
 

Mediterranean Archaeology and Archaeometry, Vol. 16, No. 3, pp. 193-206 
Copyright © 2016 MAA 

Open Access. Printed in Greece. All rights reserved. 

 

10.5281/zenodo.160970 

 

PIGMENT ANALYSIS OF ROMAN WALL PAINTINGS 
FROM TWO VILLAE RUSTICAE IN SLOVENIA 

M. Gutman1, K. Zanier 2,3, J. Lux4, S. Kramar5 

 
1Restoration Centre, Conservation Centre, Institute for the Protection of Cultural Heritage of Slovenia, Ljubljana, 

1000 Slovenia 
2 Development and IT Service, Institute for the Protection of Cultural Heritage of Slovenia, Ljubljana, 1000 Slovenia  

3Faculty of Humanities, University of Primorska, Koper, 6000 Slovenia 
4Centre for Preventive Archaeology, Institute for the Protection of Cultural Heritage of Slovenia, Ljubljana, 1000 

Slovenia 
5Slovenian National Building and Civil Engineering Institute, Ljubljana, 1000 Slovenia 

 
 
 

Received: 29/06/2016 
Accepted: 16/10/2016 

 
Corresponding author: Katharina Zanier (katharina.zanier@zvkds.si) 

 
 
 
 

ABSTRACT 

The study deals with the characterisation of paint layers from the wall paintings that decorated two excavat-
ed Roman villae rusticae in Slovenia. The villa in Mošnje, located in the NW of Slovenia, was built in the 1st 
half of the 1st century AD and was in use until the end of the 2nd century AD, while the coastal villa in Ško-
larice, built in the second quarter of the 1st century AD, remained in use until the mid-5th century. Stratigra-
phy and painting techniques were studied using optical microscopy, with pigments identified via Raman 
microspectroscopy supported by FTIR microspectroscopy and SEM/EDS. The results of this analysis re-
vealed that whereas the Školarice wall paintings were mainly executed using the fresco technique and some 
areas with the secco technique, both techniques were identified equally in the Mošnje paintings. Red ochre, 
lime white and carbon black pigments were identified in both the Mošnje and Školarice paintings, although 
the latter were also characterised by the use of yellow ochre and green earth. 
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1. INTRODUCTION 

One of the most important issues in the study of 
ancient wall paintings is the identification of the 
pigments used. Such analysis can provide useful 
information regarding the palette of pigments avail-
able at local, regional or even wider scales, as well as 
increasing our understanding of the techniques of 
colour preparation and application. In addition, 
through the study of pigments, it is possible to dis-
cover the associated lines of communication and 
trade (Mazzocchin et al., 2003).  

Some of the earliest and most valuable sources of 
information regarding the use of pigments in wall 
paintings in Roman times are ancient works such as 
De Architectura by Vitruvius (written during the 
Augustan period) and Naturalis Historia by Pliny 
the Elder (first century AD). According to Pliny the 
Elder (Plin. HN 35.11), both natural and artificial 
pigments could be divided into two categories: ‖flor-
id‖ pigments, which included rare and expensive 
materials, and more common pigments, which he 
called ―austere‖ or ―sombre‖. Whereas ―florid‖ pig-
ments, which Pliny lists as comprising, for instance, 
vermillion, azurite, malachite and indigo, were pur-
chased and provided by patrons at their own ex-
pense, ―austere‖ pigments were provided by the 
artist within the cost of the commission and included 
ochres, green earth, chalks and Egyptian blue. Vitru-
vius also wrote about pigments (Vitr. De arch. 7), 
although he was not so precise about dividing pig-
ments into ―florid‖ and ―sombre‖. His work De Ar-
chitectura provides some information regarding the 
provenance of certain natural pigments, as well as 
explaining the processes of obtaining pigments such 
as Egyptian blue.  

Pigments used in Roman wall paintings at various 
sites have been studied by means of several tech-
niques that enable the identification of both the pig-
ments and the painting technique used (Bearat, 1996; 
Kakoulli, 1996; Fermo et al., 2013; Villar, Edwards, 
2005; Edwards et al., 2003; Edwards et al., 2009). The 
pigment palette, mostly identified via Raman micro-
spectroscopy, SEM/EDS, FTIR spectroscopy and x-
ray powder diffraction, includes commonly identi-
fied pigments such as red and yellow ochre, green 
earth, carbon black, lime white and Egyptian blue, as 
well as less frequently identified pigments including 
red lead, verdigris, viridian, lead white, jarosite, 
volcanic yellow-brown glass and the more expensive 
cinnabar, malachite, lazurite and caput mortuum 
(Smith, Barbet, 1999; Edreira et al., 2003; Villar, Ed-
wards, 2005; Mazzochin et al., 2003; Edwards et al., 
2003; Aliatis et al., 2009; Piovesan et al., 2011; Paradi-

si et al., 2012; Buzgar et al., 2011; Edwards et al., 
2009). Especially effective are in this regard spectros-
copy methods, including SEM-EDS, EDXRF, FTIR, 
IR-PAS, Raman spectroscopy, GC–MS and Py-GC-
MS, which were applied in different combinations 
for the analysis of wall paintings of various periods 
(Edreira et al., 2001; Rampazzi et al., 2002; Liritzis, 
Polychroniadou, 2007; Osete Cortina et al., 2011-
2012; Piovesan et al., 2016). 

Roman wall paintings in Slovenia have been 
found in many larger Roman towns (Emona – mod-
ern Ljubljana, Celeia – modern Celje, Poetovio – 
modern Ptuj) (Plesničar–Gec, 1998), as well as in 
suburban, rural (Mošnje (Kramar et al., 2008), Ško-
larice (Zanier, 2012)) and maritime villas (Izola 
(Stokin, Zanier, 2011)). However, although the pig-
ments and/or mortar layers of wall paintings from 
Emona (Gutman et al., 2015a) and Celeia (Gutman et 
al., 2015b) have been studied, systematic analyses of 
the materials and techniques used at other locations 
have yet to be performed. 

In the present work, wall paintings from villas in 
the Roman countryside from Slovenia are character-
ised, with the aim of providing information regard-
ing the pigments and painting techniques used. Two 
excavated villae rusticae were selected for this pur-
pose, located on the SW coast and in the NW of Slo-
venia. 

2. ARCHAEOLOGICAL BACKGROUND 

2.1. VILLA RUSTICA IN ŠKOLARICE 

The Roman villa in Školarice is located not far 
from the south-western coast of Slovenia on the very 
northern edge of the Mediterranean. During the 
archaeological excavation of the site in 2002, which 
covered a surface area of 6136 m2, several rooms 
were discovered, mostly in the productive part of the 
villa but also including a thermal complex. 
However, the area explored represents only a 
fraction of the entire ancient villa complex. Due to 
the site‘s sloping terrain the complex was built on 
terraces descending towards the southwest (Fig. 1). 
On the lower terrace, large portions of which were 
unfortunately removed during construction work in 
the 1960s, a small part of the residential area and 
baths were discovered, preserved only at the 
foundation level. The upper terrace was used as a 
production area, with various open courtyards 
completing the complex. The villa was erected over 
an earlier building in the second quarter or towards 
the middle of the 1st century AD, remaining in use 
until the mid-5th century AD (Trenz, Novšak, 2004; 
Novšak, Ţerjal, 2008; Sakara Sučević et al., 2015). 
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Figure 1. Školarice: Roman villa, 2002 excavations (archive of the Institute for the Protection of Cultural Heritage of 
Slovenia, Piran Regional Office). 

Circumstances related to the destruction and 
damage of the southern residential area of the villa 
at Školarice resulted in a consistent loss of floors and 
wall paintings. As a consequence, the collected wall 
painting fragments include only a few pieces of bet-
ter quality and with more refined decorative motifs, 
such as those exhibiting stucco decoration (Zanier, 
2012). 

Special attention should be paid to certain frag-
ments found in the area of the baths: white plaster 
characterised by incised lines (Fig. 2a; cf. sample 
ASO6) that probably refer to a decoration imitating 
white ashlar masonry. This type of decoration is 
mostly used within the upper part of wall-
decorations relating to the so-called First Pompeian 
Style, i.e. within ―structural‖ decorative systems (cf. 
Salvadori, 2012), and dates back to the late Republi-
can period. The fragments from Školarice may there-
fore relate to the earlier building found under the 
structures of the thermal area and which was oblite-

rated by the construction of the villa during the im-
perial era. Also noteworthy are fragments of stucco-
decoration, which were also found in the thermal 
area. Similarly decorated stucco cornices are typical 
of the final Third and especially the Fourth Pom-
peian Style of the second half of the 1st century AD 
(Riemenschneider, 1986; Fröhlich, 1995).  

Across the entire complex at Školarice were found 
also large groups of wall painting fragments, with 
fairly homogeneous preparations characterised by 
very simple decorations (Fig. 2b and 2c) including 
yellow, red, burgundy red, green and black panels, 
sometimes bounded by white stripes, as well as 
white panels bordered by broad red bands. These 
patterns reflect the wide spectrum of plain decora-
tions based on chromatic and modular strings of 
panels of interchanging colours, which were espe-
cially in use from the second half of the 1st through 
the 2nd century AD (Salvadori, 2012). 
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Figure 2. (a) Wall painting fragments with incised lines from the Roman villa of Školarice. (b) Wall painting fragments 
with yellow and burgundy red panels bordered by white stripes. (c) Wall painting fragments with yellow and green 

panels bordered by white stripes. (d) Monochrome black wall painting fragments. 

2.2. VILLA RUSTICA IN MOŠNJE 

The Roman villa rustica located near Mošnje in 
the north-west of Slovenia was discovered during 
archaeological excavation of the site in 2006 and 2007 
(Fig. 3).  

The villa was built in the 1st half or at the latest in 
the middle of the 1st century AD (Lux, Sagadin, 
2012) on a terrace of the Sava River. On the north 
side the retaining wall of the villa was partially cut 
into the terrace above. This wall extended along the 
western side of the complex, but on the eastern side 
was later destroyed by local road construction. Most 
probably the villa complex was square in plan and 
measured 120 × 100–120 m. Five masonry buildings 
have been excavated, with the best preserved being 
the residential block (dimensions: 37 × 17 m) located 
in the eastern part of the villa compound, with walls 
surviving to a height of almost three metres. The 
western side of the villa comprised three smaller 
rooms lined in a row, representing the baths or bal-
neum. A form of sauna was present in the caldari-
um, a room on the northern side of the site with a 

semi-circular apsidal terminal and a hypocaust or 
central heating system. The floor was covered with a 
black and white mosaic with dolphin motifs (Lux, 
Kramar, 2011), while the lower parts of the walls 
were decorated with simple geometric motifs com-
prising black lines on a white or red surface (Fig. 4a, 
b). The balneum also included adjacent rooms in the 
southern part of the villa, known as the tepidarium 
and frigidarium. However, besides an abundance of 
wall painting fragments found in the rubble layer, as 
also recorded in the caldarium, the remains of wall 
paintings from the lower part of the walls were pre-
served only in the tepidarium (Fig. 4c), with the ma-
jority of fragments from this room being red. A 
number of white-coloured fragments with red deco-
rative motifs were also found in building 3 near the 
western entrance of the villa (Fig. 4d). All the above 
room decorations were likely carried out at around 
the time of villa construction in the mid-1st century 
AD. The villa was abandoned by the second half of 
the 2nd century AD at the latest and gradually fell 
into ruin.  
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Figure 3. Aerophoto of the discovered northern part of the Roman villa near Mošnje (photo: J. Hanc, archive of the Insti-
tute for the Protection of Cultural Heritage of Slovenia). 

 

Figure 4. (a, b) Fragments of wall paintings in the rubble layer of the caldarium of the Roman villa near Mošnje (photo: 
M. Lavrič). (c) Red coloured wall painting in the lower part of the south wall of the tepidarium (photo: M. Lavrič). (d) 
Fragments of wall paintings from building 3 near the entrance of the villa (photo: A. Ogorelec, archive of the Institute 

for the Protection of Cultural Heritage of Slovenia). 

3. EXPERIMENTAL 

3.1. MATERIALS 

Samples of paint layers were collected from 
among the fragments excavated during 

archaeological investigation of the villae rusticae at 
Školarice (SW Slovenia) and Mošnje (NW Slovenia). 
A total of 17 samples from both selected monuments 
were carefully collected, paying special attention to 
sampling the complete colour palette. Detailed 
information regarding samples of paint layers, 
together with the results, is provided in Tab. 1. 
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3.2. METHODS 

The analyses were performed on approximately 
millimetre-size samples taken from the surface of the 
wall paintings using a thin scalpel.  

Polished cross-sections of the paint layers were 
studied via optical microscopy using an Olympus 
BX-60 equipped with a digital camera (Olympus 
JVC3-CCD).  

Raman microspectroscopy was employed for the 
identification of the red, orange, black and white 
pigments. Raman spectra were obtained from the 
polished cross-sections of paint layers using a 
Horiba Jobin Yvon LabRAM HR800 Raman 
spectrometer equipped with an Olympus BXFM 
optical microscope. Measurements were made using 
a 785 nm laser excitation line and a Leica 100× 

objective. The spectral resolution was about 1 cm1.  
Due to their strong luminescence when excited 

with a 785 nm laser beam, green pigments were 
identified via FT–IR microspectroscopy, with 
pigments collected using a fine needle under a 
stereomicroscope before being pressed into a cell 
fitted with diamond windows prior to analysis. The 
FT–IR spectra were recorded using a Perkin Elmer 
Spectrum 100 FTIR spectrometer at a spectral 
resolution of 4 cm-1 in the range of 4000–600 cm-1; 64 
signal-averaged scans of the samples were acquired.  

In order to determine the type of binder employed 
in the paintings, paint layer samples that were 
determined to have been painted using the secco 
technique were subjected to solvent extraction 
(Derric et al., 1999). After their collection with a fine 
needle under a stereomicroscope, paint layers were 
placed in a micro test tube and covered with a few 
drops of solvent—in hexane, ethyl acetate, toluene 
and water, successively. Analyte spectra were 
recorded via FT–IR microspectroscopy, under the 
same recording conditions as for the pigments.  

The chemical compositions of the polished cross-
sections of paint layers were additionally examined 
using a JEOL 5500 LV Scanning Electron Microscope 
(SEM) equipped with an Energy Dispersive X-Ray 
spectrometer (EDS), in low vacuum mode (between 
10 and 15 Pa) at an accelerating voltage of 20 kV and 
working distance of 20 mm. X-ray spectra were 
optimised for quantification via the cobalt 
optimisation standard, with the correction of EDS 
data performed based on the standard ZAF-
correction procedure included in the INCA Energy 
software package. 

4. RESULTS 

4.1. VILLA RUSTICA IN ŠKOLARICE 

The colour palette of the wall paintings from the 
villa rustica in Školarice included red, yellow, green, 
black and white (Tab. 1). According to stratigraphic 
analysis of the selected samples, the wall paintings 
largely consisted of a single paint layer, with the 
exception of a red layer (ASO7) and green layer 
(ASO5) under both of which a yellow layer was ob-
served. As recognised under the optical microscope 
(Fig. 5), the wall paintings were executed using the 
fresco technique, with pigment applied as a suspen-
sion in water onto fresh plaster. Where two paint 
layers were applied, the underlying yellow colour 
was applied using the fresco technique, followed by 
the overlying layer using the secco technique (Fig. 6). 
Secco painting involves the application of pigments 
onto dry plaster (or a previously applied paint layer) 
and as such requires a binding medium in order to 
attach the pigments to the wall. This binder can be 
either organic, with pigments mixed with wheat, 
gums and oils (Corso et al., 2012), or inorganic (lime 
water), with the latter also known as lime paint (Pio-
vesan et al., 2012) or lime secco (Weber et al., 2009). 
FTIR analysis of the binder used in the two secco 
samples revealed the presence of proteins in green 
sample ASO5 (Fig. 6c) and an absence of organic 
compounds in red sample ASO7, the latter indicat-
ing a lime technique, i.e. painting onto dried intona-
co with pigments diluted in a lime solution. The 
presence of proteins in the green layer, potentially 
egg, casein or animal glue, might indicate tempera 
technique (Corso et al., 2012). In both samples the 
yellow pigment was used as a background onto 
which the red and green paint layers were applied. 

The results of Raman microspectroscopic analysis 
of the different tonalities of the red paint layers indi-
cated that the pigments used were either a mixture 
of red (hematite) and yellow ochre (goethite) (ASO3, 
ASO7), or hematite alone (ASO4) (Tab. 1). Raman 
bands at 226, 292, 406, and 611 cm-1 revealed hema-
tite (red ochre) (Fig. 5b), while bands at 223, 297, 392, 
484 and 564 cm-1 are indicative of goethite (yellow 
ochre) (Fig. 6d). The red layer in ASO7, which was 
applied onto a yellow paint layer comprising yellow 
ochre and a small amount of red ochre, is mainly 
composed of red ochre, followed by yellow ochre in 
small amounts. SEM/EDS analyses showed pigment 

grains of red pigment to be larger (up to 15 m) and 
more abundant in samples ASO3 and ASO7, with 
those in sample ASO4 very rare and small (up to 5 

m in size). SEM/EDS analyses also confirmed the 
presence of iron and small amounts of silicon and 
aluminium. The presence of aluminium impurities in 
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hematite is quite common and is usually sedimen-
tary in origin. However, highly substituted hema-
tites are rarely found in nature. In contrast, iron hy-
droxides may contain very high quantities of alu-
minium and therefore it is common to find highly 
substituted aluminium hematite resulting from the 
heating of iron hydroxides (traditional ceramics, 
bricks, etc.) (Béarat, Pradell, 1997). In addition, the 
SEM/EDS spectra also reveal the presence of arsenic 
in sample ASO4, whose silicon and aluminium con-
tent is lower than that of the pigment grains found in 
samples ASO3 and ASO7. The purity of the pigment 
in this sample (which has not been mixed with any 
other mineral) and the very fine grain size could 
indicate the very expensive and desirable caput mor-
tuum pigment, containing naturally occurring hema-
tite (Villar, Edwards, 2005). This pigment origin is 
further suggested by the presence of grains com-
posed of Ba and S in sample ASO4, as natural hema-
tite often occurs together with barite (BaSO4).  

Raman analysis of pigments in the yellow paint 
layer (ASO1) revealed the presence of major 
amounts of yellow ochre (goethite) and rare red 
ochre (hematite), as identified based on the Raman 
bands at 206, 224, 300, 386, 418, 482 and 551 cm-1, and 
226, 292, 406 and 610 cm-1, respectively. SEM/EDS 
analysis of pigment grains, which are however 

rather large (up to 50 m), indicated the presence of 
iron, as well as small amounts of silicon and 
aluminium, further confirming the use of red and 
yellow ochre.  

The green layer (ASO5), which was applied in 
secco on the underlying yellow fresco layer, was 

found to comprise green earth, based on the 
identification of celadonite FTIR bands at 3602, 3557, 
3533, 1114, 1078, 960, 796 and 680 cm-1 (Fig. 6b). The 
EDS spectrum of the pigment grains show typical 
green earth elements: Si, Ca, Al, Fe, Mg and K. Green 
earth, a pigment that consists of the minerals 
glauconite and celadonite, was considered an 
‖austere― (or ―sombre‖) pigment and was used as a 
cheaper substitute for malachite. In the Roman 
period, green earth was found in Verona, Cyprus 
and Spain (Vitruvius, Pliny the Elder). Considering 
that »Verona Earth« comprises predominately 
celadonite and only rarely is glauconite present 
(Aliatis et al., 2009), this location is most likely the 
origin of the green earth pigment used in the 
Školarice wall paintings. The study of green paint 
layers is often limited to the identification of the 
generic class ―green earth‖, without specific 
characterisation of the constituent mineralogical 
species (Piovesan et al., 2011; Paradisi et al., 2012). In 
those studies that do undertake such analysis, 
sometimes both celadonite and glauconite have been 
identified (Mazzocchin et al., 2004; Fermo et al., 
2013), whereas in other green paint layers only 
glauconite (Duran et al., 2010) or celadonite have 
been detected (Gutman et al., 2015a). 

White paint layer ASO6 contained lime white, 
based on the Raman bands at 156, 282, 713 and 1087 

cm1 corresponding to calcite. Furthermore, the Ra-

man bands at 1315 and 1600 cm1 indicate the use of 
carbon black in black paint layer ASO2. 

 

Figure 5. (a) Školarice wall paintings: Photomicrographs of red paint layer applied in secco (reflected light, parallel 
polars) - sample ASO3. (b) Raman spectrum of hematite. 
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Figure 6. (a) Školarice wall paintings: Photomicrograph of green paint layer with yellow underpaint (reflected light, 

parallel polars) – sample ASO5. (b) FTIR spectrum of green earth (celadonite). (c) FTIR spectrum of ASO5 paint layer 
revealing the use of a proteinaceous binder at Školarice. (d) Raman spectrum of yellow ochre (goethite). 

 

 
Figure 7. (a) Mošne wall paintings: Photomicrograph of red paint layer in secco technique – sample ANM212 (reflect-

ed light, parallel polars). (b) Photomicrograph of red paint layer in fresco technique – sample ANM216 (reflected light, 
parallel polars). 

 

 
Figure 8. (a) Mošnje wall paintings: Photomicrograph of black paint layer (reflected light, parallel polars) – sample 

ANM210. (b) Raman spectrum of carbon black. 
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Table 1. Summary of investigated paint layer samples, their related locations and identified pigments. 

Site Sample  Location Paint layer 
stratigraphy 

Painting 
technique 

Identified pigments 

Školarice 

 ASO1 Secondary context (wall paintings 
from the thermal area)  

yellow fresco yellow and red ochre (goe-
thite, hematite)  

ASO2 Secondary context black  fresco carbon black 

ASO3 Secondary context  red  fresco red ochre (hematite), yellow 
ochre (goethite) 

ASO4 Storehouse red fresco red ochre (hematite) 

ASO5 Secondary context (wall paintings 
from the thermal area) 

green  secco green earth (celadonite) 

yellow fresco yellow and red ochre (goe-
thite, hematite) 

ASO6 Secondary context (perhaps wall 
paintings from the previous build-
ing recognized under the thermal 
area) 

white fresco lime white (calcite) 

ASO7 Secondary context (wall paintings 
from the thermal area) 

red secco red and yellow ochre (hema-
tite, goethite) 

yellow fresco yellow and red ochre (goe-
thite, hematite) 

Mošnje 

 ANM207 building 2, caldarium red fresco red ochre (hematite) 

ANM209 building 2, caldarium black secco carbon black (graphite) 

ANM210 building 2, tepidarium black fresco carbon black (graphite) 

ANM211 building 2, caldarium black fresco carbon black (graphite) 

ANM212 building 2, caldarium red secco red ochre (hematite), mag-
netite  

ANM213 building 2, caldarium white fresco lime white (calcite) 

ANM215 building 2, caldarium red secco red ochre (hematite) 

ANM216 building 3 red fresco red ochre (hematite) 

ANM218 building 2, tepidarium red secco 
 

red ochre (hematite) 

 

4.2. VILLA RUSTICA IN MOŠNJE 

In contrast to that recorded at Školarice, the colour 
palette of wall paintings at the villa rustica in Mošnje 
included only red, black and white (Tab. 1). Here a 
single layer of paint was applied, with both secco 
and fresco techniques identified. Compared to the 
Školarice wall paintings in which a secco layer was 
applied on top of a yellow fresco underpaint, the 
secco paint layer in the Mošnje wall paintings was 
applied directly to the mortar layer. 

The sampled red paint layers consisted of red 
ochre (hematite), as identified based on Raman 

bands at 226, 292, 407, 610 cm1, with the paint ap-
plied either in secco (Fig. 7a) or in fresco (Fig. 7b). It 
is interesting to note that no goethite was identified 
in this layer, which could indicate the use of natural 

hematite. Raman bands at 222, 291, 667 cm1 indicate 
the presence of magnetite in sample ANM212, alt-
hough the magnetite grains are rare and most prob-
ably associated with hematite grains. SEM/EDS 
analyses revealed the presence of iron and small 

amounts of silicon and aluminium, as well as occa-
sional magnesium. Pigment grains are typically very 

small (up to 10 m), although larger grains (up to 20 

m) are observed in secco layers. A high phosphorus 
concentration in the wall paintings could be inter-
preted as a contamination effect. 

As can be seen from Fig. 8, Raman bands at 1315 

and 1601 cm1 indicate the use of carbon black for the 
black paint layer (ANM209, ANM210, ANM211), 
which was applied either in fresco or in secco. Ra-
man bands at 156, 282, 712, 1087 cm-1 for the white 
paint layers suggest that the white colour was ob-
tained by using lime white (ANM213). 

5. DISCUSSION 

The pigment palette from the coastal villa at 
Školarice is slightly larger than that recorded at 
Mošnje, with yellow ochre and green earth observed 
in addition to red ochre, lime white and carbon 
black. These pigments together correspond to the 
palette described by ancient sources (Vitruvius, 
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Pliny the Elder), with those from both villas (red and 
yellow ochres, green earths) belonging to the 
common earth pigments that, according to Pliny the 
Elder, were known as ―austere‖ or ―sombre‖. The 
same pigments were also identified at Emona 
(Ljubljana, Slovenia), where additional pigment 
Egyptian blue which was mixed with green earth or 
red ochre, was also found (Gutman et al., 2015a). 
However, the expensive pigments, such as cinnabar 
was found in Roman municipium Celeia wall 
painting (Ropret et al., 2010).  

At Školarice the wall paintings were applied in 
fresco, with details applied in secco on a yellow 
fresco underpaint. This technique was also identified 
in wall paintings at Emona (Gutman et al., 2015a) 
and Celje (Ropret et al., 2010), while a green layer on 
yellow underpaint has been recorded in Gallo-
Roman wall paintings from Switzerland (Béarat, 
1996). In contrast, the wall paintings at Mošnje were 
applied using the secco technique, which until now 
has been observed only in brown and grey paint 
layers at Emona (Gutman et al., 2015a).  

Pigment analysis of the wall paintings from the 
villa in Školarice, which on first view exhibit only 
mostly modest decorative features, revealed the 
presence of rare components as well as quite refined 
technical solutions. The use of a mixture of red and 
yellow ochre in the red paint layer of sample ASO3 
could be explained as an expedient and cheap 
method of reproducing the effect of cinnabar red, 
which the obtained tone resembles. Furthermore, the 
superposition of paint layers of different colours in 
samples ASO5 and ASO7 represents a sapient 
solution employed in order to achieve stronger 
nuances. 

It is important to take into consideration the fact 
that the samples from Školarice refer to different 
parts of the Roman villa and probably also to 
different phases. Sample ASO6 was found in the 
thermal area and is related to a group of wall 
decoration fragments that are potentially earlier than 
the villa itself, associated with an older structure the 
remains of which were recorded under the thermal 
area and which were later obliterated by villa 
construction. 

Samples ASO1, ASO5 and ASO7 refer to a large 
group of wall paintings of uniform preparation (with 
up to five conserved plaster layers), characterised by 
the presence of crushed ceramics (cocciopesto) in the 
lower layers. This group is related to the first phase 
of the thermal area dated towards the middle of the 
1st century AD. 

Sample ASO4 comes from the storehouse on the 
upper terrace of the villa, where other similar 
fragments were also found within rubble layers. 
These wall paintings potentially relate to later 

phases, up to the 3rd century AD. As the storehouse 
is part of the utilitarian area of the villa, the 
identification of expensive caput mortuum pigment 
in this sample on the basis SEM/EDS analysis is 
somewhat surprising. 

As samples ASO2 and ASO3 were found within 
mixed, disturbed layers, it is difficult to define either 
their original position within the villa or their exact 
chronology. 

From a decorative point of view, the wall 
paintings at the Roman villa in Školarice were quite 
modest, especially when compared, for example, 
with those from the nearby villa of Simonov zaliv on 
the Slovenian coast (cf. Zanier, 2012). However, it 
should be taken into consideration that the lower 
terrace at Školarice was partially destroyed, along 
with its associated wall paintings. Indeed, the 
pigments and technical solutions (mixtures of 
pigments, superposed paint layers, combination of 
fresco and secco techniques) employed at Školarice 
nevertheless attest to high standards of execution. 

For the owners of the villa, identified as the Tullii 
Crispini family who were members of the aristocracy 
of the colony of Tergeste (Sakara Sučević et al., 2015), 
it was in this early ―Romanised‖ area easy to obtain 
supplies of both rare components and specialist 
workers with considerable technical experience in 
the execution of wall paintings, as the villa was 
situated in an area where Roman supremacy was 
established in the 2nd century BC being then part of 
the province of Illyricum. The area then became part 
of Roman Italy from 42 BC (the villa is located in 
close proximity to the anticus auctae Italiae 
terminus, cf. Plin. HN 3.18.127) and part of 
Augustean Regio X from 7 BC, with the villa itself 
belonging to the territory (ager) of the colony of 
Tergeste. Other sites in the region include those from 
the late Republican period, as well as several 
maritime and littoral villas from the very beginning 
of the Imperial period, which all attest to a very early 
typically Roman architecture and lifestyle (Stokin, 
Zanier, 2011). 

The pigment palette of wall paintings from the 
villa in Mošnje included red, lime white and carbon 
black. The majority of samples (ANM207–209, 211–
215) originated from a caldarium and two samples 
(ANM210, ANM218) from a tepidarium, with both 
rooms part of a balneum (composed of caldarium, 
tepidarium and frigidarium) on the west side of the 
residential building on the east side of the villa. The 
presence of the caldarium illustrates the high quality 
of life available in Roman times to residents of what 
is now the modern-day Gorenjska region, with the 
floor covered with a black-white mosaic decorated 
with dolphins and a number of triangular geometric 
motifs. Besides these two rooms, only the building 
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near the entrance to the villa was decorated with 
wall paintings, red on a white surface, from where 
sample ANM216 was obtained. Although the villa 
itself was likely built in the 1st century AD, it is 
possible that the building near the entrance was 
added some time later. The artist(s) generally used 
secco as well as fresco techniques, with the paint 
layer in the first case applied directly to the mortar 
layer.  

The Mošnje villa rustica is one of the earliest 
known examples in the Gorenjska region, with the 
majority of Roman villas discovered thus far 
generally dating from the 2nd to 4th centuries AD. 
The nearest Roman site, the town of Carnium 
(modern-day Kranj), was established at the end of 
the 1st century BC and was contemporary with the 
Roman town of Emona (modern-day Ljubljana). We 
presume that the Mošnje villa was built near the 
road that led to the centre of regnum Noricum, 
modern-day Magdalensberg in Austria, and 
belonged to the ager of the colony of Emona, part of 
Regio X (Šašel Kos, 2002).  

The villas in Školarice and Mošnje were probably 
comparable in size. Although at Školarice a total area 
of 6136 m2 has been excavated, structures continue in 
all directions outside the excavation area; similarly, 
the villa at Mošnje probably extended to at least 
12000 m2, of which only the northern 6000 m2 has 
been excavated. Furthermore, the two villas were 
both located near to an important road: the villa at 
Školarice on the Tergeste-Parentium-Pula road (Via 
Flavia) and the villa at Mošnje on the road to 
Noricum. Both villas were located within the eastern 
part of Regio X and were therefore in Roman Italy, 
with the villa at Školarice within the territory of the 
colony of Tergeste and the villa at Mošnje within 
that of the colony of Emona (Šašel Kos, 2002; Šašel 
Kos, 2010).  

Although the wall paintings at both villas are 
from a decorative point of view quite modest, very 
clear differences can be seen in the use of pigments 
and techniques, even if we compare only coeval 
samples from Školarice and Mošnje. The samples 
obtained at Mošnje are all from the same period, that 
is from the first half of the 1st century AD, with 
theoretically only that from building 3 (entrance) 
potentially younger. Samples from Školarice that are 
definitively coeval with those from Mošnje (i.e. 
dated towards the middle of the 1st century AD) are 
ASO1, ASO5 and ASO7; any proper comparison 
should thus take into account only these samples. 

In the samples from Mošnje, only red, black and 
white colours were used, while those from Školarice 
include red, white, yellow and green. In the Mošnje 
samples obtained from the thermal area, where wall 
painting preparation was characterised by intonaco 

layers containing crushed ceramics, the secco 
technique was employed, with fragments without 
cocciopesto made using a combination of fresco and 
secco techniques (the latter being used only for 
details). In the coeval Školarice samples, which are 
also from this villa‘s thermal area and are likewise 
characterised by crushed ceramics in their 
preparation (albeit only in lower mortar layers), a 
combination of fresco and secco techniques was 
employed (ASO5 and ASO7, where secco was used 
for the superposed paint layer). Samples from the 
villa at Školarice are especially distinctive in terms of 
the superposition of two different paint layers (red 
on yellow in ASO7, green on yellow in ASO5) and 
the mixtures of pigments (for the yellow tone in 
ASO1 and for the red tone in ASO7). 

In-depth analysis of the samples from the two 
villas has thus enabled the identification of 
important differences in the execution of wall 
paintings that might at first seem similarly modest or 
poor, taking into consideration only their decorative 
features, with analysis of the Školarice wall paintings 
revealing a higher level of sophistication. These 
differences are likely the result of variation in the 
supply of both materials and specialist workers, 
reflecting the very different levels of Romanisation 
of the two areas. 

6. CONCLUSIONS 

Results showed that the wall paintings from the 
two selected villae rusticae in Slovenia were 
executed using the fresco and secco techniques. 
However, whereas the Školarice paintings were 
typically painted in fresco, with some areas painted 
in secco applied on a yellow underpaint layer, the 
Mošnje wall paintings were largely painted in secco 
directly onto the mortar layer, with some areas 
painted in fresco. Red ochre, lime white and carbon 
black pigments were identified at both villas, 
although the paintings at Školarice were also 
characterised by the use of yellow ochre and green 
earth. Whereas red ochre was the sole pigment used 
in the red paint layers at Mošnje, red ochre was 
usually mixed with yellow ochre for both the red 
and yellow paint layers at Školarice. 

The selected analytical techniques enabled the 
detection of important differences in the execution of 
wall paintings which are similarly modest from a 
decorative point of view and which are related to 
Roman villa complexes that are comparable in 
chronology, size and topographic location (in the 
vicinity of important roads), with both complexes 
also administratively belonging to the eastern part of 
Roman Italy‘s Regio X. Analysis of the Školarice wall 
paintings revealed the presence of rare components 
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as well as quite refined techniques, while the Mošnje 
wall paintings are characterised by very basic 
components and technical features. This variation 
can be explained by the influence of the specific 
location on the supply of materials and specialist 
workers: Whereas on the coast, where the villa of 

Školarice is situated, the presence of several earlier 
villa complexes attests to the complete diffusion of 
Roman architectural standards, in the region 
interior, higher quality Roman architecture appears 
first in the towns and then in the countryside. 

 

ACKNOWLEDGEMENTS 

This work was financially supported by the Slovenian Research Agency Programme Group P2-0273. 

REFERENCES 

Aliatis, I., Bersani, D., Campani, E., Casoli, A., Lottici, P. P., Mantovan, S., Marino, I. G. and Ospitali, F. (2009) 
Green pigments of the Pompeian artists‘ palette, Spectrochimica Acta, Part A: Molecular and Biomolec-
ular Spectroscopy, Vol. 73, 532–538. 

Béarat, H. (1996) Chemical and mineralogical analyses of Gallo-Roman wall painting from Dietikon, Switzer-
land, Archaeometry, Vol. 38, 81–95. 

Béarat, H., Pradell, T. (1997) Contribution of Mössbauer spectroscopy to the study of ancient pigments and 
paintings, In Roman Wall Painting. Materials, Techniques, Analysis and Conservation. Proceedings of the 
International Workshop, Béarat, H., Fuchs, M, Maggetti, M., Paunier, D. (eds.), Institute of 
Mineralogy and Petrography Fribourg University, Fribourg, 239-256. 

Buzgar, N. Buzatu, A., Apopei, A.I., Aștefanei, D. and Topoleanu, F. (2011) Raman study of the brownish-
yellow pigment from a Roman Basilica (Dobrogea, Romania – 4th–6thcentury A.D.), Analele Sti-
intifice ale Universitatii “Al. I. C Cuza” din IasiSeria Geologie, Vol. 57, 15–18. 

Corso, G., Gelzo, M., Sanges, C., Chambery, A., Di Maro, A., Severino, V., Dello Russo, A., Piccioli, C. and 
Arcari, P. (2012) Polar and non-polar organic binder characterization in Pompeian wall paintings: 
Comparison to a simulated painting mimicking an "a secco" technique, Analytical and Bioanalithical 
Chemistry, Vol. 402, 3011-3016.  

Derric, M.R., Stulik, D. and Landry, J. M. (1999) Infrared spectroscopy in conservation science, The Getty Conser-
vation Institute, Los Angeles, CA.  

Duran, A., Jimenez de Haro, M.C., Perez-Rodriguez, J.L., Franquelo, M.L., Herrera, L.K. and Justo, A. (2010) 
Determination of pigments and binders in pompeian wall paintings using synchrotron radiation – 
high-resolution x-ray powder diffraction and conventional spectroscopy – chromatography, Ar-
chaeometry, Vol. 52, 286-307. 

 Edreira, M.C., Feliu, M.J., Fernández-Lorenzo, C. and Mart  n, J. (2001), Roman wall paintings characteriza-
tion from Cripta del Museo and Alcazaba in Mérida (Spain): chromatic, energy dispersive X-ray 
flurescence spectroscopic, X-ray diffraction and Fourier transform infrared spectroscopic analysis, 
Analytica Chimica Acta, Vol. 434 (2), 331–345. 

Edreira, M.C., Feliu, M.J., Fernández-Lorenzo, C. and Martín, J. (2003) Spectroscopic analysis of Roman wall 
paintings from Casa del Mitreo in Emerita Augusta, Mérida, Spain, Talanta, Vol. 59, 1117-1139. 

Edwards, H.G.M, Middleton, P.S., Jorge Villar, S.E. and de Faria, D.L.A. (2003) Romano-British wall-
paintings II: Raman spectroscopic analysis of two villa sites at Nether Heyford, Northants, Analyti-
ca Chimica Acta, Vol. 484, 211–221. 

Edwards, H.G.M., Middleton, P.S. and Hargreaves, M.D. (2009) Romano-British wall paintings: Raman spec-
troscopic analysis of fragments from two urban sites of early military colonisation, Spectrochimica 
Acta Part A: Molecular and Biomolecular Spectroscopy, Vol. 73, 553-560. 

Fermo, P., Piazzalunga, A., de Vos, M. and Andreoli, M. (2013) A multi-analytical approach for the study of 
the pigments used in the wall paintings from a building complex on the Caelian Hill (Rome), Ap-
plied Physics A, Vol. 113, 1109–1119. 

Fröhlich, T. (1995) Cornici di stucco di terzo e quarto stile a Pompei: alcuni dati statistici, Mededelingen van het 
Nederlands Instituut te Rome, Vol. 54, 192-199. 

Gutman, M., Lesar-Kikelj, M., Ţupanek, B. and Kramar, S. (2015a) Wall paintings from the Roman Emona 
(Ljubljana, Slovenia): characterization of mortar layers and pigments, Archeometry, DOI: 
10.1111/arcm.12167. 

Gutman, M., Lesar-Kikelj, M., Kuret, J. and Kramar, S. (2015b) Mortar type identification for the reconstruc-
tion purposes of the fragmented Roman wall paintings (Celje, Slovenia), Materials and Technology, 
Vol. 49, 57-62. 



PIGMENT ANALYSIS OF ROMAN WALL PAINT-INGS FROM TWO SELECTED VILLAE RUSTICAE IN SLOVENIA? 205 

 

Mediterranean Archaeology and Archaeometry, Vol. 16, No 3, (2016), pp. 193-206 

Kakoulli, I. (1996) Roman wall paintings in Cyprus: a scientific investigation of their technology, In Roman 
Wall Painting. Materials, Techniques, Analysis and Conservation. Proceedings of the International Works, 
Béarat, H., Fuchs, M., Maggetti, M., Paunier, D. (eds.), Institute of Mineralogy and Petrography 
Fribourg University, Fribourg, 131–141 

Kramar, S., Lux, J. and Mirtič, B. (2008) Analiza izbranih vzorcev malt in drugih gradbenih materialov iz 
objekta 2 rimske vile pri Mošnjah/Analysis of Selected Samples of Mortars and Other Construction 
Materials from Object 2 of the Roman Villa near Mošnje, Varstvo spomenikov/ Journal for the Protec-
tion of Monuments, Vol. 44, 170–201. 

Liritzis, I. and Polychroniadou, E. (2007), Archaeometrical analysis of mural paintings made by Spyros Papa-
loukas (1892-1957) in Amfissa cathedral, ArcheoSciences. Revue d'archéométrie, Vol. 31, 97-112. 

Lux, J. and Kramar, S. (2011) Črno-bel mozaik, odkrit v rimski vili rustiki pri Mošnjah = I mosaici bianco-neri 
scoperti nella villa Rustica presso Mošnje, In Mozaiki severnega Jadrana. Mednarodni simpozij o 
mozaikih / I mosaici dell'Alto Adriatico. Convegno internazionale sui mosaici, Stokin, M., Kramar, S. 
(eds.), ZVKDS, Ljubljana, 113–126.  

Lux, J. and Sagadin, M. (2012) Poskus časovne umestitve objekta 2 rimske vile rustike pri Mošnjah, In Emona 
med Akvilejo in Panonijo / Emona between Aquileia and Pannonia, Lazar, I., Ţupanek., B. (eds.), UP 
ZRS, Koper, 311–322. 

Mazzocchin, G.A., Agnoli, F., Mazzocchin, S. and Colpo, I. (2003) Analysis of pigments from Roman wall 
paintings found in Vicenza, Talanta, Vol. 61, 565-572. 

Novšak, M., and Ţerjal, T. (2008) Školarice in Kriţišče, rimski najdišči, In Rezultati arheoloških istraživanja na 
području Istre: zbornik radova s međunarodnoga znanstvenog skupa održanog u Poreču 29. rujna 2006, 
Jurković, M. (ed.), Zavičajni muzej Poreštine, Poreč, 25-34. 

Osete Cortina, L., Vazquez de Agredos Pascual, M.L., Doménech Carbó, M.T. and Doménech Carbó, A. 
(2011-2012), Analytical study of the wall paintings in the Borgherini Chapel in the Sant Pietro in 
Montorio Church (Rome, Italy) by Sebastiano del Piombo, Arché, Vol. 6-7, 391-398. 

Paradisi, A., Sodo, A., Artioli, D., Botti, A., Cavezzali, D., Giovagnoli, A., Polidoro, C. and Ricci, M. S. (2012) 
Domus aurea, the ‗sala delle maschere‘: chemical and spectroscopic investigations on the fresco 
paintings, Archaeometry, Vol. 54, 1060–1075. 

Piovesan, R., Siddall, R., Mazzoli, C. and Nodari, L. (2011) The Temple of Venus (Pompeii): a study of the 
pigments and painting technique, Journal of Archaeological Science, Vol. 38, 2633–2643. 

Piovesan, R., Maritan, L., Amatucci, M., Nodari, L. and Neguer, J. (2016), Wall painting pigments of Roman 
Empire age from Syria Palestina province (Israel), European Journal of Mineralogy, Vol. 28 (2), 435-
448. 

Piovesan, R., Mazzoli, C., Maritan, L. and Cornale, P. (2012) Fresco and lime-paint: an experimental study 
and objective criteria for distinguishing between these painting techniques, Archaeometry, Vol. 54, 
723–736. 

Plesničar-Gec, L. (1998) The Roman frescoes of Slovenia, National Museum of Slovenia, Ljubljana. 
Rampazzi, L., Cariati, F., Tanda, G., Colombini M.P. (2002), Characterisation of wall paintings in the Sos 

Furrighesos necropolis (Anela, Italy), Journal of Cultural Heritage, Vol. 3 (3), 237-240. 
Riemenschneider, U. (1986) Pompejanische Stuckgesimse des Dritten und Vierten Stils, P. Lang, Frankfurt am 

Main - New York. 
Ropret, P., Spec, T., Legan, L. and Retko, K. (2010) The report on the colour layer analysis of the "Turška mačka" 

fresco fragments, unpublished report, Institute for the Protection of Cultural Heritage of Slovenia, 
Restoration Centre, Ljubljana, Slovenia.  

Sakara Sučević, M., Ţerjal, T., Gardina, L. and Bizjak, M. (2015) Vsak košček šteje: Školarice: od arheološkega arte-
fakta do muzealije / Pezzo per pezzo: Scoladizzi: musealizzazione dell'oggetto archeologico, Pokrajinski 
muzej Koper, Koper. 

Salvadori, M. (2012) I sistemi decorativi parietali in Cisalpina: per un inquadramento generale, In La pittura 
romana nell'Italia Settentrionale e nelle regioni limitrofe (Atti della XLI Settimana di Studi Aquileiesi, 6 - 8 
maggio 2010), Oriolo, F., Verzár-Bass M. (eds.), Editreg, Trieste,. 19-39. 

Smith, D. C. and Barbet, A. (1999) A preliminary Raman microscopic exploration of pigments in wall paint-
ings in the Roman Tomb discovered at Kertch, Ukraine, in 1891, Journal of Raman Spectroscopy, Vol. 
30, 319–324. 

Stokin, M. and Zanier, K. (2011) Simonov zaliv/San Simone, Zavod za varstvo kulturne dediščine Slovenije, 
Ljubljana. 



206 M. GUTMAN et al. 

 

Mediterranean Archaeology and Archaeometry, Vol. 16, No 3, (2016), pp. 193-206 

Trenz, A. and Novšak, M. (2004) Villa rustica na lokalitetu Školarice na trasi autoputa Klanec – Ankaran, 
Histria Antiqua, Vol. 12, 77-87. 

Villar, S. E. J. and Edwards, H. G. M. (2005) An extensive colour palette in Roman villas in Burgos, Northern 
Spain: a Raman spectroscopic analysis, Analytical and Bioanalytical Chemistry, Vol. 382, 283–289. 

Weber, J., Prochaska, W. and Zimmermann, N. (2009) Microscopic techniques to study Roman renders and 
mural paintings from various sites, Materials Characterization, Vol. 60, 586–93. 

Zanier, K. (2012) Decorazioni parietali nelle ville del Litorale sloveno: considerazioni preliminari, In La 
pittura romana nell'Italia Settentrionale e nelle regioni limitrofe (Atti della XLI Settimana di Studi 
Aquileiesi, 6 - 8 maggio 2010), Oriolo, F., Verzár-Bass, M. (eds.), Editreg, Trieste, 459-460. 


