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At Quesang on the Tibetan Plateau we report a series of hand and foot impressions that appear to have
been intentionally placed on the surface of a unit of soft travertine. The travertine was deposited by water
from a hot spring which is now inactive and as the travertine lithified it preserved the traces. On the basis
of the sizes of the hand and foot traces, we suggest that two track-makers were involved and were likely
children. We interpret this event as a deliberate artistic act that created a work of parietal art. The tra-
vertine unit on which the traces were imprinted dates to between �169 and 226 ka BP. This would make
the site the earliest currently known example of parietal art in the world and would also provide the ear-
liest evidence discovered to date for hominins on the High Tibetan Plateau (above 4000 m a.s.l.). This
remarkable discovery adds to the body of research that identifies children as some of the earliest artists
within the genus Homo.
� 2021 Science China Press. Published by Elsevier B.V. and Science China Press. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Behavioural expression in the form of art is a feature of our
genus Homo, and hands are one of the earliest motifs identified
within parietal art (paintings, drawings and engravings on immo-
bile rock surfaces) [1]. The use of hands as stencils in cave paint-
ings dates from around 40,000 years ago in Sulawesi (Indonesia)
[2] and at El Castillo (Spain) [3]. Here we present a series of previ-
ously unreported hand and foot impressions from a fossil hot
spring at Quesang on the Tibetan Plateau (4269 m a.s.l.;
30�0002500N, 90�4600700E; Figs. 1 and 2). We argue that these traces
were imprinted into soft travertine (pre-lithification) and were not
carved after the travertine had lithified. On the basis of Uranium
series dating the travertine unit in which the tracks are impressed
dates from between �169 and 226 ka BP. Based on the size of the
tracks the track-makers were likely two children and the traces
were not imprinted during normal locomotion or by the use of
hands to stabilize motion as reported at the Rocomonfina track site
in Italy [4]. Consequently, we argue that the deliberate track-
making was likely an early act of parietal art. What constitutes
art, however, is a subject of considerable debate [5,6] and even if
one does not accept this as art, the site provides the earliest evi-
dence yet for hominin presence on the High Tibetan Plateau.

The active Quesang Hot Spring is located close to the Quesang
Village, approximately 80 km northwest of Lhasa in Tibet on a
tributary of the Xiong Qu River (Fig. 1a). In 1988, the first author
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Fig. 1. Ichnological traces at Quesang in Tibet. (a) Regional context for the site showing other key hominin localities. (b) Locational context for the parietal art. The site
consists of a rocky promontory and the art-panel was exposed on the surface of one of these blocks by the natural removal of an overlying block. (c) Parietal art-panel. The
base image in (a) is from the GEOTOPO30 30-Arc DEM supplied by USGS Earth Explore (www.earthexplorer.usgs.gov) and processed in ArcMap 10.1.3 (www.desktop.
arcgis.com).
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found handprints and footprints in the vicinity of the hot spring
bathhouse [7,8]. Recent investigations between 2018 and 2020
led to the discovery of the potential parietal art. On the Tibetan Pla-
2507
teau, hydrothermal springs and travertine deposits are common
and preferentially occur along north–south trending active graben
systems [9]. At Quesang the travertine associated with both fossil
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Fig. 2. Colour rendered 3D model of the parietal art-panel. The individual track
codes are indicated along with the approximate location and date of two samples
extracted from the slab. The 3D was created in Agisoft Metashape v.1.5.2 (https://
www.agisoft.com), processed in DigTrace (www.digatrace.co.uk; auto-rotated and
cropped) and colour rendered in CloudCompare (https://www.danielgm.net/cc).
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and active hot springs forms a fan-like veneer across the slope with
the fossil springs forming localized, ring-shaped mounds that rise
from the general fan surface [10]. The tracks reported here were
found towards the base of the regional slope on a small rocky
promontory (Figs. 1b and S1 online).
2. Methods

2.1. Dating

Field sampling was undertaken by permission of the local gov-
ernment and involved taking bulk samples using a hammer and
chisel from which precise samples were subsequently drilled using
a diamond tipped drill in the laboratory. Uranium series dating has
been widely used in dating carbonate deposits [11] with a range of
archaeological, paleoclimatic and paleoenvironmental applications
[12,13]. Moreover, it has been successfully used elsewhere in Tibet
for dating thermogene travertine similar to those at Quesang [14].
The dense travertine layers at Quesang form with the thicknesses
2508
of between 200 and 2000 mm [10]. The calcite crystals are inlaid
closely with only a few pores and the dense laminated travertine
has no, or little, recrystallization and few impurities. There is no
evidence of bioturbation. The measured d234U and 230Th/238U activ-
ity ratios show that all dated travertine samples demonstrate
closed-system behaviour (Fig. S2; Tables S1 and S2 online), con-
firmed further by our binocular observations on the U-Th dating
samples (Figs. S3–S5 online). Impurity content is reflected in the
230Th/232Th ratio and a lower 230Th/232Th ratio indicates high levels
of detrital 232Th impurity in the sample [15,16]. Consequently,
samples/dates with a 230Th/232Th ratio <20 � 10�6 were rejected
from the age modelling (Tables S1 and S2 online). Details of the
laboratory protocols and standards used are outlined in the Sup-
plementary materials.

The dates were modelled using a kernel density estimate (KDE)
distribution for all sampled units, including those that contained
the tracks and from those located above and below the tracked
horizon. KDE modelling is a hybrid Bayesian/frequentist approach
that is used to estimate and graphically represent the underlying
distributions of discrete data points [17]. In this study, KDE mod-
elling was done using the KDE_Model function in OxCal 4.4.2,
which employs a Markov Chain Monte Carlo (MCMC) implementa-
tion to generate an equal number of random samples from each of
the events specified within the kernel probability distribution. The
calibration component of OxCal was disabled allowing older dates
to be modelled. We used the default values in OxCal for both the
kernel and bandwidth estimates to evaluate the age distribution.
In addition, the start and end boundary ages were determined
using the Boundary function in OxCal.
2.2. Ichnological methods

Best practice as set out in Falkingham et al. [18] and Bennett
and Budka [19] was followed. Three-dimensional models were
captured using both OpenMVG (https://github.com/openMVG/
openMVG) running as part of the freeware DigTrace (www.dig-
trace.co.uk) and Agisoft Metashape v.1.5.2 (https://www.ag-
isoft.com). These models were also scaled and auto-rotated in
DigTrace. Contour maps were exported from DigTrace into Adobe
Illustrator (CS6) and colour rendered models were produced in
CloudCompare (https://www.danielgm.net/cc). Landmarks were
placed in DigTrace on 3D models and in the case of the modern
hand data obtained from Hassanat et al. [20] (N = 193) on 2D
images. Landmarks were subject to Generalized Procrustes Analy-
sis (GPA) for removing aspects of size and the subsequent coordi-
nates used in Principal Component Analysis (PCA) were
optimized for geometric analysis within the software PAST v4.03
[21]. The methods by which track-maker ages were determined
are outlined in the Supplementary materials.
3. Results

3.1. Ichnology

Five handprints and five footprints were recovered from a new
locality at the site of Quesang on the Tibet Plateau (Figs. 1c and 2).
Without prejudice to any final interpretation these traces are here-
after collectively referred to as the ‘‘art-panel” for ease of reference.
The art-panel consists of four right footprints (+one superimposed
left), and five handprints (Figs. 2 and 3a–d). The footprints have a
mean size of 192.26 ± 5.35 mm (from heel to digit II; Table S3
online) and a minimum track-maker estimate gives a value of
one [22]. The footprints resemble the ichnotaxa Hominipes moder-
nus [23] (i.e., type example of modern human footprint morphol-
ogy) and have dimensional ratios and morphology consistent
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Fig. 3. Colour rendered 3D models of the parietal art-panels. (a) High resolution scan of the surface, note the plane has not been corrected to the orthogonal to minimise
processing due to the size of this model. The 3D was created in Agisoft Metashape v.1.5.2 (https://www.agisoft.com). (b) Oblique image of the art-panel. (c, d) Close-up images
of selected tracks. (e) Holocene tracks close to the current bathhouse at Quesang and interpreted here as an example of parietal art. Note the finger flute to the posterior of the
handprint – arrowed.
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with modern and fossil footprints from other sites (Fig. S6 online).
A geometric morphometric comparison of tracks with a set of mod-
ern (N = 356) and fossil footprints from Namibia (N = 78) and
White Sands National Park (USA; N = 33) show broad similarity
(Fig. S6 online). The art-panel footprints plot in a similar space to
2509
those from White Sands. A growth curve [24] suggests that the
track-maker was of equivalent size to a Homo sapiens child with
a mean age of 7.75 ± 0.12 a (Table S3 online). Two right footed
tracks (ZWF21 and ZWF22 in Fig. S2 online) are morphologically
similar with a slightly divergent hallux, prominent lesser toe pads,
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and well-defined heels. The longitudinal medial arch is poorly
developed, and the plantar surface is flat. These two tracks were
used to compute an average morphology by co-registering and
computing measures of central tendency (Fig. S7e online). The
two other footprints present have slightly different morphologies.
ZWF23 consists of a superimposed left and right feet (Fig. S8
online), while ZWF24 is more challenging to decipher with pro-
nounced similarity in the distal toe lengths, resulting in an unusu-
ally straight front-edge to the track (Fig. 2). The toe pads are much
smaller and more circular than those on adjacent tracks and may
suggest vertical imprinting consistent with bunched or curled toes
and rotations around the first and second toes. It is also possible
that the track may have been augmented by the action of a finger
in the soft mud.

The hand impressions are morphologically more varied
although consistent with modern hand reference data [20]
(Fig. S9 online). The length to width ratio of the hands falls within
the modern range, although the fingers are more elongated. The
average hand length is 161.07 ± 2.72 mm, which equates to a child
with a mean age of 12.17 ± 0.18 a, using a modern Homo sapiens
growth curve [24]. Other hand dimensions give a similar age esti-
mate, except for the middle finger length which equates effectively
to those of an adult (mean age = 17.15 ± 0.43 a). ZWH12 and
ZWH14 do not have complete palm prints and consequently slip-
page leading to elongation of the fingers may have occurred. This
is a less credible explanation in the case of ZWH11 and the finger
dimension in ZWH13 and ZWH15 are less well defined. The track-
maker may have had long fingers and was also potentially older
than the individual that made the feet impressions (Table S3
online). In the case of ZWH13 a forearm impression extends from
the palm print and shows the evidence of movement (abduction–
adduction) of the thumb during emplacement, creating a wider
impression (Fig. 4). ZWH11 and ZWH14 may be a paired set of
handprints (one right, one left) although ZWH14 has been
deformed by the emplacement of ZWF21 and ZWF24 (Figs. 2–4).

Care appears to have been taken with the composition, and
while some of the tracks crosscut each other they have clearly been
positioned into the available space. The following sequential order
is apparent (Fig. 4). The handprint and forearm (ZWH13) were
imprinted first. The lesser toes of ZWF23 deformed the outline of
the forearm, as do the medial toes of ZWF24. ZWH14 was
imprinted after ZWF23, but before ZWF24. Note how the tip of
the index finger of this trace was moved laterally by ZWF24. The
thumb of ZWH12 infringed the medial toes of ZWF24 and therefore
came next and with the digits of ZWH11 being spread thereby
avoiding damage to ZWF24. ZWH14 was further deformed, by
compression of the palm, by the placement of ZWF21. The medial
toes of ZWF21 were compressed and show low relief curvilinear
deformation ridges associated with the imprinting of ZWF22
(Fig. 4). ZWH15 appears to have been the final print, although
the original slab may have extended further to the left.

3.2. Stratigraphy and geochronology

The art-panel occurs in one of four travertine units (I to IV) that
make up the rocky promontory (Figs. 1b and S10 online). Unit IV
forms the volume of the spur and was both weathered and eroded
prior to the deposition of subsequent units. Locally travertine from
unit III is seen to cement travertine breccia derived from unit IV, as
well as colluvium and river gravels. Faulting, and associated minor
mass movement of rock, occurred after the deposition of all four
units, potentially resulting in the removal of the strata overlying
the art-panel.

Dating of the art-panel relies on the fact that all the traces
were imprinted in soft travertine and that modern field observa-
2510
tions at the current hot spring indicate that diagenesis is one-
directional and hardening of the rock is typically achieved in less
than two years once the water supply is cut (Fig. 5). The age of
the art-panel is therefore considered to be equivalent to the age
of the travertine unit in which it was impressed. Although the
art-panel was discovered without any overlying strata, unit II
can be shown to be overlain laterally by unit I that provides a ter-
minus post quem and underlain by unit III that provides the termi-
nus ante quem (Figs. 6 and S11 online). Most of the travertine
samples contain few impurities with little or no recrystallization
and therefore can be used for the U/Th dating. Over 50 samples
were taken, of which yielded 43 successful dates, although only
33 have 230U/232Th ratios in excess of 20 � 10�6 (Tables S1 and
S2; Fig. S11 online). This threshold is used here as the minimum
ratio for a reliable U/Th date and only dates with ratios above this
threshold have been used in the age modelling (Fig. 6). Dates for
unit II range from 185.7 ± 15.74 to 219.2 ± 10.5 ka BP. It should be
noted that the rims from a handprint in art panel (ZWH15) are
dated 187.7 ± 9.6 and 207.3 ± 9.4 ka BP respectively (ZWH15-1
and -2, Fig. S11 online). To determine the underlying distribution
of discrete data points and provide a firm age range we applied
the kernel density estimation (KDE) model (KDE_Model) function
of OxCal 4.4.2 [17]. In addition, we used the Span and Boundary
functions [17] to determine the start and end dates for this unit.
The modelling results show that unit II has an age span of 153–
215 ka BP at a 95.4% confidence level. Using the OxCal boundary
function unit II has a youngest possible age for the terminus post
quem boundary of �169 ka BP and a maximum age for the termi-
nus ante quem boundary of �226 ka BP (Fig. 6).

Between the team’s field visits in 2019 and 2020, part of the
slab was damaged by persons or processes unknown. The damaged
fragment was recovered however and found to tessellate with the
damaged portion of the art-panel confirming its provenance
(Fig. S12 online). The fragment contains two finger impressions
of the ZWH15 print (Fig. 2). A face of this fragment was polished
and dating samples were extracted using a drill (Fig. S12 online).
Samples in the ridges pushed-up by the first and second digits
yield dates of 187.7 ± 9.6 and 207.3 ± 9.4 ka BP. Taking together
with this all suggests that unit II was deposited sometime between
�169 and �226 ka BP and by association the art-panel dates from
this interval.

4. Interpretation and discussion

Three basic questions arise from these observations. First, do
the traces represent natural impressions as interpreted by the
authors? Second, do these impressions constitute art? And finally,
do the traces pre-date the Holocene and the currently accepted
date [8] for permanent occupation of the Tibetan Plateau, although
this date has been challenged [25]. We will take each of these
questions in turn.

4.1. Natural impressions?

One essential question is whether the traces were imprinted
into soft travertine or carved post-lithification. As experienced ich-
nologists [26] we openly favour the former interpretation, but
given the potential implications of the discovery the alternative
hypothesis needs to be considered carefully. Fig. 5a shows a series
of three hand impressions made by the senior author in modern
travertine close to the current hot spring in 2019. Note the: (1)
consistent anatomical form and size of the impressions; (2) rim
or push-up structures to posterior of the palm (Print-1, Fig. 5a)
and sediment expulsion between the digits on all prints and along
the lateral edge of the Print-1 (Fig. 5a); (3) a clear order/sequence



Fig. 4. Deformation and cross-cut track patterns with the art-plate. Contour map of the art-plate with 1 mm contour interval extracted from the 3Dmodel using DigTrace and
exported into Adobe Illustrator (CS6). Note the rotation of the thumb in the case of ZWH13 and the deformation between respective tracks. The forearm of ZWH13 is pinched
by both ZWF23 and ZWF24. Also note how the medial heel of ZWF24 has caused the curved deformation of the index finger in ZWH14. Imprinting of ZWF21 has caused the
deformation of ZWH14. The order of imprinting is shown in the inset.
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to the impressions visible as the latest track impacts adjacent ones
due to lateral sediment movement; (4) differential digit widths and
depths associated with different digit pressures, plantar forces and
2511
lateral movement of digits; (5) contrast in surface texture between
the smooth digits/palms and the surrounding area, exacerbated
post-imprinting by the routing of water over the prints. Absent



Fig. 5. Handprints modern and ancient at Quesang. (a) Active seep/stream below current hot spring with soft travertine in which the first author has placed three handprints
in 2019. (b) Print-1 in 2020 showing a lithified handprint. Lithification occurred as soon as the water source was re-routed and is one directional. (c) Handprint ZWH11 from
the art-panel. Note the lack of obvious percussion or other tool marks.
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are: (6) percussion or other tool marks. These six criteria provide a
critical test for the art-panel.

Anatomically, in terms of both shape and size the tracks of the
art-panel are internally consistent and yield reasonable track-
maker age estimates (i.e., they were not made by unusually sized
humans). Track shape is consistent with other reference materials
(Figs. S6 and S9 online), although the morphology of ZWF24 is
atypical for a natural print and it would have required a complex
set of foot movements to create the trace. Print ZWF23 also
requires a double-step to explain the morphology. That is the
track-maker made the initial impression with one foot and then
placed the other foot in the same track aligning the heel and long
axis of the track. The anatomy is more accurate, however, than the
hand and foot motifs found at many petroglyph sites [27,28],
although not at rock art sites where hand stencils have been used
[29]. This is rather a weak point since one can always find a site or
example to favour either version of this argument. Furthermore,
caution is required since accurately carved foot motifs are common
in the veneration of Muslim and Buddhist prophets [30]. Feet
impressions at these shrines usually have good anatomical form,
stereotypical depth variation, but crucially consist of adult feet
and usually occur in pairs [31]. The evidence for imprinting based
on anatomy alone is not conclusive and therefore subject to one’s
natural biases. The second and third criteria provide clearer evi-
dence for imprinting, however. Push-up structures, cross-cutting
patterns, and lateral deformation of one print by another are pre-
sent as documented in Fig. 4. Why would these be included if
the impressions were carved?
2512
Additionally, the tracks of the art-panel vary in depth spatially
with clear heel strike areas and greater depths associated with
the medial digits, all of which is consistent with stereotypical pat-
terns of plantar pressure [32]. Finger widths and depths vary as
they do in the modern analogue handprints (Fig. 5a, b). The surface
texture of the impressions is both smooth and compressed com-
pared to the surrounding areas (Fig. 3a–d). This leaves the presence
or absence of tool marks as a final criterion. Three rectilinear line-
sets are visible on the art-panel (arrows, Fig. 2) and could represent
chisel marks or other tool marks. They could also have occurred by
normally joint controlled spalling. Isolated linear scratches of a few
millimetres in width are present in a few locations but are not
widespread and do not form patterns consistent with stone work-
ing. There is an absence of percussion marks, like those observed at
travertine petroglyph sites [33] or similar to the experimental
marks made by Bednarik [34]. Toe and finger pads are rounded
and have smooth outlines (Fig. 3c).

Having applied the six criteria we believe that the most parsi-
monious explanation is that the art-panel was imprinted rather
than carved. Furthermore, there is an existing consensus that the
handprints and footprints previously found around the current
bathhouse are natural imprints [7,8]. We would suggest that one
of these sets of traces (Fig. 3e) is also an example of parietal art
and includes an unreported example of finger fluting. There is no
difference in morphology or surface texture to suggest one is nat-
ural and the other is not as a simple comparison of Fig. 3a, e shows.
The area around the Holocene tracks is more polished however,
which reflects the repeated touch of pilgrims.



Fig. 6. Age modelling. (a) Kernel density estimate (KDE) modelling results for the U/Th dates with a 230Th/232Th ratio >20 � 10�6 in units I to IV (Tables S1 and S2 online). The
dark grey distribution outlined in black is the KDE distribution. The light grey distribution is the sum distribution for reference. (b) The modelled start and end boundaries for
unit II, the grey distributions are the date with errors and the dark grey distributions are the result of the MCMC modelling. Both plots were generated using the KDE_Model
and Boundary functions in OxCal v.4.4.2 r:5 [1]. (c) Stratigraphic column of the travertine deposition of the site.
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4.2. Is it art?

Defining what is art depends on the definition one applies [5].
Aristotle through the Greek concept mimesis (to mimic) provides
us with a potential definition [35]. Here art is a copy of something
else. Much of what is defined as art fits this definition up until the
late nineteenth and early twentieth centuries when notable breaks
2513
occurred with the idea of imitative art. In the mimesis definition,
the artist sees something and imitates it, notwithstanding any
additional flourishes they might make. The Tibetan art-panel
meets this basic criterion, but with its own flourishes. The place-
ment of the prints is not as they would naturally occur, with tracks
spaced by movement, or hands placed to stabilize [4]; rather, the
artist has taken a form that was already known through lived
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experience (i.e., the artist presumably having seen their own foot-
prints), and took that form (the footprint) and reproduced it in a
context and pattern in which it would not normally appear. This
is made even clearer by the addition of the handprints, which are
not commonly seen in lived experience. In the context of parietal
art, Crowther [6] states that art is not necessarily a revered object
or image but items that form aesthetic configurations, whose style
is original from the creator’s viewpoint and thereby creates a dis-
tinctive kind of aesthetic unity. It is a definition that has echoes
in that provided by Davies [36] where excellence of skill no doubt
derived from Kant is highlighted, along with traditions of a genre
and the intention of the maker that it should be received as art.
Lewis-Williams, on the other hand, suggests that art was born of
leisure with the simple aim of enjoyment, fun or decoration [1],
the action of an idle or playful moment would fall under such a
definition. Two children playing in the mud and intentionally cre-
ating a set of tessellated prints during an idle moment is what we
probably have at Quesang and falls under most of the definitions of
art outlined above. After all, most parents would describe their
children’s tentative artistic endeavours as art and proudly display
them. Moreover, the art-panel falls into the artistic tradition of cre-
ating art via hand stencils, which is accepted as common examples
of parietal art [37]. There is also an established tradition of children
as Palaeolithic cave artists [38,39]. We therefore conclude that the
composition of hand and foot traces described here constitutes
‘‘art” under a range of definitions, although given the range of pos-
sible definitions some might disagree.

4.3. Does it pre-date the Holocene?

Dating of the traces assumes that they are imprinted and relied
on dating of the travertine unit in which they are imprinted (unit
II) in the absence of an excavated overlying unit. While the lack
of an excavated overlying unit is not ideal, this site would not be
the first to be dated on the basis of the age of an imprinted layer
[e.g., [4,40,41]]. Given that lithification is a one-directional process
once the water source is removed (Fig. 5b), this is not an unreason-
able assumption and suggests the art dates from between �169
and 226 ka BP. It is also possible to demonstrate laterally what
the overlying unit would have been, and this unit is younger in
age (Figs. S10 and S11; Tables S1 and S2 online).

4.4. Implications

We conclude that on balance the art-panel consists of naturally
imprinted hominin traces, meets a reasonable definition of parietal
art, and is imprinted into travertine layers of the middle Pleis-
tocene age. We therefore suggest that pending a fuller investiga-
tion of the whole site at Quesang the art-panel is likely an
example of parietal art dating from the middle Pleistocene. If
accepted, by the scientific community as a whole, this would sig-
nificantly extend the age range of this type of artist endeavour.
Currently the oldest art of this type, that includes hand motifs as
hand stencils in cave paintings dated from around 40 ka BP in Sula-
wesi (Indonesia) [2] and at El Castillo (Spain) [3]. We are compar-
ing different artistic endeavours here, but our point is that the use
of body parts as artistic devices has a long tradition within our
genus and the work reported here extends this.

Given the age of unit II the artists could have been Homo sapiens
or perhaps more likely a Denisovan given that a Denisovan-like
hominin has recently been found and dated (�160 ka BP) on the
edge of the Tibetan Plateau (Baishiya Cave, 3200 m a.s.l.; Fig. 1a)
[42]. Sun et al. [43] argued on the basis of DNA for the late arrival
of Homo sapiens in China, which might also indicate a Denisovan
track-maker according to the early age. It is worth to note that
Denisovan-like DNA is carried by modern Tibetans [44]. If attribu-
2514
ted to Denisovans then the appropriateness of the Homo sapiens
growth model used to make the age estimates is open to question,
although there is little to suggest in the (admittedly limited) body
fossils currently available for Denisovans that they had a radically
different body morph [45].

5. Conclusions

In conclusion, our study had resulted in two significant discov-
eries. Firstly, it provides evidence for the earliest known example
of parietal art, dating to the middle Pleistocene. This adds to our
understanding of the artistic repertoire of archaic hominins. Sec-
ondly, it provides evidence for the earliest known occupation (or
visitation) of the Tibetan Plateau (>4000 m a.s.l.). Notwithstanding
the possibility that the artists were children and therefore poten-
tially at play, there is evidence of a deliberate attempt to create a
careful composition, which we suggest is an act of artistic creation.
The oldest parietal art is currently known from the Sulawesi region
dating to 39.9 [40] and 43.9 ka [35] and is also the oldest known
use of hand motifs. The evidence from Tibet clearly indicates an
even older origin for the parietal art in the world and highlights
the central role that hominin children may have played in artistic
exploration and creation.

Conflict of interest

The authors declare that they have no conflict of interest.

Acknowledgments

This work was supported by the National Natural Science Foun-
dation of China (41971110 and 41888101), the Second Tibetan Pla-
teau Scientific Expedition and Research Program (2019QZKK0601),
and the Early Career Scheme of Research Grants Council of Hong
Kong (28300717). We thank: the laboratories in Xi’an Jiaotong
University, University of Hong Kong and Institute of Geology of
China Earthquake Administration in measuring and testing
samples; logistic help from the Tibetan local governments and
the Institute of Tibetan Plateau Research (ITP) of Chinese Academy
of Sciences (CAS); and UK Natural Environment Research Council
(NERC) who previously supported the work by Matthew R. Bennett
and the development of DigTrace used here. Matthew R. Bennett
would also like to thank Jeff Pigati of the United States Geological
Survey (USGS) for help in customizing OxCal code for use with U/
Th dates. Jeff Pigati, Kathleen Springer, and Dan Odess provided
insightful reviews of the manuscript. We are also grateful for valu-
able comments and sample test from Fahu Chen (ITP, CAS), Sheng-
Hua Li and Junjie Zhang (the University of Hong Kong), Mandy
Zhang (University of the West, USA), Ming Tan (the Institute of
Geology and Geophysics, CAS) and Guanghui Dong (Lanzhou
University). Both Yundan (the Bureau of Cultural Heritage, Doi-
lungdêqên District of Lhasa) and Xiaoyan Yang and Caidong (ITP,
CAS), helped at the site.

Author contributions

David D. Zhang, Matthew R. Bennett, and Hai Cheng conceptu-
alized and designed the study. David D. Zhang, Leibin Wang, Xiao-
qing Wang, Yafeng Wang, Shengda Zhang and Dongju Zhang
discovered the imprints and collected field data. Matthew R. Ben-
nett, Sally C. Reynolds, Qing Pei, Cong Wang, and David D. Zhang
performed the morphological analyses of the imprints. David D.
Zhang, Leibin Wang, Xiaoqing Wang, Hai Cheng, Haiwei Zhang,
Chunru Liu, Zhifeng Wu, and Teng Li carried out sampling and sub-
sampling. Hai Cheng, Haiwei Zhang, R. Lawrence Edwards and Pu



D.D. Zhang et al. Science Bulletin 66 (2021) 2506–2515
Zhang, conducted U–Th dating and methods. Matthew R. Bennett
completed the visualization. Matthew R. Bennett, Tommy Urban,
and David D. Zhang wrote the original draft. Matthew R. Bennett,
David D. Zhang, Sally C. Reynolds and Dongju Zhang reviewed
and revised the manuscript.
Appendix A. Supplementary materials

Supplementary materials to this article can be found online at
https://doi.org/10.1016/j.scib.2021.09.001.
References

[1] Leiws-Williams DJ. The mind in the cave: consciousness and the origins of
art. London: Thames & Hudson; 2002.

[2] Aubert M, Brumm A, Ramli M, et al. Pleistocene cave art from Sulawesi,
Indonesia. Nature 2014;514:223–7.

[3] Pike AWG, Hoffmann DL, Garcia-Diez M, et al. U-series dating of Paleolithic art
in 11 caves in Spain. Science 2012;336:1409–13.

[4] Avanzini M, Mietto P, Panarello A, et al. The devil’s trails: Middle Pleistocene
human footprints preserved in a volcanoclastic deposit of southern Italy.
Ichnos 2008;15:179–89.

[5] Lorblanchet M. The origin of art. Diogenes 2007;54:98–109.
[6] Crowther P. Defining art, creating the cannon. Oxford: Oxford University Press;

2007.
[7] Zhang DD, Li SH. Optical dating of Tibetan human hand- and footprints: an

implication for the palaeoenvironment of the last glaciation of the Tibetan
Plateau. Geophys Res Lett 2002;29:16-1–3.

[8] Meyer MC, Aldenderfer MS, Wang Z, et al. Permanent human occupation of the
central Tibetan Plateau in the early Holocene. Science 2017;355:64–7.

[9] Zentmyer R, Myrow PM, Newell DL. Travertine deposits from along the south
Tibetan fault system near Nyalam, Tibet. Geol Mag 2008;145:753–65.

[10] Wang Z, Meyer MC, Hoffmann DL, et al. Sedimentology, petrography and early
diagenesis of a travertine-colluvium succession from Chusang (southern
Tibet). Sediment Geol 2016;342:218–36.

[11] Edwards RL, Taylor FW, Wasserburg GJ. Dating earthquakes with high-
precision thorium-230 ages of very young corals. Earth Planet Sci Lett
1988;90:371–81.

[12] Meyer MC, Cliff RA, Spötl C, et al. Speleothems from the earliest Quaternary:
snapshots of paleoclimate and landscape evolution at the northern rim of the
Alps. Quat Sci Rev 2009;28:1374–91.

[13] Harmon RS, Głazek J, Nowak K. 230Th/234U dating of travertine from the
Bilzingsleben archaeological site. Nature 1980;284:132–5.

[14] Gao J, Zhou X, Fang B, et al. U-series dating of the travertine depositing near
the Rongma hot springs in northern Tibet, China, and its paleoclimatic
implication. Quat Int 2013;298:98–106.

[15] Douville E, Sallé E, Frank N, et al. Rapid and accurate U-Th dating of ancient
carbonates using inductively coupled plasma-quadrupole mass spectrometry.
Chem Geol 2010;272:1–11.

[16] Ludwig KR, Titterington DM. Calculation of 230Th/U isochrons, ages, and errors.
Geochim Cosmochim Acta 1994;58:5031–42.

[17] Bronk Ramsey C. Bayesian analysis of radiocarbon dates. Radiocarbon
2009;51:337–60.

[18] Falkingham PL, Bates KT, Avanzini M, et al. A standard protocol for
documenting modern and fossil ichnological data. Palaeontology
2018;61:469–80.

[19] Bennett MR, Budka M. Digital technology for forensic footwear analysis and
vertebrate ichnology. Cham: Springer International Publishing; 2019.

[20] Hassanat A, Al-Awadi M, Btoush E, et al. New mobile phone and Webcam hand
images databases for personal authentication and identification. Procedia
Manuf 2015;3:4060–7.

[21] Hammer Ø, Harper DA, Ryan PD. PAST: paleontological statistics software
package for education and data analysis. Palaeontol Electron 2001;4:9.

[22] Webb D, Robu M, Moldovan O, et al. Ancient human footprints in Ciur-Izbuc
Cave, Romania. Am J Phys Anthropol 2014;155:128–35.

[23] Kim JY, Kim KS, Lockley MG, et al. Hominid Ichnotaxonomy: an exploration of
a neglected discipline. Ichnos 2008;15:126–39.

[24] Snyder RG, Schneider LW, Owings CL, et al. Anthropometry of infants, children,
and youths to age 18 for product safety design. Technique Report, No. UM-
HSRI-77-17; 1977.

[25] Zhang XL, Ha BB, Wang SJ, et al. The earliest human occupation of the high-
altitude Tibetan Plateau 40 thousand to 30 thousand years ago. Science
2018;362:1049–51.

[26] Bennett MR, Morse SA. Human footprints: fossilised locomotion? Cham:
Springer International Publishing; 2014.

[27] Wang X, Zhang W. Distribution and features of rock carvings in China. J Sib Fed
Univ Humanit Soc Sci 2018;2:328–38.

[28] McDonald J. Dreamtime superhighway (TA27): Sydney Basin rock art and
prehistoric information exchange. ANU Press; 2008.
2515
[29] Nelson E, Hall J, Randolph-Quinney P, et al. Beyond size: the potential of a
geometric morphometric analysis of shape and form for the assessment of sex
in hand stencils in rock art. J Archaeol Sci 2017;78:202–13.

[30] Khan M. Symbolism in the rock art of Saudi Arabia: hand and footprints. Rock
Art Res 2008;25:13–22.

[31] Dehkordi NJ, Dehkordi MI. Symbolism of footprints in the history of orient
with an emphasis on the image of footprint in Falname Tahmaseb. Honar-Ha-
Ye-Ziba: Honar-Ha-Ye-Tajassomi 2019;24:69–80.

[32] Zulkifli SS, Loh WP. A state-of-the-art review of foot pressure. Foot Ankle Surg
2020;26:25–32.

[33] Benson LV, Hattori EM, Southon J, et al. Dating North America’s oldest
petroglyphs, Winnemucca Lake subbasin, Nevada. J Archaeol Sci
2013;40:4466–76.

[34] Bednarik RG. The technology of petroglyphs. Rock Art Res 1998;15:23–35.
[35] Heath M. Aristotle: poetics. London: Penguin; 1996.
[36] Davies S. Defining art and artworlds. J Aesthet Art Crit 2015;73:375–84.
[37] Brumm A, Oktaviana AA, Burhan B, et al. Oldest cave art found in Sulawesi. Sci

Adv 2021;7:eabd4648.
[38] Sharpe K, Van Gelder L. Evidence for cave marking by Palaeolithic children.

Antiquity 2006;80:937–47.
[39] Bednarik RG. Children as Pleistocene artists. Rock Art Res 2008;25:173–82.
[40] Deino AL. 40Ar/39Ar dating of Laetoli, Tanzania. In: Harrison T, editor.

Paleontology and geology of Laetoli: human evolution in context.
Dordrecht: Springer; 2011.

[41] Liutkus-Pierce CM, Zimmer BW, Carmichael SK, et al. Radioisotopic age,
formation, and preservation of Late Pleistocene human footprints at Engare
Sero, Tanzania. Palaeogeogr Palaeoclimatol Palaeoecol 2016;463:68–82.

[42] Chen F, Welker F, Shen C-C, et al. A late Middle Pleistocene Denisovan
mandible from the Tibetan Plateau. Nature 2019;569:409–12.

[43] Sun X, Wen S, Lu C, et al. Ancient DNA and multimethod dating confirm the
late arrival of anatomically modern humans in southern China. Proc Natl Acad
Sci USA, 2021;118: e2019158118.

[44] Huerta-Sánchez E, Jin X, Bianba Z, et al. Altitude adaptation in Tibetans caused
by introgression of Denisovan-like DNA. Nature 2014;512:194–7.

[45] Bennett EA, Crevecoeur I, Viola B, et al. Morphology of the Denisovan phalanx
closer to modern humans than to Neanderthals. Sci Adv 2019;5:eaaw3950.

David D. Zhang received his Ph.D. degree from the
University of Manchester in 1991. He worked in the
fields of historical climate change and social responses,
geomorphology, geochemistry and environmental
archaeology at the universities of Manchester, West
Indies and Hong Kong for 30 years. He was a chair of
Department of Geography in the University of Hong
Kong and recently moved to Guangzhou University as a
distinguished professor.
Matthew Bennett is a professor at Bournemouth
University. He is a geologist specializing in the study of
human trace fossils such as footprints. He has written
several books on human ichnology (trace fossils) and
has worked throughout the world at a range of different
track sites. He also translates this research into forensic
practice and the study of footwear marks at crime
scenes.
Hai Cheng received his Ph.D. degree in geochemistry at
Nanjing University in 1988 and is currently a full pro-
fessor at Xi’an Jiaotong University. He has been at the
leading edge in U-series developments to address fun-
damental questions in forefronts of paleoclimatology,
paleoceanography, and global climate change. He is also
one of world-leading experts on speleothem paleocli-
mate studies and plays an important role in recon-
structing climate history in numerous climate realms.

https://doi.org/10.1016/j.scib.2021.09.001
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0005
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0005
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0010
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0010
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0015
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0015
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0020
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0020
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0020
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0025
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0030
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0030
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0035
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0035
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0035
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0040
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0040
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0045
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0045
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0050
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0050
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0050
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0055
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0055
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0055
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0060
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0060
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0060
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0065
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0065
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0065
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0065
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0070
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0070
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0070
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0075
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0075
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0075
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0080
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0080
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0080
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0085
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0085
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0090
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0090
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0090
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0095
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0095
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0100
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0100
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0100
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0105
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0105
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0105
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0110
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0110
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0115
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0115
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0125
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0125
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0125
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0130
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0130
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0135
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0135
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0140
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0140
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0145
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0145
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0145
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0150
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0150
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0155
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0155
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0155
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0160
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0160
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0165
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0165
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0165
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0170
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0175
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0180
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0185
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0185
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0190
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0190
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0195
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0200
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0200
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0200
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0200
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0200
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0205
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0205
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0205
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0210
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0210
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0220
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0220
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0225
http://refhub.elsevier.com/S2095-9273(21)00617-4/h0225

	Earliest parietal art: hominin hand and foot traces from the middle Pleistocene of Tibet
	1 Introduction
	2 Methods
	2.1 Dating
	2.2 Ichnological methods

	3 Results
	3.1 Ichnology
	3.2 Stratigraphy and geochronology

	4 Interpretation and discussion
	4.1 Natural impressions?
	4.2 Is it art?
	4.3 Does it pre-date the Holocene?
	4.4 Implications

	5 Conclusions
	Conflict of interest
	ack16
	Acknowledgments
	Author contributions
	Appendix A Supplementary materials
	References


