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A B S T R A C T

The claims that children's hand and footprints on formerly soft travertine at Qiusang, Tibet, are about 200 ka old
and are the earliest rock art on the planet are reviewed. The uranium-thorium results are inconsistent with a pre-
vious age estimate of another set of such prints nearby, which is itself at odds with finger-drawn Tibetan letters at
that site. The claims also ignore the high susceptibility of open-site calcite travertine to surface retreat by weath-
ering and the likely removal of uranium by rainwater. Similarly, deposition of detrital thorium can occur in such
porous and weathered carbonates. Both processes are known to increase age estimates of reprecipitated carbon-
ate deposits significantly. There is no evidence that hominins of the Middle Pleistocene occupied the central Ti-
betan Plateau during the penultimate glacial period. Several issues are considered, and recommendations are
made for resolving the controversy.

1. Introduction

Recent years have seen a proliferation of rock art age claims based
on 230Th/234U data derived from reprecipitated carbonates such as
speleothem skins and travertines. Such results do not attempt to define
rock art ages, but they are, in most instances, secured to provide mini-
mum or maximum estimates, depending on whether samples were col-
lected stratigraphically above or below the rock art evidence 4 most
often paint residues sandwiched by such deposits. In several cases,
U3Th results were cited in presenting sensationally great ages for the
rock art concerned, contradicting previous appraisals or archaeological
expectations. In this, it was disregarded that ever since this method was
first applied to rock art traces in this way (Bednarik 1984, 1997, 1999),
it had been observed that U3Th age estimates were often significantly
higher than 14C dates from the same samples (Holmgren et al., 1994;
Labonne et al., 2002; Plagnes et al., 2003; Taçon et al., 2012; Quiles et
al., 2014; Valladas et al., 2017; Tang et al., 2020; Pons-Branchu et al.,
2020). This was particularly evident in Pleistocene deposits, and the ap-
parent age differences seemed to increase exponentially with antiquity.
Whereas Holocene samples sometimes yield relatively similar results by
the two methods (but see Garnett et al., 2004, who demonstrated signif-

icant contamination in Holocene tufas), those of about 30 ka secured by
14C can produce results 20 ka higher by U3Th analysis (Holmgren et al.,
1994), but the difference can be much greater still (Tang et al., 2020;
Tang and Bednarik 2021).

For more than a decade, many dozens of authors have questioned
Pleistocene 230Th/234U dates from thin carbonate speleothem skins or
travertine (e.g. Bednarik 2012; Clottes 2012; Pons-Branchu et al., 2014;
Sauvet et al., 2015; Aubert et al., 2018; Slimak et al., 2018; Tang et al.,
2020; Tang and Bednarik 2021; White et al., 2019; Bednarik et al.,
2022; Bednarik 2022). Those who have applied the method and de-
tected various irregularities have cautioned against its uncritical use or
suggested testing its results with another method. For instance, Tang et
al. (2020) and Tang and Bednarik (2021) have tested the 230Th/234U
method by various means. This included splitting samples, processing
the splits at different laboratories, and taking two samples of the same
deposit just centimetres apart. In both cases, it was demonstrated that
the results varied so wildly that no common factor was evident. For ex-
ample, a calcite skin at a Yunnan site in China delivered different ages
from two laboratories, 20,077 ± 2742 years BP from one and c. 400
years BP from another. Two samples from the same calcite skin at the
Yilin site in Heilongjiang, China, differed by more than 110,000 years
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in their respective U3Th estimates (Tang et al., 2020). Such massive
variations are thought to be attributable to the deviations in U concen-
trations, which can vary more than 100% within a few millimetres in
coeval deposits (e.g. Hoffmann et al., 2009).

Particularly poignant are the results secured from Nerja Cave in
Spain, from below and above a soundly dated charcoal mark of ∼20318
ka (Sanchidrián et al., 2017). The older sample yielded a230Th/234U
date of 86.9 ka, whereas the sample younger than the charcoal layer
provided 118.9 ka (Pons-Branchu et al., 2014, 2020). Many such exam-
ples have been listed in Bednarik et al. (2022). Significantly, in nearly
all published cases of U3Th and 14C dates derived from the same Pleis-
tocene samples, the U3Th dates have been greater than the correspond-
ing radiocarbon results or archaeological expectations, often very con-
siderably so (Fig. 1).

The authors most ardently advocating rock art dating by subjecting
reprecipitated calcite to 230Th/234U analysis (e.g. Pike et al., 2017) have
presented excessively great, sensational dates in several instances. For
example, such age estimates from thin speleothem skins in Spanish cave
art sites have been presented as evidence that the rock paintings in
question were made by Neanderthal people given their great ages (e.g.
Hoffmann et al., 2018). Evidence that Homo sapiens neanderthalensis has
produced both rock art and mobiliary 8art-like productions9 has been
reported since the early 20th century, so this is hardly a new idea. For
instance, presumed Neanderthal petroglyphs have been described from
La Ferrassie (Peyrony 1934), Baume Latrone (Bednarik 1986),
Gorham's Cave (Rodríguez-Vidal et al., 2014) and La Roche-Cotard
(Marquet et al., 2023).

The most recent precipitous claims based on U3Th analyses are from
the surfaces of travertine deposits at the hot springs of Qiusang, central
Tibetan Plateau, China. It is contended that juvenile hand and foot-
prints made while the travertine was still soft are of the penultimate Ice
Age phase (the Riss, MIS 6 or 7) and, at an age of around 200 ka, consti-
tute the oldest rock art ever found in the world (Zhang et al., 2021).
Again, an extraordinary age proposition derived from the contentious
application of the method provides the basis of a bold claim. We wish to
emphasise two points: the present paper is not intended as a direct re-
sponse to any specific work but rather as a constructive proposal to un-
tangle the complex relevant issues and to offer a path to their resolu-
tion. Secondly, this paper is not a critique of uranium-thorium analysis
of reprecipitated carbonate per se but only considers its application to
such deposits that are subjected to frequent wetting episodes, specifi-
cally open-air travertine and thin speleothem skins. It also needs to be
noted that the problems posed by travertine samples are not necessarily
the same as those posed by the thin layers of CaCO

3
covering cave

walls.

2. The Qiusang case

The Qiusang hot spring travertine site features a ∼24 m succession
of hydrothermal carbonate interbedded with colluvium and alluvium
that extends about ∼0.6 km2. The long duration of this sequence, of
∼500 ka, has been demonstrated by U3Th dating, and it was empha-
sised that the hand and footprints occur at its very top (Wang et al.,
2016: Fig. 4). Subsequently, Meyer et al. (2017) provided a further se-
ries of age estimates for the uppermost 8 m of this deposit, of U3Th, 14C
and OSL results. These range from ∼7 to ∼16 ka and would place the
rock art in the Holocene.

Zhang and Li (2002) had previously described the dating by ther-
moluminescence (TL) analysis of the panel of 18 hand and footprints
just south of the Qiusang Hot Springs (QHS). They proposed that these
features were in the order of 20 ka old. In 2018, Zhang and colleagues
discovered another panel of hand and footprints about 1.2 km to the
west. Let us call this the Qiusang West site (QW). This time they used
the U3Th method to determine how long ago the precipitate bearing
these prints crystallised (Zhang et al., 2021). They have claimed this
occurred in the Middle Pleistocene, between 169 and 226 ka ago, even
though the panels at the two sites are identically and exceptionally well
preserved. Indeed, the panel at QW could not have been covered and
protected by a more recent, now eroded deposit because it is located at
the edge of a rock spur near its top. It has, in fact, already slipped down
precariously by about 1 m.

Tang et al. (2022) have reported the presence of two Tibetan writ-
ing characters on the hardened surface of QHS (Figs. 2 and 3). Suggest-
ing that they should be less than 1300 years old, they have presented
evidence that the symbols were made before the travertine had crys-
tallised. We concur with Zhang and colleagues that this hardening oc-
curs quickly, within a year or two. Therefore, we can reasonably as-
sume that the historical inscriptions and the hand and footprints are
about the same age. However, more detailed morphological analysis
and dating on the rock surface with the Tibetan inscriptions would be
desirable.

This means that the TL date of the travertine is somewhere in the or-
der of twenty times too high. To complicate matters further, Wang et al.
(2023) have more recently reported U3Th age estimates of the QHS
hand and footprints of the early or middle Holocene. Are these prints
now 20 ka, 5310 ka or under 1300 years old? The last version should be
correct because they can only be the same age as the inscriptions.

Secondly, how can we explain that if two sites of body prints (QHS
and QW) demonstrate identical behaviour (hand and footprints by juve-
niles) and are of virtually matching preservation states, one should be
in the order of 200 times older than the other? If the prints at QHS are

Fig. 1. U3Th age determinations of speleothems compared with archaeologically realistic or radiocarbon ages of these deposits. The 8dates9 listed have been ex-
tracted from Bednarik (1984), Bard et al. (1990), Holmgren et al. (1994), Plagnes et al. (2003), Quiles et al. (2014), Sanchidrián et al. (2017), Valladas et al. (2017),
Tang et al. (2020) and Pons-Branchu et al. (2020). Image by RGB.
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Fig. 2. Qiusang Hot Springs finger marking, made by an adult when the travertine was still soft, represents the Tibetan script 8a9. Image by TH.

Fig. 3. Qiusang Hot Springs finger marking, probably representing part of a six-
character Tibetan mantra. Image by TH.

the same age as the writing characters, as we need to assume, they can
only be < 1300 years old, i.e. postdate the introduction of Tibetan
script. Moreover, even well-crystallised limestone exposed to rain re-
treats up to 20 mm per millennium (Bednarik 2007: 61). Contrary to
Zhang et al. (2021), the travertine of the uppermost 8 m of the Qiusang
sequence is described as quite porous in Wang et al.9s (2016) much
more comprehensive analysis. Its porosity is ∼20340%, and even the
porosity of the lower half of the sequence, with its denser laminated
travertine, ranges up to 5 vol%. Pores are widespread in the upper lay-
ered travertine lithofacies and are mostly 1310 mm in size. Precipita-
tion, freezing and regelation induce rapid weathering in such a severe
environment. How can we explain that the markings at QHS survived in
excellent condition for 20 millennia 4 or those of QW for 200 millen-
nia?

The evidence for the presence of children at Qiusang is effectively
placed into a glacial period by Zhang et al. (2021), estimated to have
been almost as frigid as the LGM. At that time, the Tibetan uplift was al-
most complete (An et al., 2001), so the site's elevation of ∼4270 m asl
would not have differed much. The area would have been subjected to
either glacial or periglacial hypoxic conditions and would have been
most marginal or inaccessible to Lower Palaeolithic hominins. Bearing
in mind that the earliest proposed human presence on the central Ti-
betan Plateau, attributed to the Nwya Devu site, is of the Final Pleis-
tocene (Zhang J.-F. and Dennell, 2018; Zhang X. L. et al., 2018), Zhang
et al.9s (2021) claim that Middle Pleistocene children lived at the Qiu-
sang site during a glacial is extraordinary. It requires extraordinary
proof, but its only support derives from a controversial application of a
dating method.

In response to an attempt to engage the original Qiusang team in a
discussion of the issues faced by the application of U3Th analysis to cer-
tain reprecipitated carbonates (Bednarik et al., 2022), Zhang et al.
(2023) reminded us that their dates from QW concur with the stratigra-
phy of the four layers they reported. This is based on Figure S11 of their
2021 paper (Supplementary). However, the apparent regularity in that
table is illusory. To be meaningful, the results must be arranged accord-
ing to their relative stratigraphical depth, as in Wang et al. (2016) and

3
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Meyer et al. (2017), not simply presented in the numerical order of
their ages. Moreover, all samples were taken from between 1 and 3 mm
depth from the present surface < to minimise the effects of weathering= .
Travertine that is millennia old has weathered very much deeper than
1 mm, and it stands to reason that if one sampled the surfaces of four
strata of rock subjected to a similar precipitation regime, their sub-
surface 230Th/234U ratios would all be systematically distorted by ura-
nium removal.

The critical issue on which the authors' dating attempts depend en-
tirely is whether the U and Th ratios have been preserved in a closed
system. Since all samples were collected less than 3 mm from the
travertine's present surface, i.e. well within the zone affected by the
penetration of precipitation moisture, that cannot be the case. As Zhang
et al. note themselves, < if the surface uranium element is lost, the age
results should be older on top and younger at the bottom= . That is true,
but the surface layer affected by uranium loss is not under 1 mm thick;
its loss of the parent isotope would extend as deeply as prolonged expo-
sure to precipitation and diagenetic processes can mobilise it. Indeed,
Zhang and colleagues should have tested their hypotheses by securing
core samples inside the massive travertine deposits. We predict that if
that were done (of course, away from the hand and footprints), they
would have found that the deep interior of a given stratum delivered
8younger9 8ages9 than the surface-nearest sample. That would have
served as a proper test to check that there was no loss of 234U or deposi-
tion of detrital 230Th, but unfortunately, it was not attempted.

Zhang et al. (2023) state that the sediment samples < were deter-
mined to be dense calcite crystals without recrystallisation phenom-
ena= . Calcite crystals always become crystals through a crystallisation
process. The travertine of the site derives from a saturated solution of
calcite that has been dissolved by carbonic acid, a weak acid tem-
porarily formed by water and carbon dioxide, according to the re-
versible reaction

CaCO3(s) + CO2(g) + H2O(l) ↔ Ca(HCO3)2(aq) (1)

This is important because the carbon dioxide derives from the at-
mosphere, so about one-half of the calcium bicarbonate's carbon com-
prises a given component of 14C, which remains upon re-precipitation
(crystallisation) back to CaCO

3
. That is why reprecipitated carbonate is

usually amenable to radiocarbon analysis (Bednarik 1999). A valid
counterargument would be that the CO

2
that helped dissolve and mo-

bilise the limestone was of volcanic origin, but its isotopic origin is still
to be determined here. What is certain is that the precipitation of the
carbonate solute occurred because of the changed conditions as it
emerged at the surface. Both temperature and pressure had to adjust to
atmospheric conditions, and the carbonate recrystallised.

3. The generic issues

In the several Spanish cases of excessively great ages for parietal
rock art, the researchers sought to demonstrate that Neanderthals made
the cave paintings. These authors were apparently unaware that in sev-
eral instances, for over a century, it has been credibly shown that these
and even earlier extinct humans had produced art-like creations. How-
ever, Zhang et al. (2021) went further than their European peers. They
proposed a Middle Pleistocene antiquity for rock art in a region where
human presence at that time was not even demonstrated 4 and is not
likely to be proven. Their extraordinary claim is made simply on the
strength of dates derived from a method that is contentious when ap-
plied to travertine fully exposed to precipitation. Moreover, they
claimed that the Qiusang markings are the oldest known art-like pro-
ductions in the world. To support that postulate, they mentioned four
instances said to be between 73 and 40 ka old (mistakenly defining the
Blombos Cave mobiliary 8art9 as rock art). If these are all the examples
of art-like productions older than 40 ka they know, it would indicate
carelessness. Mentioning four randomly selected sites and implying that

these are the oldest known instances is inadequate for such a bold
claim.

The number of such specimens claimed and thought to be over 40 ka
old is in the many hundreds. We do not attempt to count them or claim
that we have a complete list of them, but many have been summarised
(Bednarik 2017). Concerning art-like manifestations earlier than 40 ka
we just mention in passing a few find sites and the suggested ages of
their evidence: Trinil (500 ka), Xinglongdong (1503120 ka), Audito-
rium and Daraki Chattan Caves (both Mode 1 tool industries), Gesher
Benot Ya'aqov (Acheulean), Berekhat Ram (4703233 ka), Qafzeh Cave
(100 ka), La Ferrassie, Tata, Axlor, Abri Suard, Petit Puymoyen, Mont-
gaudier, Peyrere 1 Cave, La Quina, Abri Blanchard, Tagliente Shelter,
Cueva Morín, Schulen, Bacho Kiro, Temnata Cave, El Castillo, Grotte
Vaufrey, Gorham's Cave, Zarzamora Cave, Arcy-sur-Cure (all Mouster-
ian or Middle Palaeolithic), Oldisleben and Prolom 2 Cave (both Mico-
quian/Keilmesser tradition), Whylen (230 ka), Bruniquel (176 ka), Bid-
denham (Acheulean), Kozarnika Cave (1.431.2 Ma), Bilzingsleben
(∼4003300 ka), Stránská skála (ditto), Kathu Pan 1 (1.3 Ma3800 ka,
also 540 ka), Kabwe (<800 ka), Nooitgedacht (∼500 ka), Canteen Kop-
pie (∼500 ka), Wonderwerk Cave (>3503280 ka, also 5003280 ka and
∼1.1 Ma), Site GnJb-15 (5093284 ka), Tan-Tan (∼5003300 ka), Twin
Rivers Kopje (>400 ka, also 2703170 ka), Zombepata Cave (∼200 ka),
Pomongwe Cave (>200 ka), Bambata Cave (>200 ka), Sai Island
(∼200 ka), Mashwening (800 ka), El Greifa (200 ka), Potholes Hoek
(∼410 ka, also ∼120 ka), Nchwaneng (ditto), Klipbak (∼120 ka), Rhino
Cave (85365 ka), Corner Cave (>50 ka), and so forth. If we also include
the category of manuports (as we should), the earliest example dates
from almost 3 million years ago. In short, the purported age of 2263169
ka does not remotely qualify the Qiusang markings as the earliest
known rock art. We emphasise that we are not necessarily advocating
the validity of all the proposals listed here; we merely point out that
they would need to be considered in the context of a claim of 8earliest
art9.

Zhang et al. (2021) presented detailed reasons why the hand and
footprints of Qiusang should be accepted as a form of rock art. Perhaps
they anticipated their status as 8art9 would be challenged, noting that
< there is currently no widely recognised definition of art= . We concur:
< the status of an artefact as work of art results from the ideas a culture
applies to it, rather than its inherent physical or perceptible qualities.
Cultural interpretation (an art theory of some kind) is therefore consti-
tutive of an object's arthood= (Danto 1988). Certainly, the prints of Qiu-
sang are exograms, so they are a form of art-like production. However,
they are not 8parietal art9, as the Zhang team continues to insist. 8Pari-
etal9 refers to a cavity wall, as in anatomy and botany. Therefore, pari-
etal art defines the type of rock art on the walls or ceilings of limestone
caves or cavernous rock-shelters (Glossary, International Federation of
Rock Art Organizations, http://www.ifrao.com/ifrao-glossary/). It is rel-
atively rare globally, accounting for under 1% of all rock art. For in-
stance, in Australia, with literally hundreds of thousands of rock art
sites, we currently know of only 51 parietal art sites in limestone caves.

It also needs to be investigated whether travertine deposition would
have occurred during the glacial phase proposed by Zhang et al.9s
(2021) dating attempt, which would likely have seen reduced degassing
and decreased level of supersaturation of the solution. Low tempera-
tures and snow deposition would have also inhibited the extensive den-
drite growth observed by Wang et al. (2016: 228) in the Qiusang
travertines, even if there had been no ice cap.

4. Discussion

The Qiusang controversy is not unique. The discourse concerning
the Australian cupule site Jinmium in the Northern Territory is a promi-
nent precedent. An excavation below a shallow and small rock-shelter
had yielded an exfoliated fragment of the rock art and other artefacts,
and thermoluminescence (TL) analysis was applied to the sediments to

4
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estimate their ages. The lowest TL date implied that humans had first
occupied Australia 176 ka ago, at least three times as long as previously
assumed. The stratified cupule fragment was said to be deposited some-
time between 75 and 58 ka bp (Fullagar et al., 1996). Subsequent test-
ing by optically stimulated luminescence (OSL) and radiocarbon analy-
ses proved that the entire sediment deposit is of the Holocene, and the
exfoliated petroglyphs had fallen from the wall only about 4000 years
ago (Roberts et al., 1998). The greatly excessive ages secured by TL de-
rived from the decomposing (regolithic) sandstone grains that had not
been exposed to light before they were covered by sediment. In contrast
to TL, in OSL, single grains are evaluated (Bednarik 2016: 61362,
993100).

Another example involves the same age-estimating method applied
in the Qiusang case, U3Th analysis. Some painted rock art in several
Spanish caves has been minimum-dated to sensationally early times
(e.g. Pike et al., 2012, 2017), contradicting archaeological narratives
(e.g. Bednarik 2012; Clottes 2012; Pons-Branchu et al., 2014; Sauvet et
al., 2015; Tang et al., 2020; Tang and Bednarik 2021; White et al.,
2019; Bednarik et al., 2022). The Qiusang controversy resembles both
the Jinmium claims and those from the Spanish caves. It was foreshad-
owed by Wang et al. (2016: 232) when they noted that several aspects
of the Qiusang travertine render U3Th dating problematic: the wide-
spread recrystallisation of primary fabrics likely resulted in open-
system behaviour and thus gain or loss of radionuclides; recrystallisa-
tion might have caused mixing and intermingling of different crystal
fabrics of different isotopic composition; and many calcite samples
likely contain detrital Th.

In summary, the hand and footprints at the QHS site were made at
the same time as Tibetan inscriptions, no earlier than 1300 years ago,
because both were made in the still-soft precipitate. That renders the
age estimates of Zhang and Li (2002) and Wang et al. (2023) redundant.
Could the similar hand and footprints at the nearby QW site be in the
order of 200 times older? Their excellent state of preservation contra-
dicts that sensational proposition emphatically. Other major concerns
are the complete lack of archaeological support for a Middle Pleis-
tocene age of the imprints and the improbable presence of children at
an altitude of over 4200 m asl during the penultimate Ice Age.

To test the results presented, radiocarbon and uranium-series analy-
ses would need to be conducted at both sites using core samples rather
than sub-surface samples. It also needs to be determined how deeply
precipitation moisture penetrates the travertine, creating open C, U and
Th systems. Weathering causes mobilisation of U and possibly deposi-
tion of detrital Th, which substantially increase apparent U3Th age. We
predict that the weathering zone is significantly more than 1 mm, ren-
dering Zhang et al.9s (2021) U3Th results from Qiusang irrelevant. We
also need to mention that one of the two laboratories providing the con-
flicting results Tang et al. (2020) and Tang and Bednarik (2021) re-
ported was the same Zhang et al. (2021) used in their work. We suggest
that what they define as a < mature method= is still experimental in this
context, as are all methods currently used for rock art age estimation
(Bednarik 2002), including those we use. The issue is not the method
but its application to deeply weathered travertine, i.e., an unsuitable
medium.
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