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Abstract.  In this study, a collection of 29 samples of possible pigments, binders and carrying 
agents were selected based on artistic considerations and analysed with ATR Fourier-trans-
form infrared spectroscopy in order to determine usable marker bands for each ingredient. It 
was decided to establish a preliminary and specific database for ATR-FTIR applied to pre-His-
toric rock art that can be compared with other existing databases and then applied and com-
pared with data on field research.

Introduction
Attenuated total reflection Fourier-transform infra-

red (ATR-FTIR) spectroscopy is considered a reliable 
analytical technique to study both organic and inor-
ganic materials in pre-Historic pigments (Vázquez et 
al. 2008; Darchuk et al. 2010; Cavalcante et al. 2011, 
2018; Lofrumento et al. 2012). However, the detection 
of organic binders, diluents and extenders has been 
scarce and difficult to interpret. 

In this study, a collection of 29 samples of possible 
pigments (red ochre, yellow ochre, clay [kaolinite-type] 
and charcoal), binders (animal fat, egg, blood) and 
carrying agents (saliva etc.) were selected based on 
artistic considerations and analysed with ATR-FTIR 
spectroscopy in order to determine usable marker 
bands for each ingredient. Based on the research work 
of one of the authors (Haddab 2017) it was decided 
to carry out a preliminary and specific database for 
ATR-FTIR applied to pre-Historic rock art that can 
be compared with other existing databases (http://lisa.
chem.ut.ee/IR_spectra/) and then applied and compared 
with data on field research. Although other similar 
studies have been made using different methods of 
analyses (Prinsloo et al. 2013), this study is meant to 
be a useful tool for researchers in the fields of rock art 
research, conservation and materials science. In this 
paper, ATR-FTIR is used mainly because of the need 
for the identification of the organic components of 
experimentation pigments. 

Current knowledge implies that the rock artists 
mixed both organic and inorganic substances together 
in order to achieve desired pigment colours. Different 
shades can be the result of the use of different pigments, 
the treatment the pigments have been subjected to and 

Figure 1.  Set of the experimentation process: (A) Set 
of figures of tools used in the experimentation; (B) 
Several pigments used (red ochre; yellow ochre; Clay 
[kaolinite-type] for white and phyllite and charcoal for 
black; (C) heating pigment process and painted images 
from experimentation; (D) sampling of pigments.
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different particles size (Bikiaris et al. 1999; Marshall et 
al. 2005). 

Within a pre-Historic context, red and yellow co-
lours were a popular choice among artists (Hradil et al. 
2003; Elias et al. 2006; Barnett et al. 2006). The use of red 
(and of various shades of red) is found on rock panels 
across most the world. These variations of colour can 
be linked to the nature of the colouring materials, but 
also to their position on the wall, as a consequence of 
the application methods and sometimes also of later 
removals through taphonomic processes such as water 
runoff (Bednarik 1994; Konik et al. 2018). 

Material and methods
For the reproduction of the figures, red ochre has 

been used for the red, yellow ochre for the yellow, clay 
(kaolinite-type) for white and phyllite and charcoal for 
black. These materials have been pulverised employing 
a quartz hammer, except the charcoal which was used 
as a crayon. One part of the powdered iron oxide has 
been exposed to fire over a stone for four hours at a 
temperature between 500°C and 700°C.

Twenty-nine samples in total were selected (in-
dividual masses not exceeding few milligrams) (Fig. 
2) from the experimentation pigments and analysed 
by ATR-FTIR. The following were used as possible 
binder material: human blood, burnt cow bone, olive 
oil, animal fat, egg yolk, egg white, human saliva and 
Rubia tinctorium sap. The choice of these materials was 

made based on the literature assumption that these 
materials are supposed to have been used as binders 
in pre-Historic rock art (Clottes 1993; Lorblanchet et al. 
1990a, 1990b) though there is still poor evidence that 
binders were used. However, there are some examples 
of plant cells (Cole and Watchman 1992; Watchman and 
Cole 1993; López-Montalvo et al. 2017) and fatty acids 
were reported in pigment ‘recipes’ (Boschín et al. 2002; 
Gomes et al. 2013; Rosina et al. 2018; Brook et al. 2018). 
Regarding the use of plants, it was decided to use three 
different types of plants: a tree species (pine tree), a 
herbaceous perennial plant species (Rubia tinctorium) 
and a member of the plant family Cactaceae (Opuntia 
ficus). For application tools, we have used a cow-hair 
brush, goose feathers and fingers. 

Each sample was obtained using a sterilised tung-
sten scalpel and inserted in a 0.5 ml microcentrifuge 
tube. ATR-FTIR spectra of samples were collected using 
a Bruker Alpha FT-IR, Opus 7.5 software, spectrome-
ter employing an ATR (Attenuated Total Reflection) 
sampling device. The ATR-FTIR spectrometer was 
equipped with a global source, a KBr beam splitter and 
a Deuterated Lanthanum α Alanine doped triglycine 
sulphate detector at room temperature. The ATR sam-
pling device worked with a diamond internal reflection 
element (IRE) in a single-reflection configuration. Spec-
tra were recorded over the spectral range of 400–4000 
cm−1 at a 4 cm−1 resolution, 24 scans.

Figure 2. ATR-FTIR spectra of I: red ochre; II: heated red ochre; III: red ochre and human saliva; IV: red ochre and vegeta-
ble oil. 
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Figure 3.  ATR-FTIR spectra of V: red ochre and egg yolk; VI: yellow ochre; VII: yellow ochre and egg yolk; VIII: yellow 
ochre and Rubia tinctorium sap.

Figure 4.  ATR-FTIR spectra of IX: clay (kaolinite-type); X: clay (kaolinite-type) and water; XI: clay (kaolinite-type) and 
egg yolk; XII: phyllite. 
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Figure 5.  ATR-FTIR spectra of XIII: phyllite and water; XIV: phyllite and egg yolk; XV: egg white and egg yolk; XVI: 
egg white. 

Figure 6.  Spectra of XVII: egg yolk; XVIII: Opuntia ficus sap; XIX: Pinus charcoal; XX: burned cow bone. 
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Results
During the experiment, we noticed that some 

binders did not associate easily with certain types of 
rocks and that some pigments mixed better with some 
binders than with others. The mixture red ochre/veg-
etable oil, which is a perfectly homogeneous mixture, 
showed a satisfactory result on the sandstone, contrary 
to that obtained on the granite. In the same way, the 
mixture red ochre/water lacked homogeneity but was 
better controlled and more accepted on the granite 
than on the sandstone. This allows us to deduce that 
it is possible that the nature of the rock has influenced 
the choice of adopted technique.

We noticed the appearance of an outline result of 
a concentration of the pigments deposited by the two 
parallel edges of the brush which creates other parallels 
of a darker red than the median surface, i.e. the inner 
part of the brush. Hypothesis: the traits resulting from 
a concentration of pigments on both edges are more 
time resistant than the pigments of the inner surface 
which is more vulnerable and fades faster; this can give 
the illusion of a double outline.

This experiment allowed us to question if different 
shades of red may be the result of the use of different 
binders with which they were mixed. 

Different shades in pigment rock art can be obtained 
in many situations, including through preparation and 
treatment of the pigments (Zuo et al. 1999; Froment 

et al. 2008). An example is an umber. Raw umber is a 
light-brown colour; heating raw umber removes water 
from the mineral, yielding a warmer, darker brown 
of burnt umber (Barnett et al. 2006; Li et al. 2012). On 
granite, mixing red ochre with water presented a light-
er red than mixing with vegetable oil. When red ochre 
was heated for four hours at between 500 degrees and 
700 degrees, a change of colour was observed from a 
bright-red to a red-brown due to its oxidation.

Conclusion
The sampled substances analysed by ATR-FTIR 

contained different red ochres and yellow ochres 
(heated or not), charcoal, phyllite, clay (kaolinite-type), 
olive oil, animal fat, cactus sap, egg white and egg yolk, 
human blood, saliva and other materials.

Through archaeometric study, applying an exper-
imentation approach, it was possible to evaluate the 
behaviour of organic substances used in the possible 
production of pre-Historic pigments. The samples 
of inorganic and organic paint recipes were used to 
create several ATR-FTIR spectra that will assist in the 
determination of the various constituents that were 
used in pre-Historic rock paintings.
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