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ABSTRACT 
 

Aims: The present study is part of a project concerning the characterisation of a limited number of 
selected Albanian Byzantine and post-Byzantine icons, through the identification of pigments, of 
painting technique and the state of conservation of the artworks. The Albanian iconographers 
produced an extraordinary amount of icons from the 14

th
 till the 19

th
 century, and over six thousand 

of them are kept in the Museum of Medieval Art of Korça (Albania). This paper refers to the results 
obtained in the study of two artworks, the first one by Simoni i Ardenices an important Albanian 
painter of XVII century, and the second one attributed to him. 
Study Design:  The present work is part of a more general study concerning Albanian Byzantine 
and post-Byzantine icons. 
Place and Duration of Study: Museum of Medieval Art of Korça, Albania, between June 2008 
and July 2009.  
Methodology: The work was conducted by non-destructive methods, X-ray fluorescence, visible 
light reflectance spectrophotometry and UV fluorescence analysis, according to a systematic 
procedure developed in the same Chemical Physical Laboratory for Cultural Heritage. A number of 
areas, for each painting, were chosen in order to carry out the measurements. With this procedure, 
we could identify the inorganic pigments from their characteristic features. Moreover, the study of 
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the chemical physical properties of paintings is of fundamental importance for any accurate 
restoration intervention.   
Results and Conclusion: The present work, concerning the study of two icons of the second half 
of 17

th
 century by Simoni i Ardenices, has allowed us to identify the painting technique and the 

palette used in these works of art. Moreover, the areas of the paintings in which old restorations 
have been made have also been identified. 
 

 

Keywords: Albanian post-byzantine icons; archaeometry; pigments; X-ray fluorescence; reflectance 
spectrophotometry; UV fluorescence. 

 

1. INTRODUCTION  
 
Albania maintains numerous artistic treasures, 
especially related to the Byzantine and post-
Byzantine wall paintings and icons. In the last 
years, several studies on Albanian Byzantine and 
post-Byzantine icons have been done [1–8], but 
these are only a negligible number of studies 
compared to the large amount of not yet studied 
artworks held in the Museum of Korça and in the 
other Albanian museums and art sites. The 
Museum of Medieval Art of Korça, located in the 
southeast of this Country, almost on the border 
with Greece, conserves over six thousand icons. 
Among the iconographers, we mention many 
important masters, such as Onufri, Onufri 
Qiprioti, Konstantin the Teacher, Konstantin 
Jeromonaku, Konstantin Shpataraku, David of 
Selenica, and the Çetiri brothers, a family of 
painters from Grabova, a village in the Korça 
district. The present study was aimed at 
characterising two artworks attributed to Simoni i 
Ardenices, an important exponent of the 
Albanian iconographers, who operated in the 
XVII century AD. 
 

2. MATERIALS AND METHODS  
 

The artworks, presented in Figs. 1-2, are 
respectively, a tempera paint on wood, depicting 
St. George on the horse, coming from the 
Monastery of Ardenica, Lushnja and the Regal 
Doors, part of an Iconostasis, painted for the St. 
Mary Church of Vithkuq (Korça district). 
 
Saint George, riding a white horse, wears a 
military outfit, a red mantle on his shoulders. The 
saint is spearing the dragon. Behind him there is 
the image of a young man, a slave that Saint 
George saved from slavery (or from the dragon), 
according to ancient legends that surround the 
figure of the Saint. All around him there are 
people applauding while playing musical 
instruments; others offer him the keys of the city, 
as he was a victor. An angel puts a crown                    
on his head; on the corner of the icon God is 
blessing.  

The icon is painted on a wooden panel (56.5 X 
43 X 3 cm, Inventory number 6732) with tempera 
technique. The wooden table is carved out 
forming a frame, adorned by a band in red and 
blue, coloured and decorated with floral patterns. 
A canvas is covering the entire surface of the 
panel. 
 

In this study we used almost exclusively non-
invasive methods of analysis, as described 
below; only one micro-sample was carried out on 
the back of a door (Inventory number 5850) of 
the Regal Doors. A variety of areas for each 
artwork were chosen for identifying the pigments, 
the painting technique of the artist and the 
restoration interventions.  
 

2.1 Optical Microscopy and Macro-
photography  

 

Optical observation and photographic 
documentation was achieved using a Dino-lite 
portable digital microscope and a Canon EOS 
350D camera equipped with a Canon Zoom Lens 
EF-S 18-55 mm. 
 

2.2 UV Fluorescence  
 

This analysis [9] was carried out using a ceiling 
light with four Sylvania black-light-blue F18W/ 
BLB-T8 tubes. The digital camera used for 
recording images is the same as for 
macrophotography, without barrier filter [10]. This 
non-destructive superficial analysis allows 
identifying the presence of one or more film-
forming substances such as varnishes applied on 
the artwork (resins, oleoresins, proteins, etc.) 
and generally every previous intervention. 
 

Also, it lets to assess the whole condition of the 
paint, enhancing the presence of restorations, 
biological attacks, even when they appear 
indistinguishable to the naked eye. Moreover, it 
can give some information on pigments based on 
their own particular fluorescence. Typical 
examples are: the red-purple of cinnabar, the 
brightness of lead white, the darkening of iron 
oxides. 
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Fig. 1. St. George on the horse, 56.5 X 43 X 3 cm, Inventory Number 6732, painted in 1690 for 
the Monastery of Ardenica (Lushnja, Albania). Numbers indicate the points of analyses 
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Fig. 2. The Regal Doors, Inventory numbers 5850 and 5851, painted for the Iconostasis of St. 
Mary Church, Vithkuq (Korça District). Numbers indicate the points of non-invasive analyses 
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2.3 X-Ray Fluorescence Spectrometry 
 
Elemental analysis was performed using a Lithos 
3000 portable system; the apparatus consists of 
a molybdenum tube, a zirconium filter and a 
semiconductor silicon (Li) detector, cooled by 
Peltier effect. The operating parameters were: 25 
kV, 0.1 mA, and 240 seconds of acquisition time. 
An appropriate Lithos program by Assing allowed 
processing the data. The elements with the 
highest intensity detected on the paintings, such 
as lead, iron or mercury, have been used as 
internal standards. 
 

2.4 Reflectance Spectroscopy 
 
This technique is commonly used in the study of 
cultural heritage. For example, it allows a fast 
and safe characterisation of pigments [11], 
paper, papyrus, wood [12], textiles [13] or metals 
[14] and their alteration state. The spectroscopic 
reflection method allows to obtain a colour 
measurement, translating the visual stimulus into 
numerical data and into spectrophotometric 
curves as a function of the wavelength of visible 
light (between 400 and 750 nm). Measurements 
were made with a Minolta portable CM 2600d 
spectrophotometer. In these measurements, the 
measure of a reference standard white is set 
equal to 100. 
 

3. RESULTS AND DISCUSSION 
 

The results, helpful to identify the pigments and 
the painting technique of the two artworks, are 
discussed separately, showing the contribution 
that each analytical technique has provided. 
 

3.1 St. George on the Horse 
 

Looking at the edges of the table and cracks in 
wooden planks, it is evident that an intermediate 
canvas was used beneath the painted surface. 
The inorganic pigments employed for the 
painting have been identified by means of their 
principal characteristic elements, their relative 
abundance and by comparing the reflection 
spectra with the literature data and with those of 
a pigments database developed in collaboration 
with the Soprintendenza per i Beni Architettonici 
e Paesaggistici della Liguria. 
 

 3.1.1 Macrophotography and UV 
fluorescence  

 

We have done macrophotography, UV 
photography and raking light photography with 
the purpose of investigating the surface, textural 

irregularities of painting, the eventual presence of 
a canvas covering the table and the detachment 
or distortion of paint layer. In Fig. 3 a 
warped/cracked panel can be seen. 
 
Areas containing cinnabar or vermillion become 
purple under the UV illumination; iron oxide 
presents a typical darkening behaviour, clearly 
showing the painting technique used by the 
artist, with strokes applied to form continuous 
layers as painting basis and thin strokes as 
overlayers (Fig. 3). 
 

Figs. 4 and 5 show two other details of the icon, 
indicating the use of lead white, iron oxides and 
cinnabar. The background is formed by using 
brown ochre, probably mixed with animal glue, 
the so-called bolo; no typical behaviour of gold 
was observed neither in the background nor in 
aureole, suggesting the use of yellow ochre in 
these areas (traces of gold have been 
individuated only by means of X-ray fluorescence 
in limited areas). 
 

3.1.2 X-ray fluorescence  
 

The data obtained by X-ray fluorescence (XRF) 
measurements have been processed as reported 
in the literature [15]; we have identified various 
materials on the surface and in the different 
layers of the painting. The experimental data, 
obtained by XRF measurements, are 
summarised in Table 1 and visually shown in Fig. 
6. The occurrence of the most abundant 
elements - detected on the basis of the counts 
measured for the main peak of each element - in 
the different analysed areas - is plotted. In the 
case of simultaneous presence of arsenic and 
lead, their principal peaks As Kα and Pb Lα are 
superimposed at about 10.5 keV. In order to 
obtain a correct evaluation, in the case of 
simultaneous presence of the two elements, we 
considered the counts of Kβ (11.73 keV) and Lβ 
(12.61 keV), respectively. The counts of the 
peaks of the elements have been normalised for 
graphical presentation. 
 

We should preliminarily observe the absence of 
gold in the various areas investigated, in 
particular in the background and in the aura of 
the Saint. As regarding the pigments, a typical 
element detected is arsenic (spots 2, 4, 6, 11, 
13) which indicates the presence at least of two 
possible pigments: orpiment and realgar, two 
different arsenic sulphides. The Scheele’s green 
pigment [16] should be excluded because its 
discovery by the Swedish chemist Scheele goes 
back to 1775.  
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Fig. 3. The figure shows a detail, next to a breakage of the paint film. From the top to the 
bottom the images are in visible light, under UV radiation and with raking light 
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Fig. 4. A detail of the icon. Comparison between visible light (top) and UV radiation (bottom) 
images, showing the areas containing cinnabar, lead white and iron oxides 

 

 
 

Fig. 5. A detail of the icon. From the left to the right the images are in visible light, under UV 
radiation and with raking light 
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In the spot 13, corresponding to the brown hair of 
the Saint, probably a mixture of brown ochre, 
cinnabar, realgar and minium was used. 
 

We suggest the use by this famous painter of the 
mixture of indigo and orpiment, also known with 
the term of  vergaut, in obtaining the green hue 
(spots 4, 6); mixed with a white pigment (like lead 
white) in grey- green areas (spot 11). Vergaut 
has been used since the roman period, and it 
was obtained following ancient recipes as 
reported by [17,18]. 
 

Ad viridem fatiendum. Invenies auripiumentum et 
indicum de Bagadon et tere bene cum aqua et 
cum residerit, tere cum aqua gumata, fiet 
viridem. Et si tibi placet, acipe de auro piumento 
et tere et simul missce de biacha et de indico et 
fac ut supra et erit viridis [17]. 
 
Verde è un colore el quale si fa d’orpimento le 
duo’ parti, e una parte indaco; e triasi bene 
insieme con acqua chiara. Questo colore è 
buono a dipingere palvesi e lancie, e anche 
s’adopera a dipingere camere in secco [18]. 
 
In the spot 2, corresponding to a flesh tone, the 
presence of vergaut arises from the green-blue 
line of the sky.  

The presence of barium and zinc (spots 5,8,      
9,11) indicates modern restorations [19,20]                
of the icon. The same one can observe               
for the presence of Cr (spot 15). Regarding               
the occurrence of Sr, this element should 
indicate the use of gypsum, both as a                     
white pigment and as a binder for restoration 
[21]. 

 
The elements manganese and nickel, evidently, 
have to be connected with the type of ochre used 
by the artist. 

 
3.1.3 Reflectance spectroscopy 

 
The results obtained by the reflectance 
measurements [22] are shown in the following 
Figs. 7, 8 and 9, divided according to the colour. 

 
Observing the green colours reported in                
Fig. 7, the curve behaviour is clearly             
different from that of malachite and                 
verdigris, while is similar to the shape of the 
measured curves of vergaut found in a  
byzantine icon [7]. Further analysis would be 
required to ascertain with certainty the use of this 
pigment. 

 

 
 

Fig. 6. The occurrence of the most significant elements in the 16 analysed areas of St. George 
on the horse 
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Table 1. The counts of the main peaks of the elements detected in the analysed areas of St. George on the horse (tr = traces) 
 

Spot Colour S Ca Ba Cr Mn Fe Ni Cu Zn Hg Pb  Lα or (Pb Lα+As Kα) As Kβ Pb  Lβ Sr 
1 light green  91    126  41   13085 tr   
2 flesh tone  98    170    1628 15222 1780 7748  
3 red 91 148    467  53  9576 2158    
4 green  105    157  38   11953 412 8113 328 
5 ground 27 553 396   270   20  330    
6 green 36 443    414     5503 795 624 387 
7 white  108    134     12470   352 
8 yellow aura  507 414   189 15 13 11 28 284   566 
9 yellow aura  496 436  47 176   tr 23 256   541 
10 red  100    210    8600 2020    
11 grey  370 508   232 16  15 39 454 60 329  
12 white  68    77     14757    
13 brown  121    2015    2562 13727 2945 3507 tr 
14 dark red  166   39 197 36   3159 8245   377 
15 brown  353  83 tr 2276 101   277 740   385 
16 orange  160    265 tr   665 12433   396 

 

Table 2. The counts of the main peaks of the elements detected in the analysed areas of The Regal Doors (tr = traces) 
 

Spot Colour S Ca Fe Cu Au Hg Pb  Lα or (Pb Lα+As Kα) As Kβ Pb  Lβ Sr 
1A yellow aura 45 534 148 130 1892  226   319 
2A red 52 392 188 377 1456 4276 977   393 
3A white  106 77 51  477 12204   tr 
4A flesh tone 107 128 199 73  2236 12662    
5A red 108 174 70 118  7591 619   448 
6A green  154 264 242  1861 13515    
7A green and gold  127 117 77 1598  4938   234 
8A green  116 193 208  1459 10152    
9A dark green 44 187 134 77  2140 8054   297 
1B red 100 150 100 100  7200 400   700 
2B gold 59 224 156 115  5457 1667   408 
3B ground 29 1027 149 81   3690 522 503 315 
4B brown 30 200 150   5200 1600   500 
5B green 33 952 171 80   3148 404 588 322 
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Fig. 7. Comparison of the reflectance curves for white and green tones 
 

 
 

Fig. 8. Comparison of the reflectance curves for red and brown tones 
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Fig. 9. Comparison of the reflectance curves for yellow and white tones 
 
The red and brown tones have been obtained 
employing a mixture of red pigments, red ochre, 
red lead and vermillion or cinnabar, as shown by 
the shape of the reflectance curves; the spots 2 
and 10 showing the highest content in cinnabar. 
This obviously is a perfect match in the XRF 
analytical data. We can note that the curve 
corresponding to the spot 15, brown colour, is 
completely different in accord with the presence 
of Cr, used in a modern restoration intervention. 
 

As regards the colour white, the curves (Fig. 9) 
reflect the use of lead white as colour basis. 
 

3.2 The Regal Doors 
 

 3.2.1 Macrophotography 
 

The whole painting of Fig. 2, as the details 
shown in Figs 10-12, allow to recognise easily 
the painting technique and the overlap of colours 
used by the painter.  You can also appreciate the 
delicacy of the details of the painting. 
 

It is possible to observe immediately a significant 
difference between The Regal Doors and the St. 
George paintings, concerning the preparation of 
the table. In St. George is a canvas glued to the 
wooden support, while not present in The Regal 
Doors. 

3.2.2 UV fluorescence 
 
Observing the Figs. 13 and 14, it is possible to 
detect the use of some special pigments. One 
can observe the fluorescence typical of            
calcium carbonate (which becomes yellowish) 
and azurite (with a blue accentuated). 
Pronounced darkening reveals the presence of 
iron oxide. 
 
3.2.3 X-Ray Fluorescence 
 
Considering the results of XRF analysis, it is 
possible to observe a first significant difference 
between the two works studied. This concerns 
the use of gold foil that is abundant in The Regal 
Doors and completely absent in St. George’s 
table. 
 
 3.2.4 Reflectance spectroscopy 
 
The results obtained by the reflectance fourteen 
measurements taken on a wing of The Regal 
Doors, inventory number 2850, are shown in the 
following Figs. 16, 17, 18 and 19, divided 
according to the colour. Only nine measurement 
points are coincident with those chosen for the 
measurement of X-ray fluorescence. 
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Fig. 10. A detail of the upper parts of the Regal Doors 
 

 
 

Fig. 11. A detail of the central part of the icon, illustrating the event of the Annunciation to the 
blessed Virgin Mary, as in traditional iconography of the iconostasis. At the corners God the 
Father and the Holy Spirit are depicted. It is curious to observe the cross on the dome on the 

left 
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Fig. 12. A detail of figure 11, with the building behind the Virgin, showing the technique of 
painting and drawing colour 
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Fig. 13. A detail of the King David garment, observed through the portable microscope, 
showing the typical behaviour under UV light (on the right) of the gold in foil and the blue area, 

containing copper carbonate azurite 
 

 
 

Fig. 14. A detail of figure 9; the fluorescence (on the right) of iron oxide, copper carbonate and 
calcium carbonate is shown 

 

 
 

Fig. 15. The occurrence of the most significant elements in the analysed areas of the Regal 
Doors 
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Fig. 16. The reflectance curves for the regal doors, N° 2850, comparison of the whole data 
 

 
 

Fig. 17. Comparison of the reflectance curves for red and brown tones 
 
For the second door, further nine measures have 
been carried out, whose results are not shown in 
the present work. 
 
Considering the measurement points 10                 
and 13 (Fig. 17), they indicate the use                          
of cinnabar to obtain the red colour, while the 

other curves suggest the use of red or brown 
ochre. 
 

The curves reported in Fig. 18 show the use of 
pure gold, in leaf, while the curve corresponding 
to spot 3 indicates the use of lead white mixed 
with a black pigment. 
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Fig. 18. Comparison of the reflectance curves for yellow and white tones 
 

 
 

Fig. 19. Comparison of the reflectance curves for green and dark green tones 
 

Considering the green colours reported in Fig. 
19, the shapes of the reflectance curves is 
completely different from that of malachite and 
verdigris, while is similar to the trend of the 
curves of vergaut found in a byzantine icon [7]. 
However, as for the previously observed cases, 
further investigations need to be done to confirm 
the use of this pigment. 

4. CONCLUSION 
 

The set of non-invasive methods, which we have 
employed in the study of these two works of art, 
provided helpful information to identify the 
pigments and the preparation techniques. For the 
ground of St. George on the horse, the painter 
employed calcium white coloured with an ochre. 
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In fact, the limited presence of sulphur in this 
icon suggests the main use of calcium carbonate 
rather than the more usual gypsum.  
 

The presence of barium and zinc (spots 5,8,9,11) 
and chromium (spot 15) indicates modern 
restorations of the icon. The occurrence of 
strontium derives from the use of gypsum, 
probably as a binder during the restoring 
interventions. The painter's palette includes a 
limited number of pigments, as lead white, 
cinnabar, red and yellow ochre, brown earth, 
orpiment and/or realgar, and probably indigo in 
the green tones. The variety of colour has been 
obtained through the use of mixtures of different 
pigments with different proportions and 
superimposing coloured layers. Simoni i 
Ardenices follows the iconographic tradition in 
painting St. George on the horse, with some 
characteristic features, as discussed above. 
 
Comparing the results obtained for this icon with 
the study of the Regal Doors, we can observe 
that the main difference arises from the large use 
of gold in the latter in place of the yellow ochre 
used in the St. George icon. A further difference 
is related to the diffuse presence of strontium 
and sulphur in the Regal Doors, suggesting the 
use of gypsum  as preparation layer for the 
panel. Moreover, the canvas is absent in this 
second artwork. In conclusion, the two artworks 
object of our study do not seem to belong to the 
same author.  
 

Through our study, we also detected the 
previously restored areas of the St. George icon 
and the kind of pigments utilised by restorers in a 
period of time from the first half of 1800 (as 
denoted by the presence of zinc and barium).  
 

Furthermore, the spectral reflectance 
measurements of the different pigments gathered 
in this work, in addition to recognising the 
conservation status of the examined artworks, 
will also be useful for future restorations. 
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