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Abstract 

The focus of this study was analytical investigations of Egyptian paintings, mainly 

Coptic icons and Islamic wooden ceilings, dating from 1300-1900 using multi-

instrumental techniques. Twenty three Coptic icons and three wooden ceilings dated 

from different periods and painted by different painters in case of icons were examined. 

The materials used including pigments, media, varnishes, ground layers and gold layers. 

The surface stratigraphy of paint samples, their layered structured and the composition 

of materials used in each layer were analysed. Variations in painting techniques, 

pigments palettes, paint media and varnishes applied in Egyptian paintings according to 

painters, time and type of paintings were revealed. 

A total of twenty-eight organic and inorganic pigments were identified in this study, of 

which nine have never been previously included as a part of the Egyptian pigment 

palettes, namely; smalt, lapis lazuli, indigo, pararealgar, Prussian blue, chrome yellow, 

barium yellow, barium white and hydromagnesite. The identification of 

hydromagnesite, which has never been to date considered as a pigment either in Egypt 

or elsewhere and the identification of smalt from the mid-14
th

 century, whose reported 

earliest large scale use was in the 16
th

 century. Two types of resins were identified as a 

constituent of the oil/resin varnish applied on Coptic icons of which Venice turpentine 

has been identified for the first time as an ingredient of Egyptian varnishes. The 

identification of mosaic gold in an 18
th

 C. icon, a novel usage of dammar resin and the 

multilayered structure of the white ground layers were revealed. 

 

 

 

 

 

 

 

 



 iii 

Acknowledgments 

I am very grateful to the Egyptian Ministry of Higher educations for providing a four 

year scholarship (2005-2009) and to the members of the Egyptian Bureau for 

Educational and Cultural Affairs in London for their support and being always available 

for advice.  

I am also grateful to the Supreme Council of Antiquities (SCA) for their generous 

providing of archaeological samples, with special thanks to Dr Manal Abdel-Monem, 

Dr Magdy Mansour, Mr Medhat Singer and Mr Saied Abdel-Hamid for their sincere 

support. 

Special thanks to my supervisors; Dr Ben Stern, Prof Howell Edwards and Mr Rob 

Janaway for their great supervision and support. 

I would like also to thank Dr Janet Ambers and Dr Rebbeca Stacey from the 

Department of Conservation and Scientific Research at the British Museum for their 

support and advice. 

I would like also to thank the academic staff in the Chemistry and Forensic Sciences 

department at school of life sciences, University of Bradford, for allowing me to attend 

their taught modules in Chemistry and Spectroscopy, with special thanks to Dr Ian 

Scowen, Dr Richard Bowen, Dr Derek Maitland and Dr Tasmin Munshi. 

I have greatly benefited from support provided from the technical stuff of the 

Department of Archaeological Sciences and the Analytical Centre of the Institute of 

Pharmaceutical Innovations (IPI), namely Mrs Belinda Hill, Mr Stuart Fox, Mrs Usha 

Gohil and Mr Dennis Farewell. 

My thanks to my family and friends in Egypt for their great support and forgiveness for 

being absent when they need me. The best thanks goes to my husband Reda Abdel-

Hamid whom without his understanding and great support, this work would have never 

been done. Special thanks to Amr and Rawda Reda for their patience and keeping my 

study room shut for a very long time. 

  

   

 

 

 

 

 

 

 

 



 iv 

Table of Contents 

 
Abstract  

 

ii 

Acknowledgements 

 

iii 

Table of Contents 

 

iv-ix 

List of Figures 

    

x-xxv 

List of Tables 

 

xxvi-xxvii 

Chapter 1: Introduction 

 
1-7 

1.1.     Why Coptic icon? 1 
1.2.     The aims of the study 3 
1.3.     The objectives of the study 3 
1.4.     Scope of the thesis 4 
1.5.     Structure of the thesis 

 
5 

Chapter 2: An Introductory Background to Pigments Used in Ancient Egyptian 

Artefacts                                                                                                                    8-48 

 

2.1.      Blue pigments 9-21 
2.1.1.      Lapis lazuli (Ultramarine blue natural) 10 

2.1.2.      Azurite 12 

2.1.3.      Egyptian blue 14 

2.1.4.      Cobalt blue frit / Amarna blue 17 

2.1.5.      Indigo  18 

2.2.    Red pigments 22-30 
2.2.1.    Red ochres 22 

 2.2.2.    Realgar As4S4 23 

2.2.3.    Red lead 25 

2.2.4.    Cinnabar  27 

2.3.      Yellow pigments 30-36 
2.3.1.    Yellow ochres 30 

2.3.2.    Orpiment 33 

 2.3.4.    Jarosite and natrojarosite 36 

2.4.      Green pigments  36-39 

2.4.1.    Egyptian green (green frit) Cu-wollastonite 36 

 2.4.2.    Copper chloride pigments 38 

2.4.3.    Malachite  39 

2.5.    White pigments  39-45 
2.5.1.    Calcite 40 

2.5.2.    Calcium sulfates 40 

2.5.3.    Huntite 42 

2.5.4.    Lead white 43 

2.6.    Black pigments 46-47 

2.6.1.    Carbon blacks 46 



 v 

2.6.2.    Pyrolusite 47 

2.7 Overview 

 

47 

Chapter 3: An Introductory Background to Binding Media and Varnishes Used 

in Ancient Egyptian Artefacts                                                                               49-74 
 

3.1.   Paint media 49-64 

 3.1.1.    Plant gums  49-54 

3.1.1.1.   Gum Arabic (Acacia gum) 52 

3.1.1.2.   Gum Tragacanth 53 

3.1.1.3.   Plant gums deterioration 54 

 3.1.2   Proteinaceous paint media (egg and glue media) 55-60 
3.1.2.1.   Egg paint media 55 

3.1.2.1.1.   Lipids in egg yolk 55 

3.1.2.1.3.   Proteins in egg yolk 56 

3.1.2.2    Glue paint media 58 

 3.1.3   Beeswax 60-64 

3.1.2.1.   Degradation of beeswax 63 

3.2.   Varnish layer 65-74 

3.2.1.     Chemistry of resins  66 

3.2.1.1.     Pinaceae and Cupressus resins 68 

3.2.1.2.     Pistacia resin 69 

3.2.4.     Chemistry of vegetable oils 72 

3.3.   Overview 

 

74 

Chapter 4: Materials and Methods 
 

75-114 

4.1.     Introduction to Coptic icons  75 

4.2.    The studied artefacts 82 

4.2.1.    Icons dated to the Medieval Period 84 

4.2.2.    Icons dated from the 18
th

 century  85-92 
4.2.2.1.    Icon painted by Ibrahim Al-Nasekh (1740 – 1780) 85 

4.2.2.2.    Icon painted by Yuhanna Al-Armani (1742-1783 87 

4.2.2.3.    Icon painted by Mattary (around 1730) 91 

4.2.3.    Icons dated to the 19
th

 century 92-93 
4.2.3.1.    Icon painted by Anastasy Al-Romi Al-Qudsi (1832- 

                1871) 

92 

4.2.4.    Icons neither dated nor signed  94 

4.2.5.    Wooden ceilings in Islamic architecture 97 

4.3.     Methodology 100-103 

   4.3.1.    Sampling overview 100 

   4.3.2.    Introduction to the preparation of paint cross sections 101 

   4.3.3.    Preparation of paint cross-sections 103 

4.4.     Analytical techniques used 104-113 
4.4.1.    Background to the analytical techniques  105 

4.4.2.    Optical microscopy 105 

 4.4.3.    Molecular spectroscopy 105 

4.4.3.1.    Raman spectroscopy  105 

4.4.3.2.    Fourier-Transform Infrared Spectroscopy (FTIR) 109 

4.4.4. Scanning electron microscopy coupled with energy    110 



 vi 

             dispersive X- ray analysis (SEM-EDX)       

4.4.5.    Gas chromatography - mass spectrometry (GC-MS) 111 

4.5.    Overview 

 

113 

Chapter 5 Results and Discussion: Icons Dated to the Medieval Period       115-132 
 

5.1.    The icon of ”The Earthly Life of the Virgin and Christ and His Second 

Coming”                                                                                                               115-134 
             5.1.1.     Icon subject and structure  115 

             5.1.2.    The examination of the paint layers 118 

             5.1.3.    The examination of the paint medium  127 

 5.1.4.    The examination of the white ground  129 

 5.1.5.    The examination of the varnish layer 129 

5.2     Overview 
  

132 

Chapter 6 Results and Discussions: Icons dated to the 18
th

 Century and painted 

by Ibrahim Al-Nasekh (1740 – 1780)                                                                135-185 

 

6.1.    The icon of "The Archangel Rafael" 135-146 

 6.1.1.    Icon subject and description 135 

 6.1.2.    The examination of the paint layers 136 

 6.1.4.    The examination of the paint medium 143 

 6.1.4.    The examination of the white ground 143 

 6.1.5.    The examination of the varnish layer 143 

6.2.    The Icon of "The Baptism of Christ" 147-158 

 6.2.1.    Icon subject and description 147 

 6.2.2.    The examination of the paint layers 148 

 6.2.4.    The examination of the ground layer 155 

 6.2.5.    The examination of the gold layer 155 

 6.2.6.    The examination of the varnish layer 156 

6.3.    The Icon of "Saint Theodore Al- Esfehslar" 159-166 
 6.3.1.    Icon subject and description 159 

 6.3.2.    The examination of the paint layers 160 

 6.3.3.    The examination of the ground layer 162 

 6.3.4.    The examination of the gold layer 164 

 6.3.5.    The examination of the varnish layer 164 

6.4.    The icon of "Saint Julius of Aqfahs" 167-175 

 6.4.1.    Icon subject and discription 167 

 6.4.2.    The examination of the paint layers 168 

             6.4.3.    The examination of the ground layer 171 

 6.4.4.    The examination of the gold layer  173 

 6.4.5.    The examination of the varnish layer 174 

6.5.    The icon of "Ebskhyron El-Qeleni" 176-185 
 6.5.1.    Icon subject and description 176 

 6.5.2.    The examination of the paint layers 177 

 6.5.3.    The examination of the gold layer  181 

 6.5.4.    The examination of the varnish layer  183 

6.6. Overview 

 

 

183 



 vii 

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

 century and painted by 

Yuhanna Al-Armani Al-Qudsi (1722-1783)                                                     186-235 

 

7.1.    The icon of “Saint Takla Hemanote the Ethiopian” 187-199 
 7.1.1.    Icon subject and structure 187 

 7.1.2.    The examination of the paint layers 188 

 7.1.3.    The examination of the white ground layer 195 

 7.1.4.    The examination of the white ground layer 195 

 7.1.5.    The examination of the gold layer 196 

 7.1.6.    The examination of the varnish layer 196 

7.2.    The Icon of “the Archangel Michael” (Almalak Mikael) 200-209 
 7.2.1.    Icon subject and description  200 

 7.2.2.    The examination of paint layers 201 

 7.2.3.    The examination of the gold layer 208 

 7.2.4.    The examination of the white ground layer 208 

 7.2.5.    The examination of the varnish layer 208 

7.3.    The icon of “Saint John the son of Zabadi” 210-216 

 7.3.1.     Icon subject and description  210 

 7.3.2.     The examination of paint layers 211 

 7.3.3.     The examination of the varnish layer 215 

7.4.    The icon of “Saint Mathew the Evangelist” 217-223 
 7.4.1.     The examination of the paint layers 217 

 7.4.2.     The examination of the gold layer 219 

 7.4.3.     The examination of the white ground layer 221 

 7.4.5.     The examination of the varnish layer 221 

7.5.    The icon of “Saint Andrew” 224-229 
 7.5.1.     Icon subject and description 224 

 7.5.2.     The examination of the paint layers 224 

 7.5.3.     The examination of the ground layer 228 

 7.5.4.     The examination of the varnish layer 228 

7.6.    The icon of “Saint Sarabamon” 230-234 
 7.6.1.     The examination of the paint layers 230 

 7.6.2.     The examination of the varnish layer 232 

7.7.    Overview 234 

 

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

 century and painted by 

Mattary (around 1730)                                                                                       236-253 

 

8.1.    The icon of “The three Hebrews in the fiery furnace” 238-246 

 8.1.1.     The examination of the paint layers 238 

 8.1.2.     The examination of the paint medium 244 

 8.1.3.     The examination of the gold layer 244 

 8.1.4.     The examination of the varnish layer 245 

8.2.    The icon of “Vita icon of St. Mercurious” 247-252 
 8.2.1.     The examination of the paint layers  247 

 8.2.2.     The examination of the paint medium 249 

 8.2.3.     The examination of the gold layer 249 

 8.2.4.     The examination of the varnish layer 250 

8.3. Overview 

 

252 



 viii 

Chapter 9 Results and Discussion: Icons dated to the 19
th

 century and painted by 

Anastasy Al-Rumi (1832-1871)                                                                          254-290 

 

9.1.    The icon of "St. Shenuda and St. Wessa 254-273 
 9.1.1.     Icon subject and description  254 

 9.1.1.1.     The upper icon 254 

 9.1.1.2.     The underlying icon 255 

 9.1.2.     The examination of the paint layers 256 

 9.1.3.     The examination of the paint medium 268 

 9.1.4.     The examination of the varnish layers 269 

 9.1.4.1.     The varnish of the upper icon 269 

 9.1.4.2.     The varnish of the underlaying icon 271 

9.2.    The icon of “Crucifixion and lamination over the dead Christ” 274-283 
 9.2.1.     Icon subject and description 274 

 9.2.2.     The examination of the paint layers 274 

 9.2.3.     The examination of the gold layer 282 

 9.2.4.     The examination of the white ground layer 282 

 9.2.5.     The examination of the varnish layer 283 

9.3.    The icon of “Two saints riding on a horse” 284-290 

 9.3.1.     The examination of the ground layer 284 

 9.3.2.     The examination of the varnish layer 287 

9.4.    Overview 

 

288 

Chapter 10 Results and Discussion: Icons Neither Dated Nor Signed                                                                                                                                                                           
                                                                                                               

291-321 

10.1.    The triptych icon  291-304 
 10.1.1.     Icon subject and description 291 

 10.1.2.     The examination of the paint layers 293 

 10.1.3.     The examination of the white ground layer 301 

 10.1.4.     The examination of the gold layer 301 

 10.1.5.     The examination of the transparent layer 302 

10.1.5.1. The examination of the transparent layer by    

FTIR-ATR     

302 

10.1.5.2. The examination of the transparent layer by  

                    GC-MS 

303 

10.2.    The two icons from the same iconostasis 305-313 
 10.2.1.      The examination of the paint layers 306 

 10.2.2.      The examination of the Varnish layer 312 

10.3.    The icon of “Archangel Surial” (Al-Malak Surial) 314-319 

 10.3.1.     Icon subject and description 314 

 10.3.2.     The examination of the paint layers 315 

 10.3.3.     The examination of the gold layer 317 

 10.3.4.     The examination of the varnish layer 319 

10.4.    Discussion 320 

10.5. Overview 

 

321 

 

 

 

 



 ix 

Chapter 11 Results and Discussion: Examination of pigments used in Islamic 

wooden ceilings                                                                                                  .322-348               
 

11.1.    The mosque and the Khanqah of Prince Shaikhu 322-341 
 11.1.1.     Introduction  322 

 11.1.2.     The examination of the paint layers  325 

11.1.3. The examination of the white ground layer 340 

11.2.    The Khanqah of Prince Shaikhu 342-343 

 11.2.1.     The examination of the paint layers 342 

11.3.    Ali Labib residential house (Manzil Ali Labib) 344-346 
 11.3.1.     The identification of pigments 344 

 11.3.2.     The identification of the paint medium 346 

 11.3.3.     The identification of the ground layer 346 

11.4.    Overview 
 

347 

Chapter 12: Conclusions and Further work                                         

 

347-362 

12.1.    Conclusions 349 

12.2. Future work 

 

363 

Appendices 

 

Appendix 1: The examined paintings in this study; their layered  

                      structured and identified pigments 

 

Appendix 2: The map of Egypt shows the sites mentioned in text 

 

Appendix 3: Infrared and Raman band assignments 

365-374 
 

365 

 

 

373 

 

374 

  

References 375-400 
  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 x 

List of Figures 
 

Chapter 2 

 

 Page 

Figure 2.1 Schematic depiction of part of the structure of Ultramarine 

blue 

11 

Figure 2.2 The Egyptian painting dating from the 3
rd

 - 4
th

 century which 

contains indigo pigment 

20 

Figure 2.3 Indigo production from plants 21 

Figure 2.4 (a) Realgar (As4S4) (b) pararealgar (As4S4): conversion from 

one to the other by radiation of wavelengths 530–560 nm due 

to initial breakage of As-AS bond 

24 

Figure 2.5 The content of iron, aluminium and silicon in iron containing 

pigments 

32 

Figure 2.6 A sublimation device for preparing orpiment (and vermilion) 

in the Arabic countries dated to the Medieval period.  

34 

Figure 2.7 The average composition of huntite 

  

42 

Chapter 3 

 

  

Figure 3.1 Structures of some monosaccharides (a–e) and a uronic acid 

(f) found in plant gums media 

50 

Figure 3.2 Details of floral ornaments, carved on white marble and 

inlayed with red and black paste. The ornaments above the 

sanctuary of Qijmas El-Eshaqim mosque and school in Cairo. 

(a) Red paste sample. (b) Black paste sample 

62 

Figure 3.3 Chromatogram of; (a) Pure beeswax, (b) artificially made 

Punic wax, (c & d) paint media of two Fayum portraits (c) 

beeswax (d) Punic wax  

63 

Figure 3.4 The characteristic abietane, pimarane and labdane diterpenoid 

molecules of conifer resins 

68 

Figure 3.5 Oxidation stages occurs in pinaceae resins 69 

Figure 3.6 Triterpenoids found to occur in mastic resin 

 

71 

Chapter 4 

 

  

Figure 4.1 The scene of “Goldwasher of the treasury of Pharaoh” in the 

Tomb of Kha
c
y, New Kingdom  

78 

Figure 4.2 The icon of the “Earthly Life of the Virgin and Christ and His 

Second Coming” 

84 

Figure 4.3 The icon of “Baptism of Christ” 86 

Figure 4.4 The icon of  “St. Julius Al-Akfahsy (Yulus of Akfahs)” 86 

Figure 4.5 The icon of  “St. Ebskhayron El-Qeleni” 86 

Figure 4.6 The icon of “St. Theodore Al- Esfehslar (Al-Qedees Tadrus)” 86 

Figure 4.7 The icon of "The Archangel Rafael (Al-Malak Rafaiel)”  87 

 The icon “St. Takla Hemanote the Ethiopian” 88 

Figure 4.9 The icon “St. John the son of Zabadi” 88 

Figure 4.10 The icon of “The Archangel Michel (Al Malak Mekhael)” 89 

Figure 4.11 The characteristic features of both Ibrahin Al-Nasekh and 

Yuhanna Al-Armani (a) trees in Al-Nasekh’s icons (b) trees in 

90 



 xi 

Yuhanna’s icons(c) horse head in Yuhanna’s icons (d) horse 

tail in Yuhanna’s icons (e) horse tail in Al-Nasekh’s icons (f) 

horse head in Al-Nasekh’s icons   

Figure 4.12 “The vita icon of St. Mercurious” 92 

Figure 4.13 The icon of “The Three Hebrews in the Fiery Furnace 92 

Figure 4.14 The icon of “St. Shenouda and St. Wessa” 93 

Figure 4.15 The icon of “The Archangel Surial” 95 

Figure 4.16 Two icon of a group of six within an iconclasses 95 

Figure 4.17 A group of three icons that form a triptych icon 96 

Figure 4.18 Schematic drawing showing the layered structured of the friez 

in Khayerbek ceiling 

77 

Figure 4.19 The wooden ceiling of The mosque of the Prince Shaikhu, 

inserts: detailed image from the ceiling 

98 

Figure 4.20 The wooden ceiling of Ali Labib house, insert: detailed image 

from the ceiling 

99 

Figure 4. 21  Flow chart showing the sequence of the experimental work 

undergone 

100 

Figure 4.22   Schematic representation of three techniques used in 

preparation of cross-sections for microscopic examination 

102 

Figure 4.23 Diagram of half and full tablet 102 

Figure 4.24 The curved walls in the half filled flat mould 103 

Figure 4.25 The three stages of preparing paint cross-sections 104 

Figure 4.26 Origin of Rayleigh and Raman scattering 

 

107 

Chapter 5 

 

  

Figure 5.1 The icon of the earthly life of the Virgin and Christ and his 

second coming, (b) the reverse of the icon showing the 

alternating wavy blue and reddish bands, (C) details from the 

reverse of the icon image 

117 

Figure 5.2 Cross-section presenting the whole layers of the icon, (b) A 

diagram of the detected layers, (c) SEM image of the canvas 

layer, (d) the cotton fiber under the optical microscope 

118 

Figure 5.3 (a) Green paint from the tunic of the Virgin in the Ascension 

scene, (b) the fragment image, (c) the cross-section image, (d) 

the Raman spectra of: (1) the pigment azurite, (2) 

Unidentified pigment. 

121 

Figure 5.4 Green paint samples taken from different spots in the icons: 

(a, c, d) cross-section images of the three green paint samples, 

(b) the fragment image of cross-section a, (d) Raman 

spectrum of the matrix containing the azurite particles 

121 

Figure 5.5 (a, b) SEM-EDX of two blue paint samples; (1, 2, 3) azurite 

particles examined by EDX,  

(c, d, e) EDX spectra for azurite particles labelled 1, 2, 3 

122 

Figure 5.6 Raman spectrum of: (a) raw dammar resin, (b) The yellow 

material applied on top of azurite 

122 

Figure 5.7 (a) Red paint taken from the roof in the Pentecost scene, (b) 

Red paint taken from the Archangel’s wing in the 

Annunciation scene, (c-d) the fragment images, (e) the cross-

section image, (C) the Raman spectrum 

123 



 xii 

 

Figure 5. 8 EDX spectra of: (a) the red paint layer, (b) the yellow paint 

layer 

124 

Figure 5.9 (a, b, c, d) The yellow paint from the clothes of the right hand 

man in the Nativity scene: (b) fragment image, (c) cross-

section image, (d) Raman spectrum of the red particle, (e, f, g, 

h) orange paint sampled from Christ pallium in the Dormition 

of the Virgin scene: (f) unmounted fragment, (g) cross-

section, (h) Raman spectrum of the red particles 

126 

Figure 5.10 (a) Brown paint taken from the clothes of the virgin in the 

Nativity scene: (b) fragment image, (c) cross section image; 

(1) yellow bole, (2) mordant layer, (3) gold leaf, (4) brown 

layer, (d) Raman spectrum for the upper layer shows a low 

concentration of cinnabar mixed with lamp black. 

127 

Figure 5.11 (a) White paint sampled from Christ pallium in the 

Transfiguration scene: (b) fragment image, (c) cross- section 

image, (d) Raman spectrum 

128 

Figure 5.12 Raman spectrum of the ground layer 128 

Figure 5.13 FTIR-ATR spectrum of the paint medium employed in the 

paint layer 

129 

Figure 5.14 SEM-BSE images of the blue paint layer: (1) the blue paint 

layer, (a-2) azurite particles (a-3 the white ground layer, (b) 

details of the ground layer 

130 

Figure 5.15 

 

(a) Total ion chromatogram of the TMS derivatives of the 

varnish layer (b) partial ion chromatogram from (a) between 

16.5 and 17.5 minutes retention  

131 

Figure 5.16 Mass fragments of TMS derivatives of: (a) dehydroabietic 

acid, (b) Octadecanoic acid, (c) hexadecanoic acid, (d) n-

alkane with 25 carbon atoms 

 

132 

Chapter 6 

 

  

Figure 6.1 The icon of “Archangel Rafael” and samples locations 136 

Figure 6.2 (a) The fragment image of the blue paint, (b) The EDX 

spectrum of the blue paint, (c) The Raman spectrum of the 

blue paint, (d) The EDX spectrum of the ultramarine blue 

reference pigment. 

138 

Figure 6.3 The orange-red paint sample taken from the garment of the 

archangel: (a) the fragment image, (b) the Raman spectrum of 

the red paint 

140 

Figure 6.4 (a) Fragment image of the green paint taken from the green 

part of the tunic: (b) the Raman spectrum of the green paint, 

(c) partial Raman spectrum from 100-400 cm
-1

, (d, e, f, g) the 

orange paint taken from the lower part of the tunic: (d) The 

fragment image, (e) the cross-section image, (f) the EDX 

spectrum of the yellow pigment, (g) the EDX spectrum of the 

white pigment 

142 

Figure 6.5 (a) The brown paint taken from icon’s background: (a) the 

fragment image, (b) the cross-section image, (c, d, e) the 

white paint taken from unrolled scroll in the archangel's right 

144 



 xiii 

hand: (c) the fragment image, (d) the cross-section image, (e) 

the Raman spectrum, lead white 

Figure 6.6 (a) The Raman spectrum of the white ground layer, gypsum, 

(b) the EDX spectrum of the white ground layer 

144 

Figure 6.7 The total ion chromatogram obtained from the residue of the 

varnish of Archangel Rafael 

146 

Figure 6.8 Mass spectra of the TMS derivative of: (a) 7-

oxodehydroabietic acid, (b) oleic acid a, (c) azelaic acid 

identified in the residue from the varnish layer of the icon of 

“The Archangel Rafael” 

146 

Figure 6.9 The icon of “Baptism of Christ” and samples locations 147 

Figure 6.10 

 

The blue paint areas taken from the Baptism of Christ icon; 

(a, b, c) green paint from the tunic of St. John the Baptist: (a) 

the fragment image, (b) the cross-section image, (c) the 

Raman spectrum, (d, e, f) green paint from the lower part of 

the river: (d) the fragment image, (e) the cross-section image, 

(f) the Raman spectrum  

150 

Figure 6.11 The EDX spectra of: (a) the blue paint sample taken from 

tunic of St. John the Baptist, (b) indigo reference pigment (d) 

woad reference pigment 

151 

Figure 6.12 The red paint sampled from the tunic of the third angel; (a) 

the fragment image, (b) the cross-section image, (c) the 

Raman spectrum  

152 

Figure 6.13 The yellow paint areas of the Baptism icon; (a, b, c) the 

yellow paint taken from the pallium of St. John: (a) the 

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

spectra of: (1) the upper white highlight, (2) the main yellow 

paint, (e, f, g) the yellow sample taken from the pallium of the 

angel: (e) the fragment image, (f) the cross-section-section 

image, (g) the Raman spectra of: (1) the modern white layer, 

(2) the red layers, (3) the yellow intermediate layer 

154 

Figure 6.14 The green paint taken from the tree behind St. John: (a) the 

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

spectrum, (e, f, g) the white paint taken from the lamb’s wool: 

(e) the fragment image, (f) the cross-section-section image, 

(g) the Raman spectrum 

155 

Figure 6.15 The gold layer taken from the background: (a) the cross-

section image showing; (1) the gold leaf, (2) the red/orange 

bole, (b) the EDX spectrum of the gold accompanied with the 

bole 

156 

Figure 6.16 Total ion chromatogram of the residue obtained from the 

varnish of the icon of Baptism of Christ 

157 

Figure 6.17 Mass spectra of the TMS derivatives of: (a) pimaric acid, (b) 

isopimaric acid 

158 

Figure 6.18 The icon of “Saint Theodore Al- Esfehslar” and samples 

locations 

159 

Figure 6.19 The green blue taken from the maphorion of the widow: (a) 

the cross- section image, (b) the Raman spectra of: (1) the 

yellow underlayer, (2) the blue paint layer, the green paint 

taken from the tree leaves: (c) the fragment image, (d) the 

161 



 xiv 

cross-section-section image (e) the Raman spectra of: (1) the 

green layer, (2) the yellow layer  

Figure 6.20 The red paint taken from the chlamys of St. Theodore: (a) the 

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

spectrum, (d, e. f) the yellow paint taken from the tunic of the 

widow: (d) the fragment image, (e) the cross-section-section 

image, (f) the Raman spectrum; (1) the red highlight, (2) the 

main yellow paint layer 

163 

Figure 6.21 The white paint taken from horse’s body: (a) the cross- 

section image, (b) the Raman spectrum, (c, d) the black paint 

taken from the hores’s tail: (c) the cross-section-section 

image, (d) the Raman spectrum 

163 

Figure 6.22 The white ground layer: (a) the cross-section image; (1) the 

secondary ground layer of lead white, (2) the main ground 

layer, (b) the SEM image; (1) the secondary ground layer, (2) 

the main ground layer, (c) the EDX spectrum of the secondary 

ground (d) the EDX spectrum of the main ground 

164 

Figure 6.23 (a) Partial ion chromatogram of the residue obtained from the 

varnish applied on the icon of St. Theodore  (b) Mass 

spectrum of hydroxyldehydroabietic acid 

166 

Figure 6.24 Mass spectrum of TMS derivative of hydroxyldehydroabietic 

acid 

166 

Figure 6.25 The icon of St. St Julius of Aqfahs and sample location 167 

Figure 6.26 The blue paint area taken from the tunic of St. Theodore: (a) 

the fragment image, (b) the cross-section image, (c) the 

Raman spectrum 

169 

Figure 6.27 (a, b, c) The red sample taken from the red chlamys of St. 

Julius’ brother: (a) the fragment image, (b) the cross-section 

image, (c) the Raman spectrum, (d, e, f) the brown paint 

sampled from the chlamys of St. Julius: (d) the fragment 

image, (e) the cross-section image, (f) the Raman spectrum 

170 

Figure 6.28 The green paint taken from the upper tunic of the Saint’s 

brother: (a) the fragment image, (b) the cross-section image, 

(c) the Raman spectrum 

172 

Figure 6.29 The buff paint taken from the hand of the St. Theodore: (a) 

the fragment image, (b) the cross-section image; (1) blue paint 

layer, (2) buff paint layer, (3) white paint layer, (c) the Raman 

spectra of: (1) the blue paint layer, (2) the buff paint layer, (3) 

the white paint layer 

172 

Figure 6.30 The gold layer sampled from the back ground: (a) the 

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

spectrum, (d) the EDX spectrum 

174 

Figure 6.31 The partial ion chromatogram of the varnish layer showing 

the application of pinaceae resin and vegetable oil 

175 

Figure 6.32 The icon of “St Ebskhyron El-Qeleni" and samples locations 176 

Figure 6.33 (a, b) the blue paint taken from the saddle of the horse: (a) the 

fragment image, (b) the Raman spectrum, (c, d, e) the dark 

paint sampled from area under the church: (c) the fragment 

image ,(d) the cross-section image, (e) the EDX spectrum 

178 

Figure 6.34 (a, b, c) The red sample taken from the Bedouin head cover: 179 



 xv 

(a) the fragment image, (b) the cross-section image, (c) the 

Raman spectrum, (d, e, f) the brown paint sampled from the 

body of the camel: (d) the fragment image, (e) the cross-

section image, (f) the Raman spectrum 

Figure 6.35 (a, b, c) The green sample taken from saint's trousers: (a) the 

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

spectrum, (d, e, f) the green paint sampled from the stand that 

holds the church: (d) the fragment image, (e) the cross-section 

image, (f) the Raman spectrum 

180 

Figure 6.36 The white paint sampled from the body of the horse: (a) The 

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

spectrum 

182 

Figure 6.37 (a) The fragment image of the black paint taken from gilded 

background, (b) The cross-section image of the black paint 

sample, (c) the fragment image of the gold layer sampled 

from gilded background, (d) the cross-section of the gold 

paint sample 

182 

Figure 6.38 The partial ion chromatogram of the varnish layer showing 

the application of pinaceae resin admixed with and vegetable 

oil 

 

183 

Chapter 7 

 

  

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  

186 

Figure 7.2 The icon of “Saint Takla Hemanote the Ethiopian” and 

sample location 

187 

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 

190 

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) 

191 

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). 

193 

Figure 7.6 The EDX spectrum of the yellow pigment, pararealgar  193 

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 

194 

Figure 7.8 (a, b, c) The orange paint sample taken from white crosses 195 



 xvi 

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 

image; (1) the black paint (2) the gold layer (3) the bole layer 

(e) the cross-section image (f) the Raman spectrum 

Figure 7.9 Total ion chromatogram of the residue extracted from the 

varnish layer 

198 

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). 

198 

Figure 7.11 Mass spectra of TMS derivatives of sugars found in the icon 

of St. Takla Hemanote the Ethiopian 

199 

Figure 7.12 The icon of “The Archangel Michael” and samples locations 200 

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 

202 

Figure 7.14 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 

204 

Figure 7.15 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 

204 

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 

206 

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

pigment of PG 8 

206 

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 

207 

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 

207 

Figure 7. 20 

 

The total ion chromatogram of the varnish extracted from the 

green paint sample taken from the clothes of the archangel 

209 

Figure 7.21 Partial ion chromatogram of the varnish extracted from the 209 



 xvii 

green paint sample taken from the clothes of the archangel 

showing range between 15.5 and 28 minutes  

Figure 7. 22 

 

The icon of “Saint John the son of Zabadi” and samples 

locations 

210 

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  

212 

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 

213 

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  

214 

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 

215 

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  

216 

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 

217 

Figure 7.29  

 

The blue paint sample taken 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) 

218 

Figure 7.30 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 

220 

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  

220 

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 

221 



 xviii 

gold layer, (d) the bole layer 

Figure 7.33 Total ion chromatogram of the varnish extracted from the icon 

of St Mathew 

223 

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 

223 

Figure 7.35 Mass spectra of TMS ehter TMS ester derivatives of: (a) 15-

hydroxydehydroabietic acid, (b) 7-hydroxydehydroabietic 

acid 

223 

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. 

225 

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) 

226 

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   

227 

Figure 7.39 Total ion chromatogram of the residue extracted from the 

varnish of the icon of “St Andrew” 

229 

Figure 7.40 Partial ion chromatogram of the varnish extracted from the 

icon of St Andrew 

229 

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  

231 

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 

232 

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 

232 

Figure 7.44 Total ion chromatogram of the residue extracted from the 

varnish applied on the icon of “St. Sarabamon” 

233 

Figure 7.45 Partial chromatogram of the residue extracted from the 

varnish applied on the icon of “St. Sarabamon”  

 

 

 

234 



 xix 

Chapter 8 

 

  

Figure 8.1 Schematic structure of the icons applied on paper ground 

layers 

236 

Figure 8.2 The icon of “the three Hebrews in the fiery furnace and 

samples locations   

238 

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 

239 

 

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 

240 

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 

242 

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) 

243 

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 

244 

Figure 8.8 The FTIR spectrum of the paint medium 245 

Figure 8.9 Chromatogram of the residue obtained from the varnish layer 

of the icon of “The three Hebrew in the fiery furnace” 

246 

Figure 8.10 The icon of “Vita icon of St. Mercurious” and samples 

locations 

247 

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 

248 

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 

249 

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 

250 

Figure 8.14 Chromatogram of the residue extracted from the varnish 

applied on the icon of “Vita icon of St. Mercurious” 

251 

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

  

252 

Chapter 9 

 

  

Figure 9.1  The icon of “Saint Shenuda and Saint Wessa”, Showing 

samples locations 

255 

Figure 9.2 The underlying icon shown under the UV light 257 

Figure 9.3  Scanning electron microscope image of chrome yellow orange 

(b) EDX spectrum of Chrome yellow orange 

261 

Figure 9.4 The green paint taken from the tunic of St. Wessa: (a) the 

fragment image, (b) the cross-section image; (1,2) green paint 

262 



 xx 

layers, (3,4) red paint layer, (5) bole layer, (c) The Raman 

spectra of : (1) the green paint layers, (2) the red paint layers 

Figure 9.5 The green paint taken from the tunic of St. Shenuda: (a) the 

fragment image, (b) the cross-section image; (1) blue paint 

layer, (2) white paint layer, (3) the varnish layer of the 

underlying icon, (4) chrome orange pigment, (5) two green 

paint layers, (c) The Raman spectra of: (1) the blue paint 

layer, (2) the white paint layer, (4) the chrome yellow 

pigment, (5) the green paint layers 

262 

Figure 9.6 The blue paint sample taken from the upper tunic of Saint 

Shenuda: (a) the fragment image; (1) green paint from the 

underlying icon, (2) blue paint from the upper icon, (b) the 

Raman spectra of: (1) the green paint, (2) the blue paint 

263 

Figure 9.7 The red paint sample taken from the cloak of Saint Wessa: (a) 

the fragment image, (b) the cross-section image; (1) the white 

underpaint, (2) the red paint layer, (c) the Raman spectra of: 

(1) the red paint, (2) the white paint layer, (d, e, f) the orange 

paint sample taken from the lower part of the background: (a) 

the fragment image, (b) the cross-section image, (c) the 

Raman spectrum  

264 

Figure 9.8 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, f, g) the buff tone paint sample taken from Saint Wessa’s 

left bare foot: (d) the fragment image, (b) the cross-section 

image; (1) the underpaint, (2) the upper paint layer, (c) the 

Raman spectra of layers 1, 2 

265 

Figure 9.9 The brown paint sample taken from the cloak of St. Shenuda: 

(a) the fragment image, (b) the cross-section image, (c) the 

Raman spectra of: (1) the brown paint, (2) Indian yellow 

reference pigment (Colour Museum collection, Bradford) 

266 

Figure 9.10 Chemical structure of Kermes constituent: (a) Kermesic acid, 

(b) flavokermesic acid (Schweppe 1992: 220-21) 

267 

Figure 9.11 Chemical structure of exuanthic acid (Baer et al., 1986: 25) 168 

Figure 9.12 Total Ion chromatogram of the varnish of the upper icon 270 

Figure 9.13 Total Ion chromatogram of the varnish of the underlying icon 272 

Figure 9.14 Mass spectrum of the TMS derivatives of unidentified 

diterpenoid acid 

273 

Figure 9.15 The blue paint sample taken from the tunic of the Virgin: (a) 

the fragment image, (b) the cross-section image, (c) the 

Raman spectrum 

275 

Figure 9.16 The blue paint sample taken from the tunic of the Virgin 

covered with modern wax: (a) the fragment image, (b) the 

Raman spectrum of beeswax 

275 

Figure 9.17 The green paint sample taken from Yuhanna’s tunic: (a) the 

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

spectrum, (d, e, f) the green paint sample taken from 

background: (d) the fragment image, (e) the cross-section 

image, (f) the Raman spectrum 

276 

Figure 9.18 The red paint sample taken from maphorion of the Virgin: (a) 277 



 xxi 

the fragment image, (b) the cross-section image, (c) the 

Raman spectrum, (d, e, f) the red paint sample taken from the 

Red Cross: (d) the fragment image, (e) the cross-section 

image, (f) the Raman spectrum 

Figure 9.19 The main constituents of Cochinea dyestuff: (a) carminic acid, 

(b) kermesic, (d) flavokermesic 

279 

Figure 9.20 The main constituents of Tyrian purple dyestuff: (a) 6,6’ 

dibromoindigotin, (b) 6,6’ dibromoindrubin, (c) 6-

bromoindigotin 

 279 

Figure 9.21 The yellow paint sample taken from the soldier’s garment 

(right): (a) the fragment image, (b) the cross-section image, 

(c) the Raman spectrum, (d, e, f) the orange paint sample 

taken from the lower background: (d) the fragment image, (e) 

the cross-section image; (1) the white upper layer, (2) the 

orange underpaint, (f) the Raman spectra paint layers 1, 2 

281 

Figure 9.22 The white paint sample taken from Christ cloth: (a) the 

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

spectrum, (d, e, f) the gold layer sampled from the Christ 

halo: (d) the fragment image, (e) the cross-section image, (f) 

the EDX spectrum 

282 

Figure 9.23 Partial ion chromatogram of the varnish of the Crucifixion 

and Lamination over the dead Christ, insert, the total ion 

chromatogram  

283 

Figure 9.24 The green paint sample from the icon of “Two saints riding 

horses: (a) the fragment image. (b) the cross-section image, 

(c) the Raman spectrum (d, e, f) the red paint sample: (d) the 

fragment image, (e) the cross-section image, (f) the Raman 

spectrum 

285 

 

Figure 9.25 The brown paint sample: (a) the fragment image, (b) the 

cross-section image; (1) the green paint layer, (2) the brown 

pain layer, (3) the black paint layer, (c) the Raman spectra of: 

(1) the green paint layer, (2) the brown pain layer, (3) the 

black paint layer, (d, e, f) the buff paint sample: (d) the 

fragment image, (e) the cross-section image; (1) the buff 

layer, (2) the greenish layer, (f) the Raman spectra of the paint 

layers 1, 2 

287 

Figure 9.26 Partial ion chromatogram of the varnish of the icon of “Two 

Saints riding Horses” 

 

288 

Chapter 10 

 

  

Figure 10.1 The three icons comprising “The Triptych Icon” and the 

samples locations 

292 

Figure 10.2 The reverse of the triptych icon showing the inscriptions 

written in the central icon of “St. Takla Hemanote the 

Ethiopian” 

293 

Figure 10.3 The blue paint sampled from the under-tunic of the left front 

angel (sample 3): (a) the fragment image, (b) the cross-section 

image, (c) the Raman spectrum 

294 

Figure 10.4 The blue paint samples from icon c; (a) fragment image of 295 



 xxii 

sample taken from the garment of St. Takla, (b) the reverse of 

another paint sample from the same garment, (c) the cross-

section image of sample a, (d, e) the Raman spectra of: (d) the 

blue paint, (e) the unidentified pigment found in the same 

sample 

Figure 10.5 (a, b, c) The red paint taken from the under-tunic of the right 

hand angel in icon a: (a) the fragment image, (b) the cross-

section image; (1) the lower layer, (2) the upper red layer, (d) 

the Raman spectra of: (1) the lower paint layer, (2) the upper 

red paint layer, (d, e, f) The brown paint taken from the 

chlamys of St. Takla: (a) the fragment image, (b) the cross-

section image, (d) the Raman spectrum 

296 

Figure 10.6 (a) The purple paint applied in the upper garment of the left 

hand angel in icon a, (b) the fragment image, (c) the cross-

section image 

297 

Figure 10.7 The cross-section image of the yellow paint taken from the 

garment of the Archangel in icon b, (b) the EDX spectrum of 

the yellow paint 

299 

Figure 10.8 The green paint sampled from the tunic of St. Takla: (a) 

details of the green paint area with yellow and blue paints, (b) 

the fragment image; (1) the green paint layer, (2) the glazing 

layer, (c) the cross-section image 

300 

Figure 10.9 The orange paint sampled from the unrolled scroll in the left 

hand of St. Takla: (a) the fragment image, insert is the age of 

the sample showing the glazing layer, (b) another sample 

from the same paint area with the glazing layer on top, (c) the 

Raman spectrum 

300 

Figure 10.10 The gold layer taken from the background of icon c: (a) the 

fragment image, (b) the SEM cross-section image, (c, d) the 

EDX spectra of: (c) the gold with some elements revealed 

from the bole layer, (d) the bole layer 

301 

Figure 10.11 FTIR-ATR spectrum of the transparent material applied on 

top of the triptych icon 

303 

Figure 10.12 Total ion chromatogram of the residue of the varnish layer 

extracted from the lower part of the background 

304 

Figure 10.13 Partial ion chromatogram of the residue of the varnish layer 

extracted from the lower part of the background 

304 

Figure 10.14 Two icons from the same iconostasis in Saint Mercurious 

church 

305 

Figure 10.15 The Raman spectrum of the blue paint sample taken from the 

building’s roof in icon a 

306 

Figure 10.16 The Raman spectrum of the blue paint sample taken from 

Christ garment in  icon b 

308 

Figure 10.17 The blue paint sample taken from Christ garment in icon a: (a) 

The fragment image; (1) the light blue layer, (2) the dark blue 

layer, (3) the red layer, (b) the cross-section image; (1) the 

light blue layer, (2) the red layer, (4) the green inclusion, (c) 

the Raman spectra of: (1) the light blue matrix, (2) the upper 

dark layer 

308 

Figure 10.18 The green paint sample taken from the lower background in 309 



 xxiii 

icon b: (a) The fragment image (b) the cross-section image (c) 

the Raman spectra of: (1) the green area containing 

pararealgar (2) green area containing orpiment 

Figure 10.19 The Raman spectrum of the yellow paint sample taken from 

lower background in icon a 

311 

Figure 10.20 The Raman spectrum of the red paint sample taken from 

Christ garment in icon b: (a) the fragment image, (b) the 

cross-section image, (c) the Raman spectrum 

311 

Figure 10.21 Partial ion chromatogram of the varnish layer showing the m/z 

between 16 and 21.5, insert is the total ion chromatogram 

obtained from the same residue 

313 

Figure 10.22 Mass spectra of TMS derivatives of: (a) 15-

hydroxydehydroabietic acid, (b) unidentified diterpenoid acid, 

(c) 7- hydroxydehydroabietic acid, (d) pimara-8,15-dien-18-

oic acid 

314 

Figure 10.23 The icon of “The Archangel Surial” and samples locations  

Figure 10.24 The blue paint sample taken from the garment: (a) fragment 

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

(d) The SEM image, (e) The EDX spectrum of the blue paint 

312 

Figure 10.25 (a, b, c) The red paint sample taken from ornament of the 

upper garment: (a) the fragment image, (b) the cross-section 

image, (c) the Raman spectrum, (d, e, f) The yellow paint 

sample taken from a yellow strip over the Archangel’s head: 

(a) the fragment image, (b) the cross-section image, (c) the 

Raman spectrum 

316 

Figure 10.26 (a) The cross-section image of the buff tone paint sample 

taken from the neck of the Archangel (b, c, d) the white paint 

sample taken from the right hand of the Archangel: (b) the 

fragment image, (c) the cross-section image; (1) the buff tone 

paint layer, (2) the white paint layer, (d) the Raman spectra of: 

(1) the buff tone paint layer ,(2) the white paint layer 

318 

Figure 10.27 The EDX spectrum of the gold layer sample taken from upper 

part of the background, insert is the SEM image of the gold 

sample 

318 

Figure 10.28 Total ion chromatogram of the residue of the varnish layer 

extracted from the lower part of the background  

319 

Figure 10.29 Partial ion chromatogram of the varnish layer extracted from 

the lower part of the background 

320 

 

Chapter 11 

 

  

Figure 11. 1 The map of Saliba street where the mosque and Khanqah of 

Prince Shaikh are located (in the blue circle) within many 

other Islamic buildings dated from the 9
th

 to the 17
th

 centuries  

323 

Figure 11. 2 (a) The mosque of the Prince Shaikhu, (b) Khanqah of Prince  323 

Figure 11. 3 (a) The wooden ceiling of the Prince Shaikhu mosque, (b) 

details of the wooden ceiling 

324 

Figure 11. 4 Some ornamental motifs from the wooden ceiling of the 

Prince Shaikhu mosque 

324 

Figure 11. 5 (a) The cross-section image showing the layered structure of 325 



 xxiv 

the wooden ceiling, (b) cross-section image showing the 

layered structure of the paint layer; (1) white ground layer, (2) 

white paint layer, (3) red paint layer, (4) white paint layer, (5) 

black paint layer, (6) blue paint layer 

Figure 11. 6 (a) The image of unmounted blue paint sample, (b) The cross-

section image of smalt paint layer, (c) Raman spectrum of the 

blue paint, (d) EDX spectrum of the blue particles 

327 

Figure 11. 7 Column chart showing the elemental composition comparison 

between European and Egyptian smalt pigment 

 328 

Figure 11. 8 (a) The cross-section image of quite preserved smalt paint 

layer, (b) SEM image of the quite preserved smalt paint layer 

and the EDX maps of the elements Si, Na, Ca, K and Co  

332 

 

Figure 11. 9 (a) The cross-section image of discoloured smalt paint layer, 

(b) SEM image of the discoloured smalt paint layer and the 

EDX maps of the elements Si, Na, Ca, K and Co  

333 

 

Figure 11. 10 Bar chart showing the concentration of both intact and 

discoloured smalt particles 

334 

Figure 11. 11 The FTIR  spectrum of the discoloured smalt paint layer 334 

Figure 11. 12 (a) The sampling spot of the green paint, (b) the cross-section 

image of the green paint; (1) the green paint layer, (2) the glue 

underlayer, (c) the Raman spectrum of the green paint 

337 

 

Figure 11. 13 (a) SEM image of the verdigris paint layer, (b, c) EDX 

mapping of the green paint sample showing the significant 

amount of copper and chlorine (white lines are drawn around 

the verdigris particles) 

337 

Figure 11. 14 FTIR spectrum of the green paint sample (paint and ground) 338 

Figure 11. 15 (a) The sampling spot image of the red paint area, (b) the 

cross-section image of the red paint; (1) the red paint layer, 

(2) the glue layer, (3) the quartz particles, (c) the Raman 

spectrum of the red paint  

339 

 

Figure 11:16 (a)The fragment image of the yellow paint area, (b) the 

Raman spectrum of the yellow paint 

339 

Figure 11. 17 (a) the cross-section image of the black paint area, (b) the 

Raman spectrum of the black paint, (c) the sampling area of 

the white paint, (d) the Raman spectrum of the white paint 

340 

Figure 11. 18 The FTIR spectrum of the white ground layer showing the 

characteristic bands of gypsum and animal glue 

341 

Figure 11. 19 The blue paint area from the Khanqah of the Prince Shaikhu: 

(a) the fragment image, (b) the cross-sectional image, (c) the 

reverse of the sample showing the tree bark found on the 

wooden beams, (d) the Raman spectrum of the blue paint, (e) 

the Raman spectrum of the white paint  

343 

Figure 11. 20 The Raman spectrum of the white ground layer of Khanqah of 

the Prince Shaikhu 

343 

Figure 11. 21 (a) Manzil Ali labib and its location and the surrounding 

Architectural buildings (b): (1) Manzil Ali Labib, (2) El-

Sukkari mosque and Bemaristan (hospital) Al- Mu'ayyad, (3) 

Al-Mahmoudyia mosque 

344 

Figure 11. 22 The entrance for Maqaada that contains the wooden ceiling, 

(b) partial image of the ceiling, (c) partial image of the ceiling 

345 



 xxv 

Figure 11. 23 The paint media used in the paint layer of the red 347 

Figure 11. 24 The sampling spot of brown, pink, red and yellow paint 

samples (a-d), the Raman spectra of the brown, pink, red and 

yellow paint samples (e-h) 

 

348 

 

 

Chapter 12  

 

 

Figure 12.1 Bar chart showing the frequency of pigments detected in the 

examined icons in this study 

351 

Figure 12.2 Bar chart showing the frequency of pigments employed in 

Coptic icons by each painter  

358 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 xxvi 

List of Tables 
 

Chapter 2 

 

 Page 

Table 2.1 The pigments studied in the chapter 9 

Table 2.2 Concentration ranges of elements found in Egyptian blue 14 

Table 2.3 The chronological evaluation of ancient Egyptian pigments 

identified in the last three centuries 

 

48 

Chapter 3 

 

  

Table 3.1 Monosaccharide and uronic acid composition of some gums and 

mucilages 

51 

Table 3.2 Gross composition of hens' egg yolk 55 

Table 3.3 Lipidic fraction in egg yolk 56 

Table 3.4 The overall percentage of amino acids in some proteinaceous 

paint media 

60 

Table 3.5 Common compounds of bi (*) and tricyclic diterpenoids found 

in Pinaceae family 

67 

Table 3.6 The typical fatty acid composition of commonly used drying oils 

in paintings 

 

72 

Chapter 4  

 

 

Table 4.1 The examined artefacts in this study 83 

Table 4.2 The main artistic difference between Ibrahim Al-Nasekh and 

Yuhanna Armani  

 

89 

Chapter 5 

 

  

Table 5.1 The examined samples, its colour, location and Raman shifts 

 

134 

Chapter 6 

 

  

Table 6.1 The pigments palette used by Ibrahim Al-Nasekh 185 

Table 6.2 The pigments detected in Ibrahim Al-Nasekh’s icons 185 

Table 6.3 Constituents of the varnishes applied on Ibrahim Al-Nasekh 

icons 

 

185 

Chapter 7  

 

 

Table 7.1 The pigments palette used by Yuhanna Al-Armani 235 

Table 7.2 The pigments detected in Yuhanna Al-Armani’s icons 235 

Table 7.3 Constituents of the varnishes applied on Yuhanna Al-Armani’s 

icons 

 

235 

Chapter 8 

 

  

Table 8.1 Constituents of the varnishes applied on Mattary’s icons 253 

   



 xxvii 

Chapter 9 
 

 

Table 9.1  Types of commercial lead chromate and their composition 260 

Table 9.2 Comparison of varnishes and subject of the two icons 273 

Table 9.3 The pigments palette used by Anastasi Al-Rumi 289 

Table 9.4 The pigments detected in Anastasi Al-Rumi’s icons 289 

Table 9.5 Constituents of the varnishes applied on Anastasi Al-Rumi’s 

icons 

 

290 

Chapter 12  

 

 

Table 12.1 The chronology of pigments used in European and Coptic icons 360 

 


