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Various methods have been employed in the attempt to date rock-art. Here Robert
Bednarik offers a critique of the cosmogenic radiation nuclides method, and its
application to the Céa petroglyphs.
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[ am delighted that Phillips et al. (1997) have
responded to my call for scientific attempts
at refutation of the data so far offered con-
cerning the age of some of the many petro-
glyphs in the Céa valley of northern Portugal.
We have witnessed a great deal of non-scien-
tific debate about this corpus of rock-art, and
it is obvious that our understanding of the
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issue can be improved only through construc-
tive scientific discussion, which may involve
presentation of new data or logic. In continu-
ing this productive mode of discourse I will
respond to Phillips et al. (hereafter referred
to as ‘the Paper’) and offer a critical exami-
nation of the use of their method in archae-
ology, and especially in rock art analysis.
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The quantitative determination of cosmogenic
nuclides has been used experimentally for dat-
ing geomorphic surfaces (Davis & Schaeffer 1955;
Phillips et al. 1986; 1990; Zreda et al. 1991). The
most interesting results have come from a me-
teor impact crater in Arizona, ranging from 36,500
to 50,400 BP, which appear to correspond with a
single TL date (Phillips et al. 1991: 2697; Zreda
et al. 1990). However, a study of **Cl contents of
boulders in a series of moraines of geologically
known ages in California produced only ambigu-
ous results which disagreed with the moraine
sequence (Phillips et al. 1990: 1530).

Cosmogenic radiation (CR) products are said
to provide information of the relative age of ex-
posures (rock surfaces), and some of the results
offered by the Paper seem to confirm this. How-
ever, there are several reasons why the method
cannot provide numerical ages for rock exposure,
such as those relating to its severe dependence
upon erosion rates. The CR products, including
(], accumulate not only in the sampled surface
layer, but also deep inside the rock. The amount
of %Cl that was present in a surface at the time it
became freshly exposed to the atmosphere (e.g.
through exfoliation or slabbing) can never be
known, meaning that the relationship between
the present concentration of the nuclide and the
age of the present rock surface cannot be ascer-
tained or even estimated.

The Paper demonstrates this problem very well:
a sample taken from a depth of 16 m below the
Céa river provided an ‘age’ of between 800 and
2800 years, instead of a zero age. Mindful of the
exponential accumulation curve of the nuclides
(Kurz 1986; Lal 1991; Zreda et al. 1991), we might
reasonably expect to obtain an ‘age’ of perhaps
10,000 years from a sample taken 2 m below
present surface, and 20,000 from a surface that
was formed a few centuries ago. Similarly, Phillips’
sample from Castelo Melhor, a structure erected
in the Middle Ages, produced a ‘date’ of about
30,000. He tries to explain this away by suggest-
ing that the building blocks were collected from
the ground level. There are hundreds of schist
quarries in the area from which thousands of
tons of such building blocks have been quar-
ried over the past couple of millennia, precisely
because the stone has such excellent construc-
tion properties. Rock from near the surface is
inevitably weathered and fractured, and quite
unsuitable for masonry work. Thus the more
plausible explanation for the high concentra-

tion of %Cl in the Castelo Melhor sample is that
it was quarried from a location where a stable
geomorphological regime facilitated the accu-
mulation of high contents of cosmogenic
nuclides at some depth (from the plateau, i.e.
the planation surface, from a depth of several
metres).

There are two simple ways of testing this propo-
sition. Firstly, blocks from historical masonry could
be analysed, both at the surface exposed to the
atmosphere and at a surface concealed in the
masonry. If we made the reasonable assumption
that the %Cl concentration was uniform in the
block at the time of quarrying, the difference in
present concentrations might provide a valid
measure of age for the structure. A second way
of testing the proposition would be to take sam-
ples from recent exposures of known ages, such
as the 100-year-old railway quarry sampled by
Watchman in 1995, at depths some metres be-
low the land surface. It is surprising that Phillips
did not attempt this, as it would have provided
relevant data on the depth dependence of chlo-
rine-36 concentrations.

In examining the analytical data of Phillips’
table 1 (1997: 101) several distinctive trends be-
come immediately apparent. By far the most vari-
able component is Cl, which fluctuates wildly
(1-78-16-1 ppm), whereas the major component,
silica, varies only from 59:7% to 68-5%. The sites
producing low Cl readings are, predictably, 16
m below the river (i.e. in the aquifer) or loca-
tions most susceptible to leaching (i.e. hilltop,
or outermost joint face). The site with the strong-
est presence of Cl, Canada do Inferno, provides
the strongest evidence of vadose water activity,
located at the foot of a steep cliff.

The Cba schists are, as observed in the Paper,
highly pervious, so the most soluble salts (i.e.
those containing Cl) travel freely through the
myriad fine fissures. Where the egress of vadose
water is most evident (from the often substantial
precipitates, see Bednarik 1995a), the presence
of chlorides is also most conspicuous. This pat-
tern suggests that much of the Cl, probably most
of it, has been derived from the interior of the
rock, e.g. from bedding planes accessible to the
highly active hydrological regime, which is con-
sistent with Dorn's (1997) evidence for ‘inher-
ited weathering’ on Cda exposures. Therefore, the
ratio of Cl isotopes cannot be of any consequence
to the age of the subsurface rock, because we have
no way of knowing, from Phillips’ data, which
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part of them was present at a particular expo-
sure when it first became exposed, and which
part is from deeper in the rock (migratory), and
thus *Cl-poor. The net effect of this migration of
Cl is that surface samples should provide exces-
sively high ‘ages’, as is indeed the case.

This factor alone seems to refute the ‘dates’
provided in the Paper quite effectively, but there
are several other fundamental problems with
this report. For instance, the issue of erosion
rates is fatal to the theory of its authors. In or-
der to construct a plausible model they need
to allow for a realistic surface retreat, but at
the same time they are forced to exclude the
possibility of such a retreat categorically: any
rate of retreat is in conflict with the proposal
of an Upper Palaeolithic age of the almost
unweathered petroglyphs. In seeking to preserve
the notion of a Pleistocene age, the Paper pro-
poses both a zero erosion and a 2 mm/1000
years erosion scenario. Yet at the same time
the authors suggest retreat rates of 10 and 15
mm/1000 years, explaining this by a model of
‘episodic’ erosion (slabbing every 100,000 years).
This slabbing rate is determined from the
claimed age of the panel exposure, and the Paper
uses panel ‘ages’ based on zero erosion to cal-
culate erosion rates. This would mean that we
have rock surfaces in the Coa valley which re-
treat and do not retreat at the same time! While
the authors are forced to assume that there is no
retreat at all, in order to preserve the Palaeolithic
age claim, they not only admit that erosion pit-
ting of ¢. 5 mm occurs on one panel they ana-
lysed, but they also note the less developed state
of erosion on an adjacent but younger panel. (On
the subject of erosion pitting at Coa, see the much
more comprehensive description of the processes
at work in Bednarik 1995a.)

A counter-argument would be that the panel
joint faces, on which the majority of the petro-
glyphs occur, are ‘end of grain’ surfaces protected
by a thin veneer of case hardening (under 1 mm
thickness). This might explain why such panels
experience little weathering. It is, however, an
invalid argument, because while the panel joint
faces would be protected by such a veneer, all
petroglyphs cut or hammered into them would
extend into the softer, highly weathering-suscep-
tible schist beneath the veneer. Therefore, the
petroglyph surfaces would be expected to weather
as rapidly as those of engraved dates and metal
tool marks.
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Nevertheless, I should not fail to mention
that I agree with many of the ideas expressed
in the Paper, whereas Dorn (1997), who relies
entirely on the hypothetical dates being valid,
is in significant disagreement with them. For
instance, the Paper’s proposition that the Coa
data offer the ‘opportunity to compare **Cl with
¢ results conflicts fundamentally with Dorn's
view that the accretionary deposits are open
systems, and their carbon content cannot be
used to deduce valid dating information. If Dorn
(1996: 10) is right on this issue, as he may well
be (see Bednarik 1979: figure 3 for relevant re-
search results), then it is entirely pointless to
compare his (or Watchman’s) Coa radiocarbon
results with those of an untested, untried and
highly experimental method such as CR ‘dating’.

To appreciate the magnitude of the problems
the CR method faces (never having been suc-
cessfully used in archaeology; cf. attempts at
Stonehenge), especially when it is seen in the
context of erosional retreat, it is pertinent to
consider the following points. Assuming that
the production of the nuclides does occur as
the theory predicts, it would be subject to nu-
merous variables — as Phillips and colleagues
well appreciate. The changing topography
through time of a canyon of soft and unstable
rock has a major impact on a site’s exposure to
radiation, but for the past it is an unknown
variable. The shielding factor we assume for
each sample may be valid for the present, but
probably not for the past, since cosmogenic
radiation itself is not uniform and would have
varied according to extraterrestrial and atmos-
pheric factors. Erosion rates (which have such
a great influence over relative nuclide concen-
trations) also differ with local topography and
lithology, and differed even more in the past.
Variables of past topography, climate and hy-
drology cannot effectively be accounted for.
What we do know with some degree of certainty
are the general retreat rates of natural stone, as
determined for engineering purposes (e.g. from
the extensive work conducted at the Institut
fiir Allgemeine und Angewandte Geologie at
the University of Munich, under the direction
of W.-D. Grimm, from 1986 to 1988). Accord-
ing to such engineering data, which are derived
entirely from structures of known ages, schists
(second only to carbonates) are among the most
rapidly retreating rock types, receding typically
at 1-10 mm/1000 years. While this corresponds
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with some of the alternative rates suggested in
the Paper, of 10 or 15 mm/1000 years, it must
be emphasized that the engineering data do not
relate to slabbing events over geological peri-
ods, but to granular or solution erosion at a
micro-scale over the past two millennia. As will
be obvious to even the most stubborn advocate
of an Upper Palaeolithic age for certain of the
Coa petroglyphs, these basic engineering data
render such an age simply impossible: the
petroglyphs would have experienced a rock
surface retreat of between 20 and 200 mm in
20,000 years, the antiquity demanded by ‘sty-
listic daters’. I think we can all agree that the
‘Upper Palaeolithic-style’ (hereafter UP-style)
petroglyphs on the Coa are eroded only at a
microscopic scale, in the order of microns, and
that even the much older, non-UP-style petro-
glyphs on the same panels have erosion pit-
ting of only <1 mm (Bednarik 1995a: figure 10a).

Perhaps we should consider the possibility
that the engineers and architects got it all wrong,
or that the Coa schists are somehow exceptional.
But this possibility is countered by the many
inscribed dates in the Coa valley, alongside the
numerous Christian symbols and written in-
scriptions. The engraved dates provide good
reference points concerning degree of patination
and weathering. Whereas the date of 1944’,
occurring with a neat petroglyph of a train on
a bridge, is almost unpatinated and offers lit-
tle weathering evidence to the unaided eye, the
two engraved dates of the 18th century on panel
7 at Canada do Inferno, occurring among pan-
els of ‘UP-style’ petroglyphs, are so badly weath-
ered and deeply patinated that their last two
digits are almost undecipherable. They are thus
much more weathered than the ‘Palaeolithic’
images just a few metres away. It is therefore a
grave misconception to assume an absence of
weathering on the Cda schists, even for peri-
ods of a few centuries. Conversely, lichenometric
indices from some of the supposedly UP-style
Céa petroglyphs suggest ages of 200-300 years.

When discussing the Coa petroglyphs, most
authors —myself included — have glossed over
the fact that the vast majority of the valley's
rock-art motifs are either historical or Chris-
tian symbols, inscriptions, or were made with
metal tools, or are of a style not remotely re-
sembling any known Palaeolithic art. The num-
ber of ‘stylistically Palaeolithic’ figures is quite
minor (Zilhdo et al. 1997), and they are usu-

ally among the least weathered or patinated
motifs. They are the only ones sampled by both
Dorn (1997) and Watchman (1995; 1996), whose
brief it was to try and determine the ages of
UP-style images, not those of other styles.
Finally, the extensive archaeological work
conducted in the valley refutes the ‘dates’ pre-
sented in the Paper. Zilhdo et al.’s (1997) only
radiocarbon result from the 62 sites they have
investigated is 1000+60 BP (Sac-1322), confirm-
ing as they note Watchman'’s TL dates from the
same terrace. The earliest occupation found in
the valley consists of a distinctively microlithic
industry, found together with pottery remains.
Only one site, Cardina I, yielded a ceramics-
free microlith assemblage, which may well date
from the Mesolithic. This agrees precisely with
the initial age estimates for the oldest rock-art
component (Bednarik 1995). Zilhao's team ac-
cepts my proposition (Bednarik 1995a: 87) that
the lower Coa valley, cut 300 m deep into the
Plio-Pleistocene planation surface, is very re-
cent, and an entirely Quaternary feature (Zilhdo
et al. 1997: 11). They suggest an age of 90,000
years BP for a terrace remnant now 40 m above
the river, although without testable evidence.
However, geologically such an age is realistic,
as it corresponds roughly to the relative valley
depth. So the river has cut down another 40 m
since this terrace was formed, and yet accord-
ing to table 1 in the Paper, a cliff now exposed
at the same site, just above the river, became
exposed 355,000 years ago! This is simply a
physical impossibility, because none of the
present cliff exposures near the bottom of the
valley could have existed when the river was
40 m above its present elevation. It shows dra-
matically that the ‘dating’ results presented in
the Paper are meaningless random numbers.
Cosmogenic radiation products cannot pro-
vide any dating for rock-art, nor has anyone
claimed this. Even if we could share the belief
of Phillips to have produced numerical expo-
sure ages, these would only represent maxi-
mal restraints on petroglyph ages. In this context
I am surprised that these authors failed to cite
the first-announced exposure age estimation of
a Coa rock surface, of ‘perhaps 30,000 years’
(Bednarik 1995b: figure 1), especially as it agrees
with their belief that the Coa exposures were
available for engraving during the Late Pleisto-
cene. This rough age estimate was secured from
a large quartz vein at Penascosa, but I remain
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sceptical about its validity, for precisely the
reason Dorn (1997) cites on the question of ‘in-
herited weathering’. It seems possible that
substrate weathering occurred before exposure
to the atmosphere, provided that this quartz
surface had been in a fissure long accessible to
water flow. If my exposure age of ¢. 30,000 were
valid it would indicate the availability of some
rock exposures during Upper Palaeolithic times,
at geomorphologically stable sites such as
Penascosa (where exposures are clearly older
than at Canada do Inferno). So the Paper would
merely support my earlier finding, apparently
without the authors realizing this.

However, | have to disagree emphatically with
them when they say (Phillips et al. 1997: 102)
that after spalling, ‘the accumulation of cosmo-
genic nuclides will be initiated at the fresh face
at the time of the spall event’ (my italics).
Nuclides such as **Cl have accumulated in the
rock in question long before it became exposed
at the surface, as the authors themselves am-
ply demonstrate, and no method has been of-
fered to quantify either the pre-spalling or the
post-spalling component of any nuclides present
(consider Phillips’ data from 16 m below the
Coa river). Therefore this method, as it is cur-
rently used, is fundamentally incapable of de-
termining rock exposure duration. This does
not necessarily mean that it will join that other
CR method (cation ratio) of dating geomorphic
exposures and become a redundant oddity.

References

BEDNARIK, R.G. 1979. The potential of rock patination analysis in
Australian archaeology — part 1, The Artefact 4: 14-38.

1995a. The age of the Coa valley petroglyphs in Portugal,
Rock Art Research 12: 86-103.

1995b. Coa valley rock art analytical research program. Re-
port to Portuguese government, 28 June 1995.

Davis, R., JR & O.A. SCHAEFFER. 1955. Chlorine-36 in nature,
Annals of the New York Academy of Science 62: 105-22.

DORN, R.I. 1996. A change of perception, La Pintura 23(2): 10—
11.

1997. Constraining the age of the Coa valley (Portugal) en-
gravings with radiocarbon dating, Antiquity 71: 105-15.

Kurz, M.D. 1986. In-situ production of terrestrial cosmogenic
helium and some applications to geochronology. Geo-
chimica et Cosmochimica Acta 50: 2855-62.

LAL, D. 1991. Cosmic ray labelling of erosion surfaces: in situ
production rates and erosion models, Earth and Plan-
etary Science Letters 104: 424-39.

PHiLLIPS, F.M., M. FLINSCH, D. ELMORE & P. SHARMA. 1997.
Maximum ages of the Coa valley (Portugal) engravings
measured with Chlorine-36, Antiquity 71: 100-104.

PHILLIPS, F.M., B.D. LEAVY, N.D. JANNIK, D. ELMORE & P.W. KUBIK.
1986. The accumulation of cosmogenic chlorine-36 in
rocks: a method for surface exposure dating, Science 231:
41-3.

815

There may be valid applications for cosmogenic
radiation products analysis (preferably of *He,
10Be, *'Ne, **Al, #'Ca), especially where the ex-
posure of deep rock occurred instantaneously,
on a geological time scale (e.g. through major
meteor impact, large-scale geomorphic or geo-
physical adjustment, or human action such as
mining or deep quarrying). Such events are likely
to expose material of negligible ‘background
signal’. Another potential application of this
method refers to rock of uniform background
signal that has been unevenly exposed to ra-
diation since an archaeological event. For in-
stance, one might analyse two blocks in a
pyramid, one at its surface and one in its inte-
rior, provided they can be matched up by their
sedimentary strata or other petrological char-
acteristics. In this way, one could presumably
estimate the time-span since the blocks were
quarried, or even the depth they were quarried
from. This method may still have useful appli-
cations in archaeology, although certainly not
in rock-art dating. But even for less intricate
applications, much work still needs to be done
in calibrating results in blind tests, and in se-
curing a better understanding of numerous
variables. The **Cl method, in particular, can-
not be used where vadose water travels through
a higher-lying rock mass. While this may not
present a problem on rock pavements or in man-
made structures, it renders the results from the
Coa rock exposures entirely meaningless.

PHILLIPS, FM., M.G. ZREDA, 5.5. SMITH, D. ELMORE, P.W. KUBIK,
R.I. DORN & D. Roppy, 1991. Age and geomorphic his-
tory of Meteor Crater, Arizona, from cosmogenic *“Cl and
rock varnish “C, Geochimica et Cosmochimica Acta 55:
2695-8.

PHILLIPS, F.M., M.G. ZREDA, 8.S. SMITH, D. ELMORE, P.W. KUBIK
& P. SHARMA. 1990. A cosmogenic chlorine-36 chronol-
ogy for glacial deposits at Bloody Canyon, eastern Sierra
Nevada, California, Science 248: 1529-32.

WATCHMAN, A. 1995. Recent petroglyphs, Foz Coa, Portugal,
Rock Art Research 12: 104-8.

1996. A review of the theory and assumptions in the AMS
dating of the Foz Cba petroglyphs, Portugal. Rock Art
Research 13: 21-30.

ZILHAO, |., T. AUBRY, A.F. CARVALHO, A.M. BAPTISTA, M.V. GOMES
& J. MEIRELES. 1997, The rock art of the Coa valley (Por-
tugal) and its archaeological context: first results of cur-
rent research, Journal of European Archaeology 5(1): 7-49.

ZREDA, M.G., FM. PHILLIPS, D. ELMORE, P.W, KUBIK, P. SHARMA
& R.I. DORN. 1991. Cosmogenic *Cl production rates in
terrestrial rocks, Earth and Planetary Science Letters 105:
94-109.

ZREDA, M.G., EM. PHILLIPS & S5.5. SMITH. 1990. Cosmogenic
Gl dating of geomorphic surfaces. Hydrology Program
Report 90-91, New Mexico Tech,



