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Chapter 7 Results and Discussion: Icons dated to the 18
th

 century and 

painted by Yuhanna Al-Armani Al-Qudsi (John the Armenian from 

Quds) (1722-1783) 

From this group, six icons painted by Yuhanna Al-Armani were studied. The icon of 

“Saint Takla Hemanote the Ethiopian” with registration number 10/1 and the icon of 

“Saint Sarabamon” are signed icons by Yuhanna Al-Armani. The other four icons have 

been attributed to him stylistically by the American Research Centre, Egypt. The last 

four icons are to be found in a group of nine icons comprising wooden iconostasis in the 

men’s section in the church (figure 7.1). These icons are; the icon of “Archangel 

Michael” with the registration number 149/1 (figure 7.1, c), the icon of “Saint John the 

son of Zabadi” with the registration number 147/1 (figure 7.1, b), the icon of “Saint 

Andrew” the registration number 19/1 (figure 7.1, a) and the icon of “St. Mathew the 

Evangelist” 153/1 (Figure 7.1, d). The Icon of “Saint Sarabamon” is the only icon from 

this group to be found in Mari Mena Church in Fom Al-Khalig, Cairo. It holds the 

registration number 32/14. 

 

 

 

 

 

 

 

 Figure 7.1: View from the middle of the nave showing men’s section of the Church of St. Mercurius, 

Monastry of St. Mercurius, Old Cairo, Egypt (Skalova and Gabra, 2003: 109) 
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7.1. The icon of “Saint Takla Hemanote the Ethiopian” 

 

 

 

 

 

 

 

 

 

 

 

 

 

7.1.1. Icon subject and structure 

The icon of “Saint Takla Hemanote the Ethiopian” (figure 7.2) represents the full-length 

figure of the saint placed frontally between two arched blue columns and against a 

background of which the upper part is golden and the lower is yellow. Saint Takla is 

dark complexioned, with grey beard and moustache. His head is surrounded by a hallo 

Figure 7.2: The icon of “Saint Takla Hemanote the Ethiopian” and samples locations 
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with red doted outline. In his right hand, he is holding a Gospel-book and in his left 

hand he is holding a golden stick. 

7.1.2. The examination of paint layers 

The paint areas under study are blue, yellow, orange, red, white and black paint areas. 

There was no green paint present in this icon. The gold layer and white ground were 

also examined.  

7.1.2.1. The blue paint area 

The blue paint area was sampled from the tunic of St. Takla (figure 7.2, 1). This blue 

paint has got a brighter shade and higher tinting power than indigo. Two shades were 

applied to paint the tunic; a light blue shade and a darker highlight on top to draw the 

folds (figure 7.3, a-1 & 2). The same features were seen in the cross-section in which 

the light blue paint layer was applied and then highlighted with a thin dark blue layer 

(figure 7.3, b-1 & 2). It is also noted that this blue pigment formed blue agglomerates 

which is easily recognized in the cross-section. The blue paint was applied over a 

yellow paint layer. Under the blue paint, a thin yellow paint layer was recognized 

(figure 7.3, a-3 & b-3). 

The Raman spectrum of the light blue paint layer revealed band at 257, 530, 599, 945, 

1047, 2089, 2119 and 2155 cm
-1

. The Raman band obtained at 1047 cm
-1

 is attributed to 

lead white and the rest of the Raman bands are assigned to Prussian blue (Stuart, 2007: 

144; Bell et al., 1997), hydrated iron hexacyanoferrate Fe4[Fe(CN)6]3.xH2O (Burgio et al., 

2003; Berrie 1997:191). The band at 2089 cm
-1

 is assigned to CN stretching vibration. 

Figure 7.3 shows the spectra of the analysed blue paint (figure 7.3, 1), prussian blue 

reference sample (figure 7.3, 2) (Kremer pigments) and the yellow underpaint (figure 

7.3, 3). 
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Prussian blue is an artificial pigment that has been called the first of the modern 

pigments. Two formulae of Prussian blue are given; KFe[Fe(CN)6] and Fe4[Fe(CN6]3. 

Modern formulations are M(I)Fe(III)Fe(II)(CN)6.nH2O, Where M can be K, Na or NH4 

and n = 14-16 (Eastaugh et al., 2004: 308-9). The pigment is made by mixing ferrous 

sulfate, sodium ferrocyanide and ammonium sulfate with an oxidizing agent such as 

potassium bichromate and sulfuric acid. The resulting pigment is deep blue with a fine 

grain size, which is washed, filtered and dried (Eastaugh et al., 2004: 308-9; Gettens 

and Stout, 1966: 149). 

The EDX spectra of Prussian blue reference sample (kremer) and the blue paint sample 

were revealed (figure 7.4, b & d). Both contain iron, which is considered to b the key 

element for distinguishing Prussian blue from the other blue pigments, sulfur, 

phosphorous and sodium. The EDX spectrum of the paint sample also contain lead, 

calcium and potassium which assigned to lead white pigment and a significant amount 

of silicon and aluminum which ascribed to Prussian blue. 

Prussian blue was normally sold with fillers (Berrie, 1997: 194). Therefore, the 

aluminum present may be added as alumina and the silicon as quartz to the pigment. 

Also the high amount of calcium may be due to the addition of calcium carbonate 

(Ionescu et al., 2004). 

Prussian blue has not been detected in any Egyptian paintings, as far we know, but has 

been detected in a few European icons. It has been applied in Greek icons; as a main 

paint layer in an icon dated to the 18
th

 century (Burgio et al., 2003) and as on an 

overpainted icon dated to the 20
th

 century mixed with chrome yellow in the form of 

chrome green (Daniilia et al., 2002). Prussian blue was also detected in other artifacts 

such as wallpapers dated to the nineteenth century (Castro et al., 2007; 2005; 2004). 

Prussian blue was first invented in Germany in 1704 and was commercially produced 

by 1724 (FitzHugh, 2003: 20; Berrie, 1997:193) suggesting its being used in Egyptian 

paintings not a long time after its production date. It is very well known that Yuhann 
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Al-Armani worked between 1722-1783 (Tribe, 2004; Skalova and Gabra, 2003:137; 

Van Moorsel, 1991:19) and Prussian blue was extensively used in his examined icons as 

revealed from this study. 

Another interesting and surprising finding in this icon is the yellow pigment that was 

applied as underpaint for the blue tunic. The Raman spectrum confirmed the application 

of pararealgar, α-Arsenic (II) sulphide As4S4 (Hühnerfuβa et al., 2006; Corbeil, 2004; 

Burgio and Clark, 2000; Corbeil and Helwig, 1995), as a yellow pigment with its well-

defined Raman bands at 202, 229, 272, 331, 343 and 358 cm
-1 

(Burgio et al.,2003; 

2001; Bell et al., 1977). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7.3: The blue paint taken from the tunic of St. Takla: (a) the fragment image; (1). the light blue 

paint, (2). the dark blue paint, (3). the yellow underpaint, (b) the cross-section image, (c) the Raman 

spectra of: (1). the light blue paint, (2). Prussian blu reference sample, (3) the yellow paint 
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7.1.2.2. The yellow paint area 

The yellow paint sampled from the lower part of the icon background under the optical 

microscope shows big paint islands which commonly form while some paints dried out 

and during ageing (Stout, 1975: 39). This feature was not observed in orpiment paint 

areas in the previously examined yellow paint areas. Besides, the yellow shade in this 

sample looks warmer and more yellowish. This yellow pigment was also found to be 

pararealgar as revealed its Raman spectrum (figure 7.5, 1) (Burgio et a.l, 2003; 2001, 

Bell et al., 1977). 

Pararealgar is known as the yellow product of the photo-degradation of the red pigment 

realgar, arsenic sulphide (As4S4) which has been used as a pigment in Egypt since the 

New Kingdom (Middleton and Humphery, 2001). Realgar is known for the lack of 

permanence of its colour which changes from red to yellow on exposure to light 

Figure 7.4: The blue paint from the tunic of Saint Takla: (a) SEM image the blue paint; (1) the blue 

paint, (2) the white ground, (3) the canvas, (b) EDX spectrum of Prussian blue admixed with lead 

white, (c) SEM image of Prussian blue reference pigment (Kremer) showing spherical aggregates, 

(d) EDX spectrum of (Prussian blue pigment (kremer) 
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(Daniels and Leach, 2004; Muniz-Miranda et al., 1996, Trentelman and Stdulski, 1996, 

Douglass and Shing, 1992). 

In the past, the yellow phase pararealgar has been misidentified as orpiment when it was 

characterized solely on the basis of colour and elemental analysis (Corbeil, 2004). 

However, recent studies have revealed that the yellow degradation product is one of the 

polymorphs of realgar, pararealgar (Daniel and leach, 2004; Scott et al., 2004; Burgio et 

al., 2003; Edwards et al., 2001; Muniz-Miranda et al., 1996; Corbeil, 1995; Douglass 

and Shing, 1992). 

An important question arises here. Has Yuhanna Al-Armani deliberately chosen 

pararealgar pigment to paint the yellow areas or it is a degradation product of the red 

pigment realgar? To answer this question, further Raman spectra have been collected 

from different areas through the cross-section, especially from the lower end of the paint 

looking for any non-degraded realgar particles. No relgar was revealed. It was also 

noted that pararelgar was applied in the previously described blue sample under 

Prussian blue paint in both light and dark shades and that these other pigments may act 

as a barrier which protects the yellow pigment from photo-degradation (Burgio, 2003). 

This suggests that pararealgar was the original yellow pigment applied. 

The EDX spectra for pararealgar revealed the elements arsenic, sulfur, calcium and 

silicon as main elements and bromine, iron, titanium, potassium, zinc and sodium as 

trace elements (figure 7.6). 

Pararealgar has been rarely detected as a yellow pigment in paintings. It has been 

reported once on three Greek icons in the Victoria and Albert Museum collection which 

are dated to the 15
th

 and 18
th

 century and have been examined by Burgio et al., (2003). 

It is also identified in some manuscripts (Jurado-López et al., 2004). 
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Figure 7.5: The paint sample taken from the lower part of the background (a) the fragment image (b) 

the cross-section image (c) the Raman specrta of (1) the yellow paint (2) realagar reference sample 

(Kremer) (3) pararealgar reference sample (UCL database). 

Figure 7.6: The EDX spectrum of the yellow pigment, pararealgar  
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7.1.2.3. The brown and orange paint areas 

The brown paint area was taken from the chlamys of the saint (figure 7.2, 3). The cross-

section image shows a red paint with a black inclusion of lamp black (figure 7.7, d). The 

Raman spectrum of the red paint (figure 7.7, c) reveals the characteristic bands of red 

lead (Burgio et al., 2001; Bell et al., 1977). 

The orange paint taken from the curved niche behind the saint (figure 7.7, 4) is found to 

consist of cinnabar as a major constituent (251, 286 and 342 cm
-1

) combined with red 

lead (545 cm
-1

) with applied as a single paint layer (figure 7.7, a - c). 

7.1.2.4. The white and black paint areas 

The white paint taken from the white crosses that decorate the black kalansuwa (figure 

7.2, 5) was found to be lead whit, (figure 7.8, a - c) while the black paint sampled from 

the black kalansuwa that covers the saint’s head is lampblack. The cross-section image 

shows that the black paint (figuer 7.8, e-1) was applied on a top of a gold layer (figure 

7.8, e-2) over a thick dark brown bole layer (figure 7.8, e-3). This dark colour of the 

bole layer has not been previously revealed in the studed coptic icons. 

 

 

 

 

 

 

 Figure 7.7: The orange paint sample taken from the curved niche: (a) the fragment image, (b) the 
cross-section image, (c) the Raman spectrum, (d, e) the brown paint taken from chlamys of the 

Saint Takla: (d) the fragment image, (e) the Raman spectrum 
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7.1.3. The examination of the paint medium 

The FTIR spectrum of a brown paint sample shows some bands attributed to egg yolk 

paint medium. These bands are the absorbances of methylene groups revealed at 2924 

and 2858 cm
-1

 (C-H stretching) and a weaker band at 1654 cm-1 due to amide I, the 

weak shoulder of amid II deformation at 1546 cm
-1

 attributed to N-H bending which 

only found in egg yolk (Colombini et al., 2004a; Ganitis et al., 2004). 

7.1.4. The examination of the white ground layer 

The image of the ground cross-section under the optical microscopy shows a single 

layer of the white ground with no sign of layered strucure. The ground layer was made 

of gypsum (calcium sulfate dihydrate, CaSO4.2H2O). This was established by the 

Raman spectrum, which display a strong band at 1008 cm
-1

 and weaker bands at 414, 

495, 618, 1083 and 1133 cm
-1

. EDX analysis revealed calcium, and sulfur confirming 

the Raman result of gypsum. In addition to traces of silicon, and bromine detected as 

impurities. 

Figure 7.8: (a, b, c) The orange paint sample taken from white crosses that decorate the black 

kalansuwa: (a) the fragment image, (b) the cross-section image, (c) the Raman spectrum, (e, f. g) the 

brown paint taken from black kalansuwa: (d) the fragment image; (1) the black paint, (2) the gold 

layer, (3) the bole layer, (e) the cross-section image, (f) the Raman spectrum 
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7.1.5. The examination of the gold layer 

The golden background was found to be applied over a very dark bole layer (figure 7.8, 

e-3) comprising silicon, aluminium, iron, potassium as the main elements and titanium, 

calcium, magnesium and sodium as trace elements  

It is important to note that this bole contains traces of titanium mostly as titanium oxide 

(TiO2) which has not been identified in the boles from other icons. In addition, the high 

amount of potassium detected in this sample may suggest the use of K-type bole which 

normally indicates lower degree of chemical weathering resulting from the low 

temperature and low water flow during formation (Grygar et al., 2003). 

On the other hand, the ratio K/Ca against Ti sometimes used to visualize the general 

compositions of iron-containing pigments. As calcium and potassium behave distinctly 

in these pigments; Ca is expectet to be high in carbonate rocks while K is an important 

element of phyllosilicate like micas, illite or smectites (Gil et al., 2007). 

Another important feature in this bole is its very dark shade. A bole layer is normally 

orange-red which occasionally can be lighter. This dark shade may be due the 

intentional addition of coarse-grained haematite (Mortimore et al., 2004; Grygar et al., 

2003; Hradil et al., 2003) to modify the resulting shade. 

The gold layer applied is a real gold which contains traces of silver (found in different 

spaectrum) which is mostly the main reason for the discolouration observed (Frantz and 

Schorsch, 1990). 

7.1.6. The examination of the varnish layer 

A brown paint taken from the chlamys of the Saint was solvent extracted and was 

subjected to GC-MS analysis. The total ion chromatogram of the varnish layer (figure 

7.9 and 7.10) revealed the abietane skeleton type compound dehydroabietic acid and an 
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oxidation marker, namely 15-hydroxy dehydroabietic acid (Doménech-Carbó, 2006; 

Doménech-Carbó et al., 2006; Osete-Cortina, 2006; Stacy et al., 2006; Scalarone et al., 

2003; Regert et al., 2006; Van den Berg et al., 2000). 

15-hydroxydehydroabietic acid is formed as a result of a degradation process undergone 

by abietic acid (Osete-Cortina et al., 2005; Kutney et al., 1982, 1981). This fragment, its 

molecular ion is always missing and its M-15 ion shows a significant abundance and 

cosidered as the base peak at m/z 445. Other characteristic ions can be seen at m/z 327, 

267, 246, 225, 171 and 73 (see figure 7.35, a). 

Both the biomarker and the oxidation marker are assigned to a resin from Pinaceae 

family. The presence of the fat or oil was also confirmed by detection of long chain 

fatty acids comprising trimethylsilylester derivatives of saturated acids; octadecanoic 

acid (C18:0), hexadecanoic acid (C16:0) and the underivatised fractions of the same fatty 

acids indicating the application of resin-oil varnish (Osete-Cortina et al., 2006; 

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

The most interesting finding in this varnish is the detection of molecular fragments with 

a base peak at either m/z 217 or m/z 204 and a molecular ion which is mostly absent 

from the mass spectra. Some other spectral peaks are revealed by fragments at m/z 73, 

103, 129, 147 and 169 (figure 7.11, a-d). These fragments are assigned to sugars and 

uronic acids that can be obtained from plant gums after breaking their peptide likages 

(Marinach et al., 2004). 

From the results obtained, it could be suggest that the varnish applied by Yuhanna Al-

Armany on St. Takla icon consists of Pinaceae resin, gum admixed with fats or oils. 
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Figure 7.9: Total ion chromatogram of the residue extracted from the varnish layer 

Figure 7.10: Patial ion chromatogram of the the residue extracted from varnish layer showing; 

TMS derivatives of sugars (♦), saturated fatty acids (C18:0 and C16:0), diterpens (DHA) and a 

degradation product (15-hydroxy DHA). 
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Figure 7.11: Mass spectra of TMS derivatives of sugars found in the icon of St. Takla Hemanote the 

Ethiopian 
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7.2. The Icon of “The Archangel Michael (Almalak Mikael)” 

 

 

 

 

 

 

 

 

 

 

 

 

 

7.2.1. The icon subject and description  

The full-length figure of the archangel Michael (figure 7.12) is depicted frontally 

against a background, which is yellow at the upper part and green at the lower. His large 

wings are decorated with brown, yellow, red, orange and white feathers. His head, with 

brown hair, is surrounded by a golden halo with double red outlines. In his right hand, 

he is holding a long cross-staff with three horizontal bars and in his left one a balance 

Figure 7.12: The icon of “The Archangel Michael” and samples locations 
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scale. The Archangel is holding soldiers garments; a long brown under-tunic, a shorter 

green and brown tunic, cuffs and belt, a red chlamys and an orange shoes. At the right 

hand next to his head is written in Arabic the Archangel Michael. 

7.2.2. The examination of paint layers 

7.2.2.1. The green paint areas 

Two green paint samples were examined. The first was taken from the clothes of the 

archangel (figure 7.12, 1) and the second from the lower part of the background of the 

icon (figure 7.12, 2). The green paint in both samples is found to consist of a single 

paint layer of a mixture of green and yellow particles as seen in the images of the paint 

fragments and cross-sections (figure 7.13, a-e). The green paint is found to be a 

combination of Prussian blue and orpiment (figure 7.13, c). The Prussian blue 

confirmed by one weak band at 2155 cm
-1

 (Stuart., 2007: 144; Bell et al., 1997) and the 

orpiment with its well-defined strong bands at 290, 308, 352 and 380 cm
-1 

(Stuart, 2007: 

144; Bell et al., 1997). 

On top of the green paint of the second sample, a black paint failed to give any Raman 

bands and was found to contain a significant amount of manganese in the EDX 

spectrum (figure 7.13, f) indicating it is pyrolusite (manganese dioxide) (Zoppi et al., 

2002; Bikiaris et al., 1999; Smith et al., 1999) Manganese dioxide pigment was 

previously identified on top of a green paint mixed with red lead in the icon of 

"Ebskhyron El-Keleny" (for more discussion, see chapter 6: p. 203). 

The orange paint under the green layer also failed to give Raman bands. The EDX 

spectrum of the matrix revealed the elemental composition of aluminosilicate earth 

pigment with a significant amount of tin (Sn) (figure 7.13, g). 
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7.2.2.2. The red paint area 

The red paint taken from the red chlamys (figure 7.12, 3) consists of three paint layers 

(figure 7.14, a & b). Starting from the bottom, the yellow greenish layer is made of a 

mixture of orpiment as a dominant pigment (307, 350 and 383 cm
-1

), red lead (452 cm
-1

) 

(Stuart., 2007: 144; Bell et al., 1997) (Stuart., 2007: 144; Bell et al., 1997) and Prussian 

blue (2095, 2125 and 2155 cm
-1

) (figure 7.14, c-3) (Stuart., 2007: 144; Daniilia et al., 

2002; Bell et al., 1997). The middle layer is a mixture of three pigments; cinnabar (250, 

286 and 343 cm
-1

), orpiment (388 cm
-1

) and red lead (545 cm
-1

) (figure 7.14, b-3 & c-2). 

The uppermost layer consists of a single red pigment which is cinnabar (250, 285 and 

340 cm
-1

) (figure 7.14, b-1 & c-1) (Stuart., 2007: 144; Daniilia et al., 2002; Bell et al., 

1997). 

Directly on top of the ground layer, a translucent layer was detected which did not give 

any Raman spectrum (figure 7.14, a-4 & b-4). 

 

(a) (b) 

(c) 

Figure 7.13: The green paint taken from the clothes of the Archangel: (a) the fragment image, (b) the 

cross-section image, (c) the Raman spectrum, the green paint taken from lower part of the background, 

(d) the fragment image; (1) the green layer, (2). the black layer, (3) the yellow underpaint, (e) the cross-

section image, (f, g) the EDX spectra of: (f) the black layer, (g) the red layer 
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7.2.2.3. The yellow paint area 

The yellow paint was taken from the higher section of the background (figure 7.12, 6). 

It is found to comprise single yellow layer of orpiment (figure 7.15, b & c) (289, 307, 

351 and 379 cm
-1

) (Stuart, 2007: 144; Daniilia et al., 2002; Burgio et al., 2001; Bell et 

al., 1997). The orpiment particles show big size and micaceous texture indicating using 

natural pigment (figure 7.15, a). 

7.2.2.4. The orange paint area 

The orange paint was sampled from archangel's wing (figure 7.12, 4). It is made from 

two paint layers of which the orange is the top layer applied on white paint layer (figure 

7.15, d & e) The black particles are suggested to be underdrawing which was also 

observed in other icons. The orange paint is a mixture of red lead (309, 387, 548 cm
-1

) 

and lead white (figure 7.14, f-2) (1050 cm
-1

) (figure 7.15, f-1) while the lower white 

layer is a pure lead white (Stuart., 2007: 144; Daniilia et al., 2002; Burgio et al., 2001; 

Bell et al., 1997). The under drawing was applied using lampblack. 

7.2.2.5. The buff tone paint area 

The buff paint area was sampled from the archangel's hand (figure 7.12, 5). The 

fragment image shows a white matrix with red and black inclusions. The black particles 

seem to be dirt as it does not exist in the cross-section image. The buff tone consists of a 

thick white matrix of lead white, 2PbCO3.(PbOH)2, (1048 cm
-1

) admixed with red 

particles of cinnabar α-HgS (251, 286 and 342 cm-1) (Stuart., 2007: 144; Daniilia et al., 

2002; Burgio et al., 2001; Bell et al., 1997). 
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Figure7.14: The red paint taken from the red chlamys: (a) the fragment image; (1) the red paint 

layer, (2) the orange paint layer, (3) the green paint layer, (4) the translucent layer, (b) the cross-

section image, (c) the Raman spectra of: (1) the red paint layer, (2) the orange paint layer, (3) 

the green paint layer 
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Figure7.15: The yellow paint sample taken from the upper part of the background: (a) the fragment 

image, (b) the cross-section image, (c) the Raman spectrum, (d, e, f) the orage sample taken from the 

feathers of the archangel's wing: (d) the fragment image, (e) the cross-section image, (f) the Raman 

spectra of: (1) the orange paint layer, (2) the white paint layer 

(a) 

(c) (f) 

(e) (d) (b) 
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7.2.2.6. The white paint area 

The white paint area was sampled from the right wing’s white feathers (figure 7.12, 7) 

which seem to be highlighted by a green paint (figure 7.16, a). The stratigraphy of the 

white paint consists of, starting from the bottom; an orange layer (figure 7.16, b-2) with 

some red particles (figure 7.16, b-3); white paint layer and the top layer is the green 

paint which seems to be a green pigment and not a pigment combination (figure 7.16, b-

1). The green paint layer yields strong bands at 314, 351, 379, 441, 448, 469, 494, 532, 

614, 633, 669, 732, 750, 878, 1020, 1056, 1084, 1147, 1254, 1303, 1345, 1357, 1419, 

1444, 1471, 1513, 1549 and 1591 cm
-1

. These bands are not attributed to any green 

organic or inorganic pigments that normally used in the 18
th

 century. The presence of 

Raman bands at 1591, 1357 and 1147 cm
-1

 indicate the presence of a synthetic organic 

pigment (Vandenabeele et al., 2000). This pigment (figure 7.17, a) when compared with 

green synthetic organic pigments in the Laboratory of Analytical Chemistry’s database, 

Ghent University is found to be phthalocyanine green (PG 8, talens) (figure 7.17, b). 

This pigment was most probably a recent addition which was used in the retouching 

process. 

The EDX spectrum of the green paint (figure 7.18, b) reveals the elements; aluminium, 

iron, silicon, sulfur, arsenic and calcium as main elements. These elements are found in 

relatively high concentrations. The trace elements potassium, chlorine and sodium are 

also detected. 

The white layer in the middle is lead white which give rise to its characteristic band at 

1051 cm
-1 

(figure 7.146, b-2 & c-2) and the red particles enclosed in the last layer is red 

lead with two of its bands at 389 and 546 cm
-1

 (figure 7.16, b-3 & c-3) while the matrix 

containing the red particles failed to give Raman bands. The EDX spectrum of the 

matrix revealed the elemental composition of aluminosilicate earth pigment with a 

significant amount of tin (Sn). It is the identical composition of this revealed from the 
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orange layer applied under the green (figure 7.13, g) paint layer in the same icon but 

with much more iron content (figure 7.18, a). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7.16: The white paint sample taken from the white paint taken from the feathers of the 

archangel's wing: (a) the fragment image, (b) the cross-section image, (c) the Raman spectra of: 

(1) the green paint layer, (2) the white paint layer, (3) the red inclusions in the orange layer 

(a) (b) 

(c) 
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3 

Figure 7.17: Raman spectra of: (a) the green paint layer, (b) reference pigment of 

phthalocyanine green PG 8 
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7.2.2.7. The black paint area 

The black sample taken from the clothes of the Archangel (figure 7.12, 8).was applied 

as two successive paint layers (figure 7.19, a & b).of which the lower layer is an orange 

paint the same as the one detected under the green and the white paint samples. The 

upper layer consists of lampblack which yields its Raman bands at 1348 and 1584 cm
-1 

(figure 7.19, c). 

 

 

 

 

 

 

 

 

 

Figure 7.18: The EDX spectra of the white paint taken from the feathers of the archangel's wing: (a) 

the orange underlayer, (b) the green paint layer 

(a) (b) 

Figure 7.19: The black paint sample taken from the the clothes of the archangel: (a) the fragment 

image, (b) the cross-section image, (c) the Raman spectrum 

(a) 
(b) 

(c) 
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7.2.3. The examination of the gold layer 

The gold layer was applied on top of an orange bole which comprises iron, calcium, 

silicon and aluminium. Titanium is also detected in another EDX spectrum (not shown) 

indicating the presence of titanium oxide (TiO2). 

The gold used in the halo is real gold with traces of silver which causes discolouration 

of the gold. 

7.2.4. The examination of the white ground layer 

The ground layer shows a layered structure (a multilayer) as it comprises two successive 

white layers which appear different in texture, colour and transparency (Burgio et al., 

2003). Raman and EDX spectra gave identical composition of both layers which 

comprise calcium sulfate dehydrate. The SEM image shows that the lower layer was 

compressed and less porous than the upper layer which may due to the high amount of 

the binding media that were added to the gesso grosso layer. The lowest layer is coarser 

and more granular in texture  

7.2.5. The examination of the varnish layer 

The green paint was taken from the clothes of the Archangel (figure 7.12, 9).was 

solvent extracted. The total ion chromatogram of the varnish layer (figure 7.20 and 

7.21) revealed the abietane skeleton type compound dehydroabietic acid, dehydroabietic 

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). The 

biomarker is assigned to a resin from Pinaceae sp. The presence of fat or oil was 

confirmed by detection of long chain fatty acids comprising trimethylsilylester 

derivatives of saturated acids; octadecanoic acid (C18:0), hexadecanoic acid (C16:0). In 

this case, it is most probably a drying oil which is normally added to the resin to make a 
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surface coating indicating the application of resin-oil varnish (Osete-Cortina et al., 

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

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7.21: Partial ion chromatogram of the varnish extracted from the green paint sample 

taken from the clothes of the archangel showing range between 15.5 and 28 minutes  

Figure 7.20: The total ion chromatogram of the varnish extracted from the green paint sample 

taken from the clothes of the archangel 
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7.3.  The icon of Saint John the son of Zabadi 

 

 

 

 

 

 

 

 

 

 

 

 

 

7.3.1. The icon subject and description  

The full-length figure of Saint John (figure 7.22), sitting on a bench, is depicting 

slightly turned to the left against a background which is the larger upper part is brown 

and the lower is green. His head with his black hair, moustache, and beard are 

surrounding by a golden halo with red double outlines. His right hand is holding a 

feather which is used to write on an open book on which a text is written. St. John is 

Figure 7.22: The icon of “Saint John the son of Zabadi” and samples locations 
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wearing a long light brown tunic, a shorter dark brown tunic and a red chlamys. In his 

left hand side next to his head is written "the beloved John the Evangelist". 

7.3.2. The examination of paint layers 

Yuhanna Al-Armani palette applied in this icon has been revealed by examining 

different paint areas. The paint areas under examination are green, red, yellow, buff and 

white. 

7.3.2.1. The green paint area  

The green paint sample was taken from the lower part of the background (figure 7.22, 

1). The fragment image (figure 7.23, a) enables the recognition of two paint layer of 

which the upper layer is green (figure 7.23, a-1) and the lower layer is red (figure 7.23, 

a-3). However, in the cross-section image, a more complicated paint structure was 

revealed (figure 7.23, b). This consists of four different paint layers which comprise 

from the bottom; a light green paint layer (figure 7.23, b-4), a red paint layer (figure 

7.23, b-4), a white paint layer (figure 7.23, b-2) and a green paint layer (figure 7.23, b-

1). In addition, thin layer of a red highlight is also observed on top of the green paint 

layer.  

The lower green layer which contains some yellow inclusions of orpiment comprises a 

complex combination of orpiment (289, 309, 352, 385 cm
-1

), red lead (545 cm
-1

) and the 

organic blue pigment indigo (1572 cm
-1

) (figure 7.23, c-3). The red intermediate paint 

layer is made of red lead while the white paint layer is made of lead white (figure 7.23, 

c-2). 

The other green paint in uppermost layer gives different shade and looks as a green 

chromophore and not a pigment mixture. The Raman spectrum revealed intense Raman 

bands at 1534, 1334, 1279, 1210, 774, 738 and 700 cm
-1

. In addition, weaker Raman 

bands at 1503, 1480, 1503, 1442, 1385, 1133, 1082, 985, 948, 814, 682, 636, 593, 515, 
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452 and 342 cm-1 (figure 7.23, c-1). These bands are not attributed to any green organic 

or inorganic pigments that normally used in the 18th century paintings. The presence of 

Raman bands at 1534, 1383 and 1130 cm-1 indicates the presence of a synthetic organic 

pigment (Vandenabeele et al., 2000). This pigment (figure 7.24, a) when compared with 

the green pigments in database in the Laboratory of Analytical Chemistry, Ghent 

University and with published spectra (Bouchard et al., 2009; Poon et al., 2008) is 

found to be copper phthalocyanine green (PG 7) (figure 7.24, a & b). This pigment was 

introduced commercially in 1930’s (Newmann, 1979) suggesting its being a recent 

restoration addditon. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7.23: The paint sample taken from the lower part of the background: (a) the fragment 

image; (1) the greenpaint layer, (3) the red paint layer, (b) the cross-section image; (2) the white 

paint layer (4) the yellow paint layer, (c) the Raman spectra of the: (1) the green paint layer, (2) 

the white paint layer, (3) the red paint layer, (4) the yellow pigment  
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7.3.2.2. The red paint area  

The red paint area taken from the chlamys of the Saint (figure 7.22, 2) comprises a thin 

orange-red paint layer applied on top of a yellow paint (figure 7.25, a & b) which was 

applied with greater thickness than the red paint layer. The orange-red layer (figure 

7.25, a-2 & b-2) is found to be a mixture of cinnabar which gave a single Raman band 

at 257 cm
-1

 and red lead with its characteristic Raman bands at 316, 346, 393, 552 cm
-1

 

(figure 7.25, c-2). The lower layer gave the Raman bands characterized for pure 

orpiment (figure 7.25, c-1). 

The buff and brown paint samples were taken from the Saint’s right hand (figure 7.22, 

3). Under the optical microscope, the paint fragment (figure 25, d) shows the buff paint 

applied as a white matrix tinted with red particles in a single paint layer (figure 7.27, e). 

The Raman spectrum of the buff paint (figure 7.25, f) shows a combination of the red 

pigment cinnabar (252, 288, 341 cm
-1

) and the white pigment lead white (1050 cm
-1

). 

The brown paint sampled from the under-tunic (figure 7.22, 4) shows a dark brown 

paint that looks lighter in the cross-section image which may indicates the presence of a 

dark varnish on top of the light brown paint (figure 7.26, a). The brown paint layer was 

Figure 7.24: The Raman spectra of: (a) the upper green paint layer, (b) the reference pigment of 

PG 7, insert, the chemical composition of the green pigment 
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applied by admixing cinnabar with lamp black. In the cross section image a thin white 

layer was revealed on top of the brown paint (figure 7.26, b). The Raman spectrum 

gives a single band of lead white (1050 cm
-1

). 

 

 

 

 

 

 

 

 

 

7.3.2.3. The yellow paint area 

Orpiment was also applied in the yellow paint area taken from the bench’s arm (figure 

7.22, 5) as two yellow paint layers. The upper layer comprises orpiment, while the 

underlying layer, orpiment was combined with two gypsum (1005 cm
-1

) and lead (II) 

sulfate PbSO4 (978 cm
-1

). 

7.3.2.4. The white paint area 

The white paint fragment taken from the book (figure 7.22, 6) shows a white smooth 

matrix of lead white with some red and black particles, which are also visible in the 

paint cross-section (figure 7.26, c & d). The black pigment used for tinting the white 

Figure 7.25: (a, b, c) The red paint taken from the chlamys of the Saint: (a) the fragment image; (1) the 

lower layer, (2) the upper layer, (b) the cross-section image, (c) the Raman spectra of: (1) yellow paint 

layer, (2) the red paint layer, (d, e, f) the buff tone paint layer taken from the right hand of the Saint: 

(a) the fragment image, (b) the cross-section image, (c) the Raman spectrum  
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paint is lampblack (figure 7.26, f) which is also applied in the black paint area taken 

from upper-tunic (figure 7.22, 7). The black paint layer was applied on top of a light red 

paint consists of cinnabar and lead white. 

 

 

 

 

 

 

 

 

 

 

7.3.3. The examination of the varnish layer 

The total ion chromatogram of the varnish layer of “St. John the son of Zabadi icon” 

(figure 7.27) suggests that a resin-oil varnish was applied. The resin is attributed to 

Pinaceae family (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) which confirmed by the presence dehydroabietic acid in very low 

abundance. Two saturated fatty acids, namely hexadecanoic (C16:0) and octadecanoic 

Figure 7.26: The brown paint sample: (a) the fragment image, (b) the cross-section image, the 

white paint sample, (c) the fragment image, (d) the cross-section image and the black paint 

sample, (e) the fragment image, (f) the Raman spectrum showing bands of lampblack 
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(C16:0) acids which is normally detected in fats/oils (Osete-Cortina et al., 2006; 

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

The traces of the varnish detected here may indicate either an attempt of varnish 

removal or a thinly applied varnish layer. The idea of the presence of a degraded varnish 

is doubtful due to the absence of degradation biomarkers. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7.27: (a) The total ion chromatogram of the varnish of St. John the son of Zabadi, (b) partial 

ion chromatogram from 18.5 to 22 minutes  
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(b) 



Chapter 7 Results and discussion : Icons dated to the 18th century and painted by Yuhann Al-Armani Al-Qudsi (John the Armenian 

from Quds) (1722-1783) 

 217 

7.4. The icon of “Saint Mathew the Evangelist” 

7.4.1. The examination of the paint layers 

7.4.1.1. The blue paint area 

The blue paint area was sampled from the tunic of St. Mathew. The paint was applied in 

two shades of which the lower layer (figure 7.29, a-2) is darker and has coarser particles 

than the upper (figure 7.29, 29, c-2). The lower blue layer consists of Prussian blue 

pigment (figure 7.28, b & 29, c-1) which was combined with lead white in the upper 

layer as revealed by the Raman and EDX spectra (figure 7.28, a-1 & b). Those blue 

layers are found to be applied on top of an orange layer (figure 7.28, a-4) comprising 

iron, titanium, calcium, potassium, sulfur, silicon, aluminium, magnesium and sodium 

suggesting an aluminsilicate mineral (figure 7.28, e). The SEM micrograph shows, 

according to the molecular weight of the elements, an intermediate layer with a lighter 

weight element present between the blue and the orange layers (figure 7.28, a-3). This 

layer is found to be lead white which confirmed by detection of a significant amount of 

lead in the EDX spectrum (figure 7.28, d). 

 

 

 

 

 

 

 

Figure 7.28: The SEM micrograph of the blue paint fragment taken from the tunic of the Saint, (b, c, 

d, e) the EDX spectra of: (b) the light blue paint, (c) the dark blue paint, (d) the white underpaint, (e) 

the orange underpaint 
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(d) (e) 
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7.4.1.2. The yellow paint area 

The yellow paint comprises a single pigment applied in one layer of orpiment with its 

typical spectrum of pure orpiment with bands at 103, 132, 150, 175, 199, 289, 307, 351 

and 379 cm
-1

. This paint area was sampled from the upper part of the icon’s 

background. 

7.4.1.3. The red and brown paint areas  

The brown paint was sampled from St. Mathew the clothes of while the red paint was 

taken from the chlamy of the Saint. Both red paints gave identical results under the 

optical microscope as they were applied as thin layers with more black inclusions of 

lamp black in case of the brown paint (figure 7.30, a & c). The red paint in both samples 

was found to be according to the Raman spectrum (figure 7.30, e), a combination of red 

Figure 7.29: The blue paint sample tken from the tunic of the saint: (a) the fragment image, (b) the 

cross-section image, (c) the Raman spectra of: (1) the blue paint, (2) Prussian blue pigment (Kremer) 
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lead (118, 147, 311, 387, 546 cm
-1

) and vermilion (250, 283, 340 cm
-1

). In the red paint 

area, another layer of lampblack was applied as underpaint (figure 7.30, b). 

7.4.1.4. The buff tone paint area 

The buff tone paint area sampled from the right hand of St. Andrew shows under the 

optical microscope two distinct paint layers (figure 7.31, b). The underpaint is a red 

paint layer consisting of the combination of two red pigments, vermilion (254, 286, 341 

cm
-1

) and red lead (118, 147, 311, 387, 546 cm
-1

) (figure 7.31, c-2). While the upper 

paint comprises only vermilion as red pigment (254, 286, 341 cm
-1

) and lead white 

(1046, 1051 cm
-1

) (figure 7.31, c-1) (Stuart, 2007: 144; Daniilia et al., 2002; Burgio et 

al., 2001; Bell et al., 1997). In the image of the paint fragment blue inclusions of 

Prussian blue were observed (figure 7.31, a). 

7.4.1.5. The white paint area 

The white paint taken from the Gospel book was examined. It is applied as a single 

paint layer of lead white with some inclusion of Prussian blue (figure 7.31, d & f) which 

could not be seen in the cross-section image (figure 7.31, e). 

7.4.2. The examination of the gold layer 

The gold paint was taken from the halo of the Saint. The real gold leaf was applied over 

an orange bole layer as shown in figure 7.32, a & b. No traces of silver were detected in 

the gold indicating either the application of pure gold or the amount of silver was too 

small to be detected. However, arsenic, calcium, potassium and rubidium were detected 

as minor components (figure 7.32, c). 
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Figure 7.30: (a, b) The red paint taken from the chlamys of the Saint: (a) the fragment image, (b) the 

cross-section image, (c, d) the brown paint taken from the tunic of the Saint: (a) the fragment image, 

(d) the cross-section image, (e) the Raman spectrum of both brown and red paint layers 
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Figure 7.31: (a, b, c) the buff tone paint taken from the right hand of the Saint: (a) the fragment 

image; (1) the upper buff layer, (2) the lower red layer, (b) the cross-section image, (c) the Raman 

spectra of: (1) buff tone paint layer, (2) the red paint layer, (d, e, f) the white paint layer taken from 

Gospel book: (a) the fragment image, (b) the cross-section image, (c) the Raman spectrum  



Chapter 7 Results and discussion : Icons dated to the 18th century and painted by Yuhann Al-Armani Al-Qudsi (John the Armenian 

from Quds) (1722-1783) 

 221 

 

 

 

 

 

 

 

 

7.4.3. The examination of the white ground layer 

The ground layer comprises a single layer of the white gypsum (calcium sulfate 

dihydrate, CaSO4.2H2O). This was established by the Raman spectrum which display a 

strong band at 1008 cm
-1

 and weaker bands at 414, 495, 618, 1083 and 1133 cm
-1

. EDX 

analysis revealed calcium, sulfur and oxygen confirming the Raman result of gypsum. 

In addition to traces of aluminium, silicon, copper, potassium and magnesium are also 

detected as impurities  

7.4.4. The examination of the varnish layer 

The paint sample extracted for GC-MS analysis was taken fom the green paint area of 

the icon’s background. 

The total ion chromatogram of the varnish (figure 7.33 & 34) shows TMS derivatives of 

characteristic biomarker peaks, dehydroabietic acid (figure in Christ icon) along with 

the oxidation markers, 7-hydroxydehydroabietic acid (figure 7.35, b) and 15-hydroxy 

Figure 7.32: The gold layer taken from the halo: (a) the fragment image, (b) the cross-section image, 

(c, d) the EDX spectra of: (c) the gold layer, (d) the bole layer 
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(b) (d) 
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dehydroabietic acid (figure 7.35, b) (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). Dehydro-dehydroabietic acid (see figure 6.24) as a 

dehydrogenation product of dehydroabietic acid was also detected (Osete-Cortina et al., 

2005; Scalarone et al., 2003). 

7-hydroxydehydroabietic acid has not been identified in the previously examined 

varnish layers. It is formed as a result of a degradation process undergone by abietic 

acid (Osete-Cortina et al., 2005; Kutney et al., 1982, 1981). This fragment reveales its 

molecular ion at m/z 460 which is present and M-15 ion at m/z 445. The base peak in in 

this fragment is at m/z 73 and more characteristic peaks are to be found at m/z 417, 252, 

237 and 191. 

The biomarker and the oxidation and hydrogenation products enabled the identification 

of a resin attributed to Pinaceae (most probably pine) family (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). 

Two TMS derivatives of long chain saturated fatty acids, namely hexadecanoic acid 

(C16:0) and octadecanoic acid (C16:0) were also detected, in addition to underivatised 

hexadecanoic acid (Osete-Cortina et al., 2006; Colombini et al., 2005; Colombini et al., 

2002). The presence of the underivatised products indicate insufficient amout of 

BFTFA added to the varnish extract. Identification of the fatty acids suggests the 

presence of fat/oil. 

From the results obtained, it could be suggested that a resin-oil varnish containig 

Pinaceae resin was applied on the icon of St. Mathew. 
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Figure 7.35: Mass spectra of TMS ehter TMS ester derivatives of: (a) 15-hydroxydehydroabietic 

acid, (b) 7-hydroxydehydroabietic acid 

(a) (b) 

Figure 7.34: Partial ion chromatogram of the varnish extracted from the icon of St Mathew 

showing retention time ranging between 18 and 14.5 minutes 

 

Figure 7.33: Total ion chromatogram of the varnish extracted from the icon of St Mathew 
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7.5. The icon of “Saint Andrew” 

7.5.1. Icon subject and description 

The full-length figure of the Apostle Andrew is depicted slightly turned to the right 

against a background of which the upper part is golden and the lower is green. His head 

with his black hair, beard and moustache is surrounded by a golden halo with red 

double outlines. His right hand is holding a hand cross while the left one is holding a 

closed Gospel book.  

The icon of Saint Andrew has been removed from its original deteriorated wooden 

panel which has been replaced. Beeswax has been used to fix the icon to its new 

support. 

7.5.2. The examination of paint layers 

The paint areas studied from this icon are green, yellow, red, orange, brown and white 

paint areas. No blue shade presents in the icon and the black was not sampled. 

7.5.2.1. The green paint area  

The green paint was sampled from the upper part of the icon’s background. From the 

image of the paint fragment and cross-section (figure 7.36, a & b), it is obvious that 

orpiment with its big fibrous textured particles was used as a yellow pigment. This was 

confirmed by the Raman spectrum obtained in which orpiment revealed its Raman 

bands at 131, 137, 151, 199, 288, 306 and 350 cm
-1

. The blue pigment combined with 

orpiment is found to be indigo which yields only one band at 1572 cm
-1

. Vermilion was 

also admixed with orpiment and indigo and shown at 247 cm
-1 

(figure 7.36, c). 

The Raman spectrum revealed shows a very high back ground with noisy features 

which most probably came as a result of the wax used in the transformation process. 
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7.5.2.2. The yellow paint area 

The yellow paint area taken from the lower part of the icon’s background was applied as 

a single paint layer made of a combination of yellow and red pigments as shown in the 

fragment’s image (figure 7.36, d). Two different Raman spectra was obtained from this 

layer; the first (figure 7.36, f-2) was found to be orpiment (131, 149, 174, 197, 288, 307, 

350, 349 cm
-1

) except for the band revealed at 116 cm
-1

 which ascribed to pararealgar. 

The second spectrum consists of a combination of orpiment, red lead (387, 545 cm
-1

) 

and the band obtained at 116 which is pararealgar (figure 7.36, f-1). 

Pararealgar was previously identified in the icon of “St. Takla Hemanote the Ethiopian” 

(figure 7.3, c-3 & 7.5, c-1) which also painted by Yuhanna Al-Armani. The presence of 

orpiment and pararelgar in the same sample gives more confirmation about Yuhanna 

Al-Armani’s recognition of both pigments. 

 

 

 

 

 

 

 

 

 

Figure 7.36: The green paint sample taken from the upper part of the icon’s background: (a) fragment 

image, (b) cross-section image, (c) Raman spectrum, (d, e, f) the yellow paint sample taken from the 

lower part of the icon’s background: (d) fragment image, (e) cross-section image, (f) Raman spectra 

of: (1) yellow paint comprises orpiment, red lead and pararealgar, (2) yellow paint comprises 

orpiment and realgar, (3) red lead reference sample, (4) orpiment reference sample. 

(a) (b) 

(c) 

(d) 

(f) 

(e) 

1 

2 

3 

4 
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7.5.2.3. The red and orange paint areas 

The red and orange paint areas were sampled from the tunic of St. Andrew and the 

icon’s background. Both samples were applied with the same layered structure (figure 

7.37, b & e). They are comprised of two paint layers of which the underpaint is yellow 

and the upper is red. The red upper layer was thickly applied in the red paint sample and 

was identified in both samples as vermilion with addition of red lead in case of the 

orange sample. The yellow layer as seen from the cross-section image consists of a 

combination of yellow and red pigments. Vermilion is the only red used in the red 

sample (249 cm
-1

) while accompanied with red lead in the orange sample (249 cm
-1

). 

Both orpiment (131, 130, 149, 197, 287, 306 cm
-1

) and pararelagar (116, 338, 349 cm
-1

) 

is also used in the yellow layer (figure 7.37, c & f). 

 

 

 

 

 

 

  

 

 

 

Figure 7.37: (a, b, c) The red paint sample taken from the tunic of St. Andrew: (a) fragment image, 

(b) cross-section image, (c) the two Raman spectra revealed by the yellow paint layer, (d, e, f) the 

orange paint sample taken from the icon’s background: (d) fragment image, (e) cross-section image, 

(f) Raman spectra of: (1) the orange paint layer, (2) the yellow paint layer, (3) pararealgar reference 

sample (UCL database), (4) orpiment reference sample (Kremer) 

(a) (b) 

(c) 

(d) 

(f) 

(e) 

1 

2 

3 
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7.5.2.4. The brown and white paint areas 

The brown paint was applied with admixing three pigments together (figure 7.38, b); 

vermilion (348 cm
-1

), orpiment (306 cm
-1

) and lead white (1051 cm
-1

). It is noted that 

although the brown sample looks very dark (figure 7.38, a), it does not contain any 

black pigment. This darkened may be due to the wax that transferred to the paint layer 

from the lining process and reacted with the paint layer. The high amount of noise in the 

Raman spectrum may confirm this. The brown paint was sampled from the chlamys of 

St. Andrew. 

The white paint taken from the Gospel book shows one white layer made of lead white 

(figure 7.38, c - d). 

 

 

 

 

 

 

 

 

 

 

 

Figure 7.38: The brown paint sampled from the chlamys of St. Andrew: (a) fragment image,  

(b) Raman spectrum of the brown paint, (c, d, e) the white paint sample taken from the Gospel 

book:,(c) fragment image, (d) cross-section image, (e) Raman spectrum 

(a) (b) 

(c) 

(d) 

(e) 
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7.5.3. The examination of the white ground layer 

The white ground layer appears dark brown in most samples mostly because it is 

saturated by the wax applied in the lining process. The image of the ground cross-

section under the optical microscopy shows a single layer of the white ground. The 

ground layer was made of gypsum (calcium sulfate dihydrate, CaSO4.2H2O). This was 

established by the Raman and EDX spectra. 

7.5.4. The examination of the varnish layer 

The total ion chromatogram of the varnish applied on St. Andew icon was revealed 

from the solvent extraction of a brown paint (figure 7.39 & 40). The TMS derivatives of 

three biomarkers were detected; dehydroabietic acid (DHA), pimaric acid and 

isopimaric acid in addition to the oxidation marker dehydro DHA (Doménech-Carbó 

2006; Doménech-Carbó et al., 2006; Osete-Cortina, 2006; Stacy et al., 2006; Scalarone 

et al., 2003; Regert et al., 2006; Van den Berg et al., 2000). A series of TMS derivatives 

of saturated fatty acids namely hexadecanoic (C16:0) and octadecanoic acids (C18:0) 

along with the degradation products of the unsaturated fatty acids especially oleic acid 

the α-and ω- dicarboxylic acids C6 to 10 carbon atoms. A series of n-alkanes ranging 

between C23 and C 35 was also idetified (Osete-Cortina et al., 2006; Colombini et al., 

2005; Colombini et al., 2002). 

The results obtained revealed that the resin-oil varnish was used in this icon which 

consists of a resin from Pinaceae family due to the presence of the biomarkers and 

oxidation marker admixed with oil/fat which confirmed by the presence of saturated 

fatty acid and its degradation products (Doménech-Carbó, 2006; Doménech-Carbó et 

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

2006; Van den Berg et al., 2000). The alkanes could indicate the presence of paraffin 

wax, which normally contains n-alkanes from C21 to C35 (Regert et al., 2005), as the 
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icon of “St. Andrew” was transferred to a new wooden support using wax as an 

adhesive. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 9.40: Partial ion chromatogram of the varnish extracted from the icon of St Andrew 

Figure 7.39: Total ion chromatogram of the residue extracted from the varnish of the icon of St 

Andrew 
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7.6. The icon of “Saint Sarabamon” 

7.6.1. The examination of the paint layers 

7.6.1.1. The blue paint area 

The blue paint sample was taken from the tunic of the Saint shows three successive blue 

paint layers (figure 7.41, a) of which the lower layer is the lightest in shade (figure 7.41, 

a-3). The intermediate paint layer (figure 7.41, a-2) shows darker blue shade than the 

lower layer and the higher layer is the darkest (figure 7.41, a-1). The Raman analysis 

suggest the application of lead white as a major pigment in the lower layer with few 

blue inclusions of indigo present, while the intermediate layer shows the application of 

lead white with significant amount of indigo. The upper paint layer is the most complex 

(figure 7.41, b) as it comprises a combination of three pigments admixed together; 

indigo (132, 172, 262, 540, 596, 672, 1309, 1458, 1479, 1471, 1581, 1627 cm
-1

), 

significant amount of orpiment (132, 150, 198, 288, 307, 350, 379 cm
-1

) and red lead 

(540 cm
-1

). It is noted that this upper layer was not homogeneously mixed as it contains 

large pigments particles. From the detected ingredients, the resulting colour should be 

green. However, with the bad admixing of pigments, it gave dark blue shade. The upper 

most layer could be suggested to be a recent addition during a restoration process. 

7.6.1.2. The yellow paint areas 

Two yellow paint areas were sampled from the icon’s background in different locations 

The first area was found to consist of a single yellow layer (figure 7.42, a) while the 

second comprises three distinct paint layers (figure 7.42, b) of which the upper layer is 

yellow. The yellow paint in both samples, as revealed from the Raman spectra, consists 

of orpiment (figure 7.42, c). In the latter sample, the lower layer (figure 7.42, b-3), 

applied on top of the white ground, is a white paint layer of lead white and the 
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intermediate layer (figure 7.42, b-2) is a thick dark brown layer which failed to give any 

Raman bands. This layer might be either an organic layer or a discoloured paint layer. 

 

 

 

 

 

 

 

 

 

7.6.1.3. The red-orange and white paint areas 

The red-orange paint sample was sampled from the Saint’s garment. The cross-section 

image (figure 7.43, c) shows that the red-orange paint was applied as a single layer of 

red-orange layer which lightened in most areas. This layer comprises red lead (118, 147, 

221, 310, 387, 546 cm
-1

) and anglesite (PbSO4) (451 cm
-1

) (figure 7.43, d) which is 

considered as a degradation product of red lead (Aze et al., 2008) (see chapter 6, p. 

149). 

The white paint sampled from the book is found to consist of a single paint layer of lead 

white as shown in figure 7.43, a & b. 

 

Figure 7.41: The blue paint sample taken from the tunic of the Saint: (a) the cross-section 

image, (b) the Raman spectrum of the uppermost blue layer  

(a) 

(b) 
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7.6.2. The examination of the varnish layer 

The total ion chromatogram of the residue revealed from the solvent extraction of the 

varnish layer is shown in figures 7.43 & 7.44. Two biomarkers which are TMS 

derivatives of dehydroabietic acid and pimaric acid were detected (Doménech-Carbó 

Figure 7.43: (a, b) the white paint sampled from the book: (a) the cross-section image, (b) the 

Raman spectrum, (c, d) the the red paint sampled from the garment of the saint: (c) the cross-

section image, (d) the Raman spectrum  

(d) (b) 

(c) (a) 

Figure 7.42: The yellow paint areas: (a, b) cross-section images, (b-1) the yellow paint layer, (b-2) 

the dark paint layer, (b-3) the white paint layer, (c) the Raman spectrum of the yellow paint layers 

(a) 

1 

(c) 

(b) 
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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). In addition, TMS 

derivatives of saturated fatty acids, namely hexadecanoic (C18:0) and octadecanoic 

(C16:0) acids and the underivatised octadecanoic acid were also revealed. A series of n-

alkanes ranging between C22 and C39 were detected (Osete-Cortina et al., 2006; 

Colombini et al., 2005; Colombini et al., 2002) which may indicate the presence of 

paraffin wax (Regert et al., 2005) which was used in a recent restoration process, 

namely, tramsformation to a new support. Some sugars were also present in the 

varnish residue, which indicate the presence of gum (Newman and Serpico, 2001, 

Newman and Halpine, 2000, Stacey in press). 

These results imply that Pinaceaea resin admixed with oil or fat together with 

unidentified gum source were used to prepare the varnish applied on the icon of “Saint 

Sarabamon”. 

 

 

 

 

 

 

 

 
Figure 7.44: Total ion chromatogram of the residue extracted from the varnish applied on the 

icon of St. Sarabamon  
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7.7. Overview 

Following the analysis of six icons painted by Yuhanna Al-Armani, the pigment palette 

identified comprises wide range of pigments. Prussian blue was used as the main blue 

pigment, however, indigo was also used in some instances. Orpiment was used in the 

yellow paint applied on the six icons examined in addition to pararealgar which was 

detected in two icons, namely the icons of St Takla Hemanote and St. Andrew. Both 

cinnabar and red lead were used as red pigments in this group of icons and the white 

pigments employed are lead white, chalk and lead sulfate. Two black pigments was also 

employed, namely, lampblack as the predominant pigment while pyrolusite was used in 

only one instance. Table 7.1 shows the pigments palette used by Yuhanna Al-Armani 

while table 7.2 shows the identified pigments in each icon from Yuhanna’s group. The 

paint medium employed in Yuhanna,s icons was found to be egg yolk with no 

exception. The white ground layer was commonly applied as a single layer of gesso and 

the gold layers were applied with real gold on an orange bole layer. 

Yuhanna Al-Armani used resin-oil varnishes comprising a combination of Pinaceae 

spp. resin and probable drying oil. Addition of gum was used in some instances as in the 

Figure 7.45: Partial chromatogram of the residue extracted from the varnish applied on the icon 

of St. Sarabamon  
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icon of St. Takla. Gums may be added to improve the properties of the varnish and add 

more elasticity (table 7.3). 

Wax was identified in two icons from Yuhanna’s group, namely, the icon of St. Andrew 

and the icon of St. Sarabamon which mostly occurred as a result of the relining process  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 7.2: The pigments detected in the icons painted by Yuhanna Al-Armani 

Table 7.1: The pigment palette used by Yuhanna Al-Armani  

Table 7.3: the constituents of the varnish applied in Yuhanna Al-Armani’s icons 


