
Minerals reveal that Neanderthals were the
true artist of ancient prehistoric art

The mask

She weighs the stone by hand. It is both heavier and harder than the stones she usually pro-
cesses. She examines it closely, considers her work, and narrows her eyes while chiselling off
another chip. She must be careful. Another strike follows, resulting in a stray chip hitting her
cheek, forcing a pause. Slowly the artwork takes shape. Once more, she inspects the stone.

Mask of La Roche Cotard

A strong nasal spine stands out clearly, just like her
own. Deep eye sockets. Carefully she instals the
small bone across the nose. It is too loose, and
she needs a wedge to tighten it. She stands up
and returns to the cave, holding her precious creation
tight.

A small fire burns on the ledge, but it is enough to light
up the rock wall. With great concentration, he presses his
fingers against the wall in a sliding motion. A pattern slowly
forms on the wall as the etching movements are continuously
repeated. The little girl eagerly follows his gestures and
notices the engraving appearing during his warning stories.
She gasps. They all now understand the need to relocate. It
is getting colder.

Every story has its beginning and its ending. Perhaps the story of these ancient people
ended like this. Perhaps differently. As humans we have always longed for an understanding
of where we came from. Science remains as a strong tool to achieve answers.
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The Archaeologist

A French archaeologist’s story begins deep inside a cave in central France. He barely
remembers when he started the excavation decades ago, however he clearly remembers
the mask, referred to as the “Mask of La Roche-Cotard”. It was recovered from buried
sediments below the cave entrance. He was in no doubt that the object is a representation
of a face and thus a piece of prehistoric art (e.g. 1,2), whereas others argued that it has been
formed by natural processes(e.g. 3,4). Later investigations of the edges of the mask supported
the hypothesis of the mask as human-made, but whether it was modern human (Homo
Sapiens) or older human species such as Neanderthals, remained unanswered for decades.

The Cave

La Roche Cotard is an archaeological site located in the Loire Valley (France) near Tours
and the river Loire. The site consists of a small cave and two nearby shelters The cave
itself is about 30 m long and contains four main chambers. What is particularly interesting
about La Roche Cotard, is that the soft cave walls contain marks and engravings made
both by animals and humans (5,6). The engravings made by humans, using either fingertips
or tools, can clearly be distinguished from those made by animals. They have distinct
geometric forms (i.e. triangular, circular, or rectangular) and are often grouped together in
panels (7). In addition many Mousterian lithic artefacts, such as stone tools, (e.g. 8) attributed
to Neanderthals occupation have been recovered at the site. Interestingly, no evidence for
the presence of Homo Sapiens has been found at the site. This support the hypothesis
that the mask and the engravings were prehistoric art done by Neanderthals and not Homo
Sapiens, who survived the Neanderthals in the region about 37,000 years ago (9). On the
other hand the Homo Sapiens could have made the engravings without leaving other tracks.
However science requires empirical answers.

Because of the lack of a chronological method to date the engravings or the mask directly
the debate of who made those artefacts has been raging for decades. Thus the datation of
the closure of the cave entrance is crucial to understand who have had access to the cave.

At some point in the past, after human occupation, the cave was sealed and made inacces-
sible by sediments. This fact is important, because if it can be determined when the cave
was sealed, a lower limit to the age of the engravings can be confidently deduced. If the
cave was sealed before the arrival of Homo Sapiens to this area of France, the cave was
never accessible to Homo Sapiens, and thus it must have been some earlier archaic human
species that made the prehistoric art. The answer to when the entrance was sealed is hidden
in minerals within the remaining sediments and the rock walls.
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The Physicist

A subdued red light illuminates the millimetre thin rock slices just enough for the physicist
to accurately measure their thickness. She crumbles a single slice in her palm and carefully
pours the resulting grains into a beaker. A deep attentive breath follows. Hydrofluoric acid
is necessary to etch away unwanted minerals from the quartz grains, but a single tablespoon
is potent enough to kill an adult human. The quartz crystals can then be loaded into the
reading instrument. Soon she can estimate when the rock was buried through the hidden
energy stored within.

In the extraordinary cave La Roche Cotard, the archaeologist’s story merges with the story
of the physicist. The archaeologist is Jean-Claude Marquet, and the physicist is me. My
name is Trine Freiesleben.

Engravings in La Roche Cotard. Trine Freiesleben (Physisist, PhD) (left), and Jean-Claude Marquet (Ar-
chaeologist) (right).

Quartz and feldspar minerals possess the possibility of storing information about previous
burial and daylight periods. This information is stored as energy which can be measured
using the dating method known as Optically Stimulated Luminescence (OSL).
Both rock surface and standard OSL dating on sediments are applied to La Roche Cotard and
led to the conclusion that the most likely closure age for the cave happened 57,000±3,000
years ago (68% confidence level), and thus a minimum age for the closure of >51,000 years
at the 95% confidence level. Thus the main cave and shelters were not accessible for some
time after the arrival of Homo Sapiens in the region. A burial age of 97,000±5,000 years
was estimated (68% confidence level) for the location at which the artefact referred to as
“The Mask of La Roche-Cotard” (1).

These results make La Roche Cotard one of few proofs of Neanderthals being able to create
prehistoric art.
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Dating method

Optically stimulated luminescence (OSL) dating is a well-established method to determine
the burial age of sedimentary grains with a wide age range from∼10 to∼500,000 years. OSL
exploits the ability of two widespread minerals, quartz and feldspar, to store energy emitted
by the naturally occurring radioactivity in the surroundings. Part of the stored energy is
released when the minerals are exposed to daylight or artificial light in the laboratory. The
longer the mineral is buried, the more energy accumulates, until the system saturates. The
energy can be measured in the laboratory as photons (the OSL signal). This measure and
a measure of the rate of the given energy from the surroundings determine the burial age.

OSL dating has in recent years been applied to date rock surfaces (e.g. 10,11). One of the
potential advantages of luminescence dating of rock surfaces, compared to luminescence
dating of buried sediments, is that rock surfaces record information about both how long
a rock surface has been buried and exposed to daylight. When a rock surface is exposed
to light, the stored energy is reset to different degrees depending on the distance from
the surface and the duration of daylight exposure. Thus, by measuring the OSL signal
as a function of depth into the rock surface, it is possible to determine how long the
rock surface has been exposed to light by modelling the measured luminescence-depth
profile. Developing this technique into a robust dating method will open a window to
dating previously undateable stone structures in both archaeology and geology.

Model testing

Datation of La Roche Cotard is a part of the PhD thesis done by Trine Freiesleben at DTU
Physics, 2021. This application relies on the well established method of OSL dating of
sediment and on newly developed methods of OSL dating of rock surfaces. Controlled test
experiments are a large part of the thesis to have confidence in rock surface dating methods.

Existing models describing luminescence depth profiles, are examined and new, potentially
more appropriate models, introduced. These models are tested using both simulated and
experimental data. Based on these tests it is concluded that the estimate of how long a rock
surface has been exposed to daylight is very dependent on the exact model assumptions,
and that fitting parameters previously assumed to be constant with depth are in fact not.
Although correct model assumptions improve the quality of daylight exposure age estimates,
a significant discrepancies between observed and expected fitting parameter values remain
and these discrepancies lead to inaccurate daylight exposure age estimation due to light
attenuation effects. Thus the ability to quantify daylight exposure periods proved to be
model dependent and the existing method proved to be unsatisfactory. However alternative
approaches for estimating daylight exposure ages are considered, and it concluded that the
most accurate exposure age is derived by an interpolating method.

On the other hand the model dependency of rock surface burial dating is also investigated,
and encouragingly it is concluded that the accuracy of burial dating is not significantly
affected by the application of inappropriate models to determine the exposure history of a
buried surface, and thus we can use rock surface to date burial ages with confidence.
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