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Abstract 
Post-glacial schematic rock paintings extend across the Iberian Peninsula to the Italian Piedmont. The Rocher 
du Château is one of the few Alpine sites with such painted figurations, located on a main transalpine route at 
1750 m.a.s.l. in the Vallée de la Maurienne (Savoie, France). Archeological excavations in front of the painted 
panels revealed pigments and pigmented pebbles in archaeological levels attributed to the Neolithic Square 
Mouthed Pottery culture (SMP culture, 4600-4000 BC). The coexistence of pigments from archeological soils 
and rock paintings is rare in European prehistory and exceptional for the Neolithic period. The integrated study 
of these materials, barely attempted before, combined non-invasive in situ methods (digital microscopy and 
Raman spectroscopy) and analytical studies of micro-samples (SEM-EDX, XRD). The weathering process on 
the rock surface before and after the layer of paint was studied, and the mineralogical identification of the 
pigments was analyzed. Complementary physico-chemical analyses were conducted at several scales of 
observation to identify the composition of the excavated pigments and pigmented materials. Some of them 
proved to be anthropogenic blends combining hematite and charcoal of plant origin. This association has never 
before been identified in other prehistoric European archeological sites. Based on these data, the potential links 
between the pebbles, the production of pigments, and the rock paintings are discussed. 
 
Keywords: Rock art, Neolithic, Schematic paintings, Raman spectroscopy, Pigment analysis. 
 
 
Introduction 
 
Schematic prehistoric rock paintings in rock shelters 
or caves are spread across the Iberian Peninsula as 
far as the Italian Piedmont. This transcultural graphic 
expression is composed of recognizable elements 
like human figures, deer and caprinae, and of a 
geometric and abstract figures (ramiforms, grids, 
dots, U-shaped figures…). These rock paintings, 
which share common location criteria and themes on 
a huge Mediterranean area, are mainly attributed to 
the Neolithic period from the archeological context 
when present and from comparisons between 

material culture and painted figures. However, the 
chronological issue remains difficult to address in the 
absence of absolute dating. One of the western Alps 
sites with such rock paintings, called the Rocher du 
Château (Bessans, Savoie, France), appeared as a 
key site to address this issue, as dated pigments and 
pigmented materials were discovered during test 
excavations. Such an association between 
archeological paintings and pigments is rare in 
European Prehistory and exceptional for the 
European Neolithic period. 
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The Rocher du Château is one of nine known 
Alpine sites with schematic rock paintings. It is a 
glacial rock bar located at 1750 m.a.s.l. in the Haute-
Maurienne valley, close to very high passes leading 
to the Italian Piedmont. Rock paintings are located on 
a very high and impressive dark cliff of serpentinite 
(dark green metamorphic rock). Three campaigns of 
archeological test excavations were completed 
between 1997 and 2003 by E. Thirault (2004, 2008a, 
b), leading to the identification of a Neolithic 
occupation level with pigments and pigmented 
pebbles, dating back to 4600-4000 BC. The Rocher 
du Château thus appears as a key site to address 
chronological milestone to schematic rock paintings. 
This provides a unique opportunity to conduct an 
integrated study of the pigment materials from the 
site, to investigate the materials and preparation 
techniques of the pigments from the archeological 
layers and, by comparing their composition to the 
rock paintings, to contribute to the chronological 
debate of the schematic rock paintings. Could these 
paintings be associated with the 5th millennium BC 
occupation? 

Moreover, these rock paintings are the only ones 
on a serpentinite surface known for southern France 
and the Alps. The cliff is currently covered by a 
combination of white and dark accretions. In some 
areas, the paintings are painted directly on the 
serpentinite surface, in other on the white accretion 
layers and lastly sometimes the pigments are present 
between some white crust layers. Consequently, 
significant taphonomic processes occurred before 
and after the realization of rock paintings, and it was 
thus essential to study these in order to ensure a 
holistic approach to the rock face. 

A study combining non-invasive in situ methods 
(Raman spectroscopy, digital microscopy) and micro-
sampling characterization (scanning electron 
microscopy coupled with energy dispersive X-ray 
detector (SEM-EDX) and X-ray diffraction (XRD)) was 
chosen to characterize pigments, the layer of paint, 
and the weathering accretions. These methods have 
proven to be complementary for the study of 
pigments and their interaction with weathering 
products of the rock surface (general methodology 
described in Chalmin and Huntley 2017). 
 
 
The post-glacial schematic paintings’ 
chronological issue 
 
The Rocher du Château and the schematic rock 
paintings 
 
Schematic rock art, first identified at the end of the 
eighteenth century in Spain and studied from 1910 
onwards by H. Breuil and J. Cabré, is known from the 
Iberian Peninsula to the western Alps (Breuil 1933-
1935). In Spain, where schematic paintings coexist 
with what is called the “Levantine art”, the adjective 
 

“schematic” was used from the time of the first 
discoveries to distinguish summarily executed 
figures, mainly reduced to their structure, from 
precise and finely depicted Levantine compositions. 
In southern France, although the first discovery of 
schematic paintings dates back to 1920 (Bellin 1979), 
their existence and antiquity were only accepted after 
the study by A. Glory in 1941 (Glory 1941; Hameau 
2002), following the publication of the Iberian 
paintings by H. Breuil. From the 1980s, this corpus 
was systematically studied by Ph. Hameau. These 
schematic rock paintings seem to share common 
location criteria, mainly rock shelters with a southern 
exposure, particular topographies or impressive 
views on the surroundings, common themes, and the 
presence of intermittent water flows and a reddish 
rock surface (Hameau 2002). The main common 
themes are the human figure, characterized by a 
great diversity of shapes, animal figures (deer and 
caprinae when recognizable), and more geometrical 
and abstract figures like ramiforms, grids, or groups 
of dots, for example. Besides these figures, the 
corpus is composed of many simple marks in relation 
or not with some particular features of the rock 
surface (concretions, holes…). These rock paintings 
provide the formal characteristics of the schematic 
expression as produced and used by all human 
groups, including contemporary societies, and 
particularly a fast execution and an almost complete 
lack of scenes (Darras 1998). In southern France and 
the western Alps, 127 rock shelters and caves with 
schematic paintings are known so far. These 
paintings evidenced the use of a particular graphic 
expression by prehistoric people, schematism, and 
probably result from a great diversity of social 
practices performed in particular places of the 
environment. 

Such schematic rock paintings are present in the 
alpine environment (Pons 1938; Ayroles and Porte 
1984; Seglie and Ricchiardi 1988; Seglie et al. 1988; 
Gambari 1992; Gambari 1994; Nisbet 1994; Arcà 
1995; Gambari 1995; Arcà 1999; Crosa Lenz 2001; 
Gambari et al. 2001; Gambari 2007; Arcà and Fossati 
2012; De Giuli and Priuli 2012; Fossati 2013; 
Defrasne and Bailly 2014; Walsh et al. 2016).1 The 
Rocher du Château is one of these alpine sites, with 
a south-east exposure and a striking presence in the 
landscape (Figs. 1, 2, 3, and 4). It is known for a 
group of large red deer depicted in a right profile 
view, with oversized antlers, painted in a concave 
area of the cliff forming an east-facing niche (Fig. 5). 
The paintings were first mentioned in 1869 (Truchet 
1869) and published in 1971 (Prieur 1971). In 
addition to the deer panel, other mostly schematic 
paintings (a circle of dots, anchor shapes, grids, 
 
1 The Gias delle Pitture (Tende, Alpes Maritimes, France) 
paintings are not considered here. The paintings were 
originally copied onto tracing paper in the 1990s and the 
imagery differs slightly from what is known from the other 
sites in southern France. This site requires further study. 
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Fig. 1. Map showing the location of the Rocher du Château site 
(1), the sites with schematic paintings known in southern 
France and sites cited in the text: 2- Levant de Leaunier Cave 
(Malaucène, Vaucluse), 2- Faravel rock shelter (Freissinières, 
Hautes-Alpes), 3- Monier, Dumas and Sangliers caves 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 (Ollioules, Var), 4- Oullas rock shelter (Saint-Paul-sur-Ubaye, 
Alpes-de-Haute-Provence), 5- Gayette rock shelter (Murs, 
Vaucluse), 6- Baume Saint Michel (Mazaugues, Var) and 
7- Bergerie des Maigres (Signes, Var) 
 

 
 

alignments of groups of three vertical lines, some 
finger-drawn forming comb-shaped and human-
shaped figures) are spread over 80 m along the cliff 
(Figs. 6 and 7). Until now, the only record of all the 
paintings was the one by G. Nehl from 1975 (Nelh 
1976). Since then, the rock paintings of Rocher du 
Château had not been reconsidered by archeologists. 

In the scope of the study presented here, the rock 
paintings were recorded from digital photographs 
enhanced with the plug-in DStretch© of the Image J® 
software according to a broadly used and described 
methodology (Harman 2005; Mark and Billo 2006; 
Quesada Martínez 2010; Domingo et al. 2013; Le 
Quellec et al. 2013; Defrasne 2014; Le Quellec et al. 
2015; Fernández Ruiz and Spanedda 2013). 
Consequently, some new figures were identified, 
including four red deer, bringing the total number of 
red deer to 12, and other figures were better defined 
(Defrasne and Chalmin 2015). However, the 
paintings of the Rocher du Château are poorly 
preserved and because of being directly exposed to 
the outdoor aggression are doomed to disappear 
sooner or later. Others are completely covered by 
weathering by-products. In parallel with this 2D 

 
 
approach, photogrammetric coverage was taken to 
study the relationships between the paintings and the 
rock surface (Fig. 8). 
 
The need for chronological milestones 
 
One of the main challenges in the study of these 
schematic rock paintings is their chronology. Because 
no absolute dating could be done on the paintings 
themselves, the beginning and the duration of this 
phenomenon are not known. Consequently, 
chronological markers must be identified. In southern 
France, the chronological milestones which could be 
set from the environmental and archeological context 
or from the imagery itself are mainly situated between 
the 4th to the 3rd millennia BC. 

The global environmental context is in favor of a 
Holocene chronology as some Alpine schematic 
paintings are located in areas covered by glaciers 
until the Younger Dryas cooling event. 

With regards to archeological contexts from the 
material discovered in some painted sites, like flint 
tools and pottery, Ph. Hameau proposed an affiliation 
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Fig. 2. View of the Rocher du Château site from the northern part of the valley (photo: E. Thirault) 
 
of the rock paintings from the 4th to the 3rd millennia 
BC (Hameau 2002). 

More specifically on the Levant du Leaunier site 
(Vaucluse, France), which may have been partly 
excavated for flint mining (De Labriffe et al. 2017; 
A. Reggio, personal communication November 11th, 
2018), two sun-like figures and chevron patterns are 

 painted on both sides of the negative of a flint 
nodule. Most of the production of the Vaucluse 
quarries dates back to the Middle Neolithic, but 
quarry exploitation may have begun during the early 
Neolithic and may have lasted until the 3rd 
millennium BC (De Labriffe et al. 2017). 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 3. Views of the Rocher du Château site from the south and the southeast (photos: C. Defrasne)  
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Fig. 4. Archeological excavation in front of the deer panel 
(photo: E. Thirault) 
 
Moreover, a Middle Neolithic settlement (second half 
of the 5th millennium BC) was discovered in the cave. 
This provides a wide Neolithic context for these 
paintings. 

Another context provides dating clues, the Faravel 
rock shelter (Ecrins National Park, Freissinières, 
Hautes-Alpes, France), which gives a terminus post 
quem. The figures are painted on the negative of a 
slab fallen on earlier Neolithic archeological layers 
(5295-5045 cal BC (Walsh et al. 2016; Defrasne et al. 
in press)). 

Chronological milestones derived from the imagery 
are as follows. 

The so-called Spanish “eye-idols”, maybe also 
painted at the Donner rock shelter in southern France 
(Quinson, Alpes-de-Haute-Provence), are known 
from Middle Neolithic contexts and are, for example, 
much more characteristic of a period between the 5th 
and more frequently the 4th millennium to the 
beginning of the 3rd millennium BC (Ruiz et al. 2012). 

An engraved and previously pigmented slab 
discovered during ancient excavations in the Monier 
Cave (Destel canyon, Var, France), a small cavity 
with schematic rock paintings also used as a burying 
place, is also worth mentioning. Its stratigraphic 

position is unclear, but engravings are reminiscent 
both of the T-shape figures of the painted schematic 
expression and the face of the anthropomorphic 
stelae dating back to the first half of the 4th 
millennium BC. In the same way, comparisons could 
be made between the shape of some 
anthropomorphic figures (the Dumas cave for 
example, Ollioules, Var, France) and the shape of the 
final Neolithic stelae. Moreover, such 
anthropomorphic engraved schist slabs, reminiscent 
of some schematic paintings, are widespread in the 
Iberian Peninsula from the 4th to the 3rd millennia BC 
(Hameau 1998; García Rivero et al. 2014). 

At the Oullas site (Saint-Paul-sur-Ubaye, Alpes-de-
Haute-Provence, France), schematic paintings are 
covered by pecked Remedello-type daggers 
attributed to the first half of the 3rd millennium BC. 
This is a precise terminus ante quem for at least 
some of the schematic paintings (Müller et al. 2004; 
Defrasne and Bailly 2014). 

Finally, the recent discovery and study of the 
imagery of the Gayette site (Murs, Vaucluse, France), 
composed of dotted meanders can be compared with 
British Neolithic grave engravings dating back to the 
4th millennium BC (Defrasne and Hameau 2017). 

Notwithstanding, some absolute dating has been 
attempted in Spain from calcium oxalates and points 
to a broader chronological range from 3630 to 3365 
cal BC to 910-540 cal BC (Ruiz et al. 2012). 
However, these dates are still under debate as the 
technique has been reported as sometimes unreliable 
due to contamination of the oxalate crusts (Domingo 
Sanz 2008, 2015; Hernandez 2009; Mas et al. 2012). 

In this context, the discovery of pigments and 
pigmented materials in the archeological layers of the 
Rocher du Château site, dated from the 5th 
millennium BC and attributed to the SMP culture, 
presents an opportunity to question the possible links 
between the paintings and these objects and to 
contribute to the chronological framing of the 
Bessans rock paintings. One of the purposes of the 
pigment analysis was to search for possible 
similarities between the paints and the excavated 
materials. Although it should be considered that the 
identical composition of pigments from dated 
archeological layers and paintings is not a direct 
proof of the age of the paintings, this would be an 
argument in favor of a relative dating which should 
remain a working hypothesis. 
 
From stratigraphy to rock surface: an 
unparalleled study 
 
Pigment analysis of schematic paintings have been 
performed both in the Iberian peninsula (López-
Montalvo et al. 2014, 2017; Gomes et al. 2015, 
2017a, b; Rosina et al. 2018) and in southern France 
(Hameau et al. 1995; Hameau 2001, 2005). 
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Fig. 5. Tracing of the red deer panel (CAD: C. Defrasne) 
 
Indeed, Ph. Hameau directed pigment analyses on a 
hundred figures from different painted rock shelters 
evidencing the use of three main types of pigmenting 
matter (hematite, ochre, and bauxite) to which have 
been added talc, burned bones, or clay (Hameau et 
al. 1995; Hameau 2002, 2005). However, the co-
presence of dated archeological pigments and rock 
paintings is exceptional for European prehistory and 
more so for the Neolithic. Even if pigments have been 
found in archeological layers connected to European 
Paleolithic rock art such as Lascaux (Dordogne, 
Chalmin et al. 2004) or in the Grotte aux Points 
(Gard, Chanteraud et al. 2019), comparisons 
between the different materials used have not yet 
been proposed. Little research has focused on 
pigment production considering each step of the 
chaîne opératoire and have mostly covered the 
Paleolithic period (Chalmin et al. 2003; Pradeau et al. 
2014; Cuenca-Solana et al. 2016; d’Errico et al. 
2016). For the Neolithic, some analyses have been 
performed in the Iberian peninsula (Gomes et al. 
2014, 2015) such as at la Cornisa de la Calderita, 
where pigment analyses was carried out on both the 
rock paintings and the red marks on lithic tools 
(Gomes et al. 2017a, b). 

In southern France and the western Alps, very few 
rock art sites have preserved archeological layers (17 
of the 123 sites, 13%). Some of them were excavated 
many decades ago and pigments were probably not 

of interest at this time. From the 1980s, Ph. Hameau 
excavated other sites which sometimes revealed 
pigments. When no analyses were performed, the 
excavated pigments proved to have a different hue 
from the rock paintings. This is the case of pigments 
from the Baume Saint-Michel (Tourves, Var), the 
Monier Cave and the Grotte des Sangliers (Ollioules, 
Var), and the Resplandy Cave (Saint-Pons-de-
Thomières) (Hameau 2005). At the Bergerie des 
Maigres site (Signes, Var), analyses allowed to 
compare excavated pigments with those of the rock 
paintings themselves. The pigments analyzed were 
different from the ones on the paintings with the 
possible exception of one (Hameau 2005, 2009). 
Without any micro-stratigraphy, the archeological 
remains are difficult to put into a precise 
chronological series. However, the material culture 
among which pigments have been identified is mainly 
attributed to the 3rd millennium BC, even if some 
ceramic sherds evidence a human presence during 
the early (Cardial) and Middle Neolithic (5th-4th mill. 
BC). As a consequence, the analyses performed at 
the Rocher du Château site are the first ones 
comparing archeological pigments attributed to a 
precise archeological culture and rock paintings. 
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Fig. 6. Map of the south-western part of the cliff indicating the location of the paintings (CAD: C. Defrasne from topographic data by 
G. André) 
 
The Rocher du Château Neolithic site and 
its environment 
 
The Rocher du Château site (Bessans, Savoie, 
France) is located at 1750 m.a.s.l. in the Maurienne 
valley (Northern French Alps) (Figs. 1, 2, 3, and 4). 

It is set on an old alluvial bank on the right side of the 
Arc River, which now flows 125 m away, and is 
constituted of an impressive southeast-facing rock 
face, about 80 m high and 150 m long (Thirault and 
Pallier 2006; Figs. 2, 3, and 6). The rock paintings 
and the archeological levels are located in the 
southwestern part of the cliff (Figs. 6 and 9). 
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Fig. 7. Tracing of the best preserved paintings from the Rocher du Château site (CAD: C. Defrasne)  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 8. Photogrammetry of the deer panel (CAD: G. André)  
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Fig. 9. Map and cross-section of the site with the location of the test excavations (CAD: C. Pallier and E. Thirault) 
 
 
Numerous randomly heaped boulders, originating 
from former collapses, form scree, bordering the cliff 
in the northern part of the archeological site where 
some paintings are preserved. Most collapses can be 
dated approximately between 10000 BC 
(deglaciation) and 4600 BC (Thirault and Pallier 
2006) and consequently predate the Neolithic 
occupation and the creation of the paintings. 
 
A striking rock on a transalpine route 
 
The Rocher du Château is a glacial rock bar, 
emerging from the valley bottom and marking the 
transition between the Bessans paleolake (a plain 
today) and the narrow upper valley (Figs. 2 and 3). 
On account of this location, and the impressive dark 
cliff, the Rocher is a striking feature of the landscape. 

The Maurienne valley is a main transalpine route 
from the Savoyard Piedmont to the Italian foothills. 
Along with the Tarentaise valley, this is a real 
transversal transect across the Alps (Marguet et al. 
2008). 

From prehistoric times onwards, this internal 
Alpine area was characterized by northern and 
Mediterranean cultural influences, visible through the 
excavated material culture, especially lithic 
arrowheads and ceramic vessels (Marguet et al. 
2008). Neolithic settlements from 4600 to 3400 BC, 
discovered in the nearby Tarentaise, for example, 
and particularly in the Bozel site, provide evidence of 
influences from the Wallis (Switzerland), the Italian 
Alps, the Po Plain, and the Rhone valley (Marguet et 
al. 2008; Rey 2009, 2016). For the 3rd millennium 
BC, similar conclusions can be drawn from the 
excavation at the Balmes Cave at Sollières-Sardières 
in Maurienne (Vital and Benamour 2012). Transit is 
possible through large and deep valleys, but Neolithic 
human groups also had to cross the Alpine passes in 
altitudes comprised between 2000 to 3200 m.a.s.l. 
(Thirault 2006; Rey and Moulin 2011). The location of 
the Rocher du Château site, in an area characterized 
by various cultural influences during the Neolithic 
period, is essential to our understanding of the rock 
paintings.  
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Indeed, the schematic rock paintings appear as a 
transcultural graphic expression spread across a 
huge geographical area. Understanding cultural 
influences is essential in order to investigate the 
dissemination of ideas expressed in such graphisms. 
 
Two Neolithic occupations of the site (4600-4000 
BC/3500-2300 BC) 
 
Archeological excavations revealed two Neolithic 
occupations of the Rocher du Château site preserved 
between a protected area forming a small rock 
shelter at the left of the painted deer panel and the 
collapsed blocks. In 1977 and 1990, the discovery of 
objects at the foot of the deer panel boosted interest 
in the site. Five test excavations in 1997, 2002, and 
2003 by one of the authors (ET) revealed the 
existence of stratified deposits over 1 m thick (Figs. 4 
and 9). To date, the Rocher du Château provides the 
earliest evidence of humans crossing the Maurienne 
valley. The remains are well preserved, bringing 
insights into the activities of the groups who came to 
the Rocher. Human presence is attested throughout 
the Neolithic, from approximately 4600 to 2300 years 
BC in which two phases are well documented. 

Radiocarbon ages obtained from charcoals place 
the first activities between 4600 and 4000 BC. The 
material culture (ceramics and lithics) is related to the 
Square Mouth Pottery culture (SMP), a well-known 
culture in northern Italy dated from 4800 to 3800 BC. 
The human groups who came to Bessans during this 
period were probably from the Italian Piedmont. They 
could either have come from the valleys close to 
Maurienne or from the Po plain. This is not surprising 
given the geographical position of the site. However, 
this implies crossing high altitude passes located at 
3000-3200 m.a.s.l, above Bessans or Bonneval-sur-
Arc. Consequently, these people were confirmed 
mountain dwellers, with good knowledge of high 
mountain routes and resources. Hunting (especially 
ibex: Capra ibex L.) was important during this phase 
and was undoubtedly an incentive for human 
presence (study of the faunal remains by Léa Roux). 

The second phase is attested between 3500 and 
2300 BC: numerous flint arrowheads indicate that 
human groups used the site over a long period during 
the so-called final Neolithic. However, this does not 
mean that the occupation of the site was permanent. 
As for the previous period, it is likely that the Rocher 
du Château site served as a temporary shelter for 
part of the year. The study of arrowheads shows 
obvious influences from the southeast of France, 
southern Switzerland, and Italy (Thirault 2004). 
Hunting remains (bones, especially ibex) are 
abundant during the recent phases of the Neolithic 
period, but the shelter was also used for the 
production of arrowheads in polished metamorphic 
rocks: serpentinite was quarried on site to obtain 
projectile points which were then diffused in Savoie 

and in the Italian Piedmont (Thirault 2004, 2007; 
Padovan and Thirault 2007). 

Test excavation no 1 (S1), in front of the natural 
alcove where the painted deer are located, revealed 
a flat-bottomed post-hole (named A2), within 1 m of 
the wall, dug in the alluvial terrace. It is filled by a 
homogeneous and compact brown-black sediment 
and three small serpentinite slabs arranged vertically 
in the filling. Its original diameter is estimated 
between 35 and 40 cm. In a cruel twist of fate, this 
posthole was half destroyed when a tourist 
information panel, since removed, was installed. The 
dating of this posthole is relative: it is covered by an 
archeological layer attributed to at least the end of the 
4th millennium BC (Thirault 2004). This discovery is 
interesting since this posthole could indicate the 
installation of a scaffold for the painting of the deer 
panel. 
 
Pigments or pigmented materials from the test 
excavations 
 
The discovery of pigments and pigmented pebbles in 
the archeological layers attributed to the SMP culture 
(4600-4000 BC) makes the Rocher du Château a key 
site in the study of schematic paintings and, more 
precisely, in questionning of their chronology. All the 
sediment from the excavations was sieved with 1.6 to 
2 mm diameter mesh. Between the various identified 
items likely to be connected to the production of 
paint, distinction is done between (i) the potential 
pigments: fragments of rock with pigmenting 
properties (cohesive, brittle, or powder) and (ii) the 
tools for the preparation of the pigments, named 
“pigmented materials”: pebbles with (a) trace(s) of 
pigment on the surface which could be compared to 
the powder applied. 

Among the seven fragments of rock, five cohesive 
red and brown fragments were identified as pigments 
and two small rock pebbles with one or two 
pigmented facets as “pigmented materials”, because 
of their color and/or their exogenous petrography 
(Fig. 10; cf. Table 1). Two of them came from test 
excavation 2 (S2) (Fig. 9), layers 10 and 15 (C10 and 
C15), which delivered objects from the SMP culture. 
Five others came from test excavation 4 (S4): three 
of them from layer 10 (C10), attributed to the SMP 
culture, two others from layer 7 (C7), which has been 
slightly modified by the passage of the river. Layer C7 
may also be attributed to the SMP, but a mix of 
different levels is also possible. 

The first two pigments are small (Table 1), gray, 
red, and compact (group 1: RDC01 and RDC02, 
Table 1). None of them present facetted surfaces or 
striations which could be due to anthropogenic action 
(Fig. 10). Three of the other cohesive materials 
present good pigmenting properties due to their 
friability and have a metallic sheen (group 2: RDC03-
05, Table 1). Anthropogenic actions cannot be 
observed due to the state of preservation of the three 
items as they become coarse powder during storage. 
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Fig. 10. Macrophotographs 
of the pigments samples: a) 
RDC01, b) RDC03, and 
pigmented pebbles: c) 
RDC06 and d) RDC07 (black 
scale represents 2 mm) 
(photo: E. Chalmin) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The two small pebbles called “pigmented 
materials” present one or two red-pigmented lateral 
surfaces (group 3: RDC06 and RDC07, white rows in 
Table 1, Fig. 10). The topography of the pigmented 
surfaces is uneven and does not present any marks 
of use or abrasion. Only modern post-excavation 
marks are visible resulting from the use of sharp 
metallic objects. 
 
 
Methodology for pigment analysis 
 
On complementary methods 
 
To understand the presence of pigments and 
pigmented objects in an archeological site, an 
accurate description of these materials is required 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
and should be adapted depending on their use and 
state. A distinction needs to be made between 
cohesive matter, pigmented surfaces of rock 
fragments, dispersed powder, or deposited powder. 
The Rocher du Château site contains several 
pigments and pigmented materials and tools in 
various states, which can be used to propose links 
and comparisons between them in order to provide 
archeological arguments. 

To go further in the description of these objects, 
the use of a broad range of complementary methods 
is required (Chalmin and Huntley 2017; Chanteraud 
et al. 2019). Moreover, each method needs to be 
adapted to in situ measurements or laboratory 
analyses and presents some limitations. Indeed, on-
site Raman spectroscopy only allows surface 
characterization. It is well adapted to the study of thin 
 

 

 

Table 1. List and characteristics of coloring and colored matters coming from the excavation of the Rocher du Château (NS: not 
suitable) 
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pigmented layers and the products resulting from 
alteration processes. Raman spectroscopy, however, 
is not fully optimized for studying the stratigraphy 
without sampling, whereas sampling, conversely, 
allows for a detailed in-depth study of the layers. 
Where Raman spectroscopy provides a structural 
identification of the component, a complementary 
elemental analysis is required to determine the 
expected minor or trace elements allowing the study 
of provenance. This elemental analysis of paintings 
could not be fully achieved on site for the very thin 
pigmented layers. Therefore, sampling and SEM-
EDX were applied for morphological observation and 
elemental content measurement at the microscopic 
scale. Finally, XRD enabled the identification of the 
structure of the components and provided information 
about their crystallinity state. 
 
In situ methodology 
 
Using mesoscopic observations, it is possible to 
observe the distribution of the paint at the surface of 
white accretion layers or in the crevices of the 
bedrock surface. The mesoscopic observations were 
carried out with a digital microscope (Dino-lite edge 
AM4815ZT with a resolution of 1.3 megapixels, 1280 
x 1024), at magnifications of x 32 and x 64. 

A thin layer of reprecipitated accretion is also 
occasionally observed over the layer of paint. 
Through mesoscopic observation, the accessibility of 
the paint can be evaluated in order to select pertinent 
areas for in situ Raman analysis and to perform the 
microsampling of the multi-layer crusts with and 
without paint at the surface of the bedrock (Fig. 11). 

The color of the figures can be commented based 
on these high-resolution observations. Indeed, 
various reddish hues are observed according to the 
figures’ location on the different panels, depending on 
the taphonomy. Indeed, these variations cannot be 
interpreted at this point since they depend on the 
color and the quality of the underlying surface (dark 
green of the bedrock (Fig. 11b) or white porous crust 
layer (Fig. 11a, c, d)), the potential covering crust 
layer(s) (crust as in Fig. 11c, d), and the leaching and 
the thickness of the paint layer (Fig. 11a). It 
consequently appears important to compare the color 
of the paint itself and not only the finished product so 
as to establish links or distinctions between the 
figures. Accordingly, a physico-chemical approach is 
required to compare various paints with high 
reliability. 

On-site Raman characterization was performed 
with two modular mobile spectrometers with a 
different laser excitation wavelength each, one at 532 
nm and the other at 785 nm. The direct access to the 
site by car allowed for easy transportation of the two 
devices and a generator set for the power supply. 
 

It was therefore possible to test on site the results 
obtained through the two configurations (ESM 1). 

The HE532 spectrometer (Horiba Jobin Yvon) is 
based on a fixed parabolic 920 lines/mm grating and 
a Peltier cooled CCD detector. In one acquisition, the 
spectrum is recorded between 80 and 3300 cm-1 with 
a spectral resolution of about 5 cm-1. The laser is a 
frequency doubled Nd:YAG laser at 532 nm (Ventus, 
Laser Quantum) and its power is adjusted in order to 
obtain about 150 μW at the sample. The HE785 
spectrometer (Horiba Jobin Yvon) integrates a fixed 
parabolic 685 lines/mm grating and a Peltier cooled 
CCD detector. Its conception is also designed to 
obtain a spectral window between 80 and 3300 cm-1 
in one acquisition with a resolution of about 5 cm-1. 
The laser is a AlGaAs diode (Process Instruments) 
emitting at 785 nm and the power is adjusted to about 
300 μW at the sample. It has been established that 
both used laser power respect the integrity of the 
analyzed sample (Bellot-Gurlet et al. 2009). 

For both spectrometers, the Raman probe is a 
Horiba Jobin Yvon SuperHead which includes an 
Edge filter for Rayleigh rejection. Measurements are 
performed using microscope objectives, for the 
HE532 measurements a 50x Nikon ULWD (with a 
working distance of 17 mm), and for the HE785 an 
infrared 40x Leitz LWD (working distance of 7 mm). 
Spot sizes are, respectively, about 3 μm and 18 μm. 
Laser, probe, and spectrometer are linked with 5 m 
optic fibers adapted to the wavelength. 

As the paintings are high up, the measuring probes 
were positioned with a micrometric platform on a 
tripod placed on a small scaffolding. All spectra are 
corrected from the Edge filter contribution (Casadio et 
al. 2016) and baseline-corrected to remove the 
intense fluorescence contribution in order to be 
presented and properly interpreted. 
 
Micro-sample selection 
 
Based on the description of each figure and the 
accurate observation of the surface wall, 
authorization was obtained for three samples to be 
taken from the Deer panel: one from a non-decorated 
area (to be representative of the wall surface) and 
two others on the outline of two selected deer 
(Table 2). Sampling was carried out with a new 
sterilized scalpel for each point. During incision, the 
accretion presented high resistance due to its 
hardness, but a small fragment was removed and 
stored directly in a small microcentrifuge tube. As it is 
too difficult to remove with the scalpel a small sliver 
from the hard bedrock with a smooth surface, only 
the different accretion layers and painted matter were 
detached. 

The exact location of the samples was recorded 
with a tacheometer and a macro-photograph of the 
sampled area was systematically taken (for example, 
sample RDC2016-P2 in Fig. 12). 
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Fig. 11. Mesoscopic photographs of the painted bedrock surface presenting several crust layers (white scale represents 0.5 mm, 
black scale 1 mm) and location on the tracings (photo: E. Chalmin, tracings: C. Defrasne) 
 

 

Table 2. List of the micro-samples obtained from the Deer panel (Rocher du Château) and the sample preparation performed  
 
N° Figure Localization Preparation 
     

RDC2016-P1 White deposit Small islet SEM stub and polished cross-section 

RDC2016-P2 Deer n°5 Left antler SEM stub and polished cross-section 

RDC2016-P3 Deer n°11 Lower abdomen SEM stub 
      
 
 

 

Fig. 12. Location and macro-
photographs of the micro-
sample RDC2016-P2 from 
deer antler PeF5: a before 
and b after sampling (black 
scale represents 1 mm) 
(photo: E. Chalmin)  
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During sampling, two or three tiny slivers of 

accretion layers were detached from the wall surface. 
 
Laboratory methodology 
 
The analytical method used to study the samples and 
the excavated pigments and pigmented objects 
consists of observations with an optical microscope 
and then with a scanning electron microscope 
coupled with an energy dispersive X-ray detector 
(SEM-EDX), in order to visualize the micro-
morphology and to identify the chemical composition. 
Two different SEM-EDX were used: 

• LEO STEREOSCAN 440 coupled with an X-ray 
analyzer SDD Bruker in high vacuum mode, beam 
voltage: between 10 and 20 keV, images obtained 
in secondary electron or backscattering electron 
modes (platform ASTRE, USMB), 

• Zeiss Ultra+ (Z107) SEM-FEG (field emission 
gun) coupled with an X-ray analyzer SDD Bruker 
in high vacuum mode, beam voltage: between 5 
and 15 keV, images obtained in secondary 
electron or backscattering electron modes (Institut 
Néel). 

When the matter was compact, it was observed 
whole without any preparation. Only surface 
information was evaluated, except for the brittle 
materials (group 2: RDC03-05), where analyses were 
conducted in bulk. A tiny sliver of wall surface was 
selected from samples RDC2016-P1 and RDC2016-
P2. These slivers were embedded in epoxy resin and 
prepared as cross-sections in order to observe the 
stratigraphy of the various layers present. When 
powder was available, a small quantity was deposited 
on a carbon conductive adhesive tape stub. Carbon 
coating was applied only on the stubs and on the 
cross-sections of micro-samples before SEM-EDX 
analyses (for both instruments). 

The powders were also prepared for X-ray 
diffraction analysis (XRD: INEL; CoKα X-ray tube; 1.5 
x 0.1 slit; reflection mode; generator INEL XRG3D 
30 mA, 30 kV; curved position sensitive detector 
INEL CPS120 with 0.08° in resolution at FWHM) for 
real-time simultaneous data acquisition (acquisition 
time between 20 and 60 min) in order to identify the 
crystalline minerals. 
 
 
Analysis of the rock paintings and the rock 
weathering 
 
In order to understand the interaction of the paint with 
the surface wall, it is important to study the 
taphonomy of the wall before and after the paintings. 
To this end, two complementary approaches 
involving in situ analyses and the study of 
microsamples were implemented for the Rocher du 
Château site. 

In addition, a polished thin blade of serpentinite 
bedrock was observed under a polarized microscope. 
 
 
From the in situ analyses (cf. Fig. 11) 
 
The mesoscopic observation with the digital 
microscope of various painted areas enabled us to 
identify several accretion layers deposited on the 
bedrock surface which present different thicknesses, 
textures, and colors (Fig. 11c). During the formation 
of these accretion layers, paint was applied, 
consequently a newly formed layer of crust also 
covered the paint (Fig. 11c, d). This “massive tome” 
was then partially altered or destroyed either by 
partial dissolution, leading to an alveolar shape on 
the dark bedrock surface (Fig. 11a), or by a 
mechanical process causing flaking (such as a 
freeze/thaw cycle) with clear breaks (Fig. 11c, d). 

In situ Raman spectroscopy enabled us to identify 
different alteration products in non-decorated and 
decorated areas. The slight presence of whewellite 
(CaC2O4·H2O) was detected in some areas of deer 
no7 (Fig. 11). Its Raman signature was mixed with 
the signature of the pigment identified as hematite 
(see also Fig. 11) and the presented spectra 
underline the most intense presence of whewellite 
recorded on all the tested areas (Fig. 13). As 
whewellite is a good Raman diffuser, we can assume 
only a slight presence of this calcium oxalate that can 
be imputed to the metabolic activity of fungi or 
lichens. 

On one painted area (Deer panel, antler of deer 
no5), diopside (CaMgSi2O6) was identified (ESM 2). 
This diopside signature was also obtained for other 
areas from the decorated panel as well as on painted 
and blank surfaces (Fig. 13). Despite the fact that the 
diopside could be representative of the serpentinite 
bedrock, the observation of the thin blade does not 
reveal the presence of this kind of mineral. This 
metamorphic rock is mainly constituted by large 
altered crystals of serpentine minerals (general 
formulae (Mg,Fe,Ni)3Si2O5(OH)4), crystals of the 
albite (NaAlSi3O8) and chlorite group ((Fe,Mg,Al)6 
(Si,Al)4 O1 0 (OH)8 ), very little epidote (Ca2Al2(Fe3+, 
Al)(SiO4)(Si2O7)O(OH)), and some small opaque 
black crystals attributed to iron oxide or sulfide. 
However, the serpentinite bedrock in this geological 
context is described as an assembly of serpentine 
minerals (antigorite and chrysotile), talc, magnetite, 
chloride, and diopside. The fragment of serpentinite 
sampled to prepare the thin blade could be not 
representative of the totality of the various features of 
the serpentinite (Fudral et al. 1994). 

On various areas of the painted surface, the 
signature of the pigment was clearly identified as 
hematite (Fig. 14). This is similar to other pigment 
analysis carried out on various prehistoric rock art 
sites, which points to the recurrent use of hematite as 
a major component of rock paintings (Hameau 2005; 
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Fig. 13. On-site Raman spectra 
underlining the identification of 
whewellite (band labeled in bold) 
under the pigment signature 
(hematite, band labeled vertically in 
italics). Spectra are vertically scaled 
and shifted for presentation 
(excitation 532 nm; pt20 and 22: 10 s 
x 10 acc., pt21: 60 s x 10 acc) 
 
 
 
 
 
 
 
 
 
 
 

 

López-Montalvo et al. 2014; Gomes et al. 2015; 
Rosina et al. 2018, for example). This clear 
identification only on red areas could be related to the 
on-site macro observations (paragraph 6a) of various 
sections, which reveal that the pigment was not 
buried under alteration layers and that it appears on a 
naturally polished bedrock surface. 
 
 
From the study of the microsamples in laboratory 
 
The mesoscopic observation with an optical 
microscope of sample RDC2016-P1 from a non-
decorated area of the Deer panel enabled us to 
visualize at least two successive layers: one white, 
translucent layer (L2), adhering to the bedrock (> 200 
μm), covered by a thinner, yellowish layer (L1-30 μm) 
(Fig. 15). The results obtained on the three 
microsamples by scanning electron microscopy 
(SEM) are summarized in Table 3. 

 

 
 
 
 
 
 
Fig. 14 On-site Raman spectra obtained 
for deer no5 identifying the red pigment 
as hematite (excitation 532 nm; pt 2: 10 s 
x 10 accumulations, pt. 3: 60 s x 5 
accumulation, spectra are vertically 
scaled and shifted for presentation). 
Some very small bands related to 
whewellite (1462 and 1489 cm-1) were 
also observed 

 
 
 
 
 
 
 
 
 
 
 
 

 

A more complex stratigraphy is visible through the 
observation of the cross-section by SEM: the same 
external thin layer (L1) and the subdivision of the L2 
layer into four sub-layers with varying thicknesses, 
textures, and superposed morphologies (Fig. 15). 
The different morphologies could be attributed to 
alternating environmental precipitation conditions, not 
yet specified. 

Along the cross-section, the chemical composition 
(SEM-EDX) is still mainly composed of Ca in 
association with Mg, Si, Al, K, and S in varying 
proportions. A small amount of Fe could be observed 
in some layers. The variation of element proportions 
provides information on the presence of diverse 
mineral forms, which are yet to be clearly identified. 
The major presence of Ca can suggest the presence 
of calcium oxalate or carbonate minerals. Ca in 
association with S suggests a calcium sulfate 
compound and Ca associated with Mg and Si could 
be attributed to diopside. Some magnesium or 
calcium oxides or hydroxides could also be present. 
A large amount of P was also detected, suggesting  
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Fig. 15. RDC2016-P1 in cross-section observed by a optical 
microscopy; b-f) scanning electron microscopy in 
backscattering electron mode (20 kV, working distance: 
26.5 mm). Location of each accretion layer and details of 
 

 
 
morphology: c) rare individual geometric particles for layer L2a, 
d downy morphology for layer L2b, e) smooth particles for layer 
L2c, and f) lamellar crystals for layer L2d. Created with 
Illustrator 
 

 
the presence of magnesium and/or calcium 
phosphates, probably of microbial origin. Arguably, 
the observation of small regular spherical shells at 
the surface of sample RDC2016-P3, mainly 
composed of Mg, Ca, and P (ESM 3) confirm this 
hypothesis. The chemical analysis of the surface of 

another sliver from the RDC2016-P1 sample, 
mounted on a stub, also enables us to confirm the 
presence of a very thin broken layer of calcium 
sulfate (like gypsum, < 8 μm) on the top of the 
surface, which is not visible on the cross-section. 
These results confirm the hypothesis of a weathering 
process on the rock surface to form overlapping  
 

 
 
Table 3. Results of the micro-samples obtained from the Deer panel (Rocher du Château) 
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layers and are consistent with the compounds 
observed with Raman spectroscopy (see discussion 
below in the following section). 

Microsampling on two deer figures allowed us to 
estimate the thickness of the paint layer between 2 
and 8 μm, with an optical microscope (RDC2016-P2 
and P3). This layer could be partially covered by a 
thin yellowish crust layer. The same kind of 
superposition of white opaque layers is observed 
underneath the paint sample as for the RDC2016-P1 
sample. The description of these underlying layers is 
summarized in Table 3. In addition to the elements 
(SEM-EDX) constituting the underlying layers (Mg, Si, 
S, Ca, Al, and P), the chemical composition reveals 
the presence of Fe in the paint layer (thickness 
between 1 and 5 μm, Figs. 16 and 17). Chemical 
mapping shows that the phosphorus is not correlated 
to the iron but strongly related (Fig. 16). The 
combination of chemical mapping and back-
scattering electron imagery enables us to visualize 
the flaky iron oxide particles (< 0.5 μm) contained in 
the paint layer (Figs. 16 and 17) for both samples. 
This observation of iron oxide particles is consistent 
with the determination of hematite by Raman 
spectroscopy. 
 
Rock weathering interpretation 
 
Based on these combined observations at various 
scales, we can propose an outline of the weathering 
process before and after the paint was laid on the 
surface (Fig. 18): 
 
(i) The first step consists in the formation of crust 

layers by dissolution-precipitation due to water 
streaming on the serpentinite bedrock surface. 
The diopside (CaMgSi2O6) mineral identified by 
Raman spectroscopy is not soluble enough in 
water to be involved in this process. The water 
 

 
 

Fig. 17. RDC2016-P3 observed by SEM-FEG-EDX (20 kV, 
backscattering electron mode), sliver deposed on carbon 
scotch: chemical mapping realized on the cross-section 
obtained by sampling (phosphorus in red, sulfur in blue, 
calcium in gray, and iron in yellow) 
 
flow on the surface can transform the bedrock into 
soluble minerals and then, during evaporation, can 
lead to the precipitation of accretion (crust, varnish, 
coat, or case-hardening), such as calcium and/or 
magnesium carbonates from the dissolution of the 
main serpentinite minerals (Cleaves et al. 1974). This 
phenomenon corresponds to the large white crust 
layer on the wall due to rainfall or water wash from 
the upper hill. The presence of gypsum and 
whewellite also comes from a well-known process. 
The soluble salt of calcium sulfate develops mainly 
on surfaces protected from rain and is linked to 
bacterial and fungal colonies (Tournié et al. 2011). 
The origin of calcium oxalate (whewellite) is linked to 
humid atmospheric conditions and metabolic activity 
(Lamprecht et al. 1997). Therefore, these successive 
layers could be attributed to distinct climatic periods, 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 16. RDC2016-P2 observed by SEM-FEG-EDX (20 kV, backscattering electron (BSE) mode): a the surface of one sliver 
deposed on carbon scotch, b a detail of the painting layer on the cross-section chemical mapping (Ca in red, Fe in blue) 
superposed with BSE image (EI in gray)  
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Fig. 18. Proposed sketch of weathering process on the serpentine bedrock of the Rocher du Château 
 

raining or wet, leading to a gradual weathering of 
the bedrock. Indeed, the variation of air 
temperature and of air humidity influences the 
solubility and the crystal growth of salt. The 
presence of magnesium and/or calcium 
phosphate phases can be explained by microbial 
activity, which is confirmed by the spherical 
morphology observed at the top of the 
microsample cross-section (SI3). 

(ii) The second step of weathering consists in the 
destruction of the accretion layers with or without 
an embedded painting layer, either by dissolution 
or flaking (Figs. 11 and 18b). The flaking could 
be due to mechanical actions, such as frost in 
such open-air sites in high altitude, but also to 
chemical degradation as partial dissolution 
leading to the leaching of the minerals (Chalmin 
et al. 2017). This weathering process may also 
integrate some biological factors, but further 
studies are needed to confirm it. 

 
Interpretation of the rock painting matter 
 
The analysis of the painting layer is particularly 
challenging because of its limited thickness and the 
complexity of the weathering process. Sample 
RDC2016-P3 is particularly significant for the 

understanding of this interweaving between the 
pigment layer and the crust layer, as suggested by 
the observation of a non-prepared cross-section 
(Fig. 17). The thinness (< 5 μm) of the pigment layer 
is highlighted by Fe mapping and covered by several 
accretion layers, suggesting several water flow 
events, which wash a large part of the painting 
material before the precipitation of accretion. Due to 
the weathering process, it is difficult to estimate the 
presence of extenders or additional minerals with the 
iron oxide in the preparation of the painting matter. 

However, the relation between phosphorus and 
iron oxide in the painting layer is particularly 
significant due to the absence of phosphorus in the 
analyzed substrate. This observation precludes the 
presence of P in the painting matter on the wall as an 
environmental signal. 
 
Study of pigments and pigmented 
materials from the archeological layers 
 
Results for the pigments 
The macroscopic description of the pigments enables 
us to distinguish two groups: (i) the two compact 
nodules(RDC01 and RDC02) and (ii) the cohesive 
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and friable matter with a metallic sheen (RDC03-05). 
The description of the macro and micro-morphology 
of each pigment is summarized in Table 4, as well as 
the results obtained with the SEM-EDX analyses. The 
combination of the morphology and the chemistry 
confirms the XRD results, which can only attribute an 
identification of the constituting phases for the matter 
with a metallic sheen (Table 4, last column). 
Group (i) In the RDC01 object, the presence of iron 
in a matrix of large platelets of phyllosilicate enriched 
in K is detected, as well as the presence of Ca. The 
regular iron oxide crystals (< 20 μm) from the RDC01 
object are clearly different from the smallest rounded 
irregular particles (< 6 μm) observed for RDC02, but 
with a similar chemical composition enriched in Si 
and Ca. 

The combination of chemistry and micro-
morphology enables to identify hematite, goethite, 
and phyllosilicate enriched in K, as muscovite, in the 
RDC01 nodule. This muscovite is at the origin of the 
macroscopically shiny appearance. For RDC02, the 
phyllosilicate enriched in Mg could be attributed to 
biotite at the origin of the shiny appearance and 
associated with iron oxide, such as hematite. The 
presence of phosphate and calcium occurs in both 
nodules, but these elements are not correlated and 
are not attributed to a mineralogical form. In order to 

explain the presence of phosphate by taphonomic 
process during burial (microbial activity or mineral 
segregation) or by natural or intentional mixture with 
phosphate mineral, further investigations are 
required, which involved microsampling of the items. 

 
Group (ii) Optical microscopy reveals the presence 
of large mica sheets for the three pigments, rounded 
translucent crystals, fine colored powder, and several 
embedded charcoals (200-500 μm, Fig. 19). For two 
of them (RDC03 and RDC05), the presence of 
ligneous elements is also visible. For SEM 
observation, only the finest fraction (< 100 μm) was 
deposited on the carbon adhesive tape. For the XRD 
analysis, the same fraction was ground for each 
sample and the predominant presence of quartz and 
muscovite was confirmed for each sample (ESM 4). 

Despite an ostensible similarity at the 
macroscopic, chemical, and mineralogical levels 
(ESM 4), various distinctions could be underlined: 
 
• Downy particles of iron oxide (20-100 μm) 

enriched in Si, Ca, and some P are only observed 
in the RDC03 matter (Fig. 20). This poorly 
crystallized hematite is also detected by XRD 
(ESM 4) and by FTIR-ATR (Fourier transform 
infrared in attenuated total reflectance mode, 
ESM 5). 

 

 
Table 4. Summary of the results obtained by OM, SEM-EDX 
and by XRD on each coloring matter coming from the 
excavation of the Rocher du Château (elements of the 
chemical composition: bold: major; regular: minor; italic: trace; 
 

 
ND: not determined). Magnetic property was estimated by 
coming closer a magnet with the archaeological object 
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Fig. 19. Small charcoal 
embedded in red powder 
observed with a) an optical 
microscope and b) SEM-
FEG-EDX (10 kV, BSE) in 
the RDC04 sample 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
• In the two other materials, RDC04 and RDC05, 

sharp-featured crystals (5-50 μm) containing 
similar proportions of Fe, P, Ca, and Si (Fig. 20) 
are very characteristic. This mineralogical phase 
could be an iron silico-phosphate. On the X-ray 
diffractogram obtained for the both RDC04 and 
RDC05, the peaks at 10.8 and 20.6 2theta which 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
could be attributed to this phase are not clearly 
enough separated from the peaks of the 
muscovite phase to identify the corresponding 
structure (ESM 4). The origin of this extremely 
unusual mineral still remains unknown. Further 
analyses are required to be able to discriminate 
and quantify all the mineralogical phases present. 
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Fig. 20. Results of the SEM-EDX analyses (20 kV, secondary electron mode) for pigment samples: a) downy particles of iron oxide 
from RDC03, b) with correlated EDX spectrum, c) sharp-featured crystals of RDC04, d) with correlated EDX spectrum 
 
• The RDC05 material specifically contains traces 

of several metallic elements (Cr, Mn, and Ni). 
 

The observation and the analysis of these five 
pigments confirm the identification of two different 
kinds of matter despite slight chemical and 
morphological disparities: (i) the coherent iron oxide 
mixed with mica minerals (RDC01 and RDC02) and 
(ii) the friable mixture of large muscovite, small 
rounded quartz, charcoal, iron silico-phosphate, and 
potentially hematite (RDC03, RDC04, and RDC05). 
For all, the origin of the material is clearly exogenous 
to the sediments of the site. Despite the absence of 
use-wear traces for all of the items, an anthropogenic 
mixture is highlighted for the second group of 
pigments (RDC03, RDC04, and RDC05), because of 
the presence of small charcoals. 
 
Results for pigmented pebbles 
 
Observation with an optical microscope reveals the 
non-planarity of each rough surface for both 
pigmented pebbles (Fig. 10c, d). The two small 
pebbles consist in compact polished gneiss with 
varying proportions of white quartz minerals. 

Large cavities contain orange to red matter 
partially covered by dark sediments. For both 
pigmented pebbles, the observed surfaces are not 
suitable for scraping; moreover, no use-wear marks 
are visible on them. Only sharp traces due to modern 
manipulation are observed, mainly in the thicker layer 
of pigments (< 400 μm) at the surface of the RDC06 
pebble (ESM 6). The RDC07 pebble presents a 
smooth surface without pigment and a pigmented 
acute-angled edge, which suggests that the wear of 
the pebble is not linked to the presence of the 
pigment. For both pebbles, the presence of elements 
(Si, Al, K, Na, and Mg), which could come from the 
pebble surface or from the burial environment 
(sediment with phyllosilicates), is attested by SEM-
EDX observation (data summarized in the Table 5). 

A clear distinction between the pebble surface and 
the pigments was done thanks to the association of 
Fe, Ca, and P only observed on the pigment. The 
grain size of the flaky iron oxide does not exceed 5 
μm in diameter (ESM 7). The identification of small 
TiO2 grains, SiO2 crystals (quartz), small rounded 
CaCO3 grains, and large phyllosilicate platelets 
enriched in K (muscovite, 20 x 7 μm) is confirmed by 
the morphology and chemical composition of the 
pigment on both pigmented pebbles.  
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Table 5. Summary of the results obtained by OM and SEM-EDX on each pigmented pebble coming from the excavation of the 
Rocher du Château (elements of the chemical composition: bold: major; regular: minor; italic: trace)  
 
N° Macro-morphology of the coloring matter layer Micro-morphology of the coloring Chemical composition Phases identification 
  matter layer    
      

RDC06 non-planarity of each rough surface, SiO2 crystals, small rounded Si, Al, K, Ca P, Na, Mg, Fe, quartz, calcite, muscovite, 

 thick layer of coloring matter (< 400 μm), CaCO3 grains, Mn and Ti rutile or anatase (TiO2) 
 only sharp modern manipulation mark and large phyllosilicates  and hematite 

  platelets enriched in    

  K (20 x 7 μm), TiO2 grains    
  flaky iron oxide (< 5μm)    

RDC07 non-planarity of each rough surface, SiO2 crystals, small rounded Si, Al, K, Ca, P Na, Mg, Fe, quartz, calcite, muscovite, 

 no use-wear mark, CaCO3 grains, and and Ti rutile or anatase (TiO2) 
 layer of coloring matter on an acute edge large phyllosilicates platelets  and hematite 

 (thickness not estimated) enriched in    

  K (20 x 7 μm), TiO2 grains    
  flaky iron oxide (< 5μm)    
       
 

Despite strong similarities, the pigments deposited 
at the surface of the two pebbles present differences 
in terms of chemical composition. Mn is only 
observed on pebble RDC06 and associated with iron 
oxides. The combination of macroscopic observation 
and chemical analysis suggests that the deep and 
chipped pigment at the surface of RDC06 is related to 
a deposit of wet painting paste composed of 
hematite. The attribution of the origin of the pigment 
at the surface of pebble RDC07 is not as obvious as 
for RDC06. Natural weathering or natural accretion 
from the burial environment could also explain the 
presence of this iron-enriched layer, as well as 
anthropogenic action. 
 
 
Comparison between the pigments and 
the pigmented surfaces 
 
In order to compare the composition of the pigments 
and the pigmented powders on pebbles or on the cliff, 
it is necessary to distinguish between the contribution 
of the object itself, the “environmental signal” 
(weathering products and/or components from the 
burial environment), the potential additional 
components, and the ferruginous components 
(Chanteraud et al. 2019). 

First, a detailed comparison of the pigments 
distinguishes each material based on differences in 
macroscopic morphologies and colors, chemical 
composition, and micro-morphology. The same 
conclusion could be reached for the pigmented 
pebble group. For the samples from the paintings, a 
large heterogeneity of the weathering products and 
the thinness of the painting layer make their 
comparison with the pigments and pigmented 
pebbles delicate. 

Nevertheless, for the excavated pigments and 
painting samples, the presence of hematite is 
assumed but not clearly identified for all of them. 
Proof of the presence of hematite has only been 
obtained on the rock paintings, using in situ Raman 
analyses, and for the RDC03 sample by FTIR and by 
XRD analyses, despite a weak crystallinity. 

 
Another way to make correlations between the 

various pigments and pigmented materials despite 
the micro-morphology is to identify specific minor 
chemical elements, such as the manganese 
observed in RDC01, RDC02, RDC05, RDC06. 
However, no correspondence could be obtained with 
the paint from the deer, where no Mn was detected 
by SEM-SDX in the stratigraphy of the sampled 
painting layer. Precaution is needed in interpreting 
the origin of the Mn, which could come from the burial 
environment. Complementary analyses of the 
sediment will be conducted. 

Despite the manganese chemical marker, the 
presence of a specific and unusual phosphate 
mineral, mainly composed of Fe, Si, Mg, Al, and P 
identified in RDC01, RDC02, RDC05, and RDC06 
can be used as a pertinent marker for comparison. 
Indeed, this chemical association is observed in 
comparable manner both in the rock paintings and in 
the materials from the SMP culture and suggests a 
common origin. Notwithstanding, to further advance 
the study, a structural investigation on the micro-
samples from the painting layer and the rock 
substrate is required. The presence of phosphorus 
associated with iron specifically in the micro-samples 
from the rock paintings may consequently appear as 
a clue correlating the rock paintings, the pigments, 
and the pigmented items from the archeological 
layers. 

The omnipresence of phyllosilicates (mainly 
muscovite), except in the paint, is also a strong 
indication of a common origin. Despite a potential 
common geological origin, the various pigments 
present morphological, mineralogical, and chemical 
heterogeneities. Such heterogeneities can be related 
to the different steps of the chaîne opératoire in order 
to prepare and modify some properties of the raw 
material depending on the final use and could also be 
explained by preservation conditions (Chalmin and 
Huntley 2017). 
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In order to define the geological origin of the raw 
ferruginous rock with the chemical, morphological, 
and structural specification, prospection in a large 
area is now required. A larger project of prospection 
has begun in various geological deposits 
(Pigmentothèque project2). 

Several steps for the preparation of the paint itself 
can be proposed once the composition of the 
pigments and the pigmented materials in the 
archeological layers is understood. The presence of 
charcoal closely blended with iron oxide, muscovite, 
and an unusual phosphate mineral suggests a 
deliberate step of mixing. The association of charcoal 
and hematite has already been observed in Neolithic 
rock art analyses even if this mixture has been 
conceived as natural due to fire activity (Gomes et al. 
2015). In the present case, the absence of charcoal 
in the other pigments, pigmented pebbles, and in the 
painting layers, despite a large quantity of charcoal in 
the excavated sediments supports the deliberate 
mixing hypothesis for at least one of the pigments. 
Depending on the origin of the crystallized iron silico-
phosphate mineral, the idea of a deliberate mixture 
can be reinforced. 

On the contrary, the possibility of a mixture 
between a raw iron oxide pigment and an apatite-like 
component, as proposed in previous studies (for 
example, burned bones in Hameau 2005) can be 
excluded as well, because a direct correlation 
between Ca and P has not been demonstrated in the 
painting layer. A correlation between Ca and P is only 
observed in the crust layer below or above the layer 
of painting as the result of weathering accretions or 
as a biomineralization effect. The use of an additional 
organic agglutinant or binder on the painted layer of 
rock remains as an outstanding question, even 
though the thickness of the paint layer and the 
environment are not conducive to the preservation of 
an organic compound. 

 
 

Conclusion 
 
Several conclusions stem from this integrated study. 
First, this study of the pigments and pigmented 
materials from the Rocher du Château site highlights 
the complementarity of the different methods used. 
Each of them has its own advantages and limitations 
and only in combination do they allow full access to 
the various components of the different materials 
studied. 

Second, this study was performed to provide some 
chronological argument to the dating of the schematic 
 
 
2 The Pigmentothèque project is supported by the Service 
Régional de l’Archéologie Auvergne-Rhône-Alpes and is a 
large collaborative project still in progress aiming at collecting 
at a national scale the available natural pigment material 
resources. For further detail see  
https://www.researchgate.net/project/Pigmentotheque 

post-glacial rock paintings by comparing the 
composition of the pigments and the pigmented 
pebbles from the archeological layers to that of the 
rock paintings. Even if a structural investigation is still 
required to assess this comparison, the presence of a 
specific and unusual phosphate mineral both in the 
objects from the archeological layers and in the rock 
paintings appears as a pertinent marker for 
comparison. Given the evidence at this stage, the 
rock art and the archeological pigmented pebbles 
have arguably the same origin. If these paintings 
were made in the second half of the 5th millennium 
BC, the Rocher du Château site provides the oldest 
chronological argument for such schematic paintings. 
However, the identical composition of pigments from 
the dated archeological layers and the paint is not 
absolute proof of their contemporaneity. An identical 
composition is only an argument in favor of 
synchrony between the archeological layers and 
paintings. An argument provided by the physico-
chemical analysis of materials that must enter into the 
overall discussion with all the other archeological 
facts. 

Third, this study revealed that some pigments from 
the archeological layers dating back to 4600-4000 BC 
were prepared by blending natural occurring mineral 
pigments and organic matter, charcoal in this case. 
Such an association between mineral and organic 
elements (such as antler, the fibrous structure of 
mycoplasmas, apatite from bone and an 
indeterminate organic compound respectively: 
Chadefaux et al. 2008; d’Errico et al. 2016; Garate et 
al. 2004; Rosina et al. 2018) has rarely been 
evidenced in analyses of rock art samples from the 
Paleolithic and the Neolithic periods. However, 
charcoal was generally used for black pigments (for 
example, López-Montalvo et al. 2014, 2017 and 
Rosina et al. 2018). The intentional association 
between hematite and charcoal has never been 
documented in European prehistory. Therefore, the 
reasons for such a blend should be questioned. The 
presence of an unusual crystallized iron silico-
phosphate mineral reinforces the question of a 
deliberate mixture and requires further investigations 
both in micro-samples of rock paintings and on the 
other pigments and pigmented items. To ensure the 
possibility of a link between the materials found in the 
archeological layers and the paint used in each 
painted panel, the synchrotron based XRD seems to 
be the most adapted method to detect the presence 
of this minor or trace constituent in tiny samples with 
a good spatial resolution. These results allow us to 
glimpse part of the chaîne opératoire of pigmenting 
materials since they reveal a common way of 
preparing them, as well as some specific trace 
element contents which could be used in future 
provenance studies of the raw materials. The specific 
composition of some of the archeological pigments 
highlights their important potential for comparisons 
with rock paintings in pending research studies. 
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Finally, we highlighted and explained here the 

taphonomic processes of the painted rock wall. This 
appears to be essential in order to identify protected 
areas that should be sampled in the future in order to 
reinforce comparisons between rock paintings and 
dated excavated pigments and other pigmented 
materials. 

Research into chronological arguments for the 
study of schematic rock paintings is necessary to 
better understand the chrono-cultural context of this 
graphic expression and to link it to the geography of 
cultures and ideas during the Neolithic of the 
Mediterranean region and more generally of western 
Europe. Indeed, the 5th millennium is characterized 
by the spread of objects and ideas over long 
distances, particularly polished green stone axes 
made from material extracted in the western Alps, 
probably by the SMP culture groups (Thirault 2005a, 
b; Pétrequin et al. 2017a, b, c, d). Could part of the 
schematic paintings be related to this phenomenon? 
Further studies may question the relationship 
between the spread of schematic paintings and this 
long distance artifact diffusion. 
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