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Chapter 8 Results and Discussion: Icons Dated to the 18
th

 Century and 

Painted by Mattary (around 1730) 

Mattary was a manuscript illuminator and some of his maunscripts have been dated to 

1727/8 (Skalova and Gabra, 2003: 134). The exact date for his icons is not known but a 

row of icons in St. Paul’s monastery was painted on a screen that was constructed in 

1731 meaning that the icons were painted shortly after this date (Van Moorsel, 1991: 

47). 

Mattary painted his icons on paper ground layers instead of the commonly used gesso 

grounds (Figure 8.1). Moreover, he restored a number of icons which were applied on 

gesso ground using his favoured techique of paper ground making the restored icons 

multitechnique icons. 

 

 

 

 

 

 

 

Two multitechnique icons from St. Mercurius church have been examined in this study. 

The first is the icon of “the three Hebrews in the fiery furnace” with registeration 

number 16/1. The second icon is a central part of a Medieval gesso icon “Vita icon of 

St. Mercurious” which shows the biography of the saint represented in 16 scenes with a 

central icon of the saint. The original central part, which represented the Coptic-

Figure 8.1: Schematic structure of the icons applied on paper ground layers 



Chapter 8 Results and Discussion: Icons Dated to the 18th Century and Painted by Mattery (around 1730) 

 237 

Byzentine St. Mercurious, was replaced by Coptic-Arabic Saint (Skalova and Gabra, 

2003: 187) called Abu-Seifen which means the Saint of two swords. 

Most of the pigments applied on these two icons are too discoloured to recognise their 

original colours which made it very difficult to select the sampling spots that represents 

the whole palette. Moreover, most icons from this group was restored around 1980 by 

conservators who was not able to defferenciate them from gesso icons. Therefore, these 

icons were treated the same way as the gesso icons. As a result of this unsuccesful 

treatment, most icons suffer from complete or partial loss paint layers which made the 

embedding of fragment samples in resin impossible. Thus, all samples were studied as 

paint fragments. 
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8.1  The icon of “The three Hebrews in the Fiery Furnace” 

 

 

 

 

 

 

 

 

 

8.1.1. The examination of the paint layers 

8.1.1.1. The red paint area 

The samples of red paint area are from the under tunic of the angel (figure 8.2, 1). The 

image of the fragment (figure 8.3, a) shows large and small cracks in the paint layer and 

also the paint itself looks very badly treated with organic solvents. The Raman spectrum 

(figure 8.3, b) of this paint was found to be vermilion (mercury (II) sulfide HgS) (Clark, 

2002) with the characteristic bands at 251, 286 and 341 cm
-1

 (Burgio and Clark, 2001; 

Bell et al., 1997). 

8.1.1.2  The white paint area  

The white paint layer was sampled from the hand of the man in the bottom right hand 

Figure 8.2: The icon of “the three Hebrews in the fiery furnace and samples locations (Skalova and 

Gabra, 2003: 133) 
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corner shown in figure 8.2, 2. This paint also suffers from badly solvent exposure which 

has made it cloudy (figure 8.3, c). The Raman spectrum for the white paint (figure 8.3, 

d) revealed its bands at 1083 and 710 cm
-1

 which is ascribed to chalk (calcium 

carbonate CaCO3), 1047 cm
-1

 which assigned to lead white [2PbCO3.Pb(OH)2] and 972 

and 1110 cm
-1

 which attributed to barium white (barium sulfate BaSO4) (Burgio and 

Clark, 2001; Bell et al., 1997).  

 

 

 

 

 

 

 

 

8.1.1.3  The dark paint areas 

Two dark paint areas were sampled from the background under the inscriptions (figure 

8.2, 3) and from the under-tunic of the middle Hebrew (figure 8.2, 4). Under the optical 

microscope, the first paint sample (figure 8.4, a) reveals a red underlayer under a 

blackish paint layer and in the second sample (figure 8.4, b) yellow particles can be seen 

between a black matrix. The Raman analysis of the red underlayer reveals Raman bands 

characterised of vermilion (mercury (II) sulfide HgS) (Clark, 2002) while the yellow 

particles was identified as orpiment (Burgio and Clark, 2001; Bell et al., 1997) (arsenic 

Figure 8.3: The red paint sampled from the under tunic of the angel: (a) the fragment image, (b) the Raman 

spectrum, the white paint sampled from hand of the man in the bottom right hand side: (c) the fragment 

image, (d) the Raman spectrum 

(a) (b) 

(c) (d) 
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(III) sulfide) (Clark, 2002). The black upperlayer and matrix failed to give a Raman 

spectrum. 

 

 

 

 

 

 

The EDX spectrum of the black layers revealed significant amounts of the elements 

silicon, sulfur, calcium, potassium and iron as main constituent elements together with 

arsenic, chlorine, phosphorus, magnesium, aluminium and sodium in lower 

concentrations. These elements confirm the presence of the yellow pigment orpiment 

(Burgio and Clark, 2001; Bell et al., 1997) (as revealed by the Raman analysis) at low 

concentration mixed with a blue pigment. It is always difficult to differentiate between 

blue pigments using SEM-EDX as they are nearly identical in elemental composition. It 

becomes more difficult when pigment mixtures are applied and becomes even more 

difficult when the blue pigment is discoloured. 

A protocol has been established to differentiate between the blue pigments used in 

icons. It is suggested that the key difference is the presence of high elements’ 

concentration and also the absence of some other pigment may give more information 

that confirm the results suggested.  

The key element to distinguish between Prussian blue (figure 8.6, d), lapis lazuli (figure 

8.6, c) and artificial ultramarine (figure 8.6, b) is the presence of significant amount of 

Figure 8.4: The fragment images of the dark paint samples taken from: (a) background under the 

inscriptions, (b) the undertunic of the middle Hebrew 

(a) (b) 
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sulfur in ultramarine. It was assumed that iron is the key element of Prussian blue 

(Appoloni et al., 2007). However, in Coptic icons it is found that both Egyptian indigo 

and lapis lazuli contain iron.  

The EDX spectrum obtained by analysis of both blue paint samples containing natural 

indigo and indigo reference pigment (figure 8.6, a) shows that the key element of indigo 

is the presence of high amounts of chlorine and low amounts of silicon. Aluminium is 

present as the dominant element in indigo. However, Aluminium is not dominant when 

mixtures of indigo and other pigments are applied which it is the reason why it is 

confused with Prussian blue and ultramarine blue. In addition, indigo does not contain 

calcium and potassium which will be detected in indigo-containing paint when either 

orpiment or lead white is present in the mixture. 

The date of the icon may help to decide which blue pigment was used. For example, 

Prussian blue was commercially produced in 1724 (FitzHugh, 2003; Berri, 1997). For 

example the element aluminium present in both indigo and Prussian blue. If the icon is 

dated, that may help to identify the pigments because just icons dated to the end of 18
th

 

century may contain Prussian blue. 

Back to the paint area examined from this icon, the EDX spectrum (figure 8.5, a) 

confirmed the presence of orpiment which revealed by presence of arsenic, sulfur and 

traces of sodium, potassium and calcium. The other elements present in the blue paint 

are silicon, aluminium, sodium, magnesium and iron. As mention before, the absence of 

silicon might be used as the key element of indigo so indigo can be excluded. The key 

element to differentiate between Prussian blue and ultramarine is the presence of high 

amounts of sulfur which is present in this paint indicating the application of ultramarine 

blue. However, in case of this sample, sulphur interference with Pb-Kα which makes it 

difficult to confirm. It is true that the sample contains orpiment but it is a small amount 

applied confirmed by the small amount of arsenic present (in orpiment amount of 

arsenic is found in higher amount than sulfur). Another important issue that may help to 
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judge this finding is the date of the icon as the painter was active before the middle of 

the 18
th

 century which is confirmed by his use of natural ultramarine, the ground 

mineral lapis lazuli. Lead white is also distributed in some areas as shown by the EDX 

spectrum (figure 8.5, b). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8.5: The EDX spectra of the dark paint sample taken from the undertunic of the middle Hebrew: 

(a) lapis lazuli and orpiment, (b) lapis lazuli and lead white 

(a)  

(b)  
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Figure 8.6: The EDX spectra of: (a) indigo reference pigment (Kremer), (b) ultramarine blue reference 

pigment (Kremer), (c) lapis lazuli paint sample from the icon of Archangel Rafael, (d) Prussian blue 

reference sample (kremer) 
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8.1.2. The examination of the paint media 

The FTIR spectrum of the paint media (figure 8.8) shows the characteristic bands of 

cinnabar paint containing gum. The bands assigned to gums revealed at 3600-3200 (O-

H stretching), 3000-2800 cm
-1

 (C-H stretching), 1622 cm
-1

 (O-H bending), 1480-1300 

cm
-1

 (C-H bending), 1480-1300 cm
-1 

(C-H bending) and 1300-900 cm
-1

 (C-O stretching) 

(Stuart, 2007: 120; Derrick et al., 1999: 108, 179). 

8.1.3. The examination of the gold layer 

The gold layer was applied on a bole layer which is not shown in the optical microscopy 

image of the fragment (figure 8.7, a), but is revealed in the EDX spectrum (figure 8.7, 

b). This comprises aluminosilicate iron oxide layer with silicon, aluminium and iron as 

main constituents together with trace elements of calcium, potassium, chlorine, 

magnesium and sodium. Gold was also revealed in the same EDX spectrum with traces 

of silver. This paint was taken from the halo of the first Hebrew from the right (figure 

8.2, 5). 

 

 

 

 

 

 

 

 

Figure 8.7: The gold layer taken from the halo of the first Hebrew from the right: (a) fragment image, 

(b) EDX spectrum of the orange bole and the gold layer 

(a) (b) 
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8.1.4. The examination of the varnish layer 

The varnish applied on the icon of “The three Hebrews in the fiery furnace” was 

sampled from an area that was kept unclaened showing the originsl condition of the 

icon before the restorstion process. It was found to be a resin-oil varnish containig 

Pinaceae resin (figure 8.9) (Doménech-Carbó, 2006; Doménech-Carbó et al., 2006; 

Osete-Cortina, 2006; Stacy et al., 2006; Regert et al., 2006; Scalarone et al., 2003; Van 

den Berg et al., 2000) as revealed from residue obtained from a dark paint sampled from 

the angel’s wing (figur 8.2 , 6). 

The total ion chromatogram of this varnish (figure 8.9) shows TMS derivatives of 

characteristic biomarker peaks of both abietane and pimarane skeletal componds, 

namely dehydroabietic acid, pimaric acid, isopimaric acid together with the oxidation 

markers, 7-oxodehydroabietic acid (Doménech-Carbó, 2006; Doménech-Carbó et al., 

2006; Osete-Cortina, 2006; Stacy et al., 2006; Regert et al., 2006; Scalarone et al., 

2003; Van den Berg et al., 2000) and unidentified hydroxyl diterpenoid acid (Stacy et 

al., 2006). 

 

Figure 8.8: The FTIR spectrum of the paint medium 
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A series of TMS derivatives of long chain saturated fatty acids, hexadecanoic acid 

(C16:0) and octadecanoic acid (C16:0), decanoic acid (C10:0), nonanoic acid (C9:0) were 

also detected (Osete-Cortina et al., 2006; Colombinia et al., 2005; Colombinia et al., 

2002). In addition, a series of TMS derivatives of αω-dicarboxylic with 5, 6, 7, 8 and 9 

carbon atoms, namely α,ω-pentanedioic acid (C5 diacid), α,ω-hexanedioic acid (C6 

diacid), α,ω-heptanedioic acid (C7 diacid) and α,ω-octanedioic acid (C8 diacid) α,ω-and 

α,ω-nonanedioic acid (C9 diacid) of which C9 is the most abundant (Osete-Cortina et 

al., 2006; Colombinia et al., 2005; Colombinia et al., 2002). Identification of the fatty 

acids and these degradation products suggests the presence of vegetable oil (Osete-

Cortina et al., 2006; Colombini et al., 2005; Colombini et al., 2002). 

 

 

 

 

 

Figure 8.9: Chromatogram of the residue obtained from the varnish layer of the icon of “The three 

Hebrew in the fiery furnace” 
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8.2. The icon of “Vita icon of St. Mercurious” 

 

 

 

 

 

 

 

 

 

 

 

8.2.1. The examination of the paint layers  

8.2.1.1. The red paint area 

The red paint sample taken from the red triangle in the left hand side (figure 8.10, 1) 

shows a red paint layer applied on top of a white paint layer and highlighted with a 

black line. Several wide cracks can be seen in the paint layer with some broken areas. 

The Raman spectrum of the red paint layer revealed the characteristic bands of 

vermilion while the white underpaint is found to be lead white. 

 

Figure 8.10: The icon of “Vita icon of St. Mercurious” and samples locations 
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8.2.1.2. A dark paint area 

The brown paint was sampled from the right sleeve of the Saint (figure 8.10, 2). By 

studying the optical microscope image of this fragment (figure 8.11, a), this sample was 

found to consist of two paint layers of which the underlayer is a red vermilion paint. 

The upper layer is a brown paint layer which gave an unusual Raman spectrum with 

Raman bands at 1298, 1333, 1411, 1455, 1647 and 1830 cm
-1

 (figure 8.11, b). This 

spectrum could not be identified. 

 

 

 

 

 

 

The EDX spectrum for this brown layer (figure 8.12, a) reveals calcium, silicon and iron 

as main constituent in addition to titanium, potassium, chlorine, sulfur, phosphorous, 

aluminium, magnesium and sodium as trace elements. This spectrum is similar to the 

spectrum obtained from discoloured layer in the previous icon which was suggested to 

be lapis lazuli but with no lead white in this instance (figure 8.5, b). The EDX spectrum 

of the red paint layer confirms the use of natural cinnabar rather than the synthetic 

vermilion due to the presence of trace elements that only associated with the naturally 

occurring pigment (figure 8.12, b). 

 

 

Figure 8.11: The brown paint area taken from right sleeve of the Saint: (a) fragment image, (b) 

Raman spectrum of the upper brown paint layer 

(a) (b) 
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8.2.1.3. The white paint area 

The white paint taken from the leg of the horse (figure 8.10, 3) was found to consist of 

lead white combined with barium white (not shown). 

8.2.2. The examination of the paint media 

The FTIR spectrum of the paint media was identical to the spectrum revealed by the 

media of the previous icon (figure 8.8) which was found to be gum. 

8.2.3. The examination of the gold layer 

Two gold samples were examined of which one was highlighted with red paint (figure 

8.13, a & b). Real gold was employed in this icon on top of an orange bole. This was 

revealed by the EDX spectrum (figure 8.13, c) which shows also shows the presence of 

silver. 

Figure 8.12: The EDX spectra obtained from the dark paint area taken from the right sleeve of the 

Saint: (a) the upper brown paint layer, (b) the red underpaint 

(a) 

(b) 
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8.2.4. The examination of the varnish layer 

A red sample taken from the dress of the Saint was solvent extracted (figure 8.10, 5). 

The varnish of this icon is unique in which two labdane skeletal type diterpenoids were 

identified (figure 8.14) of which the first is larixyl acetate (Echard, 2007; Van den Berg, 

2000) which reveals its base peak at m/z 73 with two other dominant peaks at m/z 143 

and 225 (figure 8.15, b). The molecular ion is weak at m/z 435. The second compound 

is larixol (Echard, 2007; Van den Berg, 2000) which reveals its base peak at m/z 143 

and molecular ion at m/z 405. Other characteristic peaks are found at m/z 255, 190, 105 

and 73 (figure 8.15, a). 

These two biomarkers indicate the presence of Venice turpentine which is assigned to 

Larix sp. (Echard, 2007; Van den Berg, 2000; Mills and White, 1994: 100). Larixol and 

larixyl acetate have not been detected in any resin other than Larch resin which also 

contains acid components similar to those of pine resin (Mills and White, 1994: 100). 

Figure 8.13: The two gold layers examined: (a) the fragment image of one sample, (b) the fragment 

image of another fragment, (c) the EDX spectrum of the gold layer 

(a) 

(c) 

(b) 



Chapter 8 Results and Discussion: Icons Dated to the 18th Century and Painted by Mattery (around 1730) 

 251 

Dehydrodehydroabietic acid was also identified in this varnish confirming the presence 

of commonly form as a result of dehydrogenation process undergone to hydroabietic 

acid (Osete-Cortina and Domѐnech-Carbo, 2005). 

Larch resin was mixed with oil or fat which is confirmed by the presence of a series of 

saturated fatty acids (C18:0, C17:0, C16:0, C15:0, C14:0, C12:0) and α, ω-dicarboxylic acids 

with 10 to 7 carbon atoms of which C9 is the most abundant. 

Venice turpentine has not been previously identified as constituent of ancient Egyptian 

varnishes (Serpico and White, 2001) and has rarely detected as painting’s varnish. The 

only detection found was two Greek icons dated to the 17
th

 and 18
th

 century. In the latter 

varnish, Venice turpentine was combined with mastic resin (Vieillescazes et al., 2005). 

 

 

 

 

 

 

 

 

 

 

 

Figure 8.14: Chromatogram of the residue extracted from the varnish applied on the icon of “Vita icon 

of St. Mercurious” 
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8.3. Overview 

Both icons painted by Mattary have been over cleaned, and the Vita icon of St 

Mercurius has been restored and retouched  This makes it very difficult to confirm the 

complete pigment palette used by this painter. However, the identified pigments in the 

two icons are found to be lapis lazuli, vermilion, orpiment together with three white 

pigments, namely, lead white, chalk and barium white. The latter pigment is most 

probably a recent restoration addition. 

Gum was the paint media used by mattary in both icons while two types of varnish were 

used. The one that was identified in all examined icons, Pinaceae sp. resin and the other 

is a Larix sp. resin, namely Venice turpentine. Table 8.1 shows the revealed fragments 

in the varnish layers of the both icons. 

In the next chapter, the results obtained from the examination of three icons dated to the 

19
th

 century and painted by Anastasi Al-Rumi will be disscussed  

 

 

 

Figure 8.15: Mass spectra of: (a) Larixol, (b) larixyl acetate 

(a) (b) 
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Table 8.1: the constituents of the varnish applied on Mattary’s icons 


