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Abstract

The present paper focus on an interdisciplinary research of Cultural Heritage concerning
the microanalysis of Gothic mural paintings made during the 15th century in Slovenia.
The samples were chosen from the churches of Crngrob (1453), Mirna (1463-65),
Mevkuz (1465) and Mace (1467), attributed to two of the most important Gothic
painters of that period of time: Master Bolfgang and Master of Mace. The chemical and
phase composition of all the mortars was of interest, the number of their layers and the
selection of the pigments. For this purpose, fragments of mural paintings were studied
with several instrumental techniques: OM, SEM-EDX, XRD and FTIR. In early
artworks, the mortar was made using a mixture of lime and more or less clean sand.
Later, crushed lime-rock or marble instead of sand was added to lime. The pigments
identified by EDX microanalysis of cross-sections previously studied by OM, are of
earth or mineral origen. Therefore, they are durable in fresco and lime technique: lime
white, yellow and red natural or burned ochres, green earth and azurite. The results
confirmed the high technical quality of both painters and the relationships between the
teacher and the disciple. Master Bolfgang and Master of Mace combine three basic
techniques of mural painting: a fresco, a secco and lime technique. This kind of
investigation and methodology allow us to know better the Central European Art and
the Slovenian Art in the Adriatic zone, as well as the general map of European Art in
the 14-15 centuries.
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INTRODUCTION

Mural or wall painting in a wide sense from Egyptian world, Roman Empire and
Middle-Age, may be defined any painted design or composition applied directly to the
surface of buildings and monuments.'® Ranging from simple decorative patterns to
more complex figurative or even narratives schemes, mural paintings form integral
components of the building or monument artwork. While some mural paintings can be
quite simple in both artistic and technical point of view, the majority consist of a
combination of materials applied on a succession of layers. There are some illustrative
examples in the literature.''" The present research deals with the analysis of materials
and techniques of mural paintings, used by the masters who worked in the second half
of the 15 th century in the territory that today belongs to Slovenia. The research was
made as an international collaboration in Cultural Heritage between Slovenia and Spain.
The interdisciplinary approach to the subject was carried out by art historians, restorers,
chemists and geologists working together. The Department of Art History at the
University of Ljubljana (Slovenia) started a study on Gothic mural paintings of a
monument at Selo, Prekmurje (NE Slovenia).”” This precedent research was in
connection with the Central Europe painting, more exactly with the murals of around
1400, with particular attention of the so called “North-Styrian Dukes Workshop .’ This
Workshop was working during decades for the members of Habsburg Royal Family and
their courts. Therefore, the masterpieces of Slovenia, Austria, Italy and Czchec
Republic were compared using stylistic methods and the physical-chemical studies on
selected samples were started. Later, this study was enhanced to the whole Slovenian
territory, in order to get more precise information about techniques and materials used
by medieval painters in today’s Slovenia.'*"*

Part of this investigation was dedicated to mural cycles in the churches of
Crngrob (mural paintings dated in 1453), Mirna (1463-65), MevkuZz (1465) and Mace
(1467), attributed to two of the most important Gothic painters of that period of time:
Master Bolfgang and Master of Mace. They are both highly acknowledged for their

11 . .
T8I The first one, whose name it is

quality in style and in technique of execution.
known from the inscription he left on the cycle of Crngrob, came to Slovenia from the
North of Europe. In his paintings, he cut with the tradition of International Gothic Style
and cultivated more realistic, late Gothic art expresion.”*'> His most beautiful cycle is

found on the ceiling of Mirna’s church (Fig. 1). The so-called Master of Mace was
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Bolfgang’s disciple and he worked with him in Mevkuz (Fig. 2). He followed the
teacher’s style, but was much more lyric in his expression, what it is clearly seen in his
best work: the mural cycle in the church of Mace (Fig. 3) that also gave him the
auxiliary name.

The goals of the present research were to analyze and compare the composition
of the supports (mortars) in all mentioned locations, the selection of pigments and
binding media and the technique of Gothic mural paintings used by both Masters. It
would be intended to distinguish possible differences in the painting technique and
pigments used, as well as in the composition of mortars and wall supports. The
analytical and phase composition of all the mortars is of interest, the number of layers
and the selection of the pigments used by both Masters. The analytical investigations of
samples coming from the Cultural Heritage bring much information on developments in
technologies and on the propagation of culture, being of interest for conservation and
protection of historic monuments in Europe.'® Some selected results are presented and
discussed in this paper. It should be noted that the samples from the monuments were

not studied up to now using techniques of materials characterization and analysis.

MATERIALS AND METHODS

Selected samples were obtained, in part, from several fragments of mural
paintings including mortars. They dropped from the walls during the discovery and
initial restoration works (performed in 1935) in Crngrob, being deposited at the
Department of History, Faculty of Philosophy, University of Ljubljana (Slovenian
Republic).® However, it was also necessary to get more sample materials from other
locations of both masters in situ to include them in the present investigation and to
become a more general study.'’ To achieve the goals of this research, tiny samples of
mortars and pigments were carefully chosen and taken from the mural paintings after a
precise exam de visu. Very significant differences considering the mortars as plaster
supports of these mural Gothic paintings have been found, as it will be described later.

The scientific investigation of the Gothic mural painting samples was mainly
based in the preparation of the cross-sections from the original small samples.'”** This
methodology allows to study the different layers of mortar as support and the painting
itself. The samples were studied in form of elaborated cross-sections using a resin,

previously polished, or in form of ground powders, depending on the laboratory
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procedures and instrumental techniques used,'***""*** those are commonly applied in
materials characterization: optical microscopy (OM), scanning electron microscopy
(SEM) and energy dispersive X-ray spectroscopy (EDX) to carry out the sample
microanalysis, Fourier Transform Infra-Red spectroscopy (FTIR) and X-Ray powder
diffraction (XRD). At the time of this investigation work no XRF analysis was possible,
although it would have been of great interest to use portable XRF equipment for the first
analysis of the mural paintings directly in situ in the selected churches. This step would
probably reduce the number of the necessary samples taken from the paintings. Only
later on we had XRF equipment at hand, and just for a short time. We tried to use it in
the small samples taken from the paintings, already analysed by other techniques. But
the samples were too small to give any relevant results.

OM was carried out by means of a conventional reflected light microscope
Nikon, model 115, with fibre optic illumination fitted to a Nikon Coolpix 5000 digital
camera. Selected micrographs representative of the main observations of cross-section
samples are presented here. SEM observations were undertaken with a JEOL JSM 5400
instrument. The cross-section samples were previously metallized with a thin layer of
Au by sputtering.* EDX microanalysis of these cross-section samples was performed
under the SEM equipment using an Oxford Link analyser with Si(Li) detector, Be
window, at 20 kV. For additional information concerning mortars, pigments and
possible organic substances, FTIR spectra of selected zones in the cross-sections were
obtained with a FTIR Nicolet instrument, model 510. In some cases, | mg powdered
sample and 400 mg KBr were mixed and ground, preparing pressed pellets used for the

analysis by FTIR transmission spectroscopy.' """

For the mortar analysis the best
technique was the XRD. Selected samples were ground using an agate mortar and
pestle. This very fine powder was studied by Siemens D-501 diffractometer, at 40 kV
and 20 mA, with CuKa Ni-filtered radiation and speed 0.5 © in 20 per minute.”

It is important to mention that this kind of analysis and materials
characterization was not possible, at this time, in Slovenia due to a lack of adequate
instrumental equipment, technical experts and methodology. This is a great difference in
relation to other countries of the European Union, including Spain and, in particular, the

ICMSE, being the origin of a Spanish-Slovenian Bilateral Cooperation.'' "
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RESULTS AND DISCUSSION

Mortars

Mortar in ancient structures is a composite material which has exhibited
excellent durability through time.*®**2® It is constituted of a binder, such as lime (CaO)
and/or gypsum, and aggregates, such as sand or grit. The composition of mortars varies
greatly and they are commonly divided into lime, gypsum and mixed ones, depending
on the binding material. The most common one is lime mortar, in which slaked lime is
used as a binder. It should be noted that the calcination of calcite rock (calcium
carbonate, CaCOs3) at 800-900 °C produces burnt lime (calcium oxide, CaO) and, after
cooling, the hydration process of lime yields the hydroxide Ca(OH), also known as
slaked lime. After a carbonation process in air, the hydroxide in the mortar yields
calcium carbonate again. Several authors have studied these simple but, at the same
time, complicate chemical processes. For instance, Pires and Cruz.*® have summarized
this process concerning the study of ancient mortars.

The examination of mortar samples in cross-sections by OM, as first step, and
SEM and EDX microanalysis, as second step, allowed to study the composition of
mural paintings, to determine if there is more than one layer of the composite mortar,
how it was made (granulation, quantity, kind of sand, purity of lime) and if there exists
a layer of lime that freshened up the mortar. The phase analysis of powdered and ground
mortar samples by XRD allowed us to achieve a more complete and complementary
information on the materials characterization of these mural paintings.

The observation of cross-sections by OM and SEM, the microanalysis by EDX
(zones and point analysis) and the XRD results of the samples show an interesting
change in the composition of mortars. In early works (Crngrob), Master Bolfgang
employed mortars of lower quality, made of lime and more or less clean sand (Fig. 4a).
The elaborated cross-sections permit to observe the calcite matrix and sand grains, of
different colour, dimension and form. The reddish ones reveal the presence of iron
oxides; the more transparent ones are of quartz, for example. The XRD analysis (Fig.
4b) confirmed that the mortars contain mostly calcite (CaCOs) and quartz. In some
samples, dolomite, feldspars and clay, as minor crystalline phases were also identified.
These results were confirmed by a complementary EDX analysis in the cross-sections
as observed by SEM. The spectra reveal Ca as the predominant element belonging to

lime, while Mg, Al, Si, K and Fe are present in lower quantity, representing different
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sand grains (Fig. 4c¢). Also some of these grains were analysed separately, showing
small differences in their chemical composition, containing more or less of Na, Mg, Al,
K, Fe. The quartz grains were identified by containing only Si.

In posterior artworks (Mirna, Mevkuz), Master Bolfgang opted for a mixture of
lime and crashed marble or calcite (lime-rock) instead of sand to prepare the painting
surface. This change in materials was produced probably due to a contact with Italian
fresco tradition. In this kind of plasters the presence of calcite has two origins: a) as a
binder®® and b) as an aggregate. This kind of mortar is whiter and more consistent as the
first one that he employed, and therefore also better as a painting surface. The difference
is well observed from the selected cross-sections from both localities (Figs. Sa, 6a),
where white, slightly transparent grains are mixed with white lime. The XRD analyses
show the very clean Mirna mortar (Fig. Sb), made only of calcite (CaCO3) and dolomite
(CaMg (COs3)2), while in the Mevkuz mortar (Fig. 6b) a small quantity of quartz is
appreciated as well. Weddellite (C,Ca04.2H,0) peaks reveal some biological
action/deterioration process on the mortar. In both cases no additional EDX analysis
was realized as it was considered irrelevant.

Master of Mace, nevertheless, returned to the initial lime and sand mixture. His
mural paintings decorate not only the inner church walls, but we also find some scenes
on the outer southern wall. Already by the naked eye we could appreciate that the outer
mortar is rougher, made of bigger sand grains and less lime as the inner one. Both
components were mixed with less precision, as well. The selected cross-section from
the outer mortar (Fig. 7a) shows abundant small sand grains of different reddish and
brownish colours, mixed with white lime. On the other hand, in the cross-section from
the inner mortar (Fig. 7b) we observe less send grains dispersed in more lime. Both
mortars were analysed by XRD. The results reveal that the mortar from Mace is made of
calcite (CaCoj;), dolomite (CaMg (COs),) and quartz (SiO;). The basic difference
between the inner (Fig. 7¢) and the outer one (Fig. 7d) is that the first one contains
more relative proportion of dolomite, while the second one has more relative proportion
of calcite and is richer in quartz, therefore contains more sand. Also in these cases no
additional EDX analysis was considered necessary. In all Mace mortars there is less
sand as in the Crngrob plaster. The lack of feldspars and clays reveal that the sand used

in this location is much cleaner than the one applied in Crngrob.

Pigments and binding media
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1-6,21,29,30,31
3! The true fresco

Fresco is an ancient technique of painting on walls.
entails the application of natural inorganic pigments dispersed in water to fresh, damp
mortar. The identification of pigments from mural paintings, presented in this work, was
realised firstly by examination of selected samples in cross-sections by OM, and
secondly by SEM-EDX and FTIR. The cross-sections allowed us to study the
composition of mural paintings, the number of colour layers applied, their sequence and
thickness as well as the painting technique (a fresco or a secco), reminding of possible
differences between the artist’s procedure. OM is a useful way to achieve a basic
characterization of pigments used in mural paintings. Nevertheless, the profound
chemical analysis was run by SEM-EDX. These results offered us the major part of the
information about the pigments applied in each location. The samples were analysed in
the form of cross-sections or as powder. As a complementary technique, we applied
FTIR to get the information about the chemical compounds in the colours. This
technique is useful especially to identify possible organic materials, what is not an
option with other instrumental techniques we used. For XRD and XRF analysis we had
not sufficient quantity of samples.

The general results by all these techniques have shown that the pigments in all
these mural cycles are of natural inorganic origin, mostly earths and minerals. They all
are optimal for painting in the technique a fresco and in lime technique: *>2'2%3133-34
lime white [Ca(OH), or CaCOs], yellow and red natural or burned ochres [Fe,Os] and
the mineral azurite, a basic copper carbonate [2CuCO3;Cu(OH);]. Surprisingly, no
malachite, copper pigment of green colour, with chemical composition CuCO3;Cu(OH),,
was found. However, it should be emphasized that pigments from artworks are rarely
pure, have different particle sizes and they can be mixed with other pigments or
additives (organics and/or inorganics), to provide the artist’s desired paint
colour +5:11117.202126.30.33
Fig. 8 shows selected optical micrographs of cross-section samples of mural
paintings revealing the violet colour made as a mixture of red ochre and white lime (a)
and orange colour obtained by a mixture of yellow and red ochre (c). These samples of
mural paintings correspond to the churches of Mace and Mirna, respectively. The EDX
spectrum show, in the first case (b), high peaks of Ca (lime) and Fe (red ochre), together
with lower presence of Mg, Al and Si, belonging to the earth pigment as well. In the

second case (d) the EDX spectra reveals the higher presence of Fe, coming from both

ochres, while Ca corresponds to lime. Fig. 9 shows selected optical micrograph of
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cross-section sample of mural painting from the church of MevkuzZ revealing white
lime, yellow ochre, green earth and red ochre. Each colour layer was analysed by EDX.
The spectrum of the upper red layer shows peaks relatively high intensity of Fe, as it
was expected, belonging to iron oxides, responsible for the red colour. Peaks of Mg, Al
and Si are lower in intensity and present traces in the earth pigment. The spectrum of
the green layer, on the contrary, shows peaks of Si of higher intensity, the typical
chemical elements for green earth, while Mg, Al, K, Fe are minor elements. Ca is the
predominant element, coming from lime. In the yellow layer the peaks of all these
elements are of low intensity, but Fe is still the most characteristic one. In the
micrograph of the cross-section of the sample from Mace we see a nice example of blue
pigment (Fig. 10). The EDX spectrum identifies the pigment as azurite by X-ray peaks
of high intensity of Cu. Punctual zones of azurite particles appear with some kind of
chemical transformation. The detection of chlore by EDX can be associated to basic
copper chlorides produced by alteration of basic copper carbonate by reaction with
chloride salts. The changes of blue parts into green colour, observed on the mural
paintings in situ suggest that there must have been azurite altered by chemical processes
in the presence of humidity to paratacamite [Cu,(OH);Cl1].!"""*2!%** However, XRD
examination of these samples was not possible at this time because powdered samples
were not available. Consequently, the phase analysis of pigments is based on results
provided by OM, SEM-EDX and FTIR. According to Barba et al.,” to characterise
ceramic pigments it is necessary to determine pigment phase and chemical composition,
in addition to other properties (pigment quality, pigment additives, etc.). But this is only
possible when pure pigments (synthesized as powders or reference materials) can be
analysed. It is not the procedure when the pigments have been used in mural paintings
and these kinds of samples of Cultural Heritage must to be studied in cross-sections.>

In some places of these mural paintings, lead pigments, such as lead-white
(mineral phase is cerussite and/or hydrocerussite, a basic lead carbonate) can be found,
although they have mostly darkened due to various chemical changes taking place by
aging. They might belong to some restoration work and, therefore, are not attributed to
both original Masters’ palette.

The binding media for all these pigments is mostly inorganic: the lime from
mortars or lime-water added to the pigments. Possible organic bindings were not
discovered even using the FTIR technique. These organic additives were possibly used

in such a small amounts that it is very difficult to identify them by IR spectroscopy.
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Besides this, after a long period of time organic substances (in many cases) can
disappear because of the nature of the chemical composition and they can therefore not
be determined.*'®*2%*! FTIR results, however, revealed inorganic phases such as
carbonates and silicates previously detected by XRD and SEM-EDX. Thus, IR bands
detected at 2516, 1795, 1480 (very strong), 1082 and 795 cm™ are attributed to
carbonates (calcite); IR bands centred at 1426 (very strong), 1170, 876, 692 and 459 cm’

1 11,1321.23 ..
222522 This is an

are associated to the presence of silica (as quartz) and silicates.
important confirmation of EDX microanalysis of pigments, because the FTIR spectra
detected that the binding medium for pigments was lime from the fresh mortar and also

revealed the earth minerals with silicate origin of some pigments, in particular green.

Technique of execution of the mural paintings

Master Bolfgang anf Master of Mace combined techniques a fresco, a secco and
lime-wash, as confirmed by the results of microanalysis. By the true fresco, it is clearly
seen by microscopic observation on the selected cross-sections presented here that there
is not a defined line between the mortar and the colour layer (Fig 8c). The pigment layer
shows a colour gradient resulting from the diffusion of the lime from the fresh mortar
into the pigment during the work painting, as an analogous way of interaction of
pigments and glazes during firing of glazed ceramics.*® On the other hand, lime-wash is
distinguished as a compacted white layer between the mortar and the colour (Fig. 11). If
the colours are painted already on the dry mortar or lime-wash, the border line between
them can be clearly seen (Fig. 9a, 11). The results show that both masters used a
combination of all three basic techniques of mural painting, starting on a fresh mortar
and proceeding in lime technique or on the dry mortar to finish the work. Both painters
are also very similar in choosing the pigments and in the manner of constructing the
colour layers. In general, the painting procedure found in all analysed monuments is
typical of North Europe: one or two layer of mortar with a fine layer of lime, where it is
necessary. In the present case, the work on the fresh mortar could not be always finished
in one giornatta because it started to dry and did not bind the pigments sufficiently
anymore. That is why it has been found in some samples examined by OM and SEM a
layer of lime wash (slaked lime) to freshen up the drying surface in some places. If the
drying mortar was of poor quality (not enough lime). its binding strength was even

weaker and a bigger part of the painting had to be finished a secco, especially draperies,
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faces and final details. In this case, the mural paintings are in worse condition after time
as compared with those performed a fresco, and colour layers are falling off. However,
all these results showed the high technical quality and high technical execution of both

painters, and confirmed the relationships between Master and disciple.

CONCLUSIONS

This kind of microanalysis by EDX and materials characterization using OM, SEM,
XRD and FTIR of mortars and pigments was not possible, at that time, in Slovenia due
to a lack of adequate instrumental equipment and technical experts. This was the origin
of a Spanish-Slovenian Bilateral Cooperation to study the historical mural paintings in
Slovenian territory by an interdisciplinary approach, highlighting the relevance of
scientific investigations in this field other than the art-historical, stylistic point of view.
Thus, it is a clear example of how scientific and technical investigations can
complement art historical research.

The information provided by this research about the composition of the mortars,
the pigments used and the construction of single painting, or technique of execution of
the mural paintings by Master Bolfgang anf Master of Mace, will be of great use and
valuable interest. Although non-destructive analysis was the premise to conduct the
present reasearch, samples were prepared from the mural paintings because they were
available at that time. The analyses presented in this paper have been performed using
the microscopic examination by OM of prepared and polished cross-sections, obtained
from mural-painting samples, and subsequent application of EDX microanalysis after
examination of selected preparations by SEM. Furthermore, XRD and FTIR have been
used as complementary techniques of phase analysis and, the last one, to search the
presence of organic compounds.

For instance, it has been concluded that Master Bolfgang used in his early work
mortars of lower quality, made of lime and sand. Later, he started to apply a mixture of
lime and crashed marble or calcite (lime-rock) instead of sand. In this way, he produced
an improved support material for painting works, because this kind of mortar is whiter
and more consistent as compared with the first one that he used, and therefore more
convenient as a painting surface. Master of Mace followed using again the more

common mixture of lime and sand. However, all these results confirmed the high

John Wiley & Sons 1



X-RAY Spectrometry

technical quality of both painters and the relationships between Master and disciple. The
microanalysis by EDX has allowed to identify the main pigments used by both Masters
of natural inorganic origin: yellow and red natural or burned ochres, green earth, azurite,
lime white and, in some places of these mural paintings, lead pigments, such as lead-
white have been identified. The mineral pigment malachite was not found in zones of
green colour. The only binding media identified was the lime from mortar. No organic
bindings could have been confirmed, although some dense colour layers in several
cross-sections lead towards the conclusion that there was used some unidentified
organic substance. Both masters used a combination of a fresco, a secco and lime
technique and have constructed the painting layers in a similar way.

The present results are useful for the understanding of the technology of historic
monuments in Slovenia and conservation of its Cultural Heritage, being interesting to
plan some further conservation and restoration proceedings of the mural paintings at the
churches of Crngrob, Mirna, Mevkuz and Mace. Furthermore, the present investigation
and its methodology approach allow knowing better the Central European Art and the
Slovenian Art in the Adriatic zone, as well as the general map of European Art in the

14-15 th centuries.
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FIGURE CAPTIONS

Figure 1. Mural paintings of the church at Mirna: the ceiling of presbytery.
Figure 2. Mural paintings of the church at MevkuZ: triumphal arch and the nave.

Figure 3. Mural paintings of the church of Mace: north wall of the nave and part of the
triumphal arch.

Figure 4. Selected optical micrograph of cross-section sample of mural painting from
Crngrob (a) with corresponding XRD diagram (b) and EDX spectrum (c¢).

Figure 5. Selected optical micrograph of cross-section sample of mural painting from
Mirna (a) with corresponding XRD diagram (b).

Figure 6. Selected optical micrograph of cross-section sample of mural painting from
Mevkuz (a) with corresponding XRD diagram (b).

Figure 7. Selected optical micrograph of cross-section sample of mural painting from
Mace. The outer mortar (a) with corresponding XRD diagram (b) and the inner mortar
(c) with the corresponding XRD diagram (d).

Figure 8. Selected optical micrographs of cross-section samples of mural paintings
showing the violet colour made as a mixture of red ochre and white lime from Mace (a)
with the corresponding EDX spectrum (b) and orange colour obtained by a mixture of
yellow and red ochre from Mirna (c) with the corresponding EDX spectrum (d).

Figure 9. Selected optical micrograph of cross-section sample of mural painting from
Mevkuz (a) with corresponding EDX spectra showing white lime (b), yellow ochre (c),
green earth (d) and red ochre (e).

Figure 10. Selected optical micrographs of cross-section sample of mural painting from
Mace (a) with corresponding EDX spectrum showing azurite.

Figure 11. Selected optical micrograph of cross-section sample of mural painting in
Crngrob showing the combination of lime technique and painting on a dry surface (a
secco).
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47 Figure 1. Mural paintings of the church at Mirna: the ceiling of presbytery.
127x169mm (96 x 96 DPI)
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Figure 2. Mural paintings of the church at Mevku(l: triumphal arch and the nave.
169x125mm (96 x 96 DPI)
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Figure 3. Mural paintings of the church of Mace: north wall of the nave and part of the
triumphal arch.
29 169x96mm (96 x 96 DPI)
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Selected optical micrograph of cross-section sample of mural painting from Crngrob (a)
with corresponding XRD diagram (b) and EDX spectrum (c).
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292 Selected optical micrograph of cross-section sample of mural painting from Mirna (a)
23 with corresponding XRD diagram (b).
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Selected optical micrograph of cross-section sample of mural painting from Mevku( (a)
with corresponding XRD diagram (b).
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33 Selected optical micrograph of cross-section sample of mural painting from Mace. The
34 outer mortar (a) with corresponding XRD diagram (b) and the inner mortar (c) with the
35 corresponding XRD diagram (d).
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Selected optical micrographs of cross-section samples of mural paintings showing the
violet colour made as a mixture of red ochre and white lime from Mace (a) with the
corresponding EDX spectrum (b) and orange colour obtained by a mixture of yellow and
red ochre from Mirna (c) with the corresponding EDX spectrum (d).
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Selected optical micrograph of cross-section sample of mural painting from Mevku( (a)
with corresponding EDX spectra showing white lime (b), yellow ochre (c), green earth (d)
and red ochre (e).
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Selected optical micrographs of cross-section sample of mural painting from Mace (a)
with corresponding EDX spectrum showing azurite.
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31 Selected optical micrograph of cross-section sample of mural painting in Crngrob showing
32 the combination of lime technique and painting on a dry surface (a secco).
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