Rock Art Research 2025 -

204

Volume 42, Number 2, pp. 204-212. R. G. BEDNARIK

'&Q@, KEYWORDS: Rock art — Age estimation — Direct dating — Reliability — Precision

ROCK ART ‘DATING” METHODOLOGY: A REVIEW

Robert G. Bednarik

Abstract. The age estimation of rock art is a crucial factor in the science of rock art. Many
researchers seeking to undertake rock art projects need clarification on the technical jargon
and the various controversies in this field. They are looking for direction in designing their
research strategies. This paper guides the choice of methods, rating their precision and reli-
ability of results, predicted proximity to actual age, level of intervention and potential con-
tamination, and relative accessibility and ease of application.

Introduction

It seems widely agreed that the age estimation of
rock art has been one of archaeology’s most intrac-
table problems—and it remains to be so. It has led
to various innovative and experimental approaches,
beginning with the introduction of ‘direct dating’ in
1981 and then continuing particularly through the
1980s and 1990s. ‘Direct dating” offered a distinct
break from previous practices, stipulating a direct
physical relationship between rock art and dating
criterion and falsifiable propositions concerning that
relationship. To illustrate with an example, some of
the most credible rock art age claims derive from "“C
analyses of charcoal pigment or soot marks, and yet
there are numerous potential reasons why such results
may not date the rock art in question. A radiocarbon
result on charcoal does not refer to the production of
the painting. It marks the time the tree in question
assimilated atmospheric carbon dioxide, and the
carbonisation of the wood also separates the two
events. Moreover, charcoal occurs in profusion on the
rockshelter floors. Its very low specific gravity causes
it to drift to the surface through sediment turbulence,
which can be by one of many causes. These factors
alone indicate that a charcoal motif may be many
millennia younger than the radiocarbon age yielded
by its paint residue. Many other aspects prevent such
results from dating the motif precisely: past regimes of
atmospheric carbon isotopes are unknown, “C results
are statistical expressions that will be wrong at times,
and endeavours to calibrate them are problematic
(Muzzolini 1999). And yet, “C analysis is the most-
used archaeological dating method —which invites
comparisons with others.

In my work as the Convener of the International
Federation of Rock Art Organisations (IFRAO),  have
for many years received requests from agencies in var-

ious countries involved in the study or management
of rock art, asking me to advise them about ‘dating’
rock art. In some cases, I became directly involved in
their projects (e.g. in Rio Grande do Norte [Brazil],
Karelia [Russia], various parts of Saudi Arabia and
many provinces of China). However, most of these
requests only resulted in brief sets of recommenda-
tions adapted to specific circumstances. These usually
included brief comments on sample removal and rock
art conservation. Here, it is endeavoured to present
basic but generic evaluations of the various methods
used in estimating the age of rock art. Only methods
that hold (or may have held at some historical stage)
reasonable promise of credibility are included for
consideration. Table 1 lists twenty-six methods that
have been used in estimating rock art age, together
with my rating assessments of their key attributes:

(1) Accessibility of the method to most researchers:
methods involving laboratories tend to be complex
and expensive.

(2) The ease of applying the method: some methods
can be mastered by anyone persistent enough
to acquire the relevant knowledge, while others
involve intensive specialist attention.

(3) Avoidance of physical intervention in rock art: if
no intervention is involved, the method attracts a
rating of 3; maximal intervention (sample removal)
is rated at 1.

(4) Closeness of dating criterion to farget event (sensu
Dunnell and Readhead 1988): methods providing
only minimum or maximum ages have a rating of
0, while those expected to be closest to true age
have a rating of 3.

(5) Potential contamination of sample or criterion char-
acteristics: the highest potential is rated 0, and the
lowest potential is rated 3.

(6) Anticipated precision of the result: often at the ex-
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Attributes
No. |‘Dating’ method 1 2 3 4 5 6 7.
Ac- | Ease | In- Tar- | Con- | Pre- | Reli-
cess terv. get ta. cis. ab.
1 |Iconography 3 3 3 1 3 0 1
2 | Style 3 3 3 1 3 0 1
3 | Archaeological excavation 2 3 3 1 2 1 2
4 | “C of carbonate 2 2 2 0 0 3 1
5 | U-Th of carbonate 2 2 2 0 0 2 0
6 | U-Th of ferromanganese accretion 2 1 1 0 0 2 ?
7 | “C of ferromanganese accretion 2 1 1 0 0 3 0
8 | “C of oxalate deposit 2 1 1 0 1 3 2
9 | "C of non-carbon paint residue 2 2 1 0 0 3 0
10 | *C of charcoal paint, soot 2 2 1 2 1 3 2
11 | “C of sequestered organic object 1 1 1 3 2 3 3
12 | “C of beeswax 2 2 2 3 2 3 3
13 | C of identified OM in paint 1 1 1 2 2 3 3
14 | X-ray fluorescence spectrometry 2 2 3 0 0 2 ?
15 | Amino acid racemisation 1 1 1 1 1 ? ?
16 | Cosmogenic radiation nuclides 1 1 1 0 0 2 0
17 | OSL analysis of insect nests 1 2 2 0 0 2 1
18 | C analysis of insect nests 1 2 2 0 0 2 0
19 | Lichenometry 3 3 3 0 2 1 3
20 | Surface retreat of cement 3 3 3 1 2 1 3
21 | Microerosion analysis 3 3 3 3 3 1 3
22 | Macroerosion analysis 3 3 2 3 3 1 ?
23 | Cation ratio of accretions 1 2 2 0 0 0 0
24 | Fluvial erosion wear 3 3 3 1 2 1 3
25 | Paint drips/grains in soil* 2 3 3 1 1 2 1
26 | Digital colourimetry of accretion 3 3 3 3 3 2 3

* Refers to paint drips from pictograms; or grains, dust or rock chips from petroglyphs.

Access. = Accessibility of the method to most researchers

Ease = Ease of application of the method

Interv. = Avoidance of physical intervention in rock art

Target = Closeness of dating criterion to target event
Conta. = Avoidance of contamination of samples
Precis. = Anticipated precision of the result

Reliab. = Anticipated reliability of the result

pense of reliability, the highest rating is 3.
(7) Anticipated reliability of the result: often at the
expense of precision.

Key attributes of the methods

In a few instances in the last two columns, I had to
omit the rating and place a question mark, either be-
cause a method has yet to produce any credible results
or because I remain undecided about their credibility.
The first three methods listed were traditionally used
in estimating the ages of rock art before the introduc-
tion of ‘direct dating’. They rate highly in the first three

Table 1. Schedule of tentative ratings of
methods used to estimate the ages of
rock art; highest numbers for ‘Attri-
butes’ represent the most favourable
conditions.

attributes as well as the fifth, contamination. They are
readily accessible and easy to apply, and they should
involve no intervention in the integrity of the rock
art or its support context and no chemical or physical
contamination. Iconography (No. 1 in Table 1) refers
to the beliefs of what is depicted in rock art, which
may appear credible in some particularly detailed,
semi-naturalistic traditions. However, for most rock
art, these beliefs reflect untestable propositions that are
outside of science and lack authority in the absence
of valid ethnographic support. This applies especially
to very early traditions because their creators’ cogni-
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tion and perception probably differed significantly
from that of the iconography’s modern ‘interpreters’
(Helvenston 2013), who have not been conditioned to
perceive reality how the rock art makers experienced
it. Obviously, if readings such as animal species, spe-
cific weapons or other objects presumably depicted
are most often erroneous (as we know they are, from
blind tests; cf. Macintosh 1951, 1952, 1977), the chrono-
logical deductions drawn from them are likely false.
Therefore, the probability of guessing the correct target
date is correspondingly low, and that applies also to
its precision and reliability.

Very similar considerations apply to style (No. 2
in Table 1), which is an inherently subjective attribute
that only exists once it has been defined. Style has led
to many disagreements among rock art interpreters,
who rely entirely on their culturally conditioned
neural processing of sensory input. However, rock
artists of the same family may use very different styles
(Mulvaney 1996), or artists may use a variety of styles
throughout their lifetimes. Distinctive styles, e.g.,
depicting horses or cattle, can be found in temporally
widely separated traditions and, therefore, do not
tell us their age. For instance, some stylistic elements
featuring in Upper Palaeolithic rock art re-occur in
Holocene traditions, such as the Spanish Levantine
shelter art, in Greek and Roman times, and in sub-
sequent Historical periods up to the present. Purely
stylistic ‘analyses” have resulted in roughly 100-year-
old petroglyphs being pronounced more than 20,000
years of age (Bednarik 2009a). While styles do exist,
they are challenging to define and ‘quantify’, and the
simplistic endeavours to do so in rock art have often
failed spectacularly. Their ‘visual grammar’ needs to
be known in order to understand the rules defining
them, which is rarely the case (Layton 1991, 2001).
The self-referential discourse of rock art interpreters
invites no confidence in the age determinations they
extract from their assertions about both style and
iconography.

In rare cases, rock art concealed by soil sediment
has been found by archaeological excavation (3). It is then
assumed to predate the deposition of the covering
stratum, which may be the case but is not necessarily
guaranteed. The complex sedimentary histories, espe-
cially of such places as rockshelters and caves, provide
limited confidence in such claimed relationships,
which also depend on hypothetical propositions about
the age of the sediment. Such bridging arguments, of
varying credibility, have been presented for stratified
pigment traces and supposedly related nearby rock
paintings (Macintosh 1965; Wakankar 1983; Combier
1984; Linares 1988; Chippindale and Tagon 1998).
Petroglyphs of suggested minimum ages based on
presumed antiquities of concealing sediment have
been reported from several sites (Daleau 1896; Lalanne
and Breuil 1911; Lemozi 1920; David 1934; Passemard
1944; Clark 1950; Ampoulange and Pintaud 1955; de
Saint Mathurin 1975; Anati 1976: 34, 41; Rosenfeld et
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al. 1981; Cannon and Ricks 1986; Steinbring et al. 1987;
Crivelli et al. 1996; Steinbring 2013; Rodriguez-Vidal
et al. 2014). Another technique of attempting ar-
chaeological minimum dating has been to propose
that exfoliated and buried fragments of petroglyphs
should be considerably older than the sediment they
were excavated from (Capitan et al. 1912; Hale and
Tindale 1930; Mulvaney 1969: 176; Thackeray et al.
1981; Fullagar et al. 1996, refuted by Roberts et al.
1998; Bednarik et al. 2005). Minimum dating of exfo-
liated rock painting residues has been less persuasive
(O’Connor 1995). Traditional methods of estimating
the rock art age also include proximity of ‘dated” other
archaeological evidence (e.g. nearby human occupa-
tion evidence) and comparative technique of rock art
production, which are not considered here as they are
epistemologically doubtful.

The radiocarbon age of reprecipitated carbonate (4),
especially calcite, is one of the two analytical criteria
used in the first application of direct dating of rock
art (Bednarik 1981, 1984). When limestone is dis-
solved by carbonic acid, approximately one-half of
the resulting calcium bicarbonate’s carbon derives
from the atmosphere (as CO,) and thus contains “C,
which then begins to decay. Therefore, reprecipitat-
ed secondary carbonates, such as speleothems and
travertine, can be radiocarbon-dated. Where the rock
art has been executed on such precipitates, it must
postdate them; where they formed over the rock art,
it predates them by an unknown margin. Hence, the
method cannot provide target dates; at best, it yields
minimum or maximum ages. The only exception is
markings pressed into the travertine because that ma-
terial remains soft for only a short time and, therefore,
roughly coincides in age with the time of its deposi-
tion. However, this technique has rarely been used to
estimate the rock art age.

The second method applied in the first direct
rock art dating was the U-Th analysis of reprecipitated
carbonate (5). It was immediately found to contradict
the much lower "C result obtained from the same
speleothem sample, and such divergence has since
been reported in all studies using the two methods
in tandem (Holmgren et al. 1994; Labonne et al. 2002;
Plagnes et al. 2003; Tagon et al. 2012; Quiles et al. 2014;
Valladas et al. 2017; Tang et al. 2020; Pons-Branchu
et al. 2020). This explains the method’s low rating,
especially for its reliability (Tang and Bednarik 2021;
Bednarik 2022). Difficulties are most likely attributable
to the removal of uranium by moisture, although the
deposition of detrital thorium is also a possible expla-
nation. Improved sampling methods seek to address
these complications (e.g. Yanuo et al. 2024).

Similarly, determining uranium-series isotopes of
ferromanganese accretions (6), such as rock varnish,
cannot provide target dates and would probably fail
to deliver credible age estimates. Radiocarbon dating
of ferromanganese accretions (7) has been applied by
presuming that organic matter embedded in them is
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of the same age as their deposition. Its utility is con-
tradicted by the observation that most rock subsurface
zones, such as weathering zones, harbour organics of
varying origins, most of which are of different carbon
ages than the accretion (Bednarik 1980).

Watchman pioneered the C determination of oxalate
deposits (8) over or under rock art, particularly layers
of paint residue (1990, 1991, 2000, 2024; Watchman
and Campbell 1996). Like carbonate, precipitates of
oxalic acid also contain organically derived carbon
and are thus datable. The issue with using oxalate is
understanding the mode of biochemical formation.
Care must also be taken to ensure that there has been
no rejuvenation through the deposition of interstitial
solute in pores, the deposition of organic matter, iso-
topic exchange or fractionation. Another possibility
is to sequester and radiocarbon-date calcium oxalate
contained within mineral crusts directly associated
with paint residues (Jones et al. 2017).

Many analysts have removed samples of mineral
paint residues and radiocarbon-dated them, attempt-
ing to establish the ages of such layers of non-carbon
paint (9) by presuming that the paint’s organic content
is derived from a binder or diluent. Such results are
only meaningful if it is known what substance they
refer to because of the natural occurrence of carbon
in all rock surface deposits. By contrast, carbonaceous
paint, prepared with charcoal or soot (10), can provide
valid age estimates if we tolerate the potential distor-
tion from incidental organic matter. This could derive
from aerosols, lichen, fungal hyphae, bacteria and
many other sources (cf. Ridges et al. 2000). However,
their contaminating effect would be negligible in paint
consisting mostly of charcoal or soot.

The determination of radiocarbon in sequestered
organic objects (11) found embedded in the paint resi-
due, such as pollen grains, plant fibres, seeds, hairs or
other carbon-based items is of greater reliability. This
method was introduced by Cole and Watchman (1992;
cf. Watchman and Cole 1993) when they detected and
isolated a variety of vegetation fibres in rock art paint
at sites in northeastern Australia. Some were attribut-
ed to binders (orchid juice), others to paint brushes
(kapok bush). The extracted fibres were then dated by
subjecting them to AMS radiocarbon analysis.

Among the rock art forms most amenable to age
estimation are the beeswax figures (12) of northern
Australia (Nelson et al. 1995; Tagon and Garde 2000).
They also provide adequately sized samples. As the
wax needs to be applied in relatively fresh condition,
1C dates secured from it are unlikely to differ greatly
from the time the wax was applied, and distortion
from organic sources is likely insignificant. Sixteen
sites of beeswax figures have yielded 137 age estimates
(Nelson 2000), and their distribution in time presents
a temporal dispersal curve implying a taphonomic
threshold of about 800 years bp (Bednarik 2001).

Another promising method seeks to identify organic
matter in paint residues (13). Ponti and Sinibaldi (2005)
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estimated the ages of five rock paintings in southwest-
ern Libya after sequestering proteins, hydrocarbons
and terpenoids (possibly bitumen) from paint resi-
dues. These substances were then subjected to AMS
radiocarbon analysis. The method is difficult to apply,
but its results are both relatively reliable and precise
within the limits of the dating method.

Since the introduction of highly portable equip-
ment, x-ray fluorescence spectrometry (14) has been
added to the arsenal of rock art dating scientists
(Lytle et al. 2004). It seeks to calibrate the increased
Mn+Fe concentrations of rock varnishes as a function
of age, deriving calibration from the results of another
method, such as microerosion analysis (Macholdt et
al. 2019). No physical sampling is involved, but the
expected precision of results has been suggested to
be modest. Since the notion of linear enrichment of
cations is questionable, the method’s reliability needs
to be verified independently.

The initial attempt by Denninger (1971) to estimate
rock art age by amino acid racemisation (15) has been
refuted by the susceptibility of the reaction to tem-
perature. However, it has been shown subsequently
that amino acid residues can be preserved in rock art
paints (McCarthy et al. 1994). The method may still be
useful in rock art research, but it needs to be evaluated
and appropriately tested. By contrast, the next-listed
approach in Table 1 is unlikely to facilitate rock art age
estimation. Cosmogenic radiation nuclides determination
(16) has failed to provide credible dates in archaeology.
The cosmic ray-caused nuclides in question are *He,
10Be, “C, 2!Ne, 2Al, %*Cl and #'Ca. The method’s two
applications in archaeology (Williams-Thorpe et al.
1995; Phillips et al. 1997) both provided apparently
false results (Bednarik 1998a). This was because the
least suitable nuclide was used (**Cl), and the method
necessitates the assumption of a rate of erosion retreat,
which would effectively exclude the survival of the
petroglyphs supposedly dated.

In optically stimulated luminescence analysis of insect
nests (17), one of three luminescence dating methods
is applied to determine when quartz grains extracted
from insect structures had last been exposed to light. In
various continents, the nests of mud dauber wasps or
trackway tunnels of termites are often superimposed
over rock paintings or sometimes bear such rock art
(Bednarik 2014). These structures then predate or post-
date the paintings. However, there is no certainty that
each sand grain in the mud pellets carried by a mud
wasp has been fully bleached by sunlight, introducing
a major potential error source. Also, it is unknown
whether the measures taken to exclude the effects of
alpha and beta radiation (etching with hydrofluoric
acid) had been effective or whether the gamma dose
rate is correct in the absence of a surrounding sediment
matrix. These and other uncertainties account for the
low ratings in Table 1.

The rating of *C analysis of insect structures (18) is
even lower, in view of the considerable uncertainties
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about the origin of the organic constituents of these
deposits. While the dating method of radiocarbon
analysis offers high precision, the closeness of the
dating criterion to the target event and reliability
are both rated zero, and the level of contamination
of results is unknown. The numerous carbonaceous
components of the mud used are all different ages, and
some, such as micro-charcoal, could be any conceiv-
able age (Watchman 2022). Determining the carbon
isotopes in the former mud is akin to carbon-dating
the randomly acquired organics found in non-carbon
paint residues. It can be expected to yield essentially
random numbers.

Considering the ‘desperate’ nature of some of the
methods applied in dating rock art, it is surprising
that a reliable, albeit relatively imprecise method such
as lichenometry (19) has been widely disregarded. Be-
sides a few attempts to apply the method (e.g. Li and
Zhu 1993), its only benefit has been in unquantified
discussions of thallus sizes vs petroglyph ages (e.g. in
the Coa Valley, Portugal). Lichen commonly co-occurs
with petroglyphs, and given the potential of using the
method in tandem with other methods, this neglect is
regrettable. Although lichenometry provides no target
dates, it is highly rated in the remaining attributes.

The surface retreat of cement (20) refers to the retreat
of the material surrounding sand grains in arenite
rocks, especially siliceous sandstones, due to its great-
er solubility than the quartz grains embedded in it.
Where calibration with known references is possible,
relatively reliable age estimates of petroglyph surfac-
es are feasible, provided they are not older than the
time it takes for all grains to exfoliate from a surface
created by petroglyph production (Bednarik 2024).
Depending on several variables, this can range up to
a millennium or two.

Microerosion analysis (21) refers to the measurement
of micro-wanes on quartz crystals fractured during the
creation of petroglyphs (Bednarik 1992). Its high rating
is attributable to several factors: it is one of only a few
methods that yield target dates rather than minimum
or maximum ages; as an optical method, it involves
no physical contact with the rock art, and thus no con-
tamination; and it offers the opportunity of checking
the validity of the result without recourse to another
method, by cross-checking it with a second mineral
component, e.g. feldspar. Microerosion analysis has
been applied on all continents (except Antarctica) and
subjected to numerous blind tests. It is the principal
method the International Centre for Rock Art Dating
(ICRAD; Bednarik 2016) uses.

Although based on the same geometrical principles
as microerosion analysis, Macroerosion analysis (22)
has so far yielded no credible results. Cernohouz and
Sol¢ (1966) reported age estimates from sandstone and
basalt, but the difficulty of applying this method to
petroglyphs derives from their lack of adequate groove
depth. Realistically, it would be limited to grooves
deep enough to form distinctive angles of 90° between
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the grooves’ side walls and the surrounding surfaces.
If calibration could be achieved through historically
dated rock surfaces nearby, macroerosion analysis
might yet provide adequate results.

The determination of cation ratios of rock surface
accretions (23) to date rock art was a method that held
little promise from its beginnings in the 1980s. It was
based on the premise that the more soluble cations of
rock varnish (K and Ca) would be removed more rap-
idly than the supposedly more stable Ti component.
The numerous flaws of this idea include the great
variability of Ti concentrations and anomalies in the
Ca and K; and that the method of calibrating the cation
ratios, C analysis, yields inherently false data because
rock substrates are generally open carbon systems
(Bednarik 1979). Moreover, the cations analysed do
not occur as pure elements but as various minerals,
sometimes combining Ti and one or both of the other
two. After Watchman (1992) tried unsuccessfully to
replicate some South Australian results, Dorn (e.g.
1996) conceded that cation-ratio dating was not viable.

The appraisal of fluvial erosion wear (24) in a quanti-
fied format has only been attempted once so far (Bed-
narik 2009a). In that study, schist petroglyphs shared
their high-kinetic river setting with hundreds of rock
inscriptions, many of them dated. The latter facilitated
the establishment of a chronological framework of
the degree of erasure by abrasive fluvial wear that
was then applied to the rock art occupying the same
flooding zone. It established, together with other evi-
dence, that the rock art, claimed to be Palaeolithic, is of
recent times. Most of it is from the early 20th century.

Locating paint drips or rock grains in the sediment (25)
below pictograms or petroglyphs, respectively, has
been tried unsuccessfully, e.g. by G.J. Susino. Gordon
(2013) has attempted to locate such materials at a series
of North American sites but reports no results. Not
only would rock dust and fragments weather rap-
idly in the earth, but their radiometric dating would
present further impediments. The prospects of this
approach are somewhat better for paint remains that
dripped onto the floor of deep caves. Their well-pro-
tected environments might preserve such remains
and even render their stratigraphical dating feasible
in favourable conditions.

Contrary to my expectation, digital colourimetry of
ferruginous accretions (26) can be usefully engaged in es-
timating the age of petroglyphs. It requires no specific
expertise or specialised equipment. This approach was
the first advocated for direct dating (by Belzoni 1820).
When I tested its utility by sequencing precise colour
characteristics of a series of dated inscriptions on some
granite tors, I obtained surprisingly consistent results
of the gradual colour change of the patina (Bednarik
2009b). Despite its lack of precision, deriving from the
considerable variability in the accretionary processes,
this method has a high rating in Table 1. All other of its
attributes are perfect, justifying Belzoni’s confidence.

We thus arrive at Table 2, which presents my sug-
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gested ratings of the methods I have considered. These
ratings provide only a rough guide, reflecting very
different attributes. Individual researchers are likely
to favour different attributes, and these preferences are
not well reflected in the ratings totals. However, it soon
becomes apparent that ratings of 8 or lower apply to
methods that should be avoided for various reasons.
The traditional methods, the first three listed and used
for well over a century, have good ratings. However, it
must be noted that the first two show mediocre track
records, and the third can only be applied under the
most fortunate circumstances. Nevertheless, ratings of
14 or higher identify methods that have either yielded
credible results or can be considered promising. One
of the lessons provided by Table 2 is that the precision
of the results of a method is often at the expense of
their reliability, or vice versa.
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important variables such as the levels of intervention
and potential contamination involved. In planning
the use of specific dating methods, it is also vital to
consider their accessibility to prospective users and
their ease of application. Most methods can only pro-
vide maximum or minimum ages, which can be of
minimal significance (Ward and Tuniz 2000; Bednarik
2014). Only five of the listed twenty-six techniques can
deliver target dates (11, 12, 21, 22, 26) in the sense of
Dunnell and Readhead (1988), while twelve of them
offer no significant indication of how much earlier or
later the true age is (4-9, 14, 16-19, 23).

There are some dangers in this type of general
review, with details of individual methods necessar-
ily scant and possibly selective; and the likelihood
of potential subjectivity or arbitrariness in some of
the scores. It needs to be appreciated that patterns in
the results can be more useful than one-off dates. As
always, extraordinary results require extraordinary

A somewhat more complex side to the issue of
choice of method is not considered here. It concerns
the detailed conditions at the site, such as its lithology,
exposure and susceptibility to weathering processes,
types of accretions, environmental conditions, pre-
vious degradation, research logistics and conditions
posed by the relevant management agency. Numerous
factors determine which methods could be used at a
particular site. These aspects occur in a near-infinite
number of combinations; therefore, no two sites are
alike in the choice of potential dating method(s). The
researcher needs to have some understanding of all
of them. Here, the intention is to help prospective
rock art dating teams with initial considerations and
to formulate a standard response to enquiries asking
for advice concerning the strategies for designing rock

Nevertheless, a very simple rule-of-thumb could
have prevented many of the mis-datings of petro-
glyphs we have witnessed over the years. It is based
on the work of replicating them (e.g. Bednarik 1998b:
30-31; Kumar and Krishna 2014), which has shown
the enormous differences in time taken to create them,
depending on the rock’s aggregate hardness'. For
instance, it takes roughly one thousand times as long
to produce a 12-mm-deep cupule on metamorphosed
arenite (hardness 7 on the Mohs scale) than it takes
on deeply weathered siliceous sandstone (hardness

Table 2. Tentative ratings of methods used to estimate the
ages of rock art.

Discussion

The purpose of this paper, as stated in the intro-
duction, is to provide generic evaluations of various
methods that have been used in estimating the age
of rock art. This includes the precision of the ana-
lytical techniques, the reliability of their results, and

1 Aggregate or composite hardness is intended to be a
measure of how resistant the rock is to deformation when
a compressive force is applied to it. It expresses scratch
or abrasion resistance, which is measured by the Rosiwal
scale (greatly superior to the Mohs scale). Indentation
hardness is another determining factor, measured by

the Brinell scale or determined by the Vickers test. The
brittleness factor also influences the effect on the produc-
tion coefficient. Moreover, the rock’s strength, ductility
and toughness contribute to aggregate hardness. Finally,
it must be appreciated that most rocks are made up of
discrete minerals, all with their hardness variables.

No. | ‘Dating’ method Rating
15 | Amino acid racemisation 5 evidence.
16 | Cosmogenic radiation nuclides 5
23 | Cation ratio of accretions 5

U-Th of ferromanganese accretion 6
14C of ferromanganese accretion 7
18 | “C analysis of insect nests 7
5 | U-Th of carbonate 8
9 | *C of non-carbon paint residue 8
17 | OSL analysis of insect nests 8
14 | X-ray fluorescence spectrometry 9
4C of carbonate 10
8 | 'C of oxalate deposit 10
10 | '*C of charcoal paint, soot 13
13 | "*C of identified OM in paint 13
25 | Paint drips/grains in soil 13 art dating projects.
Iconography 14
2 | Style 14
Archaeological excavation 14
11 | 'C of sequestered organic object 14
19 | Lichenometry 15
22 | Macroerosion analysis 15
20 | Surface retreat of cement 16
24 | Fluvial erosion wear 16
12 | “C of beeswax 17
21 | Microerosion analysis 19
26 | Digital colourimetry of accretion 20
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<6). The relative susceptibility of any petroglyph to era-
sure by natural means is proportional to the time it takes
to create it (Bednarik 2010: 110). All petroglyphs will
ultimately be erased by weathering, be it by aeolian,
fluvial, marine or biological agents. If it took three
orders of magnitude longer to make, it would also
take that much longer to erase than an identical motif
on the softer rock. The significance of this simple rule
is that it renders the longevity of a petroglyph pre-
dictable because we can establish how long it takes
to make—by replication. Therefore, it is essential that
researchers trying to determine the age of such rock
art familiarise themselves with the characteristics
of the rock on which it occurs, such as its aggregate
hardness. To illustrate the implications with a practical
example, it means that on a panel of schist exposed to
precipitation, a petroglyph cannot be 20,000 years old
because schist retreats by weathering at a rate of 1-10
mm per millennium. Well over 20 mm of rock would
have eroded in that period, and the petroglyph would
have long been lost.

Clearly, this rule does not date petroglyphs, but
it does place their age into a realistic probability
framework. It requires no in-depth research, but
understanding the respective lithology would have
prevented many misunderstandings or embarrass-
ments. In various instances, it would have identified
numerical results that were simply off the scale. A
similar rule might also be possible for rock paintings.
However, here the diagnostic information would
relate to the paint ingredients’ characteristics of
adhesion, penetration and durability, as well as the
environmental setting. Nevertheless, a significantly
better empirical understanding of the effects of these
factors would be required than is currently available.
Therefore, the rough estimation of rock painting age
by some minimal rule remains elusive.

Summary

This paper was written in response to requests by
rock art researchers and cultural heritage managers
for advice on which methods to use in determining
the antiquity of rock art. It presents a table of methods
used, listing how accessible they are to most research-
ers and how easy they are to apply, as well as the vital
attribute of how closely the result would match the
true age of rock art. Ratings are also provided for how
well the method avoids physical intervention and the
potentiality of contamination reflected in its result.
Finally, the anticipated precision and reliability of
each method’s results are also rated. This is intended
to provide some initial guidance in the perplexing
domain of rock art age estimation. Such estimations
benefit greatly from independent verification of re-
sults, be it by the same or another method. Examples
are Watchman and Jones’ (2002) confirmation of the
radiocarbon determination of a beeswax figure previ-
ously analysed by Nelson et al. (1995) or the various
age estimates for Coa petroglyphs in Portugal. It must
be emphasised that all methods applied to rock art
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dating remain experimental —but some more so than
others. In a century from now, our present efforts may
seem inconsequential, but to gain that insight, they
will have been necessary.
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