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ABSTRACT. The old wooden church from Dragu, Sălaj County, was built on 
the hill of Dragu village between 1806 and 1809, according to the inscription 
found inside. The investigations targeted the imperial gates (the main entry 
from the nave to the altar used by the priest during church service and 
adorned with painted icons and elaborated wood sculpture) and aimed to 
identify the materials used for their manufacture: the wood species, pigments, 
ground, binders. For the identification of materials two spectroscopic methods 
were employed: XRF (X-ray fluorescence) and FTIR (Fourier transform IR 
absorption). The employed materials are: linden wood for the imperial gates, 
gypsum for ground; lead white, Prussian blue, gold and silver leaf, iron red, 
lead red, cinnabar, realgar, orpiment, Scheele’s green for pigments; egg 
yolk and bone glue as binders. 
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 INTRODUCTION  

 
The church, Fig 1, was built between 1806 and 1809, information 

available from the inscription found next to the church entry and is dedicated 
to St. Basil the Great. The structure has a rectangular shape with an attached 
altar apse, specific to the Transylvanian architecture and a covered porch 
on two sides. The high raising bell tower gives monumentality to the structure. 
The base of the tower is open with four arches on each side. It’s four corners 
are decorated with small towers. On the interior, the narthex is covered with 
a level ceiling, the nave with a semi-cylindrical vault and the altar with an 
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arching. The original painting can still be seen on the narthex walls (the nave 
painting was degraded by water ingress). The altarpiece was sculpted and 
painted in 1815 [1-6].  

 

 
 

Figure 1. Old wooden church from Dragu village, Sălaj County  
and its location on the map. 
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Figure 2. Inscription above the nave entry 

 
The inscription above the nave entry (Fig. 2) specifies the wall 

painting execution date and name of the painter (1829, Iosif Perșe), the 
funds being raised by the villagers. Names of priests, local personalities 
and emperor are also mentioned.   

 

 
Figure 3. Imperial Gates (front and back) 
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The imperial gates, see Fig. 3, are made from a carved piece of 
wood with frames on the edges and the two icons inside each. The painter 
made only four icons representing the four evangelists, giving up the icon of 
the Annunciation probably due to lack of space or material. 

According to the inscription on the back side, the imperial gates 
were made and painted in 1816. 

This study aims to investigate the materials used by the painter for 
conservation and restoration purposes and to compare them with contemporary 
Transylvanian paintings. The pigment palette richness can also offer an insight 
to the economic situation of the local community, which provided the financial 
support for the execution. 

 
 
RESULTS AND DISCUSSION 

XRF- Spectroscopy 
The non-destructive XRF spectroscopy investigations were performed 

in situ with a portable spectrometer and the analyzes targeted the primer 
layer and each color from the painting layer at different points. 

The spectra and compositions of painting materials are presented in 
the Figs. 4 - 13. 

Following the analysis of the primer layer (Fig. 4), the presence of 
large amounts of calcium was found. Fourier transform infrared spectroscopy 
(Fig. 14) confirmed the presence of gypsum (hydrated calcium sulfate). 

 

 
Figure 4. XRF spectrum of ground – Calcium based – Gypsum  

(confirmed by FTIR spectrum) 
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Figure 5. XRF spectrum of white colour - lead white 

 
As can be seen in the XRF spectrum shown in Fig. 5, the painter 

used lead hydroxycarbonate to render the white colour. 
 

 
Figure 6. XRF spectrum of blue colour - Prussian blue mixed  

with lead white (confirmed by FTIR spectrum) 
 
The XRF spectrum for the blue colour shows the presence of iron, 

indicating that for this colour the author used Prussian blue, which is confirmed 
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by the FTIR analysis (Fig.16 and Fig. 17). Lead is also present (from lead white, 
used to decrease the intensity of blue). 
 

 
Figure 7. XRF spectrum of aura - gold and silver leaf 

 
Gold and a silver leaf were used for the auras of the saints (Fig.7). 
The use of gold and silver leaf is of note, a common and cheaper 

option to obtain the auras was the use of orpiment. 
 

 
Figure 8. XRF spectrum of yellow pigment - orpiment 
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The presence of arsenic in the XRF spectrum of the yellow colour 
shows the use of orpiment. 
 

 
Figure 9. XRF spectrum of red paint – iron red 

 
Figure 10. XRF spectrum of red paint – lead read mixed with cinnabar 
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Figure 11. XRF spectrum of red paint (Marc the Evangelist)– realgar 

 
Figure 12. XRF spectrum of red paint from frame – cinnabar 

 
To render the red colour, the author of the icons painted on the 

imperial gates used several pigments: iron red (Fig.9), lead red mixed with 
mercury red/cinnabar /(Fig.10) and realgar (Fig.11). The calcium identified 
in the spectra is from the primer composition. 
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The painter used an unusual number of red pigments, four being 
used individually or in combination to obtain various shades of red (Figs. 9-
12). While the iron red and red led were commonly used in that period, the 
cinnabar (mercury sulfide) was used more scarcely, sometimes in just a 
few places (for the most important biblical figures) or smaller quantities (to 
give a slight red shade to the white carnation of depicted characters). The 
use of realgar, an arsenic sulfide mineral is of special note, not being 
previously detected by the current research team in other Transylvanian 
wooden church paintings and icons [7-12]. 

 

 
Figure 13. XRF spectrum of green paint – Scheele’s green 

 
The pigment used for the green colour was Scheele’s green (shown 

by the presence of arsenic and copper in the Fig. 13 XRF spectrum). 
The presence of the Scheele’s green is of note, discovered in 1775 

(the most commonly used green pigments in other contemporary wooden 
church paintings and icons being malachite, verdigris or green earth).  
 
 
FTIR Spectroscopy 

 
The identification of painting materials and of the wood are 

presented In the Figs 14 - 18. 
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Figure 14. FTIR spectrum of gypsum ground 
Gypsum: 3546, 2306, 1620, 1145, 1114 and 670 cm-1 

Proteins: 2924, 1645, 1541 cm-1 
 
 

 
 

Figure 15. FTIR spectrum of yellow painting material. 
Composition: gypsum (3546, 2306, 1620, 1145, 1114 and 670 cm-1), 

Proteins (2929, 2852, 1646, 1541, 793 cm-1), orpiment (based only on XRF data) 
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Figure 16. FTIR spectra of the blue painting material- blue line  
Prussian blue pigment; red line – red lead on frame (~530 and 475 cm-1);  

violet line – red pigment (mercury red, based only on XRF data) 
 
 

 
 

Figure 17. FTIR spectra of the blue painting material detailed - blue line  
Prussian blue pigment (specific peak at 2091 cm-1); red line – red frame;  

violet line – red pigment 
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Figure 18. FTIR spectra of wooden samples: green line-Imperial Gate wood;  
blue dash line – linden standard wood (based on absorptions  

located at~3400 and 1100-1000 cm-1) 
 
 

The spectra comparison from Fig.18 is showing that the wood 
species used to manufacture the imperial gates is linden wood [13]. 
 
 
CONCLUSIONS 
 

The imperial gates from the Dragu wooden Church are made from 
linden wood. The painting materials used by the painter are: gypsum for 
ground; lead white, Prussian blue, gold and silver leaf, iron red, lead red, 
cinnabar, realgar, orpiment, Scheele’s green for pigments; egg yolk and 
bone glue as binders.  

The rich palette of pigments is unusual compared to other sites, 
especially shown by the use of four different red pigments. This also 
suggests a better economic state of the community or possibly support 
received (the inscription above the nave entry mentioning help from a 
baron), many other communities from that time didn’t afford such a vast 
palette of materials. 

Many of the pigments used have various levels of toxicity (lead from 
red and white lead pigments, mercury from cinnabar, arsenic from realgar, 
orpiment and Scheele’s green). While most of them were commonly used 
in the era, their very rich selection in only one site is of note.  
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EXPERIMENTAL SECTION 
 
Non-destructive XRF spectroscopy 
 
Non-destructive X-ray fluorescence elemental analysis (XRF) was 

performed with a handheld Bruker spectrometer, S1 TITAN series (EDXRF) 
configured with a Silicon diode PIN detector (SiPIN), Rh target X-ray tube 
with a maximum voltage of 50 kV. 
 

FTIR absorption spectroscopy 
 
Fourier-transform Infrared (FTIR) measurements were performed in 

the 4000 to 400 cm-1 spectral range with a Jasco 6100 spectrometer with a 
resolution of 4 cm-1 (256 scans) by employing 1 (< 1) mg of sample and 
about 200 mg of pure spectral KBr (KBr pellet technique was applied). The 
FTIR spectra were processed with the Spectral Analysis software.  
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