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Chapter 12: Conclusions and Further Work 

12.1. Conclusions 

12.1.1. Identification of materials and techniques used in Coptic icons 

The aim of this research was to identify the materials and techniques used in Coptic 

icons. It was found that Coptic icons were applied on a single gesso ground layer 

combined with animal glue in most instances. A few exceptions were identified such as 

the application of two distinct gesso layers with the same composition but different 

amount of animal glue as in the icons of “The Archangel Michael” and “St. Shenuda 

and St. Wessa”, and the application of a secondary ground made of lead white on top of 

the gesso layer as in the icon of “St. Theodore Al-Esfehslar”. In only one instance, 

calcium carbonate was combined with barium sulfate to replace gesso in the ground 

layer of icon of “St. Ebskhyron El-Qeleni”. 

Egg yolk was the commonly used paint medium in Coptic icons. The only exception 

was found in the icons painted by Mattery, who preferred to use gums rather than egg 

yolk. 

Gold was applied in many icons as a background in addition to halos around the heads 

of Christ, Archangels, Angels and Saints. In some instances, gold was also used in 

stripes decorating Saints’ garments and horses’ saddles. Real gold was used in all icons 

except for one instance where mosaic gold was used instead in the icon of “St. Julius of 

Akfahs”. 

In the varnish layers applied on Coptic icons, Pinaceae sp. resin was identified in most 

instances. It was used admixed with fatty acids, probably from vegetable oil in 22 icons. 

Sugars, probably from gums and/or honey were sometimes added to the varnish. 

Beeswax was identified in one icon as an original ingredient of the applied varnish and 

as a recent addition added during the restoration process in further two instances. 



Chapter 12: Conclusions and Further Work 

 350 

In this project, a total of 27 pigments of both inorganic and organic origin were 

identified some of which have been previously unidentified in Egyptian pigments. 

Four blue pigments were employed in Coptic icons, namely, azurite, lapis lazuli, indigo 

and Prussian blue. Two red pigments were used which are natural cinnabar and red lead. 

Organic red dyestuffs were also identified in a few instances. Red lake was used once in 

a triptych icon that is most probably not a Coptic icon. A variety of yellow pigments 

were detected, namely, yellow ochre, orpiment, pararealgar, chrome yellow deep and 

barium yellow with orpiment as the predominant yellow pigment employed. No green 

pigments were detected in Coptic icons but a green colour was achieved through the 

combination of yellow and blue pigments in most cases. Except in two instances, the 

first where verdigris was identified in the icons of “Two icons from the iconstasis” and 

the icon of “The earthly life of the Virgin and Christ and His second coming” where 

dammar resin was applies on top of azurite underpaint to reveal the green shade. Six 

white pigments were identified in this study and lead white was the predominant 

pigment used. The other pigments are gypsum, chalk, dolomite, barium white and lead 

sulfate. Lampblack is the black pigment used in almost all instances either in the black 

painted areas or combined with other pigments. The only three exceptions were 

identified in the icons of “The Archangel Michael” and “St. Ebskhyron El-Qeleni” and 

the icon of “Two Saints riding on horses” where pyrolusite was employed. 

Figure 12.1 shows the frequency of pigments detected in Coptic icons in this study 

according to the number of icons examined. 
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Figure 12.1: Bar chart showing the frequency of pigments detected in the icons examined in this study 
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12.1.2. Pigments previously unidentified in Egyptian paintings 

Before reporting the newly discovered pigments in Egyptian paintings from the 

medieval period up to the 19
th

 century, it is worth noting that these pigments may have 

been used much earlier than was previously thought. Despite the very rich decorations 

in these later periods, there has been little or no interest in Egyptian periods after that of 

the ancient Egyptians. 

12.1.2.1. Blue pigments 

12.1.2.1.1. Smalt 

The identification of smalt in Egyptian artefacts is of particular interest since it has not 

been identified in any published literature. This pigment has been identified as a large 

scale in a mid-14
th

 century (1349 AD) wooden ceiling in the mosque of Prince Shaikhu 

in Saliba Street in Cairo, Egypt. 

In anther two instances, smalt has been reported in the 16
th

 century wooden ceiling of 

Khayerbek mosque in Aldarb Al-Ahmar in Cairo, Egypt (report 2006) and in a Coptic 

icon dated to the 18
th

 century and painted by Mattary. There is no published analysis for 

these two findings which indicate that smalt was used far earlier than those of Central 

Asia and Europe as, the Asian cobalt blue pigment (Mohammedan blue) were actually 

derived from the Middle East (Richter, 2004; Gettens and Stout, 1966). 

The most interesting discovery is not just the early use of smalt in Egypt but also the 

fact that the smalt was used as an Egyptian innovation which was made of local 

ingredients in its typical composition of local cobalt and alkali sources (Shortland et al., 

2006; Kaczmarczyk 1986). 
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12.1.2.1.2. Indigo 

The large scale employment of indigo as a pigment in the 18
th

 century paintings is an 

important issue. While indigo dye generally has been identified in several ancient 

Egyptian textiles, it has been reported as a pigment in only two instances, one in a 3
rd

-

4
th

 century A.D. canvas painting (Sack et al., 1981) and the other in a paper painting 

dating from the 14
th

 century which is to be found in the Viver collection (Fitzhugh, 

1988). Both findings gave no further analysis or information about the pigment 

identified. 

It is also worth noting that the detected indigo was produced from natural plants as it 

was used before the date of synthetic indigo, nearly 1870. Moreover, from its 

composition, the usage of the indigofera plant and not woad is demonstrated. 

In this study, indigo has been identified in the five examined icons which were painted 

by Ibrahim Al-Nasekh to produce both blue and green paint areas, except for the blue 

used in “the Archangel Rafael” icon where lapis lazuli was used. It is also used in one 

icon which is attributed to Yuhanna Al-Armani, in addition to six more which are 

mostly dated to the second half of the 18
th

 -19
th

 centuries. 

12.1.2.1.3. Lapis lazuli 

The brilliant blue pigment, lapis lazuli, which is considered as a very expensive 

pigment, was identified in two instances in Ancient Egypt of which one of them is 

suggested to be a restoration addition and the other was identified only by microscopic 

examination. In the former case it has been detected on two coffin lid fragments dated 

from the Graeco-Roman period (Edwards et al., 2004) and in the latter was identified on 

a canvas painting dated to the 3
rd

 - 4
th

 century A.D. (Sack et al., 1981). 

In this study, lapis lazuli was confirmed in three instances of which the earliest was 

found in the mid-14
th

 century in the Khanqah of the Prince Shaikhu. The other two 
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occurrences were in Coptic icons; namely, the icon of “the Archangel Rafael” which 

was signed by Ibrahin Al-Nasekh and the icon of the three Hebrews which was painted 

by Mattaty. Both icons are dated to the 18
th

 century. 

12.1.2.1.4. Prussian blue 

Not very long after its synthesis in 1704, Prussian blue commenced to be widely used 

by Yuhanna Al-Armany between 1722 and 1783. It was employed by Yuhanna Al-

Armani and Anastasi l-Rumi in all the icons examined here. 

12.1.2.2. Yellow pigments 

12.1.2.2.1. Pararealgar 

As a degradation product of the red pigment realgar, pararealgar has been detected in 

many instances in Egyptian papyrus (Daniels and Leach, 2004; Green, 2001a, b). For 

example, it is detected, with no realgar present, in the Book of Mutirdis from the Late 

Period and the Book of the Dead of Khary-Wesay from the 19
th

 Dynasty (Green, 2001a, 

b) and along with realgar in an unknown papyrus (Daniels and Leach, 2004). 

In Coptic icons, pararealgar is found to occur in four icons, namely, the icon of “St. 

Takla Hemanote”, “St. Andrew” and the two icons from the iconostasis. Pararealgar 

occurs as a sole pigment in “the icon of St. Takla” and mixed with orpiment with the 

other icons. There were no detections of realgar in all the icons examined which 

confirms the employment of pararealgar as a yellow pigment in Coptic icons. 

12.1.2.2.2. Chrome yellow deep (chrome orange) 

In ancient Egypt, the naturally occurring mineral crocoite has been detected only once 

in funerary artefacts dated to the 17
th

 Dynasty, which still a question of it being a recent 

restoration addition (Edwards et al., 2004). 
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Chrome orange, one of the synthetic analogues of crocoit, which commenced to be 

widely used in Europe in the second quarter of the 19
th

 century, was extensively used in 

a Coptic icon dated to 1846 (Abdel-Ghani et al., 2008). This occurrence, which not far 

from its use in Europe, does not mean that this pigment was only employed in the 

Egyptian pigment palette in 1846, but it could have been used in other instances 

sometime before this date. 

12.1.2.2.3. Barium yellow 

Although being widely used in the middle 19
th

 century, barium yellow was identified in 

only one instance in the icon of “Crucifixion and Lamination over the dead Christ” in a 

complex pigments mixture. 

12.1.2.3. Red pigments 

12.1.2.3.1. Organic red dyestuffs 

Organic dyestuffs are commonly used, in Byzantine and Post-Byzantine icons, in three 

different ways; exclusively with no added inorganic pigments, in combination with 

organic pigments or as a glaze on top of an inorganic base containing pigment 

(Karapanagiotis, 2007b). In this study, red organic dyes were employed in Coptic icons 

in some instances, mainly in the 19
th

 century. Tyrian purple, the expensive red dyestuff, 

was employed by Anastasi Al-Rumi combined with cochineal and some other inorganic 

pigments on the Red Cross in the icon of “Crucifixion and Lamination over the dead 

Christ”. Kermes was also detected in a pigment mixture comprising organic and 

inorganic pigments in the brown paint taken from the cloak of St. Shenuda in the icon of 

“St. Shenuda and St. Wessa”. 

In one instance, a red lake was detected, mostly on top of an inorganic base containing 

red lead, in several paint areas on the triptych icon dated to the 18
th

 – 19
th

 centuries. 

Lake pigments, containing madder, have been described by Green (2001) as a pink dye 
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absorbed onto an inorganic base of gypsum No other occurrence of lake pigments has 

been reported in ancient Egypt. 

12.1.2.4. White pigments 

12.1.2.4.1. Hydromagnesite 

This study is the first instance to date to show the presence of hydromagnesite as an 

original white pigment in Egyptian paintings and paintings elsewhere. Hydromagnesite 

was used in the icon of “The Earthly life of the Virgin and Christ and his second 

coming” which is dated to the 13
th

 century. Hydromagnesite was employed as the white 

pigment in the pallium of the Christ in the Transfiguration scene. 

12.1.2.4.2. Barium white  

There is no evidence of the use of the mineral barite as a white pigment in Egyptian 

artefacts while its formal use in European paintings dated from 1782 (Feller, 1986: 49; 

Harley 1982: 174-76).  

In this study, barium white occurred in Coptic icons in three instances, of which two 

occurred mostly in the first half of the 18
th

 century. Barium white was identified in the 

two examined icons of Mattary (around 1732) and the icon of “St. John the son of 

Zabadi” which was painted by Yuhanna Al-Armani between 1722 and 1783. In the 

three instances, barium white was used in pigment mixtures. The question arises is 

whether it is an original pigment or a modern addition is an important issue. 

As an original white pigment, barium white was used in the 19
th

 century in the white 

paint applied on top of the buff tone and white paint areas in the icon of “Crucifixion 

and lamination over the dead Christ”. 
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12.1.3. Variations of pigments palettes according to painters  

A secondary aim in this research was to determine whether the pigment palettes used at 

certain time vary according to painters. In this study, the icons of four well-known 

painters were examined, of whom three worked in the 18
th

 century, while the fourth 

worked in the 19
th

 century. The results obtained are limited by the number of icons 

examined. 

It was found that the pigment palettes varied according to the painters even if they 

worked in the same period and in the same workshop. The obvious example can be seen 

in case of Ibrahim Al-Nasekh and Yuhanna Al-Armani who were sharing a workshop 

for a period of time and together signed many icons. In his icons, Yuhanna Al-Armani 

used both Prussian blue and indigo in his blue and green paints while Prussian blue was 

never been used by Ibrahim Al-Nasekh, who preferred indigo and lapis lazuli in a few 

instances. Moreover, although orpiment was used by both painters as the main yellow 

pigment, some preference can be noticed, such as the use of pararealgar by Yuhanna Al-

Armani in some instances and yellow ochre by Ibrahim Al-Nasekh. Chalk and dolomite 

were only used by Ibrahim Al-Nasekh together with lead white and gypsum which are 

also used by Yuhanna Al-Armani. 

The varnish used by both painters is also varied. While Ibrahim Al-Nasekh preferred 

simple ingredients for his varnish, comprising resin and oil, gums and honey were 

added by Yuhanna Al-Armani who was mostly looking for a better quality varnish. In 

contrast, yellow and red organic pigments were only employed by Anastasy Al-Rumi 

who preferred Prussian blue in all his green and blue paints with no exception. 

Although only two icons have been examined for Mattary which the pigments were 

mostly discoloured, some characteristic features such as using lapis lazuli in his blue 

and green paints and also the used of a unique varnish that has only employed by him, 
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namely, Venice turpentine. Figure 12.2 shows the frequency of pigments used by each 

painter according to the number of icons examined. 
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Figure 12.2: Bar chart showing the frequency of pigments employed in Coptic icons by each painter 



Chapter 12: Conclusions and Further Work 

 359 

12.1.4. Variations of pigments palettes according to type of paintings  

Another aim was to determine whether the pigments used in certain times varied 

according to the type of paintings, for example, the pigment palettes of Islamic wooden 

ceilings compared with those of Coptic icons painted around the same period. Although 

the number of samples from the wooden ceilings examined was limited, some useful 

information was obtained.  

In the medieval period, azurite was identified in the icon examined while both lapis 

lazuli and smalt were detected in wooden ceilings from the same period. Moreover, 

there was no green pigment detected in the medieval icon examined, as well as in all 

examined icons in this study, while verdigris was employed in a wide scale in the 

wooden ceiling of the Prince Shaikhu. This may suggest that the absence of green 

pigments from Coptic icons is not just a matter of availability but could rather indicate a 

specific symbolism in Coptic icons. 

Similarities were found in the yellow, black and white pigments employed in both type 

of paintings in all periods, except for the use of pyrolusite in the case of icons.  
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12.1.5. Chronology of pigments used in medieval and later Egyptian pigments: 

continuity of ancient Egyptians and similarity of European palettes 

In the next (table 12.1), the chronology is established of the pigments used in European 

icons, namely, Greek, Cretan, Albanian and Russian, and those identified in the Coptic 

icons through this study. 

 

 

Table 12.1: The chronology of pigments used in European and Coptic icons  

 

 13th C. 15th C. 16th C. 17th C. 18th C. 19th C. 20th C. 

  b g c d f f i j f F
*
 b e   h c 

Cinnabar ♦  ♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦  

Red lead        ♦ ♦ ♦  ♦ ♦ ♦ ♦  ♦ 

Red ochre  ♦ ♦  ♦   ♦ ♦   ♦    ♦  

Organic red    ♦         ♦   ♦ ♦  

Red lake   ♦  ♦      ♦  ♦   ♦   

Caput mortuum    ♦ ♦             

Realgar                ♦   

Indigo    ♦         ♦  ♦    

Azurite ♦   ♦   ♦   ♦        

Smalt     ♦    ♦         

Prussian blue              ♦   ♦ 

Lapis lazuli              ♦    

Ultramarine                 ♦ 

Green earth    ♦              

Malachite         ♦
?
 ♦

?
 ♦        

Verdigris                  

Copper resinate  ♦  ♦              

Orpiment       ♦ ♦     ♦  ♦ ♦   

Pararealgar   ♦          ♦  ♦    

Yellow ochre  ♦ ♦ ♦ ♦ ♦ ♦  ♦ ♦   ♦  ♦    

Chrome yellow               ♦  ♦ 

Lead tin yellow  ♦                

Barium yellow               ♦   

Indian yellow               ♦   

Lead white ♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦  ♦ ♦ ♦ ♦ ♦ ♦  

Chalk ♦             ♦ ♦   

Gypsum  ♦       ♦  ♦    ♦ ♦   

Hydromagnesite  ♦                 

Barium white               ♦   

Lead sulfate              ♦ ♦   

Dolomite               ♦    

Lithopone                 ♦ 

Carbon black ♦  ♦ ♦ ♦  ♦ ♦    ♦  ♦ ♦  ♦ 

Pyrolusite              ♦ ♦   

(a) Burgio et al., 2001; (b) Burgio et al., 2003; (c) Daniilia et al., 2002; (d) Ganitis et al., 2004; (e) Kouloumpi 

et al., 2007; (f) Harrison et al., 2006; (g) Daniilia et al., 1999; (i) Civici et al., 2005; (j) Civici 2006 (h) Burgio, 

2000a). (
*
) from 17th to 19th C., (

?
) not sure. 

 

 Greek  Albanian  Cretan  Russian  Coptic 
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The previous table shows that the chronology of pigments used in Coptic icons is not so 

different from the one used in Europe. However, there are some differences that should 

be noted. Firstly, the early use of Prussian blue in the Coptic icons: Prussian blue was 

extensively used from the first quarter of the 18
th

 century with continuity through to the 

19
th

 century while being detected only once as overpaint dated to the 20
th

 century in a 

Greek icon (Daniilia et al., 2002). Secondly, some other pigments have only been 

detected in Coptic icons, such as lapis lazuli, hydromagnesite, barium white, dolomite, 

lead sulfate and pyrolusite whereas others have not been employed such as copper 

resinate and lead tin yellow. 

Although the extensive use of iron-containing pigments, such as yellow and red ochre 

pigments, in ancient Egyptian paintings, they are not widely used in Coptic icons and 

some have never been identified such as red ochre. 

In a general context, it is noted that azurite was used alone in the medieval and post 

medieval periods (from 13
th

 - 17
th

 C.) and replaced by indigo, lapis lazuli and Prussian 

blue in later icons. Moreover, pararealgar and indigo have been detected only in Greek 

and Coptic icons, which in most instances were examined by Raman spectroscopy 

which successfully differentiates between orpiment and pararealgar and between indigo 

and other blue pigments. This may also suggest the wider application of these pigments, 

pararealgar and indigo, that were failed to be identified.  

Some pigments that were used in ancient Egyptian paintings seem to be in continual use 

until the 19
th

 century, despite the gap in icons and pigments sampled between the 5
th

 to 

12
th

 centuries. Natural cinnabar and orpiment, gypsum, chalk, lead white and red lead 

are some of these pigments. Smalt, which was commenced to be used in the 18
th

 

Dynasty under the name of blue frit or Amarna blue, seems to have been continuously 

used in as a large scale until at least the end of the 16
th

 century. 
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12.1.3 Preservation conditions of Coptic icons pigments 

Although examining the preservation conditions of the pigments occurring in Coptic 

icons was not part of the original aims and objectives of the project, this was also 

investigated. Alteration of red lead has been detected in some instances in this study due 

to two phenomena. The first is a darkening of red lead which has been confirmed by the 

presence of the black pigment galena (PbS) (Aze et al., 2008a, b; Burgio et al., 2001; 

Cifferi et al., 1999; Gettens and Stout, 1966: 153; Lee and Thicket, 1996). The other 

phenomenon is the lightening of red lead which was confirmed by the presence of one 

or more light pigments, such as cerrusite (PbCO3), anglesite (PbSO4) and massicot (β-

PbO) (Daniilia et al., 2008; Aze et al., 2006) in paint layers when red lead was 

combined with cinnabar, except in one case where no cinnabar occurred. 

The fading of indigo has been noted in most blue paint areas examined containing 

indigo whether lead white is present or not. It was reported previously that an increased 

fading occurs when lead white is present in the paint layer due to its strong internal 

reflection of light (Saunders and Kirby, 1994). A discolouration phenomenon was also 

occurred in only one instance but there was no obvious cause for this phenomenon. This 

phenomenon was also very obvious in paint containing indigo combined with Prussian 

blue which made it very difficult to recognize the original blue colour of the discoloured 

paint. 
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12.2. Avenues for Further Work 

The present work has highlighted a number of avenues which require further 

exploration. 

12.2.1. Identification of materials and techniques used in Coptic icons 

The findings of pigments in medieval Egyptian paintings, namely, hydromagnesite, 

lapis lazuli and Egyptian smalt in addition to the novel usage of dammar as a yellow 

chromophore in green paints, imply that this period is still little understood and more 

focus is required to reveal its secrets.  

12.2.2. Variations of pigment palettes according to the type of paintings  

Further investigations with a broader concept should be carried out in respect with the 

provenance of pigments used in other type of Egyptian paintings, such as oil paintings, 

and their relationship with the artefacts examined in this study. The examination of a 

19
th

 century oil painting (Helmi and Attia, 1992) confirmed the employment of a 

completely different pigment palette from those used in Coptic icons dated to the same 

period. The pigments identified in the oil painting were cobalt blue (CoO.Al2O3), 

cerulean blue (CoO.SnO2), strontium yellow (SrCrO4), Naples yellow 

[Pb(SbO3)2.Pb3(SbO4)2] and antimony white (Sb2O3). 

12.2.3. Preservation conditions of Coptic icons pigments 

The mechanism of some alteration processes detected in this study, such as the 

discolouration of indigo and blackening of paint containing both indigo and Prussian 

blue is not fully understood. In addition, in some other instances, unidentified black 

alteration products were detected and could not be related to any pigment or pigment 

combinations. Therefore, experimental work covering the alteration mechanism of some 

pigments and pigment combinations is necessary, requiring sophisticated sample 
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preparation and a combination of instrumental methods that guarantee the full 

understanding of the mechanism.  

A step further was undertaken towards the study of the alteration mechanism of some 

pigments and pigment mixtures. A set of paint samples was applied to polyethylene 

substrates using Mayer rod with 150 µm wet paint to be subjected to xenon-arc light 

exposure which will be studied in near future. 


