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Is there bacterial influence in the formation of white masking calcite of
Palaeolithic figures in the Large cave of Arcy-sur-Cure (Yonne, France,
24000-28500 BP)?
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There is today a very active debate on the question of the influence of bacteria and other microorganisms in the
formation process of calcium carbonate concretions in karstic environment [1]. A peculiar study case, debated in
the context of conservation issues of prehistoric rock art, concerns calcium carbonate formations in caves with
prehistoric paintings or figures such as Lascaux, Altamira, Font-de-Gaume and Arcy-sur-Cure.
A large variety of bacteria has already been identified in karstic environments and, hence, biomineralization
is considered as non negligible process in the concretion formation. Even, unambiguous proof of microbial
biogenesis in calcitic speleothems is extremely challenging because material traces of bacterial activity need to be
evidenced and different formation processes, involving microorganism or not, can lead to similar crystal features.
In the case of the Large cave of Arcy-sur-Cure (Yonne)[2], where the prehistoric figures are completely masked
by a white opaque calcite layer, we attempt to determine if bacteria are playing a role in this opaque calcite layer
supposed to be due to biomineralization. First identification of bacteria in the cave by means of microbiological
analyses revealed the presence of two kinds of bacterium: Pseudomonas fluorescens and Bacillus sp., known
for their calcifying properties [3]. Nevertheless, their presence is not sufficient to prove the biologically induced
calcite formation. The main objectives of this study are to provide a complementary approach to answer the
following questions:
(1) Is it possible to find one or several biogenic tracers in the structure or chemical composition of the natural
neoformed calcite phases? And (2) Can we find such biogenic tracers in natural calcite samples coming from the
white opaque calcite layer masking the prehistoric figures of the Large cave of Arcy-sur-Cure and get clues on the
role of bacteria in their formation?
Biosynthetic calcite samples were investigated by means of combined synchrotron X-ray fluorescence/absorption
and diffraction microspectroscopy mapping. These model samples were prepared with bacteria isolated from the
Large cave. Our results on the model samples show the presence of a mixture of calcite/vaterite obtained after few
days of incubation in an adapted nutritive medium. Therefore, we can conclude on the calcifying capability of
these bacteria isolated from the natural cave. Should be the only presence of not very common vaterite in natural
cave environments considered as a marker of biotic calcite? An amorphous calcium phosphate phase was also
determined to be present mixed with the calcite/vaterite phases in the biotic model samples.
On the basis of our results consistent with those of the literature we think that the co-presence of vaterite and
a calcium phosphate phase could be used as tracers of a biotic process of calcite formation by Pseudomonas
fluorescens and Bacillus sp. incubation.
These biotic tracer phases were not found in the natural samples taken from the opaque calcite layers covering
the prehistoric figures of the Large cave of Arcy-sur-Cure. Hence, the biotic calcite formation process can be
considered, if any, as a very small effect in this case.
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