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Introduction to Raman microscopy of prehistoric rock
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Selected pictographs from the prehistoric painting panel 2 of Cueva del Tı́o Modesto shelter in the Sierra
de las Cuerdas (Henarejos, Cuenca, Spain) were studied by Raman microscopy in order to determine the
chemical composition of the pigments used. Hematite (a-Fe2 O3 ) was found as the main component. The
hematite particle size of one motif is much smaller than that observed for the others. No binders were
found. A blue-greyish crust extends over the whole panel. Whewellite, weddellite and amorphous carbon
were identified in this crust. The Triassic sandstone on which the paintings are made is found to suffer
from a flaking process. Therefore, flakes of the rocky substratum were studied, and a-quartz, whewellite,
magnetite and gypsum were found. A micro-stratigraphic study of the flakes revealed channels of gypsum
from one side of the flake to the other. This result supports the mechanism proposed for this sandstone
weathering process. Copyright  2006 John Wiley & Sons, Ltd.
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INTRODUCTION
One of the main groups of post-Paleolithic rock art in
the Iberian Peninsula is found in rock shelters of the
Sierra de las Cuerdas (Cuenca, Spain) (Fig. 1). More than
40 shelters and about 1000 figures have been discovered
until now. Most of them were included in the UNESCO
World Heritage List in 1998. A detailed archaeological
(traceological and technological) study of these paintings is
currently being performed. The chemical and mineralogical
composition of the pigments used, and the possible presence
of binders, accretions and alterations are the fundamental
data required for the characterization, possible dating and
conservation of these pictographs. The pictographs are made
on Triassic sandstone (Buntsandstein facies). Some parts of
this rocky substratum exhibit the effects of a flaking process.
Paintings made on these surfaces are found to suffer an
intense flaking, an alteration that destroys these important
reminders of our past. The composition of sandstone flakes
may provide data on the process that has been affecting
some of these painting panels. Raman microscopy is a
useful and non-destructive spectroscopic tool that is being
applied successfully to identify the composition of pigments
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and substrata in prehistoric rock art.1 – 6 This technique can
provide the information about the paintings of the Sierra de
las Cuerdas that we are looking for. An introductory study
has been performed on these paintings by spectroscopists
and archaeologists, which is described in the present work.
A particularly interesting rock shelter was selected for
our study, representative pictographs were studied, flakes
from a painting panel of the shelter were analysed and a
micro-stratigraphic study of the flakes was completed. The
composition of the pigments, differences among pictographs,
the presence of binders and the origin of the flaking process
are questions that are considered in this work.

Archaeological background
Pictographs were first discovered at the Sierra de las Cuerdas,
in the town of Villar del Humo, as early as 1917. This
mountainous zone of eastern Castile (Central Spain) is
very near the central area of distribution of the so-called
Levantine Art, which is scattered all over the eastern half
of the Iberian Peninsula at places such as Albarracı́n or
Bicorp. However, the archaeological study of this group of
shelters had been neglected until the last few years, when
two different research projects on the Sierra de las Cuerdas’
rock art were carried out by our research group with financial
assistance by the local cultural authorities from 2001 onward.
A full new recording of these rock paintings has been
undertaken and several prospecting campaigns have been
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Figure 1. Location of rock art sites at the Sierra de las Cuerdas, and its position in the Iberian Peninsula. The purple points are rock
art sites, and the orange square indicates the approximate location of Cueva del Tı́o Modesto.

carried out, resulting in the discovery of new rock shelters
with pictographs and raising the total number of sites to 42
and figures to around 1200 in this zone. Currently we are
working on the traceological study of these paintings and on
the technological complexities that are associated with them,
from the ‘chaı̂ne opératoire’ to the chemical identification of
the organic and inorganic composition of the paintings, as a
reflection of the social interaction of these earlier groups of
humans with their environment.
Good examples of the so-called Levantine and Schematic
styles may be found in this area. There are many instances
when both styles are displayed in the same shelter, and
even on the same panel, but with few superimpositions
between them, which can be interpreted to be the result of
the coexistence and/or continuity between the two styles.
From the archaeological point of view, it is a good place to
study the rate of change and the interrelationship between
these two types of visual expression.
Sierra de las Cuerdas rock shelters are one of the
western-most groups of Levantine Art sites in the Iberian
Peninsula. This beautiful style is characterized by the
presence of naturalistic zoomorphous and stylised human
figures interacting in complex scenes, such as hunting or
dancing. Although without any non-controversial dating up
to now, it is usually appointed to the end of the Mesolithic
and to the beginning of the Neolithic period, and believed
to have been made by the last hunter-gatherer groups of the
mountainous areas.
Schematic Art is nowadays considered to be a Neolithic
one owing to its identical designs to that in the rock shelters,
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which appear in a large number of material objects like
pottery, dating from the early Neolithic in the CardialImpressed Ware (VIth Millennium B.C.) and extending into
the Chalcolithic or Copper Age. It looks simple, but mirrors
a very complex symbolic world related to the spread of
agriculture and domestication.
One of the most interesting sites in our working area
is Cueva del Tı́o Modesto (Henarejos, Cuenca) (Fig. 1). The
most important aspect of this site is the complex series of
superpositions that have been identified in panel 2 (Fig. 2)
among several zigzag figures, two Levantine hunting scenes,
and various points, vertical lines and antropomorphous
Schematic figures. This panel offers a good chance to establish
the diachronic process of superposition between styles and
to establish the local chronological order. So a line of
investigation considering this has been designed. First, many
observations of the contact areas between motifs, which show
a zigzag Levantine–Schematic sequence, were carried out.
Then four representative figures of these different phases
(orangish line 12-CTM:077, bowyer 13-CTM:122, deer 15CTM:047 and zigzag line 16-CTM:129) (Fig. 2) were sampled.
Finally, the deterioration process of the panel was analysed.
It was noticed that the flaking of the panel is upward and
from the outside to inside. This is reflected by the different
colours that the accretions have on their surface; a new
accretion process begins after every flake, and at least three
of these phases have been identified. The older one is at the
base of the paintings; later, it is seen that some of the large
flakings in the lower part of the panel tear out parts of some
of the Levantine figures. Finally, flakes are distributed evenly
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Figure 2. Digital reproduction of panel 2 at Cueva del Tı́o Modesto. Black arrows show the figures and places from where the
samples have been collected. The sample code is included.

Figure 3. Photograph of some pictographs in panel 2 at Cueva del Tı́o Modesto. The samples 12-CTM:077 (orangish line),
13-CTM:122 (bowyer) and 16-CTM:129 (zigzag) have been extracted from these pictographs (Fig. 2). The rose sandstone
substratum, the blue-greyish crust and the flaking effect on the panel surface are evident.

on the surface of former phases in more recent times, but the
colour of the rose sandstone remains unaltered (Fig. 3).

EXPERIMENTAL
Optical microscopy
Previous technological and traceological studies based on
in situ optical microscopy have oriented the sampling for
the subsequent spectroscopic studies. Macro- and microphotography of the studied pictographs, substrata, accretions
and alterations are applied. This task was performed with a
portable stereoscopic microscope (Nikon SMZ). The building
process of every figure may be followed with this technique
through the study of the marks of the painting tool. After
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watching the type of line, accumulation of pigment, and their
conservation, and according to the hypotheses on which we
are working, the appropriate points in the figure for a microscopic study are selected. Then a series of six photographs, at
5ð, 7.5ð, 10ð, 15ð, 20ð and 25ð magnifications, are taken
with a Nikon Coolpix 5400 digital camera attached to the
microscope.

Sampling
As indicated previously, four motifs were sampled (Figs 2
and 3). Samples of three flakes, corresponding to the
three phases of accretion that were mentioned, were also
extracted (43-CTM : sus, 44-CTM : sus and 45–CTM : sus)
(Fig. 2). Finally, two additional samples of accretions from
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the panel and its vicinity (14-CTM : sus and 19-CTM : alt)
were taken. The samples were removed with extreme care
and according to a specific protocol. They were collected and
handled wearing disposable latex gloves, hygienic masks and
using sterile surgical blades. A new surgical blade was used
for each sample. Very small granules of pigment (<1 mm2 ),
flakes and accretions (<1 cm2 ) were extracted. They were
taken with minimum effect on the pictographs and their
surrounding area. Flaking, fissures or relief features make
sample extraction possible with minimum risks of damage
to the figures. These characteristics of the rock surface
and interest from the archaeological viewpoint were taken
into account in choosing the sampling point. Macro- and
microphotographs of the sampled areas were taken before
and after sampling. The samples were stored in Ependorf
tubes, but those used for dating were wrapped in aluminium
foils and put into hermetic plastic bags. These containers
were labelled with a sample code established in the Micr-Art
database.

Macroscopic IR spectroscopy
Previous studies on the two accretions, 14-CTM : sus and 19CTM : alt, were carried out by macroscopic IR spectroscopy.
KBr pellets with 1 mg of molten sample in 300 mg of
desiccated KBr were prepared for this purpose. A Bomem
DA3 Fourier transform-IR spectrometer with a deuterated
triglycine sulphate detector was used. The spectra were
obtained in a vacuum (pressure  1 Torr). A nominal
resolution of 2 cm1 was selected, the corresponding effective
spectral resolution after Hamming’s apodisation being
1.77 cm1 . The spectra were recorded in the 4000–450 cm1
spectral interval with a digital resolution of 0.964 cm1 . To
increase the signal-to-noise (S/N) ratio, 1000 interferograms
were co-added for each spectrum. These spectra give
information on the components present in the sample, but not
about their distribution. Nevertheless, this initial information
is very useful in identifying the main components of the
accretions and the substrata on which the paintings were
made.

Raman microscopy
A Jobin Yvon LabRam-IR HR-800 spectrograph with an
Olympus BX41 microscope and a Peltier refrigerated CCD
(1024 ð 256 pixels) detector was used. The laser line at
632.8 nm of a He/Ne laser was employed for Raman
excitation. The laser power was always kept below 700 µW
using density filters, to avoid sample degradation.7,8 The
use of 50ð and 100ð objectives gave effective powers of
250 and 225 µW, respectively, at the sample position. The
samples were analysed without any previous mechanical or
chemical treatment. As indicated for the sample extractions,
latex gloves and hygienic masks were used whenever the
samples were manipulated. Pigment micro-samples were
set on concave slides and illuminated with confocal white
light or oblique illumination from two optical fibre arms of
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a Zeiss Schott KL 200 cold light source. The latter system
facilitates better observation of the relief of the sample than
confocal illumination. For micro-stratigraphic studies, the
rock flakes were inserted into the slots of a metallic holder
designed for this purpose. The sample was inspected with
the 10ð objective to select significant areas and to check that
the sample was free from fibres and other pollutants. The
spectra were obtained with 50ð and 100ð objectives. The
spectrograph had a focal length of 800 mm, a grating of 1800
grooves mm1 was used, and the confocal pinhole was set
at 100 µm. These conditions and excitation at 632.8 nm gave
an average spectral resolution of 1 cm1 in the wavenumber
range of 100–1700 cm1 . The sample spot size was of the
order of a few micrometers (¾1–2 µm), in accordance with
the objective used. The integration time and number of
accumulations used to get acceptable S/N ratios depended
mainly on the observed fluorescence. For locations of low
fluorescence, 30 or 60 s ð2 accumulations were enough,
but at least 2 s ð100 accumulations were necessary for
highly fluorescent positions. The usual wavenumber range
of 100–1700 cm1 was recorded, but in some cases, or when
bands in the 1400–1700 cm1 region induced suspicions
of the presence of organic material, the 2800–4000 cm1
range was also explored. The 585.25 and 837.76 nm lines
of a Ne lamp were used to check the linearity of the
spectrograph. A wavenumber shift calibration with 4acetamidophenol and sulfur9 in the range 150–3100 cm1
using the same recording conditions gave a mean deviation
of cal  obs D 0.50 š 0.16 cm1 tStudent 95%. The number
of spectra collected depended on the heterogeneity of each
sample. The external and internal sides of the flakes, as
well as their edges, were investigated for micro-stratigraphic
studies. At least 10 spectra were obtained for each sample,
and in some cases up to 40 spectra were collected. No
manipulation (baseline adjustment, smoothing, etc.) was
applied to the spectra. The software package GRAMS/AI
v.7.00 (Thermo Electron Corporation, Salem, NH, USA)
was used to help with the readings of the wavenumbers
corresponding to the peaks. Microscopic images of the
sample area observed prior to the spectral collection, with
the position of focal point for each spectrum, were taken by a
Raman videocamera. They were stored with the spectra and
operational conditions in the Micr-Art database.

Micr-Art database
The records of all these observations, photographs and
spectra, as well as information on operational conditions,
sampling, etc. are contained in a database designed specially
for this purpose: Micr-Art. It has been developed in
FileMaker 7.0. This database tries to unify the large amount of
data collected during the fieldwork, both in the traceological
and technological aspects. For every sample collected or
observation accomplished, one record is created and an
identifying code assigned. The photographic information is
referred to this record so that it is always kept ready for
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use. Special care has been taken to register every aspect
of the spectroscopic analysis, operational conditions, and
spectral images. In this way, the usefulness of the obtained
results is increased. Since the number of samples collected is
necessarily limited, a database with extensive documentation
in each record makes it easier to relate these results to the
remainder of the non-sampled rock art.

RESULTS AND DISCUSSIONS
The painting panel 2 of Cueva del Tı́o Modesto has a bluegreyish crust that extends onto the sandstone surface and
some motifs (Fig. 3). Similarly, a black crust covers the ceiling
of this shelter and some areas near the panel. Previous
macroscopic IR analyses of the samples 14-CTM : sus and
19-CTM : alt for these two types of accretions were carried
out. The IR spectra of these samples in KBr pellets (Fig. 4)
show the absorption bands of calcium oxalate monohydrate
(whewellite)10,11 at 3485, 3430, 3338, 3254, 3061, 1627, 1385,
1316, 881, 781, 670 and 517 cm1 . Oxalate accretions on rock
surfaces are usually attributed to the metabolic activity of
fungi12 and lichens13 – 15 that live or have lived on these
surfaces. Dating of oxalates by atomic mass spectrometry
(AMS) 14 C may be used to establish the maximum or
minimum ages of the pictographs made over these accretions
or covered with them, respectively.16 – 18 Sometimes, it is
possible to bracket the time of painting between two
stratigraphic oxalate layers above and below a painted
image,19 a situation that may occur in this panel. Some
motifs painted on an oxalate layer have suffered flaking and
a new oxalate layer has covered the exposed rock surface,
as indicated before (Fig. 3). For this reason, three sandstone
flakes with oxalate accretions were extracted: 43-CTM : sus,
44-CTM : sus and 45–CTM : sus. Raman micro-stratigraphic
studies of their edges were performed. An AMS 14 C dating of
these flakes is currently on, and no scientific dating of these
rock art has been done till now. In addition to the whewellite
bands, the IR spectra of the accretions (Fig. 4) show bands
at 3623, 1079, 1031, 694 and 467 cm1 . They are assigned to
clays and ˛-quartz from the sandstone substratum. The bands
at 3623 and 1031 cm1 are due to the O–H stretching and
Si–O–(Al) antisymmetric stretching vibrations, respectively,
from layer silicates like illite and montmorillonite.20 – 24 ˛Quartz gives the antisymmetric stretching Si–O–Si band at
1079 cm1 , as well as the band at 694 cm1 , and contributes
to the whewellite band at 781 cm1 . The O–Si–O bending
vibrations of ˛-quartz and these silicates produce the band
observed at 467 cm1 .
The samples of pigment (12-CTM:077, 13-CTM:122, 15CTM:047 and 16-CTM:129) from the four pictographs (Fig. 2)
were analysed by Raman microscopy. The spectra of the
points of these samples where the pigment is concentrated
are shown in (Fig. 5). They show clearly the Raman bands
of hematite2,4,7,25 (˛-Fe2 O3 ) at 225 (A1g ), 245 (Eg ), 293 (Eg ),
410(Eg ), 498 (A1g ), 611 (Eg ) and 658 cm1 . The broad band at
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Figure 4. IR spectra of the accretions: (a) 14-CTM : sus, a
blue-greyish crust that extends for the whole painting panel,
and (b) 19-CTM : alt, a black accretion on the ceiling of this
shelter and close to the panel. Labels: Ww, whewellite; Cl,
clays; Q, quartz.

¾1320 cm1 has been assigned to a two-magnon scattering of
hematite.7 The remaining weak bands indicate that there are
small amounts of calcium oxalates with the pigment.4,10,26 – 30
The shoulder at 1490 cm1 and the bands at 1464 and
896 cm1 suggest the presence of whewellite, whereas the
bands at 1477 and 904 cm1 are signs of the existence
of calcium oxalate dihydrate (weddellite), another natural
oxalate found often with whewellite.28,29 The bands at 194
and 164 cm1 are assigned to lattice modes of oxalates.26,27
It is evident that the pigment used for painting the four
figures was hematite. The particle size of the pigment in the
sample 12-CTM : 077 is so small that these particles cannot
be distinguished even using 100ð magnification. However,
hematite particles may be identified without difficulty in
the other samples (e.g. Fig. 6). This result indicates that
the orangish vertical lines, corresponding to the sample 12CTM:077 (Figs 2 and 3), were painted with a pigment made
with hematite following a process more elaborate than that
applied for the other motifs: grinding and granulometric
control. According to in situ optical microscopy, these lines
are the more external of the painting layer. A relationship
between both results could be established.
The samples taken from the four pictographs contain
other components besides the proper pigment. The Raman
spectra of selected points in these samples with significant
components are shown in Fig. 7. Oxalate bands can now
be identified more easily than in the spectra shown in
Fig. 5. The intense Raman doublet at 1464/1490 cm1 is
assigned to the C O symmetric stretching (s C O) mode of
whewellite.4,10,26,27 The shoulder distinguished at 1629 cm1
(Fig. 7(c), (d)) corresponds to the antisymmetric C O
stretching (a C O) and the band at 896 cm1 to the C–C
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Figure 5. Raman spectra of points with high concentration of pigment in the samples: (a) 12-CTM:077 orangish line, (b) 13-CTM:122
bowyer, (c) 16-CTM:129 zigzag motif and (d) 15-CTM:047 deer. Labels: Ww, whewellite; Wd, weddellite; H, hematite; CaOx, calcium
oxalates. Objective magnification, 100ð; power at sample position, 225 µW; integration time, 30 s; and 2 accumulations.

Figure 6. Microphotograph of the sample of pigment
13-CTM:122 with 10ð objective. Two particles of red pigment
may be distinguished downwards joined to the rose quartz
crystals from the sandstone substratum. The small green
square indicates the position of the focus to get a Raman
spectrum of the pigment.

mode.10,26,27 Another whewellite band appears at 520 cm1 .
The s C O and C–C modes of weddellite4,10,26,27 give rise
to the bands observed at 1477 and 904 cm1 , respectively.
The υO–C O bending, CaO ring deformation and CaO
stretching modes of these oxalates produce a band26,31 that

Copyright  2006 John Wiley & Sons, Ltd.

overlaps with the hematite band at 498 cm1 . A frequent
finding in samples taken from the flaking areas is an intense
Raman band at 1007 cm1 . This feature is observed in the
spectra (b) and (c) in Fig. 7, and it is attributed to the presence
of gypsum.4,32 A very broad band appears repeatedly in the
spectra of the samples of the panel at ¾1590 cm1 (Fig. 7) with
another band at ¾1394 cm1 that overlaps with the hematite
band at ¾1320 cm1 , producing a shoulder or a broadening
effect. These bands indicate the presence of amorphous
carbon.2,4,33 – 36 The band at ¾1590 cm1 is assigned34 – 36 to
sp2 -type bonding of graphite (E2g2 mode) or carbonaceous
materials (G band). The other band (D1) at ¾1394 cm1 is
assigned to sp3 –type bonding of diamond-like carbon (A1g ).
Both, G and D1 bands appear in carbonaceous materials
that are not well organised.35 Particles of these materials
(graphite, charcoal, etc.) cannot be observed with the 100ð
objective. Hence, it is suggested that these bands may be
due to smoke particles from fires lit in close proximity
to the painting panel. Finally, it is important to note that
no organic binders have been detected in the samples of
pigment, although many points (between 10 and 40) of each
sample were examined by Raman microscopy.
Micro-stratigraphic Raman studies on the sandstone
flakes, 43-CTM : sus, 44-CTM : sus and 45-CTM : sus, were
performed with no previous treatments. The AMS 14 C
dating requires extreme care to avoid sample contamination.
Therefore, the surface of the flake edge was maintained in
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Figure 7. Raman spectra of points with other significant components in the samples: (a) 13-CTM:122 bowyer, (b) 15-CTM:047 deer,
(c) 12-CTM:077 orangish line, and (d) 16-CTM:129 zigzag motif. Labels: Ww, whewellite; Wd, weddellite; H, hematite; G, gypsum;
C, amorphous carbon. Objective magnification, 100ð; power at sample position, 225 µW; integration time, 30 s and 2
accumulations.

its original irregular relief (e.g. Fig. 8). Between 10 and 20
spectra have been collected across the flake edge. Figure 9
shows some selected spectra. Many rose crystals of ˛-quartz,
giving its characteristic bands at 466 and 206 cm1 , appear
spread along the edges of the flakes (Fig. 9(d)). The external
side of the flakes is covered with a greyish crust of whewellite
(Fig. 8), which is identified by the 1464/1490 cm1 doublet
and the bands at 896, 498 and 194 cm1 (Fig. 9(c)). As has
been found in the samples of pigment, amorphous carbon
(broad bands at ¾1350 and ¾1590 cm1 ) is also detected in
the external side. The flake edge is crossed from one face to
the other by irregular channels of gypsum (Fig. 8), which is
recognized by the strong band4,32 at 1008 cm1 (Fig. 9(b), (c)).
˛-Quartz, gypsum and whewellite have been detected in the
three flakes, with a similar stratigraphic distribution. A small
black particle was found in the edge of the 43-CTM : sus flake,
and its spectrum (Fig. 9 (a)) shows the typical Raman bands
of magnetite,7 Fe3 O4 , at 668, 550 and 312 cm1 . The presence
of gypsum channels in the flakes supports a mechanism
that was proposed to describe the flaking process in similar
sandstone rock shelters.37 – 39 Water from rain and wet areas
dissolve the sulphates, which penetrate into the rock owing
to the porosity of sandstone. Evaporation on approaching the
rock surface of the rock shelters generates gypsum crystals
in the pores of the sandstone and near the rock surface.
Repeated humidity–dryness processes are considered to be
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the main cause of sandstone flaking.37 – 40 The painting panel
should be guarded from rain and soil humidity to avoid this
effect.37,39 The activity of lichens and fungi on the rock surface
would additionally contribute to sandstone weathering.
Some lichen species live on the gypsum substrata.41 Lichen
thalli and hyphal systems of fungi are able to penetrate into
the substrata using their translocating powers to redistribute
nutrients.12 The biodeteriorative effects of several lichens on
granite have been observed.42

CONCLUSIONS
Hematite (Fe2 O3 ) is the pigment used in the selected prehistoric pictographs from the painting panel 2 of Cueva del
Tı́o Modesto. Nevertheless, the orangish lines corresponding
to the sample 12-CTM:077 (Fig. 2) were painted using very
small hematite particles. They cannot be observed with 100ð
magnification. An elaborate process was applied to prepare
this pigment. No binders have been detected. The bluegreyish crust that extends over the whole panel is formed by
whewellite and weddellite accretions. These oxalates have
also been found in the samples of pigment. The black crust
that covers the ceiling of the shelter contains whewellite.
Accretions of hydrated forms of calcium oxalate on rock
surfaces are generally the result of the activity of fungi
and lichens. Amorphous carbon, probably from smoke, is
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Figure 8. Microphotograph of the edge of the sandstone flake 45-CTM : sus used for a micro-stratigraphic Raman study. Irregular
channels of gypsum (white) may be seen across the flake. Some of the points used for the stratigraphic study are indicated.

Figure 9. Raman spectra of representative points across the edge of the sandstone flakes 43-CTM : sus and 45-CTM : sus.
(a) Magnetite particle in 43-CTM : sus; (b) point b (Fig. 8) of a gypsum channel in 45-CTM : sus; (c) point c (Fig. 8) of the oxalate crust
on the external face of 45-CTM : sus; (d) point d (Fig. 8) of a crystal of ˛-quartz in 45-CTM : sus. Labels: Ww, whewellite; G, gypsum;
Q, quartz; M, magnetite. Objective magnification, 50ð; power at sample position, 250 µW; integration time, 30 s and 2
accumulations.
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present in some samples of the panel. Since ˛-quartz is a
basic component of sandstone, numerous ˛-quartz crystals
appear scattered in the samples of pigment, crusts, substrata
and flakes. Gypsum has been found in some samples of
pigment. This mineral forms gypsum channels inside the
sandstone flakes that sometimes emerge from the rock. The
presence of gypsum supports a mechanism that has been
proposed for the flaking process of this type of sandstone
and which affects the painting panel. Biodeteriorative effects
from lichens would additionally contribute to the observed
flaking. Protection against rain and soil humidity would
preserve the panel from this type of sandstone weathering.
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