoff water as white
or brown rock surface coatings, called ‘skins’ (Watchman, 1996).
Uranium-series analysis of pedogenic silica coating pebbles shows
that these silica skins are well suited for this dating method
(Ludwig and Paces, 2001), but as yet this has never been applied to
rock art dating.

4. Conclusions

The Kimberley rock art is part of an important cultural, natural
and economic landscape and its accurate dating would have
significant implications for the region. Having reviewed all the
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scientific literature available on the subject, we are forced to
conclude that, at the moment, there is no substantial evidence
to support a Pleistocene age for the rock art. Cutting-edge rock
art dating methods, such as high-resolution uranium-series and
compound-specific radiocarbon, are needed and should provide an
enhanced understanding of the status, importance and spread of
rock art traditions as well as providing crucial information for the
conservation and management of Australia’s indigenous cultural
heritage.

The problem of rock art dating is one experienced by
researchers around the world and the particular problems identi-
fied with the techniques discussed here are universal and have
implications for rock art dating worldwide.
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