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Previous dating researchindicated that the Indonesianisland of Sulawesi is host to

some of the oldest known rock art*%. That work was based on solution uranium-series
(U-series) analysis of calcite deposits overlying rock art in the limestone caves of
Maros-Pangkep, South Sulawesi' . Here we use a novel application of this approach—
laser-ablation U-series imaging—to re-date some of the earliest cave art in this karst
area and to determine the age of stylistically similar motifs at other Maros-Pangkep
sites. This method provides enhanced spatial accuracy, resulting in older minimum
ages for previously dated art. We show that a hunting scene from Leang Bulu’

Sipong 4, which was originally dated using the previous approach to a minimum

0f 43,900 thousand years ago (ka)?, has aminimum age of 50.2 + 2.2 ka, and so is at
least 4,040 years older than thought. Using the imaging approach, we also assign
aminimum age of 53.5 + 2.3 ka to anewly described cave art scene at Leang
Karampuang. Painted at least 51,200 years ago, this narrative composition, which
depicts human-like figures interacting with a pig, is now the earliest known surviving
example of representational art, and visual storytelling, in the world®. Our findings
show that figurative portrayals of anthropomorphic figures and animals have a
deeper originin the history of modern human (Homo sapiens) image-making than
recognized to date, as does their representation in composed scenes.

Prehistoric rock art provides important insights into past human cul-
tures, but is typically challenging to date in an accurate and reliable
manner*®. Over the past few decades, solution-based U-series methods
have been used to produce early dates for rock art in several regions,
including western Europe®®, Island Southeast Asia’ >'*" and Russia'.
InSpain, ahand stencil hasbeen dated using solution U-series analysis
of overlying calcite to at least 64.8 ka, and is therefore attributed to
Neanderthals’; however, dating evidence presented for this image
hasbeen questioned” . Up until now, the earliest evidence for figura-
tive art had comprised a naturalistic painting of a Sulawesi warty pig
(Sus celebensis) at Leang Tedongnge in Maros-Pangkep (Fig. 1), which
was dated using solution U-series to a minimum of 45.5 ka (ref. 3).
Thus far, only solution-based U-series methods have been used to
date calcium carbonate deposits that formed in direct association
withrockart. Thisapproachinvolves the physical microexcavation of
arbitrary layers of calcium carbonate and their chemical preparation

before analysis using multicollectorinductively coupled plasma mass
spectrometry (MC-ICP-MS). The technique allows for small analytical
error, but has some disadvantages for dating thin calcium carbon-
ate layers associated with rock art, especially those with complex
growth history; the latter includes the coralloid speleothems (also
known as ‘cave popcorn’), which are most often found in association
with rock art in limestone karst caves and shelters in Indonesia*>".
Here we used a laser-ablation U-series (LA-U-series) approach to date
these thin calcite accretions in association with rock art. Instead of
physically microexcavating arbitrary ‘spits’ using arotary tool, as was
done in the previous approach, the laser is focussed on a polished
cross-section and requires no chemical preparation. The small spot
size of the laser-ablation system (typically spot diameters of 44 pm)
offers several advantages over solution-based methods: (1) it is fastand
cost effective; (2) it requires amuch smaller sample, and is therefore
less destructive; (3) the spatial resolution obtained using this method
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Fig.1|Map of the study area. a, The Indonesianisland of Sulawesi, showing
thelocationofthe southwestern peninsula (areainside rectangle). b, South
Sulawesi, with the limestone karst area of Maros-Pangkep indicated by blue
shading. Thelocations of cave sites with dated Late Pleistocene rock art were as

allows the detailed growth history of the speleothem to be revealed and
the age of the oldest deposit closest to the pigment layer to be precisely
defined, improving accuracy; (4) it can be easily and rapidly demon-
strated that the calcite has not undergone remobilization of uranium
(and areas exhibiting these issues can be identified and avoided), which
could be problematic for U-series dating (Methods, Supplementary
Information and Extended Data Table 1).

Coralloid speleothems foundinassociation with rock art often have
complexinternal morphologies thatreflect their origin as aggregates
ofacluster of cylindrical, mound-like calcite structures”, leaving over-
hanging features with gaps between older material that are infilled by
carbonate materials of younger age. As the physical microexcavation
procedureinvolves laterally collecting material from anarbitrary depth
above the pigment layer—as opposed to sampling individual laminae—
the resultant U-series age could, in some instances, be an average of
the older mound material and the younger infill. Similarly, the lateral
averaging of onion-like undulating layers can mix calcium carbonate
material of different ages, sometimes resulting in a series of arbitrary
subsamples with ages appearing not to be in chronological order.Such
a complicated growth history may account for the small age rever-
sals that are sometimes observed in previously dated samples using
mechanical abrasion of arbitrary layers**, Here we used our LA-U-series
approachtomap the U-seriesisotopes across the surface areas of sam-
plecross-sections. This approach enables us to understand the complex
waysinwhichcoralloid speleothems have formed, therefore enabling
theanalyst toidentify, and avoid, small zones affected by diagenesis®®.
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follows: 1, Leang Bulu’Sipong4; 2, Leang Karampuang; 3, Leang Tedongnge;
4, Leang Timpuseng. Map sources: GEBCO 2023 Grid; South Sulawesi karst
database (Badan Lingkungan Hidup Daerah Provinsi Sulawesi Selatan;
I.A.Ahmad, A.S.Hamzah). MSL, mean sealevel.

The LA-U-series method generally provides age estimates with larger
errors than the solution-based method, but it can result in genuinely
older minimum ages for art as calcium carbonate material closer to the
pigmentlayer can be analysed. This error can beimproved by integrat-
ing alarger area of data; however, it can result in younger minimum
ages as calcium carbonate material from later growth stages would
need to be integrated. A more efficient way of minimizing this error
involves slowing down the speed of the laser stage and increasing the
integration time on the MC-ICP-MS, resulting in more datapoints for
similar integrated areas. The trade-off is a substantial increase in the
time needed to complete the analysis (Methods and Supplementary
Information). We found that aspot size of 44 pm with alaser rastering
speed of 21 um s (with a 2.097 s integration time) was optimal for
most circumstances.

New ages for previously dated art

To demonstrate the efficiency and reliability of this technique, we
re-dated what was previously the oldest known surviving pictorial narra-
tive,arockartscene at Leang Bulu’Sipong 4, which we had already dated
to aminimum of 43.9 ka (ref. 2). At this cave site, a 4.5-m-wide panel
on the rear wall comprises several figurative paintings of human-like
figures interacting with Sulawesi warty pigs and dwarfbovids (anoas,
Bubalus sp.) (Fig. 2). The former are depicted with material culture
objects (spears and/or ropes) and some display what can be construed
as attributes of non-human animals. These figures are interpreted as
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Fig.2|Datedrock art panel at Leang Bulu’ Sipong 4. a, Photostitched
panorama of therock art panel (using photographs enhanced using DStretch_Ire).
Ther, therianthrope. b, Tracing of the dated rock art panel showing the results
of LA-U-series dating. ¢, Transect view of the rock art sample BSP4.5 after

representations of therianthropes (composite human-animal beings)>.
This enigmatic scene may represent a hunting narrative, while the
prominentportrayal of therianthropic figuresimplies that the artwork
reflects imaginative storytelling (for example, amyth)>2.

We originally dated a total of four coralloid speleothems overly-
ing animal figures on this panel to aminimum of 35.1 ka (35.7 + 0.6 ka;
sample BSP4.2), 43.9 ka (44.4 + 0.5 ka; BSP4.3), 40.9 ka (41.1+ 0.2 ka;
BSP4.4) and 41 ka (41.3 + 0.4 ka; BSP4.5). Using our LA-U-series method,
those same speleothems and the associated artwork are now dated
to a minimum of 27.6 ka (28.3 + 0.6 ka; sample BSP4.2), 39.6 ka
(43.2 +3.6 ka; sample BSP4.3),39.5 ka (40.4 + 0.9 ka; sample BSP4.4) and
48 ka(51.2 £ 2.2 ka; sample BSP4.5) (Fig. 2). Our LA-U-series approach
provides either similar ages within error or older ages when compared
with previous dates for the same samples (Fig. 2). The only exception is
for sample BSP4.2, for which the LA-U-series data for the calcium car-
bonate deposits closer to the pigment layer are younger. We attribute
thisdiscrepancy to our selective avoidance of areas within the sample
showing clear alteration (Methods, Extended Data Fig. 4 and Extended
Data Table 1).

Therockartscene at Leang Bulu’ Sipong 4 can now be demonstrated
tobeatleast4,040 yearsolder at 48 ka. On the basis of previous results,
itappears that our mechanical microsampling approach?either fortui-
tously avoided areas of diagenesis or that the averaging of microexca-
vated arbitrary layers rendered any localized digenesis inconsequential
to the overall age calculation for these layers. Again the exception is
for sample BSP4.2, for which the older minimum age for solution data
near the pigment layer could be attributed to localized diagenesis.
Our mapping data also show clear evidence of diagenesis occurring at
the surface of samples and sometimes near tiny cavities within them.
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removal from the artwork, highlighting the paintlayer and the three integration
zones (ROIs) and associated age calculations. d, LA-MC-ICP-MS imaging of the
BSP4.5%?Th/*8Uisotopic activity ratio.

The latter areas would be impossible to avoid when microexcavating
arbitrary spits for solution-based U-series methods and could result
in erroneous age determinations. Using the LA-U-series mapping
approach, these areas of localized digenesis can easily be avoided (that
is, notintegrated) when calculating U-series ages from map data. Nota-
bly, for example, the 2°Th/?*2Th activity ratios for the laser-ablation
regions of integration (ROIs) (Extended Data Table 1) are substantially
higher than solution data for the same samples owing to the selective
avoidance of areas with higher detrital content.

Dating results for Leang Karampuangrock art

Using the LA-U-series method, we also dated another rock art scene
in Maros-Pangkep—one that again portrays human-like figures inter-
acting with an animal (Figs. 1and 3, Extended Data Figs.1and 2 and
Supplementary Information). This ceiling panel was discovered in
2017 at the limestone cave of Leang Karampuang (Fig. 1). Itisina poor
state of preservation owing to extensive exfoliation of the limestone
rock surface, a process that has erased much of the art. The presence
of abundant overlying coralloid growths (and other types of speleo-
thems) further obscures theimagery (Fig.3). The visible elements of the
scene are dominated by alarge (92 x 38 cm) naturalistic red painting of
asuid (most probably S. celebensis). This animal figure is represented
as apictorial outline shown in side (profile) view with an infill pattern
consisting of painted strokes or lines. Itis therefore consistentin style
with the visual convention used to represent pigs and other animals
in the dated Late Pleistocene rock art of South Sulawesi, including at
Leang Bulu’ Sipong 4 (ref. 2). Other pig motifs (n =5) are present at
Leang Karampuang, but do not seem to be associated with the dated
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Fig.3|Dated rock art panel at Leang Karampuang. a, Photostitched panorama
oftherockart panel (with photographs enhanced using DStretch_ac_lds_cb).
b, Tracing of the rock art panel showing the results of LA-U-series dating.

¢, Tracing of the painted scene showing the human-like figures (H1, H2and H3)

panel (Extended Data Fig. 2 and Supplementary Information). In the
latter, the pigis standing in astatic position with its mouth partly open.
Atleast three human-like figures (denoted H1 to H3) were depicted in
close association with the pig as part of a single composition (Fig. 3).
The former were portrayed using the same red-hued pigment and
broadly the same stylistic convention as the pig, although they are
smaller in size. At least two are arrayed in dynamic action poses near
the head and face of the animal and seem to be engaged insome kind of
closeinteraction withit. The largest human-like figure (H1, 42 x 27 cm)
isrepresented with both arms extended; it has no legs, and it appears
to be holding an item of material culture in its left hand, a rod-like
objectwithaprotuberance at both ends. The second human-like figure
(H2,28 x 25 cm) is positioned immediately in front of the pig with its
head next to the snout. It also seems to have both arms extended and
is holding a stick-like object of indeterminate form in its left hand,
one end of which may be in contact with the pig’s throat area. The last
human-like figure (H3, 35 x 5 cm) is depicted in an upside-down posi-
tion with its legs facing up and splayed outwards. It also has its arms
extended, with one hand reaching towards and seemingly touching
the pig’s head. Pigment traces between H1 and H3 suggest that another
figure may have originally been part of the scene. At least two hand
stencils visible on the panel seem to be contemporary with the scene;
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interacting with the pig.d, Transect view of the coralloid speleothem, sample
LK1, removed from therock art panel, showing the paint layer and the
threeintegrationzones (ROIs), as well asthe associated age calculations.

e, LA-MC-ICP-MSimaging of the LK1?**Th/**®*U isotopic activity ratio.

another hand stencil, made using a darker pigment, is overlaid by the
pig and was therefore produced earlier in time (Fig. 3). The actions
taking place among the figures in this scene are difficult to interpret.
In contrast to the dated artwork at Leang Bulu’ Sipong 4, this compo-
sition involving human-like figures and an animal does not seem to
explicitly depict hunting activity, nor are therianthropes obviously
represented, although we cannot rule out either.

We collected four coralloid speleothems, one over each of the
human-like figures and one over the closely associated pig motif (Fig. 3
and Extended DataFig.3). Samples LK1, LK2 and LK4 directly overlay H2,
H3 and H1, respectively, while LK3 directly overlays the pigimage. The
results of LA-U-series dating of LK1 provided aminimum age of 51.2 ka
(53.5+2.3 ka), whereas the same method applied to LK2, LK3 and LK4
yielded minimum ages of18.7 ka (19.2 + 0.5 ka), 31.9 ka (34.1 £ 2.2 ka) and
44 ka (45.9 £1.9 ka), respectively (Fig.3). Thus, we candemonstrate that
this rock art scene was present at Leang Karampuang at least 51.2 ka,
whenthe oldest dated coralloid (LK1) began to form on top of figure H2.

Implications for the early history of art

At Leang Bulu’ Sipong 4, our LA-U-series dating work shows that the
panel with the figurative art and composed scene is at least several
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thousand years older than previously established? with a new mini-
mum age of 48 ka. Furthermore, our use of the same method at Leang
Karampuang shows that both forms of artistic expression (natu-
ralism and narrative) date to at least 51.2 ka in the Maros-Pangkep
karsts. It is evident from these findings that the use of figurative
depiction has a particularly deep antiquity in the history of early
human visual culture. Presently, the earliest widely accepted evi-
dence for image-making by our species is from Middle Stone Age
southern Africa (around 100-75 ka) and comprises geometric motifs
(grid-like patterns) incised on small ochre nodules®. It is therefore
an open question whether the origin of figurative depiction can be
traced to an artistic culture that arose in Africa after the emergence
of this early tradition of producing non-representational marks, or
somewhere outside it after the dispersal of H. sapiens, including in
Southeast Asia.

The new Sulawesi dates also challenge two key premisesin the study
of Pleistoceneart, both of which are based ontherichrecord of artistic
production in Upper Palaeolithic Europe (-40-10 ka): first, that the
depiction of anthropomorphs or human-like figures did not become
relatively common until towards the end of the Late Pleistocene?*?;
and second, that the creation of obvious narrative compositions was
rare or absent in early cave art generally?> 2,

Concerningthelatter, of the three oldest dated cave art panels now
known from Sulawesi, Leang Karampuang (minimum age, 51.2 ka),
Leang Bulu’ Sipong 4 (minimum age, 48 ka) and Leang Tedongnge
(minimum age, 45.5 ka)®allinvolve figures that are grouped togetherin
suchawayastoallow an observer toinfer actions taking place among
them. Itis possible that the Leang Tedongnge art is older; however, we
were unable toredate it using the new approach, as there was no cal-
cium carbonate material remaining (the previous method involved the
use of the entire sample)®. Two panels seem to comprise pictorial rep-
resentations of human-animal relationships (Leang Karampuang and
Leang Bulu’ Sipong 4), while the third depicts animals (S. celebensis)
thatare apparently interacting with each other®. Moreover, the panel
at Leang Timpuseng (minimum age, 35.3 ka) portrays a pig standing
ona painted line representing the land surface', another convention
used in scenic depiction®*?*, The use of composed scenes in cave
art may have enhanced the communicative potential of this visual
medium?2* In contrast to single-figure depictions, the agency of
the juxtaposed figures constituting a narrative scene allows a story
to be told through images in a manner that does not require the
producer of the art to be present to convey the narrative to an audi-
ence??, Scene-making has therefore been linked to anincrease in
the potential for images that persisted on rock surfaces to transmit
particular narratives (such as myths) over long periods of time,
especially when combined with oral traditions®**, On the basis of
our dating work, it now seems that depictions of anthropomorphic
figures (including therianthropes) interacting with animals appear
in the Late Pleistocene cave art of Sulawesi at a frequency not seen
elsewhere until tens of millennia later in Europe. This implies that
arich culture of storytelling developed at an early period in the
long history of H. sapiens in this region — in particular, the use of
scenic representation to tell visual stories about human-animal
relationships.
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Methods

Rationale for development and application of LA-U-series
imaging

The use of the U-series disequilibrium method for rock art dating is
relatively new and has drawn criticism from some authorities, especially
inrelation to the extremely old ages obtained for some European rock
art and its attribution to Neanderthals®>¢, In essence, the U-series
disequilibrium method relies on the dating of calcium carbonate mate-
rial present onthe surface of rock art, providing aminimum age for the
parietal imagery on which it formed. Four main principles need to be
met for the valid use of this approach. (1) The associated motif needs
to have an anthropomorphic origin; that is, there must be no doubt
that the imagery associated with the calcium carbonate is an artwork
produced by humans rather than somekind of natural marking. (2) The
relationship between the rock art and the associated calcium carbon-
ate must be unambiguous. (3) The dated samples must be relatively
‘pure’ (that is, the calcium carbonate must not be too contaminated
by detrital material, which renders it ‘dirty’). (4) It needs to be empiri-
cally demonstrated that the dated calcium carbonate samples have
remained a closed-system for uranium and thorium, and, especially,
that there has been no ‘leaching’ of uranium over time, which could
make the dated sample seem erroneously old.

The first principle is relatively straightforward to demonstrate in
principle, especially when dealing with complex figurative artworks
(for example, naturalistic paintings of animals), which are obviously
cultural in origin. With regards to the second, it is not always a simple
matter to demonstrate that a calcium carbonate sample of minuscule
size collected for U-series dating completely overlies arock art pigment
layer or portion of, for example, an engraving. This is particularly the
case when calcium carbonate powder samples are collected in situ using
either a scalpel or a hand drill, and where researchers are prohibited
from making direct physical contact with, and/or fully exposing, the
pigment layer for closer inspection. This method usually results in
acone-shaped sample wherein only the apex or ‘pointy’ portion could
be related to the underlying art®. As a result, some incorporated cal-
cium carbonate powder could predate the motif®. Itis sometimes also
not clear whether the underlying surface assumed by the analyst to
be therock art has in fact been identified correctly as such—in some
instances, it may be a portion of the underlying rock surface, rather
than the adjacent artwork itself, that has been dated®®. Concerning
the third principle, the purity of the calcium carbonate sample can
be easily and routinely assessed by measuring the 2°Th/**Th activity
ratios (see below). Finally, the presence or absence of closed-system
conditions can be determined by measuring at least three subsamples;
to demonstrate aclosed system, these should either be of the same age
within error or should get progressively younger towards the surface
of the sample (see below). In this study, all of the measured ROIs fall
within these categories.

Here we report an LA-U-series approach to dating rock art. This
method enables us to more readily demonstrate the unambiguous
relationship between the calcium carbonate material used for dat-
ing and the rock art pigment layer(s) to which it corresponds. Fur-
thermore, the mapping of 2°Th/?2Th activity ratios across a sample
cross-section enables the more accurate identification and selection
of calcium carbonate material of the purest quality (that is, the part
of the sample with the least evidence for contamination from detrital
material), resulting inminor or insignificant age corrections. The latter
outcomeisimpossible toachieve withsolution-based methods, asthese
arebased onamuchless precise sampling approach that will typically
incorporate both pure and dirty portions of a given mass of calcium
carbonate. Uniquely, the mapping of U-series isotopes also enables
the visualization of key areas or ‘zones’ within the sample in which
calcium carbonate material has undergone mobilization of uraniumor
thorium. Onceidentified, these problem areas canthen be deliberately

avoided whenselecting ROIs for dating. This is the main advantage of
LA-U-series imaging compared with other U-series methods. It also
enablesthe measurement of ROIs that arein clear chronological order,
demonstrating closed-system conditions (see below). As has been
previously indicated, the other main advantage of this approach to
U-series dating is the ability to date calcium carbonate material that
formed much closer to the rock art pigment layer. This is desirable, as
dating the basal growth layers that accumulated directly ontop of the
surface of the artwork will potentially increase the minimum age of the
associated anthropogenic imagery.

In cross-section, it is possible to visualize zones with discoloura-
tion at the surface of samples and sometimes within samples. These
zones almost systematically correspond to a pronounced increase in
the distribution of #*Th/*8U. This 22Th/**®U distribution s the easiest
to visualize, but there is also usually a corresponding effect on other
isotopes. For example, sample BSP4.2 displays a distinct brownish/
blackish colour within an area of the sample (Extended Data Fig. 4).
This zone corresponds to amarked increase in **Th/>8U and **Th and
asmallincrease in 2°Th/*8U (Extended DataFig. 4 and Supplementary
Fig.5). Thisisattributed to theincorporation of detrital material. This
incorporation of detrital material possibly occurred inside a porous
areathat could have been the subject of preferential uraniumleaching.
Toillustrate this, an ROI (ROI-d) corresponding to this areawas selected
and an age of 38.4 + 3.6 ka was obtained, thereby showing the effect
of identified diagenesis on calculated ages (Extended Data Fig. 4 and
Extended Data Table1). This diagenetic zone s at least 7.2 ka older than
ROI1, correspondingto the layersimmediately above the pigment layer
andisidentical to the solution age obtained for the same sample. The
effect of diagenesis can also be seen clearly on LK2 sample sections.
Visually, itis possible toidentify a porous areain the middle of the sam-
ple (Extended Data Fig. 5). This area does not show a brownish-black
colour as in sample BSP4.2, but corresponds to a significant increase
in*2Th/*8U,%°Th/>*8U and ***Th, as well as asignificant decrease in>*8U
(Extended Data Fig. 5 and Supplementary Fig. 3). This porous area
clearly underwent significant uranium loss and the incorporation of
detrital material. Toillustrate this, anew ROI (ROI-d) corresponding to
this areawas selected and an age 0f28.5 + 3.6 ka was obtained. Thisis at
least 5.3 ka older in minimum age than the other ROIs for this sample.
Again, this shows the effect of identified diagenesis on calculated ages
(Extended Data Fig. 5 and Extended Data Table 1) and the efficacy of
the LA-U-series imaging approach.

Data measurement

A small segment (about 25-150 mm?) of each coralloid speleothem
(n=8) was removed from the rock art panels at Leang Bulu’ Sipong 4
(n=4)and Leang Karampuang (n = 4) using abattery-operated rotary
toolequipped with adiamond saw blade. Each speleothem sample was
sawnin situ so as to produce a continuous microstratigraphic profile
that extends from the outer surface of the speleothem through the
pigment layer and into the underlying rock face. All of the sampled
speleothems comprised multiple layers of visibly dense and non-porous
calcite in clear association with painted motifs. In the laboratory, the
remaining part of the samples from Leang Bulu’ Sipong 4 that were not
microexcavated, and the new samples from Leang Karampuang, were
sectioned along the growth axis witha diamond saw blade. The samples
were thenmounted in epoxy resin and polished ata5 pumsmoothness,
exposing the pigment layers sandwiched between speleothem layers
and/or bedrock.

The coralloid speleothem samples collected in this study formed
by accumulation of thin films of water on cave surfaces over a long
period of time. When precipitated from saturated solutions, and under
ideal conditions, calcium carbonate usually contains small amounts of
soluble uranium (?*®U and >*U), which eventually decay to *°Th. The
latter is essentially insoluble in cave waters and will not precipitate
withthe calcium carbonate. This produces disequilibriuminthe decay
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chain, a process in which not all isotopes in the series are decaying at
the same rate. Subsequently, 28U and 2*U decay to #°Th until secu-
lar equilibrium is reached. As the decay rates are known, the precise
measurement of these isotopes enables the calculation of the age of
the carbonate formation®.

All dating work was undertaken at the BIOMICS laboratory in the
Geoarchaeology and Archaeometry Research Group (GARG) of South-
ern Cross University. U-series measurements were obtained using the
ESINW193 ArF excimer laser-ablation unit coupled to a MC-ICP-MS
Thermo Fisher Scientific Neptune XT. Each sample was measured by
a succession of parallel rasters across the exposed polished
cross-section, enabling us to reconstruct an isotopic map of the pre-
cipitated calcite. Rasters had a different length to adapt to the irregu-
lar shape of the sample using the following parameters for mapping:
asquare spot size of 44 um x 44 pm using the infinite aperture of the
laser system matched by a translation speed of 21 pm s™ and integra-
tion time 0f 2.097 s on the MC-ICP-MS Neptune XT. This combination
of parameters enabled us to obtain a pixel within <0.1% deformation
equivalent to a44 pum x 44 pm datapoint (the exact translation speed
to obtain an exact data-pixel of 44 pm x 44 pmwould be 20.982 pmss™).
Other parameters for the data acquisition were as follows: 900 ml min™
UHPHe and 6 ml min UHP nitrogen for the gas flow from the chamber
to the ICP-MSs, frequency of 100 Hz for the laser frequency and an
average of 1.74 ) cm sample fluence. **U and 2*°Th were measured
simultaneously, with uranium in the centre Faraday cup coupled with
asecondary electron multiplier (SEM) and thorium on the L3 Fara-
day cup coupled to anion counter (IC). All other Faraday cups were
associated with a high-gain 10™ Q amplifiers (the cup configuration
was as follows: L3/1C(230); L2(232); L1(233); C/SEM(234); H1(235);
H2(236); H3(238)). Baseline and drifts were corrected using NIST 610
and NIST 612 glass standards, while two corals (the MIS7 Faviid and MIS5
Porites corals from the Southern Cook Islands)* were used to correct
24U/28U and 2°Th/>*8U ratios and assess the accuracy of measurements
(Supplementary Information). More information on data measurement
is provided in the Supplementary Information.

Image and data processing

Isotopic maps generated using LA-MC-ICP-MS data were produced
using the lolite software package”. Data were accumulated in a single
file onthe MC-ICP-MS Neptune XT system as follows: 5 min background,
NIST610 (3x), NIST612 (3%), STD1 (3%), STD2 (3%), STD3 (3%), sample
rasters (nx), STD3 (3x), STD2 (3x), STD1 (3x), NIST612 (3x), NIST610
(3%), 5 min background. For sample imaging sequences longer than
2 h, aset of standards (for example, STD1 (3x), STD2 (3%), STD3 (3x))
was incorporated in the middle of the measurement. Data reduction
was performed using NISTs to assess drift and the 5 min background
oneachside of the measurements for baseline. One standard was used
for correction of the isotopic ratios, while the other two were used as
known values to check data accuracy (including for the matrix effect).
Images were produced using aspectrum gradient colour distribution,
with either a linear or logarithmic scale (specified for each sample
on the isotopic maps). ROIs were carefully selected on the 2*Th/*8U,
20Th/?*8U isotopic ratio maps and U ppm maps to be as close to the
pigment layer as possible, while avoiding diagenetic zones. Data errors
were extracted and reported at 2 s.e. ROIs located immediately above
the pigment layers were selected to calculate minimum ages relating
totheunderlying artworks. U-series datawere integrated for individual
ROIs, resulting in U-series ages and associated errors. Sufficient data-
points were also selected to minimize errors. The integration area of
each ROl isreported in pm? (Extended Data Table 1).

It is not uncommon for secondary calcium carbonate to be con-
taminated by detrital materials, such as wind-blown or waterborne
sediments—aprocess that canlead to U-series ages thatare erroneously
older than the true age of the sample. This is due to pre-existing >°Th
presentin the detrital components. As the detrital/initial *°Th cannot

be physically separated from the radiogenic 2*°Th for measurement, its
contribution to the calculated *°Thage of the sample is often corrected
for using an assumed *°Th/?*2Th activity ratio in the detrital compo-
nent. Given that the detrital component withina caveis often composed
of wind-blown or waterborne sediments that chemically approach the
average continental crust, the mean bulk-Earth or upper continen-
tal crustal value of 2*Th/*8U = 3.8, corresponding to an *°Th/*Th
activity ratio of 0.8—with an arbitrarily assigned uncertainty of 50%—
has commonly been assumed for detrital/initial *°Th corrections?.
Inthisregard, the degree of detrital contamination may be reflected by
the measured *°Th/***Thactivity ratioin asample, with a higher value
(suchas>20)indicatingarelatively small or insignificant effect on the
calculated age and alower value (<20) indicating that the correction on
the age will be considerable®. As **Thin the sample is largely present
inthe detrital fraction and plays no partin the decay chain of uranium,
thedetrital*°Thinasample withameasured 2°Th/*?Th activity ratio
of >20 would make up <0.8/20 (about 4.0% of the total 2°Th in the
sample), assuming that the mass fraction of 2*’Th from the detrital
componentis much larger than that from the authigenic component.

Sometimes, the assumed >*°Th/**Th activity ratio of 0.8 (+50%)
for the detrital component may not cover all situations. If the actual
20Th/*2Th activity ratio in the detrital component substantially devi-
ates from this assumed range, the detrital correction scheme may
introduce considerable bias, especially to samples with aZ*°Th/*?Th
activity ratio of <20. In such situations, the °Th/**Th activity ratioin
the detrital component canbe obtained through direct measurement of
sediments associated with speleothems’, or computed using isochron
methods or stratigraphic constraints®. In our case, our samples were
relatively pure: the ®°Th/>?Thaactivity ratios of individual aliquots were
extremely high. Corrections for detrital components were therefore
calculated assuming the bulk-Earth values.

A conceivable problem with the U-series dating method is that cal-
cium carbonate accretions can behave as an open system for uranium,
in which the element can be leached out of the accretions or remobi-
lized*. In such instances, the calculated ages will be too old because
the dating method relies on the accurate measurement of uranium
versusits decay product **°Th. In this study, this problem was tackled
by avoiding porous samples and by measuring three aliquots (ROIs)
fromevery sample. The ages of these subsamples were in chronologi-
calorder or of similar ages within error, confirming the integrity of the
dated coralloids. If uranium had leached out of the samples, areverse
age profile would have been evident (the ages would have gotten older
towards the surface). Age calculations were performed using the UTh-
wigl R package® and compared to the IsoplotR (v.6.1) values®. Ages are
reported with standard errors at the 2o level.

Reporting summary
Furtherinformation onresearch designisavailablein the Nature Port-
folio Reporting Summary linked to this article.

Data availability

Thedatasupporting the findings of this study are provided in the Sup-
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able from publicly available Zenodo data repositories (https://doi.
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Extended DataFig.1| The Leang Karampuangrockartsitein Maros,

South Sulawesi. a, Aerial view of the limestone karstinselberg with Leang
Karampuang atits base (theimage was taken using adrone witharoughly
southeast to northwest orientation); b, the upper level cave passage (indicated
by orange arrow) containing the rock art at Leang Karampuang; pictured in this
imageisthelarge openinginthe east wall of the passage that divides the cave
into two chambers; ¢, northern chamber, looking from north to south; d, main

-

rockartgalleryinthe southern chamber, containing the dated cave art panel -
notclearly visiblein theimage are multiple paintings of pigs and other figures,
and numerous hand stencils, on the overhead ceiling and adjoining upper walls;
e, thedatedrockart panel; f, plan view and cross-section of Leang Karampuang,
showingthelocation of the dated rock art panel and other parietal artworksin
the cave.



South end

Extended DataFig.2|KeyrockartpanelsatLeang Karampuang.Images of
rockartpanelsareshownina-cande-h;a,c,e,g,hcomprise digital tracings
ofrockart pigment overlying photographic representations of the underlying
limestone rock face; band fare photographs of rock art panels that have been
enhanced using the DStretch_ac_Ilds_cb software. A3D model of the cave
passage containing the rock art galleryis presented ind (model produced
using aLeicaBLK360 ImagingLaser Scanner). a, Panel with three animal
figures, probably pigs (the two figures on theright arein superimposition);

b, the dated panel, asingle composed scene depicting three human-like figures

North end I Cave interior

[ Karst window

!_ar%e fenestrf\tion
in eastern wall

interacting with a Sulawesi warty pig (S. celebensis); c,acomplex panel with six
hand stencils and five representations of S. celebensis pigs (labelled 1-5), along
withanunidentified animal figure (labelled 6); e,f, clusters of hand stencils,
including somethatarejuxtaposedinsuchaway astoformwhatseemtobe
deliberate arrangements or compositions (aminimum of 10 and 11individual
handstencilsare identifiablein the panels shownineandf, respectively);

g, hand stencilsand animage associated with an unidentified, animal-like
figure; h,apossiblerepresentation of adwarfbovid (anoa, Bubalussp.),
showing the head and neck area of the animal only.
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Extended DataFig. 3| Coralloid speleothemsamples from Leang
Karampuang. a, Photograph of the dated rock art panel on the ceiling,
anarrative composition or scene depictingatleast four interacting figures:
threeare human-like inform (denoted H1-H3), and afourth much larger figure is
anaturalisticrepresentation of a pig (denoted Pig figure) facing left. A coralloid
speleothem was collected from each of the four figures (coralloid samples are
denoted LK1to LK4) and dated. Coralloid sample LK1was collected from figure
H2,whichis positioned immediately in front of the snout of the pig figure and is

holding amaterial culture objectinitslefthand, one end of which s positioned
closetothethroatareaof'the pig; LK2 was collected from H3, which seems
tobedepictedinanupside down positionjustabove the head of the pig; LK3
was collected from the pig figure; and LK4 was collected from H1, a large
anthropomorphicfigure with extended arms and no legs depicted; as
withH2, this figureis represented with a stick-like objectinits left hand;

b-e, photographs of each of the coralloid speleothems stillin situ on the rock
art panel prior to sampling: LK1 (b), LK2 (c), LK3 (d) and LK4 (e).
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Extended Data Table 1| Uranium-series dating results for coralloid speleothem samples from Leang Bulu’ Sipong 4 and
Leang Karampuang

Corrected Corrff:ted -
**U (ppm) **Th (ppb) ***Th/**u 21:':2’:. e (1] ’“"T;I:'U BoppRiry  24ypRy m:;:“ u':';:(ezfd 420 (ka) c:me)d 20 (ka) ulﬂ::u ”lrl‘ll;::u ':;“;T':T
Sample Zone  Description Area (um?) 2o
Solution Overlies Pig 1 238 57.58 00080 00001 02278 00014 29 08084 00013 36.62 028 3570 057 07867 00017 3541
RO Overlies Pig 1 1044894 443 113 00001  <1E-04 02283 00046 2745 08469 0.0043 2824 066 2825 064 08423 00083 276
BSP42 RoL2  Sequenceofaliquots  TATI08 542 017 <1E-04  <1E-04 02067 00127 15494 08611  0.0063 2535 174 2532 172 0850 00123 236
ROM3  Sequenceofaliquots 709305 857 063 <1E-04 <1E04 02014 00062 6628 08618  0.0047 2451 076 2451 075 0852 00104 238
Solution Overlies Pig 1 216 24.06 00037  <1E-04 02744 00020 75 08248 00017 4483 044  4am 049 08008 00020 439
ROL1 Overlies Pig 1 162156 976 13469 00020 00007 03264 00226 165 0838 00184 4288 339 4323 359 08260 00400 306
BSP43 RoL2  Sequenceofaliquots 2147913 1325 973 <1E-04 <1E-04 02566 00047 8436 08340  0.0050 247 069 3246 060 08270 00110 318
ROL3  Sequenceofaliquots 301711 1061 141 00001 00001 02637 00125 2221 08317 00138 3357 166 3350 165 08240 00290 319
Solution  Overlies Anoa 2 1.70 18.32 00036  <1E-04 02952 00016 83 09421 00018 147 020 4083 034 09348 00021 405
ROI1 Overlies Anoa 2 5048645  7.27 224 00001  <1E-04 03094 00062 3312 09476 00053 4035 091 4033 091 09410 00150 395
BSP44 RoL2  Sequenceofaliquots 3585780 817 610 00001  <1E-04 03074 00067 5772 09479 0.0067 4006 107 4004 106 09411 00110 390
ROL3  Sequenceofaliquots 1368931 878 119 <1E-04 <1E-04 03005 00092 37485 094%8 00101 3895 137 3895 133 0940 00220 376
Soluion  Overlies Anoa 3 210 21.07 00033  <1E-04 03060 00020 [ 09660  0.0018 4163 034 4132 038 09617 00020 409
ROI1 Overlies Anoa 3 331503 1526 11.83 00002  <1E-04 03685 00139 1497 09845 00110 5019 228 5047 221 09830 00250 480
BSP45 RoL2  Sequenceofaliquols 345468  17.53 019 <IE-04 <B4 03152 00110 86117 09764  0.0096 4129 167 M3 162 09730 00220 397
ROM3  Sequenceofaliquots 343251 1666 051 <1E-04 <1E-04 03104 00106 30585 098%9 00110 4063 156 4052 168 09890  0.0240 388
ROI1 Overlies Human2 1689092 384 009 <1E-04 <1E-04 03871 00133 56205 09873 00102 5349 218 5345 227 09850  0.0230 51.2
LK1 ROL2  Sequenceofaliguots 143472 476 072 00001  <1E-04 03609 00151 6411 09%2 00102 4888 250 4893 227 09950 00220 467
ROL3  Sequenceofaliquots 1300106 8.7 094 00001  <1E-04 02684 00134 4975 09821 00076 3405 189 3407 18 09800 00170 322
ROI1 Overlies Human3 2400280  7.27 70 00003 00001  0.1652 00044 498 10222 00067 1947 05 1920 053 10230 00150 187
LK2 RoL2  Sequenceofaliquots 2307346 863 515 00002  <1E-04  0.1618 00048 751 10194 00063 18.90 058 1888 061 10200 00120 183
ROL3  Sequenceofaliquots 1583736  8.36 297 00002  <1E-04  0.1654 00103 48 10335 00070 19.00 110 1894 145 10350 00150 17.8
ROI-1 Overlies Pig 1692900  7.57 LoD LoD . 02736 00150 infinite 1019 0.0093 .15 218 3413 220 1020 00200 319
LK3 RoL2  Sequenceofaliguots 2052497 670 LoD LoD - 0.2333 00074 infinite ~~ 1.0180  0.0083 2835 095 2834 103 10190 00170 273
ROL3  Sequenceofaliquots 1788846  6.89 LoD LoD - 0.2288 00063 infinite ~ 1.0127  0.0081 27.97 088 2797 092 10140 00170 274
ROI1 Overlies Human 1~ 1548444 679 261 00001  <1E-04 03431 00124 3137 09687  0.0087 4591 180 4593 188 09645 00199 444
LK4 RoL2  Sequenceofaliguots 879101 593 168 00001  <1E-04 02615 00116 2853 09635 00115 3321 165 3320 172 09603  0.025 35
ROL3  Sequenceofaliquots 806036  7.48 1.39 00001  <1E-04 02542 00097 4158 09576  0.0100 3200 142 3201 144 0958 00213 306
BSP42 ROLd diagenetic zone 503301 194 12 00016 00003 02839 00139 176 08562  0.0085 3852 359 3838 35 08512 00181 48
LK2 ROKd diagenetic zone 1791508 386 358 00038 00004 02397 00200 64 10319 00133 2878 451 2846 451 10346 00287 240

This table contains the results of uranium-series disequilibrium dating calculated from three regions of integration (ROIs) for each coralloid speleothem sample (N=8). These ROIs are in
stratigraphic order and are all getting progressively younger towards the surface of the sample or are of the same age within error, demonstrating closed system conditions. Two additional
ROIs (N=2) show the effect of diagenesis (ROI-d) on a section of samples BSP4.2 and LK2. Solution measurements for BSP4 samples from immediately above the pigment layers? (N=4) are also
provided for comparison. Note: ratios are activity ratios calculated from the atomic ratios. Errors are standard errors (SE) at 2o level. Age calculations were performed using the UThwigl—R
package® and compared to the IsoplotR version 6.1%%. Corrected ages were calculated assuming initial/detrital *°Th/?*2Th activity ratio equal 0.8 (+100%) (the bulk-Earth value, which is the
most commonly used for initial/detrital *°Th corrections). 2°Th/?*?Th activity ratios are rounded up to zero decimal places and the errors are not included as they are below the decimal point.
Uranium and thorium concentrations are approximations (qualitative) but can be used for comparisons between samples. LoD = limit of detection, denoting the lowest value that can be
measured with statistical significance, as indicated in the table. Thorium concentration reaches the LoD at levels on the order of hundreds of parts per trillion (ppt), whereas the °Th/?*Th ratio
is not statistically meaningful below 0.0001.
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Population characteristics Describe the covariate-relevant population characteristics of the human research participants (e.g. age, genotypic
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design questions and have nothing to add here, write "See above."

Recruitment Describe how participants were recruited. Outline any potential self-selection bias or other biases that may be present and
how these are likely to impact results.
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Ecological, evolutionary & environmental sciences study design

All studies must disclose on these points even when the disclosure is negative.

Study description The study is a multidisciplinary research effort involving analysis and interpretation of prehistoric rock art in southern Sulawesi,
Indonesia, as well as its direct-dating using Uranium-series analysis of overlying calcium carbonate materials (coralloid speleothem).

Research sample The research sample comprises a total of eight coralloid speleothem deposits directly associated with four animal motifs and three
human-like motifs from two rock art panels at two limestone caves (Leang Bulu' Sipong 4 and Leang Karampuang) in the Maros-
Pangkep karst region of southwestern Sulawesi.

Sampling strategy Opportunistic - when coralloid speleothems or other calcite deposits deemed to be of sufficient quality for Uranium-series dating
were found in direct association with rock art motifs relevant to the study topic we collected them as dating samples.

Data collection Maxime Aubert and Adhi Agus Oktaviana collected the coralloid speleothems following procedures outlined in detail in the Methods
section of the paper.

Timing and spatial scale  The cave art sites under study were discovered and recorded by our team in December 2017. The coralloid speleothem samples were
collected by Maxime Aubert and Adhi Agus Oktaviana in February 2018 and May 2019.

Data exclusions n/a

Reproducibility n/a

Randomization n/a >
=

Blinding n/a S
wW




Did the study involve field work?  [5] ves [ InNo

Field work, collection and transport

Field conditions Leang Bulu' Sipong 4 and Leang Karampuang are located in a near-coastal lowland tower karst region (Maros-Pangkep). The field area
is near-equatorial and thus hot and humid for most of the year. Our field research was conducted during the driest part of the year
(June to September), with the exception of the February 2018 and May 2019 sample collection trips which were conducted during
the monsoonal wet season.

Location The general location of the site is indicated in Figure 1 in the paper but specific co-ordinates are not provided to protect it from
unauthorised visits, vandalism, etc.

Access & import/export  Samples were exported to Australia for dating under the material transfer agreement of the Memorandum of Understanding
between the Indonesian scientific counterpart (ARKENAS) and Griffith University, and also following collaborative arrangements
with other local stakeholders.
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Disturbance We removed small calcium carbonate deposits that had formed over the top of, and thus partially obscured, rock art motifs.

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.

Materials & experimental systems Methods
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Plants

Seed stocks Report on the source of all seed stocks or other plant material used. If applicable, state the seed stock centre and catalogue number. If
plant specimens were collected from the field, describe the collection location, date and sampling procedures.

Novel plant genotypes Describe the methods by which all novel plant genotypes were produced. This includes those generated by transgenic approaches,
gene editing, chemical/radiation-based mutagenesis and hybridization. For transgenic lines, describe the transformation method, the
number of independent lines analyzed and the generation upon which experiments were performed. For gene-edited lines, describe
the editor used, the endogenous sequence targeted for editing, the targeting guide RNA sequence (if applicable) and how the editor
was applied.

Authentication Describe any authentication procedures for each seed stock used or novel genotype generated. Describe any experiments used to
assess the effect of a mutation and, where applicable, how potential secondary effects (e.g. second site T-DNA insertions, mosiacism,

off-target gene editing) were examined.
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