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Chapter 2: An Introductory Background to Pigments Used in Ancient 

Egyptian Artefacts 

In this chapter, the use of pigments used in Egyptian artefacts is discussed. These 

pigments are organized in groups according to their colour, in which the sequence of 

dates is considered. The aspects of usage, preparation and degradation are also fully 

described. 

Inorganic pigments, natural and synthetic, were widely used in Dynastic Egypt and have 

attracted many scientific studies since the beginning of the 20
th

 century. The most 

notable general study provided by Lucas and Harris (1962) covered the study of 

pigments, ground layers, binding media and varnishes. However, the lack of analytical 

instruments needed for such study made it incomplete and uncertain in several respects. 

El Goresy et al., (1986) carried out a detailed survey of the inorganic pigments used for 

wall paintings, coffins and sarcophagus decorations which covered the 5
th

 Dynasty up to 

the Roman period. The survey comprised 126 monuments from 29 archaeological sites. 

In 1977, El Goresy reviewed the previous survey with addition of a critical analysis of 

the literature published in this area. He also provided a chronological evaluation of the 

use of pigments during the Egyptian dynastic period. 

A number of relatively recent studies have been published in 2001 covering from the 

Old Kingdom up to the Ptolemic Period (Colinart, 2001; McCarthy, 2001; Meddleton 

and Humphery, 2001; Newman and Halpine, 2001). As a result of these studies, the 

presence of some pigments has been confirmed; other pigments were established to 

much earlier dates as it thought and pigments which were originally thought to be 

degradation products have been added to the main palette. 

Further studies have examined painted Egyptian artefacts such as papyrus (Daniels and 

Leach, 2004; Olsson, 2001), Funerary artefacts (Edwards et al., 2004) and relics 

(Edwards et al., 2004b). 
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A comprehensive general study of pigments was published in a series of three edited 

books of Artist's pigments (Fitzhugh, 1997b; Roy, 1993; Feller, 1986) which covered 

several pigments used since antiquity up to the 20
th

 century. In 2002 and 2004 two 

books have been published of which the earlier dealt with the copper-containing 

pigments (Scott, 2002) and the other is a general dictionary of historical pigments 

(Eastaugh et al., 2004) providing a wide range of information about all historical and 

modern pigments. The pigments in Egyptian artefacts and studied in this chapter are listed in the 

following table (table 2.1). 

 

 

 

 

 

 

 

 

 

 

2.1. Blue pigments 

The naturally occurring mineral azurite and the synthetic pigment Egyptian blue were 

used in the same period (El Goresy et al., 1986). Egyptian blue was the major pigment 

employed up to the 12
th

 Dynasty and following this time its use disappeared. The 

Table 2.1: The pigments used in Egyptian artefacts 
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organic pigment indigo has been used extensively as a textile dyestuff (Orska-Gawrys et 

al., 2003; Schweppe, 1997; Lucas and Harris, 1962: 151). However, it has been rarely 

detected as a pigment on artefacts. Lapis lazuli has been doubtfully identified in ancient 

Egypt (Edwards et al., 2004; Sack et al., 1981) but reported to be used from the 11
th

 

century AD (Lee and Quirke, 2000: 111; Lucas and Harris, 1962: 343). 

2.1.1. Lapis lazuli (Ultramarine blue natural) 

Ultramarine is a term which refers to a pigment derived from the semi precious stone known 

as lapis lazuli, which is a mixture of the blue mineral lazurite, calcspar and iron pyrite. It is 

also applied as a term to describe artificially prepared pigments of similar composition 

to lazurite. Therefore, the words ‘natural' and 'synthetic' are frequently used to differentiate 

these two types (Eastaugh et al., 2004: 375). 

Lapis lazuli was mainly used as semi-precious stone and decorative building stone in 

Dynastic Egypt. However, there are limited cases found where lapis lazuli powder was 

used as a pigment. The oldest detection has been reported by Edwards et al., (2004) on 

two coffin lid fragments dated from the Graeco-Roman period. However, the 

interpretation is difficult as it has been suggested that the pigment was a restoration 

addition. In the 3rd - 4th century AD., Lapis lazuli has been detected in an Egyptian 

painting on canvas, applied with a glue binder. Microchemical and microscopic 

examinations were used and the pigment was described as clear, blue particles of about 

4 µm diameter (Sack et al., 1981). Synthetic ultramarine was probably produced in 

ancient China and Mesopotamia, where the lapis lazuli mineral occurred. However, 

Further production or activities to develop the pigment were stopped when Egyptian 

blue was produced (Berke, 2007). In other countries, the first occurrences of lapis lazuli 

have been detected in a cave temple in Afghanistan dated to the 6
th

-7
th

 century (Gettens, 

1938: 484), in a Persian miniature dated to the 13
th

 -14
th

 century (Laurie, 1935-36), in 

11
th

 century Chinese paintings (Gettens, 1937-38b) and 11
th

-12
th

 and 17
th

 century Indian 



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

 11 

paintings (Paramasivan, 1937-38). In Europe, lapis lazuli was used in panel painting 

from the 13
th

 century (Howard, 2003: 35). 

The blue pigment extracted from lapis lazuli is mainly the mineral lazurite comprising a 

complex sulfur-containing aluminium silicate [(Na,Ca)8 (AlSiO4)6 (SO4, S, Cl)2] (Plesters, 

1993: 37). More precisely, a three-dimensional aluminosilicate lattice with a sodalite structure 

containing entrapped sodium ions and ionic sulfur groups (Eastaugh et al., 2004: 375) (figure 

2.1). It is suggested that lapis lazuli occurs in the Uweinat oasis in south east Egypt (Aston, 

2000: 39). 

 

 

 

 

 

 

When grinding and washing the mineral in preparation for its use as a pigment, a pale 

greyish blue product is obtained (Bomford et al., 1989: 35; Cennini, 1960: 37-8). 

Therefore, a later modification of this process was used in which the ground mineral 

was wrapped in a cloth with a mixture of melted wax, resin, and oils. The cloth was 

kneaded under a dilute solution of lye (a solution of potassium carbonate prepared by 

extracting wood ash with water). The finest blue particles of lazurite are washed out and 

settled at the bottom of the vessel. The coarse colourless materials and impurities are 

retained inside the cloth (Plesters, 1993: 38, Kurella and Strauss, 1983). 

Figure 2.1: Schematic depiction of part of the structure of Ultramarine blue: Na grey, Si dark green, 

Al blue, O red, S light green (Berke, 2007) 
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Artificial ultramarine was first reported in 1827 and was extensively used in the second 

half of the 19
th

 century (Plester, 1993: 60; Bomford et al., 1990; Bomford and Roy, 

1983). In order to manufacture the ultramarine blue, anhydrous sodium carbonate or 

sulfate is mixed with china clay, silica in the form of sand or quartz and sulfur. To 

provide a reducing atmosphere, coal, charcoal or colophony are used to produce carbon. 

All the ingredients are mixed, finely ground and heated in a furnace at red heat for 

several hours in the absence of air. The product obtained is green in colour, known as 

primary or green ultramarine. Then it is heated again at above 500°C to be converted to 

a blue colour. The final product is ground and washed to get rid of soluble salts and then 

dried. This process is called the indirect process as two heating stages are used. Later, 

the direct process changed the ingredient portions and the heating time to produce a blue 

product at the end of a single step. Artificial ultramarine was first made in France in 

1828 (Plester, 1993). 

2.1.2. Azurite 

Azurite is a bright blue hydrated copper carbonate mineral with the composition of 

2CuCO3.Cu(OH)2. Its name is derived from the Prussian word ‘Lazhward’ which means 

blue (Eastaugh et al., 2004: 33). Azurite is naturally occurring in association with the 

green mineral malachite, cuprite and chrysocolla. It was reported by Lucas and Harris 

(1962: 340) that azurite has been used from the 4
th

 dynasty in ancient Egypt as he found 

a shell container containing azurite in Medom and it was also used to paint the mouth 

and eyebrows on the cloth covering a mummy of the 5
th

 Dynasty (Lucas and Harris, 

1962: 340). 

To be prepared as a pigment, azurite was crushed and then water washed alone or with 

addition of vinegar to remove any green impurities. Harley (1982: 47-8) stated that 

honey, fish glue or gum was added to the water to make the azurite particles sink to the 

bottom of the vessel and thus separate them from the dross. 
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The mineral azurite is found in the Eastern Desert and in the Wadi Maghare and Serabit El-

Khadim in Sinai. It was not widely used in the pigment palette in Dynastic Egypt because 

of the availability of the Egyptian blue pigment (copper calcium silicate) which has also 

been found in artefacts from the 4
th
 Dynasty onwards (Edwards et al., 2004). However, 

there is some evidence of the usage of azurite up to the 18
th
 Dynasty although it has not 

been reported after this (Spurrell, 1895 cited in Nicholson and Shaw, 2000: 111). The absence 

of azurite is ascribed perhaps due to its poor quality and impermanence as a pigment 

(Nicholson and Shaw, 2000: 111; Blom-Böer, 1994). 

2.1.2.1. Azurite alteration 

Azurite may darken due to exposure to sulfur fumes. In some cases azurite oxidizes to 

form a dark alteration product cupric oxide, tinorite. It is suggested that this alteration 

has occurred on a wall painting due to heat damage (Gasol Fargas, 1999) or in the case 

of an excavated polychrome sculpture due to the presence of calcium oxide and 

moisture resulting from humid and alkaline conditions (Gutscher et al., 1989). Azurite 

may also convert to black tenorite as a result of conservation treatment when barium 

hydroxide solution is used (Scott, 2002: 111). 

The alteration of azurite to form the green pigment malachite has been reported by 

Gettens and Fitzhugh (1993); Howard (1993); Rickerby (1990) and Gettens and Stout 

(1966). Also, its alteration into paratacamite has been noted by Scott (2002: 110) and 

Riederer (1985) which may be formed due to the presence of humidity and chlorine ions 

(Dei, 1998). In addition, it has been suggested that azurite may be transformed to 

paratacamite as a result of some conservation treatments. Bolingtoft and Christensen 

(1993) have found traces of azurite in a green paint area in a Gothic wall painting dated 

to the 13
th

 century, which was suggested to be originally blue azurite altered to 

atacamite in the presence of high pH, moisture and the presence of chlorides. 
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2.1.3. Egyptian blue 

Egyptian blue is the earliest synthetic blue pigment of the rare natural pigment 

cuprorivaite. It consists of a synthetic copper tetrasilicate compound CaCuSi4O10 (Eastaugh 

2004), residual silica (quartz or/and tridymite) an amorphous silica-rich glass phase and in 

some cases, parawollastonite (CaSiO3) (Pages-Camagna and Colinart, 2003). The 

concentration ranges of all elements found in Egyptian blue are listed in table (2.2). The 

blue colour of the pigment is due to the copper ions (Cu
2+

) which exist in a square-planar 

environment inside the cuproivaite lattice (Pages-Camagna and Colinart, 2003). 

 

 

 

 

Earliest known uses of Egyptian blue are from the 4
th
 Dynasty (2723- 2563 BC) in Egypt, 

in a sarcophagus in the Egyptian museum, Cairo, and on painted limestone sculptures, and it 

was assumed by Reiderer (1997) that Egyptian blue was used up to the Ptolemaic period 

(332-30 BC); thereafter, it was rarely used. However this theory has been re-evaluated 

and recent studies have suggested the occurrence of Egyptian blue in Roman wall 

paintings dated to the 9
th
 century (Lazzarini, 1982). Howard (2003: 39) and Osborne (1984: 

43) have reported the finding of Egyptian blue in wall paintings in Rome dated to the 5
th
 and 

the 9
th
 centuries. The Roman Empire was the last to produce Egyptian blue on an industrial 

scale which ended after its downfall (Berke, 2007). 

Egyptian blue was used to produce both light and dark shades. Its colour was suggested 

to be due to the manufacturing process (Tile et al., 1987). However, it was confirmed 

recently that the difference between the dark and light Egyptian blue is ascribed to 

Table 2.2: Concentration ranges of elements found in Egyptian blue (Riederer, 1997) 
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differences in particle size as the light shade is found to be associated with a finer grain 

size (Middleton et al., 2001). 

Riederer (1997) has discussed the history of synthesizing Egyptian blue. He pointed out 

that the first trial was carried out by Davy (1815) which was followed by a series of 

experiments examining various ingredients, fluxes and conditions (Schippa and Torraca, 

1957; Lauri et al., 1914) in addition to the influence of time, temperature and reaction 

atmosphere (Bayer and Wiedemann, 1975; Chase, 1971).  The production process was 

pointed out by Jaksch et al., (1983) as a multistage process starting by melting the main 

ingredients followed by flux addition to retain temperature under 1050 °C. Two types of 

Egyptian blue with high and low alkali content were produced by Tite et al., (1984).  

Egyptian blue is made by mixing together sources of silica (mostly sand), lime (calcite or 

limestone), copper compounds (copper ores or bronze waste) with the addition of flux (any 

alkali such as potassium carbonate (K2SO3), natron (Na2CO3 ) or natron sulfate (Na2SO4) 

(Daniels, 2004b) in a ratio of 5 quartz : 2 lime : 2 copper : 1 soda. The mixture would then 

be ground to a fine powder (Eastaugh et al., 2004: 148; Pages-Camagna and Colinart, 

2003). Camagna and Colinart (2003) stated that the mixture must contain copper and 

calcium in equal proportions and the added flux must be between less than 4% with firing 

temperature between 870 and 1080 °C. In addition, Camagna and Colinart (2003) stated 

that the detection of tinorite (CuO) as a firing residue in Egyptian blue samples indicates 

that it was synthesized under an oxidizing atmosphere, since reducing atmospheres 

produce cuprite (Cu2O). 

Cu2(CO)3(OH)2 + 8SiO2 + 2CaCO3                       2CaCuSi4O10 + 3CO2 + H2O 

       Malachite       Sand       Lime                         Egyptian blue  

Below is a recipe for manufacturing Egyptian blue in Alexandria which was found in the 

seventh book of his De architectura (33-22 BC) dedicated to the emperor Augustus was 

published by El Goresy (1997) translated from Latin: 

Flux 

Heat 
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“The artificial preparation of Caerulium (Egyptian blue) was first invented in Alexandria. 

Later Vestorius also erected a factory in Puteoli. The method of manufacture deserves 

great admiration. Sandand natron have to be rubbed together so finely that the mixture 

turns to powder; and copper grated with coarse file tools so that when the scrapings are 

mixed together and sprinkled with water they adhere together. Then the mixture is rolled 

into balls by hand and these are put together to dry. After drying, they are put in an 

earthen pot and (the pot) are placed in a scorching oven. When the copper and sand are 

thoroughly heated in a fierce fire and have melted together, they release their properties 

through the mutual exchange of vapours, and, once this is affected, they are found to have 

taken on a blue colour”. 

El Goresy (1997) realized the absence of limestone from the ingredients which may have 

been a deliberate exclusion to keep the secret of the superior manufacture process. 

Egyptian blue is stable in all media when applied to wood, stone, paper and wall paintings. 

It does not fade or discolour when exposing to direct sunlight (Riederer, 1997). This 

stability is due to the very tightly bound copper ions, the colouring agent in Egyptian 

blue, in the stable silicate matrix which cannot be removed easily by chemical or 

physical means (Berke, 2007). However, Schiegl et al., (1992) have reported the 

discovery of advanced deterioration processes in Egyptian blue. It occurs with the 

devitrification of copper and chloride-bearing glass. Copper and chloride leach out of 

the glass into migration solutions resulting in the formation of atacamite or 

paraatacamite. Basic copper chloride deposits on the surface of the pigment and turns 

into a pale green colour. 

Green (2001) has discussed the possibility of forming the black copper oxide, tinorite 

CuO, by studying blackened samples. No copper was detected but calcium and sulfur 

were. The formation of a calcium sulfate crust on top of the Egyptian blue in the 

presence of gypsum from the ground layer was shown. It was reported that this 
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phenomenon may be due to the high alkali content of the glasses which leaches out 

from the glass and crystallize on the surface to react with pollutants and forms sulfates. 

Daniels et al., (2004) have studied samples of paint containing discoloured Egyptian 

blue from Egyptian coffins. The effect of the paint media and varnishes on the darkened 

pigment was examined. It is noted that the main cause of this phenomenon is the 

darkening of media and varnishes in the paint system. The detection of discoloured gum 

Arabic and Pistacia sp. resin, used as varnish, was also reported. The phenomenon of 

discolouration of media and varnishes, in spite its occurrence with other pigments, it is 

well observed in case of Egyptian blue due to its transparency and poor hiding power. In 

addition, free dust deposition onto the paint surface or trapped within a thin layer of a 

calcium sulfate crust formed by the reaction between atmospheric vapour and calcium 

carbonate substrate of the painting may be another reason for the darkening. 

2.1.4. Cobalt blue frit / Amarna blue 

Cobalt blue frit was extensively employed for the decoration of pottery (Tite and 

Shortland, 2003) and was never used on wall paintings, coffins or sarcophagus (El 

Goresy, 1997). Cobalt blue frit is sometimes called “Amarna blue” because it was only 

detected in the New Kingdom in Amarna site in Middle Egypt (Tite and Shortland, 

2003). The limited time of applications of this pigment ranging between the region of 

Amenophis III (18
th

 dynasty) and the region of Ramses II (19
th

 Dynasty) (El Goresy, 

1997). 

Cobalt blue was produced by firing crushed quartz, natron and cobalt ore, cobalt rich 

alum together, at a temperature between 1050 and 1200 °C. Cobalt rich alum can be 

used without prior preparation or as a solution of cobalt, aluminium and manganese 

hydroxides precipitated from alum solution by additions of natron (Tate and Shortland, 

2003). 
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The absence of cobalt in other periods may relate to the choice of the substrate and not 

to the availability of cobalt (Lee and Quirke, 2000: 111)  

El Goresy (1997) assumed that the composition of the cobalt blue frit is totally distinct 

from the cobalt blue glass. However, Shortland et al., (2006) and Tite and Shortland 

(2003) reported that cobalt blue frit was most probably employed for production of 

glass and fiance. 

2.1.5. Indigo  

Indigo is one of the oldest dyestuffs used in dynastic Egypt which was produced from a 

great variety of plants of which the two principal are tropical indigo, Indigifera 

tinctorea, and woad, Isatis tinctorea (Lucas and Hariss, 1962: 151-2). It is assumed that 

indigo was used as a dye in Dynastic Egypt. However, there has been a 

misidentification of the blue dye used in Egyptian textiles, as it was most probably 

woad that was used, a locally made dye. A large number of dyed woollen fabrics chiefly 

from Upper Egypt, ranging in date from the third century AD to the seventh century AD 

were examined by Pfister and the blue colour used was identified as woad in all cases 

(Lucas and Harris, 1962: 152). 

According to an extensive survey by (Balfour-Paul, 1997) concerning the cultivation, 

industry and trade of indigo in the Christian and Islamic periods in Egypt, the source of 

indigoid dye and its preparation process was unknown until the discovery of an ancient 

papyrus dating from the 3
rd

 century AD gave a recipe for indigo preparation. It has been 

confirmed that indigoid dye was prepared from woad by means of a fermentation 

process using urine and soapwort. The use of a lichen dye, orchil (Rocella tinctoria) was 

also mentioned to add a violet shade to the dye. 

In the Roman period, indigo dye was imported from India. This was used along with the 

inexpensive indigo dye obtained from local woad. Moreover, in the Christian era, indigo 

was combined with other dyes, such as madder or kermes, and sometime with inorganic 
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pigments, such as orpiment, to produce purple, green and black shades (Balfour-Paul, 

1997: 11-12). These combinations were confirmed by the analysis of wool and linen 

textiles of a mummy case from 400-500 AD (Schunck, 1982). 

In the Islamic era, from the 7
th

 century onwards, local and imported indigo was used for 

the production of blue Tiraz garments. Several dyes were used in this period such as 

madder and lac for red, saffron, curcuma (turmeric) and safflower for yellow and gall 

nuts and sumas for black. It is also mentioned that Al-Tabari in the 9
th

 century noted 

two types of indigo plant that could be distinguished by their leaf shapes (Schmucker, 

1969: 534). Al-Idresi stated that indigo was cultivated in Kharga and other Oases in the 

western desert and that its quality was inferior to Indian indigo (Levtzion, 1981: 126, 

392). Cairo, mainly Al- Fustat, and Baghdad were at that time the trade centres of 

indigo to Europe. 

Until the mid-20
th

 century, local plant indigo was used even after the synthesis of indigo 

resulted in a cheaper price. In the final decade of the 20
th

 century, the indigo industry in 

Arabic countries ended. 

According to Balfour-Paul (1997: 50-51), woad seeds were sown in June in Upper 

Egypt and in March/April in Lower Egypt. The shrubs remain in the ground for about 

two years in Lower Egypt and up to 4 years in Upper Egypt. The plants were cropped 

just above the ground level and then chopped and put in earthenware jars. To prepare 

the dye, warm water was added to the jars containing the woad until two thirds full and 

then covered with palm leaf lids. Through two holes in the lids, the soaked indigo was 

stirred using wooden sticks for five hours. The blue precipitate separates out from the 

leaves. Good crops of indigo in Upper Egypt could be harvested four times a year, with 

less quality and quantity being noted in the later crops. 

Indigo has been rarely identified in Egyptian paintings. It has been detected in two 

paintings; a 3rd-4th century A.D. painting on canvas (figure 2.2) applied in glue media 
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(tested by microchemical analysis and microscopy) (Sack et al., 1981) and a paper 

painting dated from the 14th century (1354) which is to be found in the Viver collection 

with no further published analysis (Fitzhugh, 1988). 

 

 

 

 

 

 

 

Chemically, indigo, Indigofera tinctoria, contains indican (figure 2.3, a) (indoxyl-β-D 

glucoside) and woad, Isatis tinctoria, contains isatan B (figure 2.3, b) (indoxyl-β-

ketogluconate) and indican precursors which serve as starting materials for indigo 

production. Indigo (indigotin, blue) is formed in damaged old leaves by the aerial 

oxidation of products of hydrolysis of these precursors (figure 2.3). In addition to 

indigotin, these plants contain indirubin (red), isoindirubin (red), isoindigo (brown) and 

some other impurities. The chemical process of the formation of indigotin is carried out 

by the enzymes present in the leaves. Indican (figure 2.3, a) and isatan B (figure 2.3, b) 

forms indoxyl (figure 2.3, c) and glucose then the colourless, soluble indoxyl is oxidised 

into blue, insoluble indigotin (figure 2.3, d) by aeration in the fermentation vat or by 

pouring the liquid from one container to another. It forms lumps to be ground for use as 

a pigment or reduction in alkaline solution for use as a dye (Puchalska et al., 2004). 

 

Figure 2.2: The Egyptian painting dating from the 3
rd

 - 4
th

 century which contains indigo pigment 

(Sack, 1981) 
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2.1.5.1. Alteration of indigo 

Indigo is, as a dye, prone to light fading when applied to proteinaceous fibres such as 

wool and keeps its colour on the other natural fibres. As a pigment it is said to be stable 

when exposed to hydrogen sulphide (Tholen, 1950 cited in Schweppe, 1997) and to fade 

when exposed to ozone in the absence of light and to nitrogen dioxide from atmospheric 

sources (Whitmore and Cass, 1989). 

In case of indigo pigment when applied on paintings, the binding media play an 

important role in its stability. It fades dramatically in oil paint, closely followed by egg 

yolk. The best indigo pigment is obtained when mixed with egg white, glue and gum 

Arabic. Aldehydes derived by oxidation of polyunsaturated fatty acids in the oil media, 

are likely to be responsible for this fading as they react with indigo and the same may 

also said about egg yolk that contains a limited amount of unsaturated fatty acids. 

(Hommes, 2004: 150; Griffiths, 1980; Matheson and Lee, 1979). 

Eikema Hommes (2004: 149) has reported that indigo is more likely to fade when 

applied in an oil or egg medium, too much oil is added to the paint, when a thin layer of 

indigo is applied and if it is applied on a paint layer of lighter shade. In addition, an 

increased fading is observed when lead white is present due to its strong internal 

reflection of light (Saunders and Kirby, 1994). 

 

Figure 2.3: Indigo production from plants (Grözinger, 1996) (adopted) 

 

 

Indican 

 

(a) 

(b) 

Isatan B 

 

Enzymatic hydrolysis 

-glucose 

indoxyl indigo 

Oxidation by air 

+ indoxyl 

 

(c) (d) 
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2.2. Red pigments 

The most common red pigments used in Dynastic Egypt were naturally occurring iron 

earth colours, containing iron oxides, such as haematite Fe2O3 and red ochre (Edwards 

et al., 2004; Middleton and Humphery, 2001; Lucas and Harris, 1962: 347). Realgar, α-

As4S4, is another red pigment not used before the New Kingdom while red lead and 

vermilion were introduced to the Egyptian palette during the Greco-Roman period 

(Edwards et al., 2004; Middleton and Humphery, 2001; Lucas and Harris, 1962: 348)  

2.2.1. Red ochres 

Red ochres are by far the most commonly reported red pigment in ancient Egypt starting 

from the pre-Dynastic period. They naturally occur in the Oases of the Western desert 

and near Aswan (Lucas and Harris, 1962: 348) and were prepared by washing, 

levitating and grinding.  

Ochres generally contain a varying amount of octahedral iron oxide, mainly goethite (α-

FeO.OH), haematite (α-Fe2O3), white pigments (alumino-silicate as kaolinite, illite, 

quartz) and calcium compounds (calcite, gypsum, anhydrite). When haematite is the 

dominant iron oxide, the red colour achieved (Elias et al., 2006). Haematite normally 

occurs in red ochre from 15-50% (Lucas and Harris, 1962: 347).  

Lucas and Harris (1962: 347-8) reported that calcination of yellow ochre, α-FeO.OH, 

was employed to produce the red ochre. However, Uda et al., (2000) report that the red 

ochres used in Egyptian artefacts are derived from a natural source and not made by 

heating yellow ochre. This information was confirmed by carrying out an experiment in 

which goethite was heated to different temperatures, between 300-900°C to form red 

ochre and comparing the sizes of the grains, along with crystallographic comparison of 

the resulting red ochre with the red ochre pigments used in wall paintings of the 

Malqata palace from the 18
th

 Dynasty. 
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2.2.2. Realgar As4S4 

Realgar (As4S4) is a red, naturally occurring arsenic (II) sulfide mineral, often found 

with the yellow arsenic (III) sulfide mineral, orpiment (As2S3). The name realgar is 

derived from the Arabic ‘Rahj al Ghar’ رھج الغار( ) which means ‘powder of mine’ 

(Eastaugh et al., 2004: 319). 

Realgar has also been synthesized by melting together sulfur with an excess of arsenic 

or arsenic oxide (Wallert, 1984). However, it is considered to be too poisonous to be 

used as a pigment in modern time (Gettens and Stout, 1966: 152).  

Realgar has never been observed as Egyptian pigment before the New Kingdom but was 

found as a raw lump in a 14
th

 century BC tomb (Saleh et al., 1974). As a pigment, it has 

been detected in wall paintings dated to the 18
th

 Dynasty in two instances; in Suemniwet 

tomb (Middleton and Humphery, 2001: 13) and the Royal tomb of Tuthmosis IV (El 

Goresy, 1997). It was also detected in Egyptian funeral artefacts dated from the 11
th

 

century BC. to the Roman period (Rinuy, 2001). 

As a red pigment employed on papyrus, realgar has been identified in many instances 

either as a red pigment or as its yellow degradation product, pararealgar. For example, 

pararealgar has been reported by Burgio and Clark (2000) in a 13
th

 century BC papyrus 

from Petrei collection and by Daniels and Leach (2004) and Green (20001a, b) in the 

book of Mutirdis from the late period, the Book of the Dead of Khary-Wesay from the 

19
th

 Dynasty and in an unknown papayrus combined with realgar. Realgar was also 

mentioned as ink ingredient in Medieval period (Levey, 1962).  

2.2.2.1. Alteration of realgar 

Degradation of realgar to form pararealgar has been studied by (Daniels 2004a) Daniels and 

Leach (2004) and Douglass and Shing (1992). 
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Douglass and Shing (1992) produced the first detailed study of the alteration of realgar to 

pararealgar in light. They stated that it is impossible to form orpiment formation by the 

deterioration of pararealgar as orpiment is less thermodynamically stable than realgar. They 

also described the different polymorphs of realgar as (a) natural realgar (α-As4S4) which is 

the low-temperature form commonly found in artefacts, (b) β-AsS which is a metastable 

high-temperature phase (not found in artefacts), (c) χ-AsS which is an intermediate form 

between α-realgar and parerealgar and (d) parerealgar (AsS) which is a light induced 

polymorph of both the high and low-temperature phases of realgar. 

In Douglass and Shing’s (1992) study, a range of realgar samples were separately exposed to 

light from selected wavelengths of light and natural sunlight. All realgar polymorphs turned 

into pararealgar when exposed to direct sunlight. No alteration occurred in exposure to light 

of wavelength greater than 610 nm or shorter than 500 nm. A combined irradiation both 

infrared and ultraviolet light produced no effect. Pararealgar when examined by Scanning 

Electron Microscopy (SEM), showed fissures and spalls in the crystals. This is because the 

pararealgar is more voluminous than realgar. Corbiel and Helwig (1995) using X-ray 

diffraction reported finding pararealgar on paintings and minerals exposed to light. 

Muniz-Miranda et al., (1996) studied the alteration of realgar by Raman spectroscopy and 

found that pararealgar was produced by irradiation of the α-, β- and χ- phases. No alteration 

occurred using a 647 nm laser. However, rapid alteration occurred with the 560 nm laser 

(figure 2.4). 

 

 

 

 

 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 (Clark, 1999). 

(a) (b) 
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Daniels and Leach (2004) reviewed the fading of realgar and its polymorphs. Realgar paints 

prepared using gum Arabic as a binder were used and examined by Raman microscopy and 

colorimetry. It has been reported that realgar exposed to light degrades first to an orange 

product (α-realgar), then to deep yellow pararealgar. However, it is possible that 

pararelgar was prepared and used as a pigment. It is also stated that the product of the 

complete photodegradation of realgar and orpiment is arsenolite. Thus the final appearance 

of the fading of both pigments is colourless or white. Daniels and Leach (2004) observed 

that realgar is extraordinarily light-sensitive; this is strongly dependent on the particle 

size and pararealgar appears to have a slightly greater light sensitivity than orpiment. 

Arsenolite, which is a white or colourless material, was also reported along with realgar 

and pararelgar by Trentelman and Stdulski (1996) were found in a Tintoretto painting by 

Jacop Robusti (1518-1594) using Raman microscopy. 

On the other hand, pararealgar has been reported as a yellow pigment that was intentionally 

used (Clark and Gibbs, 1997). They found realgar, orpiment and pararelgar in a 13
th

 

century manuscript using Raman microscopy and stated that the artist intended to use both 

of them as different pigments. More recent occurrences of pararealgar as a yellow 

pigment was reported by Burgio et al., (2003) in three 18
th

 century Greek icons 

belonging to the Victoria and Albert Museum and by Abdel-Ghani et al., (2007) in 18
th
 

century Coptic icon from St. Mercurious church in Cairo, Egypt (Abdel-Ghani et al., 2007). 

2.2.3. Red lead 

The lead (II, IV) oxide, 2PbO.PbO2 (historically Pb3O4) is thought to have been one of 

the earliest artificially produced pigments and one which is still in use today. More 

commonly known under the name 'red lead', it is the synthetic analogue of the mineral 

minimum (Eastaugh et al., 2004: 229). The pigment was known as early as lead itself. 

However, as reported by Lucas and Harris (1962, 348) its earliest use commenced in 

Egypt during the Graeco- Roman times (Gettens and Stout, 1966: 153). 
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The detailed manufacturing process of red lead is described by Pliny the Elder (Aze et 

al., 2008) in which lead sheets were corroded using acetic acid to form lead acetate 

(reaction 1). This was then heated to form hydrocerrusite (reaction 2) which with further 

heating turned into litharge by losing successive water and carbonates (reaction 3-5). At 

higher temperatures (490°C) (Gettens et al., 1966: 153) litharge turned into red lead 

(reaction 6). Care must be taken that the temperature does not get too high or the red 

lead will decompose to form litharge because of the reversibility of the reaction 

(Gettens and Stout, 1966: 153). Aze et al., (2008) have summarized this reaction as 

follows: 

Pb(S) + 2CH3COOH     Pb(CH3COO)2 + H2………………………….….……(1) 

3Pb(CH3COO)2 + 12O2      2PbCO3 + 10CO2 + 8H2O………………….……..(2) 

2PbCO3.Pb(OH)2     2PbCO3.PbO + H2O………………………………….…..(3) 

2PbCO3.PbO     CO2 + PbCO3.2PbO…………………………………….…….(4) 

PbCO3.2PbO     CO2 + 3α-PbO………………………………………………...(5) 

3α-PbO + ½O2     Pb3O4…………………………………………….…….……(6) 

2.2.3.1. Alteration of red lead  

Lightening of red lead to produce white products has been reported by several 

researchers such as Eikhoff (1973: 51), Gettens and Stout (1966: 153) and Howard 

(2003: 203). This phenomenon occurs due to the presence of cerussite (PbCO3) and 

anglesite (PbSO4) (Aze et al., 2006) when red lead is exposed to atmospheric pollutants 

such as SO2 and CO2 in a humid atmosphere (Aze et al., 2008). This is also due to the 

alteration of lead monoxide which is present in red lead and is bleached through 

carbonation or sulfation to form cerussite, hydrocerrocite [2PbCO3.Pb(OH)2] or 

plumbonacrite [Pb5O(OH)3(CO)3] (Kang et al., 1899). The same carbonation or 

sulfation process may also followed by the discoloration of red lead in acidic conditions 

to form plattnerite (Aze et al., 2008). 
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Pb3O4 + 4H     PbO2 + 2Pb2 + 2H2O 

The commonly detected alteration phenomenon of red lead, darkening or blackening, 

occurs due to the transformation of red lead into lead dioxide (plattnerite β-PbO2). This 

has been detected in different types of artefacts such as wall paintings (Bollingtft et al., 

1993, Daniilia et al., 2000) and polychrome sculpture (Domenech-Carbo et al., 2000). 

Formation of black lead sulfide (galena PbS) as a discolouration product of red lead has 

also been reported (Gettens and Stout, 1966, 153). This reaction occurs when red lead 

has been applied in a watercolour or tempera medium. It may also occur when the 

pigment has been exposed to the hydrogen sulfide gases which are formed by the 

burning of fossil fuels. Inside museums, sulfide gases can be produced from 

inappropriate display material such as woollen felt (Lee and Thicket, 1996). It also 

occurs due to the metabolic activity of bacterial species that generate hydrogen sulfide 

(Cifferi, 1999). This phenomenon was reported as a result of the incompatibility of red 

lead with sulfur-containing pigments which are able to generate lead sulfide, such as 

cinnabar (HgS), orpiment (As2S3) and realgar (As4S4). 

2.2.4. Cinnabar 

Cinnabar is the soft red mercury (II) sulfide mineral with the ideal composition of α-

HgS, although impurities of bitumen and members of the clay minerals group are often 

present (Eastaugh et al., 2004, 105). Vermilion is the name given to the red artist's 

pigment based on the artificially made mercury (II) sulfide (Gettens et al., 1993). 

Vermilion was introduced to the Egyptian palette in the Greco-Roman period (Lucas 

and Harris 1962, 348) and has been detected in several artefacts thereafter (Edwards et 

al., 2004; Scott et al., 2003; Green, 2001). 

To obtain the pigment, the mineral cinnabar was broken into small pieces and ground in 

a small mortar. Then it was washed several times to get rid of the impurities. There are 
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two ways to prepare the artificial analogue of cinnabar "vermilion". One of these is the 

dry process in which one hundred parts by weight of mercury are added to twenty parts 

of molten sulfur in an iron pan to produce black mercuric sulfide and put into earthen 

were retorts and heated to above 580 °C until sublimation occurs. The sublimated 

product is then condensed on earthenware pots and is converted into a red crystalline 

mercuric sulfide (α-HgS). The red crystalline mercuric sulfide is then heated with a 

strong alkali solution to remove the free unreacted sulfur. The last step is to wash and 

grind it under water to be prepared as a pigment (Gettens et al., 1993b; Gettens and 

Stout, 1966: 171). 

The wet process vermilion commenced to be used in the late 18
th

 century. It was 

prepared, at that time, by grinding sulfur and mercury together in the presence of water 

and at the end of the grinding process, a warm solution of potash is added to get the red 

desired colour (Gettens and Stout, 1966: 171). 

2.2.4.1. Alteration of cinnabar 

Several studies have discussed the darkening phenomenon of vermilion (Keune, 2005; 

Spring and Grout, 2002; Grout and Burnstock, 2000; McCormack, 2000; Daniels, 1984; 

Feller 1967). Feller (1967) and Daniels (1984) stated that wet-process vermilion is more 

likely to darken than the dry-process equivalent. It was also pointed out that this 

phenomenon occurs in vermilion applied with oil paint medium rather than with 

watercolour and acrylic media. He also reported that the blackening of vermilion results 

from the physical change of trigonal symmetry red cinnabar (α-HgS) to the cubic 

symmetry black metacinnabar (α-HgS). 

Grout and Burnstock (2000) studied the three types of vermilion in comparison with 

different media, pigment volume concentration, heat, relative humidity and degree of 

alkalinity. Darkening of the dry-process vermilion as well as the wet-process vermilion 

was confirmed and the darkening of the three pigment types was also shown in both oil 
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and egg tempera media. In addition, the selectivity rule determining the patchy 

appearance of the darkening phenomenon was discussed. This rule depends on the 

tendency of the large vermilion particles in the dry-process pigment to darken also on 

the occurrence of copper containing particles in this type. The copper particles may be 

due to impurities or conjugated copper containing pigments act as a catalyst to the 

darkening process. Heat and relative humidity also play an important role in the 

darkening phenomenon. 

McCormack (2000) has shown that halogen impurities in and around the vermilion 

particles play an important role in the darkening process. Small concentrations of 

chlorine in cinnabar (average between 0.05-1 wt %) can cause blackening, whereas 

cinnabar with a chlorine concentration less than 0.01 wt % remains unaffected by 

sunlight. Other halogens (especially iodine) may also cause the blackening. McCormack 

(2000) has observed two degradation products in blackened vermilion crust on the paint 

surface, one black and the other white and this explained why the deterioration product 

looks grey. It was suggested that vermilion is first transformed into the photosensitive 

mercury (I) chloride, mineral corderoite (Hg3S2Cl2), after exposure to humidity and 

chlorine ions. This corderoite degrades by the action of light into the black 

metacinnabar, the white calomel (HgCl) and elemental sulfur. The chloride was thought 

to originate from external sources (equation 1). 

Hg3S2Cl2     Hg2Cl2        +        S       +           HgS                  (1) 

Corderoite           Calomel       +   Sulfur    +     Metacinnabar 

Spring and Grout (2002) stated that the vermilion discolours when applied by itself in 

the paint layer and remains unchanged when combined with lead-containing pigments 

such as red lead. This stability of cinnabar in the presence of other pigments has been 

confirmed by Edwards et al., (2004) who reported that cinnabar admixed with 

hydrocerrocite and calcite detected on a coffin lid dated to the Ptolemaic period has 

retain its stability over centuries. On the other hand, blacking phenomenon was detected 
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by Green (2001), as the degradation product metacinnabar was identified in a dark wash 

over an Egyptian cartonnage. 

Keune (2005) proposed that the transformation of vermilion from red into black 

materials is a conversion from HgS into Hg(O) and S(O) by a photo chemical reaction 

catalyzed by chloride. After the photo-reduction reaction, the metallic mercury is 

deposited on the intact HgS surface resulting in a black reaction product. The remaining 

HgS in the degraded vermilion is identified, but the Hg(O) precipitation on the 

vermilion surface has never been proven. Elementary sulfur is also found as a product 

of photodegraded HgS. 

2.3. Yellow pigments 

It was suggested that yellow ochre was used as a pigment from the pre-Dynastic Egypt to the 

Roman period with no interruption. However, the identification of orpiment in the 2
nd

 

Dynasty re-evaluated this information (Colinart, 2001). Jarosite and natrojarosite, which 

were first detected in the 11
th

 dynasty (Noll, 1923), were reported as an alteration 

product of iron-rich glass applied as a pigment and originally green or red–brown in 

colour (El Goresy, 1997; Schiegl et al., 1992; El Goresy et al., 1986). However, the 

latest studies show it to be a natural pigment which commenced to be used in the Old 

Kingdom (Colinart, 2001; Middleton and Humphrey, 2001). 

2.3.1. Yellow ochres 

Ochres are defined by Mayer (1991) as clays used to make the earth colours. However, 

in pigment terminology (and here), the word ochre is used for yellow ochre. Yellow 

ochres are naturally occurring earth pigments formed from either direct weathering of 

iron-rich ore deposits or as soil, concentrating iron from underlying bedrocks (Eastaugh 

et al., 2004: 401). 
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The colour of ochre is obtained by the presence of different octahedral iron oxides, 

goethite α-FeO.OH and haematite α-Fe2O3 as goethite rarely occurs in nature in a pure 

form. When the goethite is the dominant component, the yellow colour is observed 

(Elias et al., 2006). The hue of goethite is affected by its crystallinity and elemental 

purity. Goethite with fine particles (poorly crystalline), commonly called limonite, is 

brownish yellow. Normally, a few percent of haematite admixed with goethite is enough 

to turn its colour to brownish yellow or red. Manganese may turn goethite to an olive-

greenish or greyish colour (Hardil et al., 2003). 

Yellow ochre has been widely used in ancient Egypt from pre-Dynastic times. It can be 

obtained from the Oases of the Western desert (Lucas and Harris, 1962: 350). Because 

of its very long history of use, ochres are considered unsuitable for the dating of 

paintings (Hardil et al., 2003). Egyptian ochres examined in paintings were found to be 

mostly clay minerals with a variable amount of iron oxides mainly goethite (α-FeO.OH) 

and limonite (FeO.nH2O). In some cases, another iron oxide, ilmenite FeTiO2 was 

detected in yellow ochre (Colinart, 2001). 

Two shades of yellow have been recognized on Egyptian wall paintings (Colinart, 

2001). One is a dull yellow applied directly over the plaster layer and the other is much 

brighter due to its application on a huntite underlayer. 

Transformation from goethite to haematite (α-FeOOH         α-Fe2O3) has not been 

reported in an archaeological context. However, it is well known in industry during dry 

milling due to dehydration and fragmentation of the crystals (Gonzӑlez, et al., 2000). 

Dehydration is associated with loss of hydroxyl groups and formation of haematite with 

small crystals. The complete transformation of goethite into haematite occurred after 

104 hours of grinding. 

Bikiaris et al., (2000) reported the use of FTIR and Raman spectroscopy to differentiate 

between the different types of ochres. She observed that the colour hue alone cannot be 
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considered a reliable way for ochre-differentiation. Instead, the ratios between the main 

spectroscopic peaks, attributable to the major components usually present in ochres, can 

be considered a successful method for ochres differentiations. 

The most significant difference is the presence of a Raman band at 658 cm
-1

 attributed 

to kaolinite due to the Al-O-Si bond. Considerable amount kaolinite exists in red ochre 

and is responsible for its lighter chroma compared to haematite and caput mortuum 

(dark red ochre, Fe2O3) (Daniilia et al., 2002). Yellow ochre has also a significant 

amount of aluminium and silicon mostly in the form of aluminosilicate mineral 

kaolinite. However, the Raman band of quartz is missing which may be due to the 

absence of free quartz or its low concentration in the yellow ochre. Therefore the 

Raman spectra of both yellow ochre and limonite are identical. 

The elemental composition of iron-containing pigments by EDX is reported by Bikiaris 

et al., (2000). The main differences revealed are summarized in Figure 2.5 showing the 

high proportion of Fe in the case of haematite, caput mortuum, limonite and burnt 

sienna while Si and Al are significantly high in case of red, warm and yellow ochres. 
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It is also possible to differentiate between ochres from different sources. Mooney et al., 

(2003) has used the magnetic parameters of these pigments due to the presence of 

haematite in the case of red ochres and goethite in the case of yellow ochres. These 

parameters allowed the characterization of ochres from known quarries and sourcing of 

ochres found in archaeological context. However, the presence of other elements with 

haematite and goethite in ochres such as magnesium and titanium may cause a decrease 

in the magnetic fields. 

2.3.2 Orpiment 

Orpiment is a yellow sulfide of arsenic As2S3 containing 60% arsenic (Eastaugh et al., 

2004: 285). It is found locally in Egypt in all gold and silver ores, a copper ore in Sinai 

and a galena deposit in the Eastern desert (Le Fur, 1994). Orpiment is used as a natural 

and artificial material in Dynastic Egypt and the invention of the distillation device in 

the Hellenistic period was important in developing the industry of orpiment. 

The earliest findings are dated from the 2
nd

 Dynasty (Colinart, 2001) and several later 

findings in Egyptian artefacts have been also reported which dated up to the 7
th

 century 

AD (Ambers, 2004; Edwards et al., 2004; Middleton and Humphrey, 2001; Colinart, 

2001; Green, 2001; Lee and Quirke, 2000; El Goresy et al., 1986; Wallert, 1984). 

El Goresy et al., (1986) stated that orpiment has been used as the sole pigment in the 

18
th

 Dynasty's royal sarcophagi and mixed with yellow ochre in wall paintings from the 

same period. By studying paint cross-sections, El Goresy et al., (1986) discovered that 

Egyptian painters did not mix the two pigments, orpiment and yellow ochre, together in 

wall paintings but applied them separately in successive layers. First, an ochre layer was 

applied followed by a thin layer of orpiment which was then covered with another layer 

of ochre. This technique may be applied to achieve the colour saturation, brightness and 

the twinkling golden glaze typical for orpiment. The same structure has been suggested 

by McCarthy (2001) as orpiment and yellow ochre have been detected in the same 
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yellow samples analysed by EDX in the tomb of Suemniwet (1430 BC). Orpiment was 

mostly identified as a sole pigment in coffins dated from the New Kingdom to the end 

of the third intermediate period. However, it was found combined with red lead on an 

early 18
th

 Dynasty papyrus (Lee and Quirke, 2000). 

King's yellow was the name used to refer to orpiment, and realgar, in Arabic countries 

in the medieval period (Crosland, 1962). It was used also in admixture with indigo at 

that time to produce a green pigment (Levey, 1962). In this period, artificial orpiment 

was prepared by heating sulfur with an arsenic compound, arsenic trioxide, to produce 

the pigment by sublimation, later described as dry-process orpiment. The natural 

mineral may also be sublimed to produce more uniform orpiment particles (FitzHugh, 

1997a: 65). 

 

 

 

 

 

 

 

Wet-process orpiment was produced by precipitation methods by passing hydrogen 

sulfide (H2S) through a hydrochloric solution of arsenic (Wallert, 1984). The wet-

processed orpiment results in fine particles with rounded shape but the dry-processed is 

more uniform. The natural orpiment can be distinguished by its different size of its 

particles. 

Figure 2.6: A sublimation device for preparing orpiment (and vermilion) in the Arabic countries 

dated to the Medieval period (Wallert, 1984). 
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2.3.2.1. Alteration of orpiment 

The fading of orpiment has been first reported and discussed by Laurie (1914), Church 

(1915) and Gettens (1966). Thompson (1956: 179) stated that orpiment is not 

compatible with lead and copper pigments because a reaction between sulfur from 

orpiment and copper or lead ions may occur. Wallert (1984) studied this phenomenon 

by mixing orpiment with other pigments (lead white, red lead acetate and neutral and 

basic verdigris) and media (egg yolk, gum Arabic and cherry gum). He noted that these 

mixtures when applied in an oil paint medium, did not give any sign of alteration. When 

proteinaceous binding media were used, darkening phenomena occurred and accelerated 

when the humidity increased. On the other hand, Howard (2003:158) observed that 

alteration of orpiment in oil paint media which may occur due to the leaching of the 

medium, especially from the upper part of the paint layer. 

FitzHugh (1997a: 51) reported the formation of white arsenic trioxide when orpiment 

was exposed to light, or to ozone in the absence of light. Further studies have been 

carried out by Green (1995) who confirmed that the fading of orpiment is due to the 

oxidation of arsenic sulfide to white arsenolite As2O3 and added that this process leads 

to loss of sulfur from orpiment, which can be react with the adjacent pigments and cause 

alteration. It is also found that the occurrence of ozone or nitrogen oxide accelerate the 

fading process (Salmon and Cass, 1993). 

Green (2001) noted that the rich medium paint of orpiment has less tendency to fade 

than the poor medium paint which may be the reason of the fading found in the 

Egyptian papyrus. A varnish layer can also play an important role to protect orpiment 

pigment from fading. In the other hand, it has been observed by Colinart (2001) that the 

fading phenomenon has not been detected in any stone, wood or cartonnage artefacts 

that he has studied.  
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2.3.4. Jarosite and natrojarosite 

Jarosite is a yellow potassium and iron(III)-bearing sulfate mineral with chemical 

composition [KFe3(SO4)2(OH)6]. The potassium may be replaced by sodium to produce 

natrojarosite [NaFe3(SO4)2(OH)6], by ammonia to produce ammoniojarosite 

[NH4Fe3(SO4)2(OH)6], or lead to produce plumbojarosite [Pb2Fe3(SO4)2(OH)6] 

(Ambers, 2004). Jarosite and natrojarosite seem to have been the only recorded minerals 

from this group in ancient Egyptian artefacts. 

Jarosite (and natrojarosite) were first reported as a pigment in ancient Egypt in the 11
th

 

Dynasty on decorated pottery from El Tarif and in Minoic pigment containers from 

Thera (Noll, 1978). Earlier occurrences were detected by Jaksch (1985, cited in El 

Goresy et al., 1986) in wall paintings dated to the 5
th

 and the 6
th

 Dynasties in the tomb 

of Akhet-hotep (5
th

 Dynasty) and the tomb of Mereruka (6
th

 Dynasty) in Saqqara. It was 

assumed that this pigment was accidently used due to misidentification with goethite (El 

Goresy et al., 1986). However, more identifications have been reported as on limestone 

painted status and wall paintings from the Old Kingdom (Ambers, 2004), coffins from 

the Middle Kingdom (Middleton and Humphrey, 2001) and wall paintings from the 

New Kingdom (Colinart, 2001; Middleton, 2001). 

It was also assumed that jarosite is a degradation product, present as the result of the 

chemical decomposition of an iron-rich glass applied as a pigment and originally green 

or red–brown in colour (El Goresy, 1997; Schiegl et al., 1992; El Goresy et al., 1986). 

However, Colinart (2001) and Middleton and Humphrey (2001) carried out further 

studies on jarosite samples and found no evidence of an original iron-bearing glass or of 

the characteristic elemental suite which might be expected from such a degradation 

process. They also found high sulfur content and no jarosite which does not fit with it 

being a glassy material which implies that Jarosite is a naturally occurring pigment and 

not a degradation product in this case.  



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

 37 

2.4. Green pigments  

In ancient Egypt, synthetic green pigments were extensively used. Copper chloride 

pigments and Egyptian green have been widely used from the 4
th

 Dynasty until the 

Middle kingdom. (El Goresy et al., 1986). In the New Kingdom, Egyptian green 

replaced copper chloride pigments (El Goresy et al., 1986). Malachite, the only natural 

green pigment, was rarely employed as a pigment (Lee and Quirke, 2000: 112; Green, 

2001). 

2.4.1. Egyptian green (green frit) Cu-wollastonite 

Egyptian green (green frit) is a heterogeneous material, characterized by the presence of 

parawollastonite. It is a CaSiO3 polymorph which is stable at 950-1150°C. This crystal 

obtains its green colour not from the copper ions, which exist as an impurity, but from 

its silica rich copper glass.  

There are two types of cuprowollastonite; a glass-rich pigment with cuprowollastonite 

as a minor phase and a cuprowollastonite-rich pigment with glass and silica as a minor 

phase (El Goresy et al., 1986). The first occurrence of both types was in 6
th

 Dynasty 

tomb of Unas ankh and Khenti. According to Ullrich (1987) the manufacturing of 

Egyptian green begins with making Egyptian blue (silica, lime, copper compounds with 

addition of flux, with a ratio of 5 quartz: 2 lime: 2 copper: 1 soda). Then Egyptian blue 

was ground and fired again to a temperature of 1000°C, or less if a reducing atmosphere 

was added. The same results have been reported by Tite (2003; 1987) who stated that 

the mixture used to manufacture Egyptian green must contain less copper than calcium 

and the added flux should be between 5.7 and 10%. The desired temperature to obtain 

the pigment is between 950 and 1150°C. 

The role of copper (Cu
2+

) in the formation of Egyptian blue and green has been also 

discussed by Tite (2003). He reported that in the Egyptian blue, the copper ions are in a 

square-planar environment inside the cuprorivaite that gives the blue hue. In the 
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Egyptian green, the copper ions are in the octahedral environment of a silica-rich glass 

which is responsible of the green colour. This symmetry is affected by the concentration 

of CuO and temperature and not the flux concentration. 

Egyptian green was first identified by Noll and Hangst (1975). It is synthesized by 

mixing the same constituent used in synthesizing Egyptian blue which are; silica, lime, 

copper compounds with addition of flux (Daniels et al., 2004), with a ratio of 5 quartz: 2 

lime: 2 copper: 1 soda (Eastaugh et al., 2004: 148). 

The green colour of the pigment is due the existence of copper ion, Cu
2+

, in the octahedral 

environment of silica-rich glass which increases as a result of increasing Cu concentration 

and temperature (Pages-Camagna, 2003). 

2.4.2. Copper chloride pigments 

Atacamite and paraatacamite are copper trihydroxychloride minerals with composition 

of Cu2Cl(OH3) (Eastaugh et al., 2004: 27; Scott, 2002: 124; Green, 2001) and have a pale 

light green colour which is lighter than malachite. They are the earliest synthetic pigments 

used in ancient Egypt which were used until the end of the 12
th

 dynasty and then 

disappeared to come into use again in the last decade of the 4
th
 century BC. (El Goresy et al., 

1986). Atacamite was identified with different textures which may suggest several 

preparation recipes (El Goresy et al., 1986). 

It is argued that these pigments could be naturally occurring pigments or an alteration product of 

an original pigment (Scott, 2002: 134; Green, 2001), which was identified by Shiegl et al., 

(1992) as malachite. Atacamite and paraatacamite have degradation effects upon supports, as 

they with their copper content affect ancient papyrus by degrading its cellulose content and make 

it brittle and fragile (Banik, 1982, 89). 

Atacamite has been detected by El Goresy et al., (1986) in several tombs dating from the 5
th
 to 

the 12
th
 Dynasty in Saqqara, Beni Hassan and Thebes. After the 12

th
 Dynasty, the pigment 



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

 39 

disappeared and then came into use again in the Late Period (El Goresy et al., 1986). Eleven 

years after this finding, in 1977, El Goresy has re-evaluated his findings and considered 

atachamite as a degradation product of the blue glass phase of Egyptian blue. 

2.4.3. Malachite 

Malachite is a green basic copper carbonate mineral with composition 

Cu(CO3).Cu(OH)2. Its name is derived from a Greek meaning 'mallow' and refers to its 

leaf green colour. It was known, with turquoise, in ancient Egypt as mafek and Sinai, the 

source of malachite was known as land of mafek. 

Malachite was prepared for use as a pigment by crushing, grinding, washing and 

levigating. It must ground quite coarsely to avoid obtaining pale particles (Scott, 2002). In 

mediaeval times, the source of malachite as a pigment is not well known but recently Russia 

and Congo have been the most important sources of malachite (Eastaugh et al., 2004: 248). 

The history of malachite in paintings runs parallel to that of azurite. It occurs in Sinai 

especially in Wadi Magharaand; Serabit El-Khadim; Bir Nasibin and in the eastern desert 

(Aston et al., 2000: 43). It was used for eye paint as early as pre-dynastic times the Badarian 

period (Gettens and Stout, 1966, 127) and has detected as a pigment on wooden coffin of 

Khuit which is dated from the intermediate period or Middle Kingdom (Lee and Quirke, 

2000: 112). Green (2001) has identified the earlier use of malachite as been detected on 

a 6
th

 Dynasty wooden coffin. 

2.5. White pigments  

Natural calcium sulfates and calcium carbonate pigments are found widely throughout 

Egypt and until relatively recently were the only reported white pigments known from 

ancient Egyptian contexts (Lucas and Harris, 1962: 103; Goresy et al., 1986) A fourth 

white pigment was added to the known Egyptian palette when Riederer recognized the 
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use of the bright white natural mineral huntite on Second Intermediate Period and New 

Kingdom ceramics (Riederer, 1974). 

2.5.1. Calcite 

Calcite is a naturally occurring calcium carbonate mineral, CaCO3. Chiefly found in 

sedimentary rocks such as chalk, limestone and marble. It is the main source of white 

pigment production and has been widely used in ancient Egypt from the 5
th

 Dynasty 

onward. In Egypt, there is a wide distribution of marble in Eastern Desert. However, the 

only deposit that was used in ancient Egypt seems to be that of Gebel Rokham near 

Wadi Mia. The rock of this deposit is fine grained, consisting of calcite with amounts of 

dolomite (CaMg(CO3)2) and quartz (SiO2). 

Limestone is another source of calcite and eighty-eight limestone quarries have been 

found in ancient Egypt spreading from Esna to the Mediterranean Coast around the Nile 

Valley. The Egyptian limestone contains fossils, dolomite, Quartz, iron-oxides 

(hematite or goethite) and clay minerals (aluminosilicates). 

As most natural pigments, calcite was prepared by grinding the crude material taken 

from the quarries with water which was then levigated to separate the coarse grains 

(Gettens and Stout, 1966: 103). It is also reported that decarbonized mineral was used as 

a wall plaster in the Old Kingdom (Noll, 1981a; Eastaugh et al., 2004: 117). 

2.5.2. Calcium sulfates 

Several of forms of calcium sulfates, natural and synthetic, are used as pigments. They 

are all different hydration states of calcium sulfate and the most commonly used as a 

pigment in ancient Egypt are anhydrite (CaSO4) in which no water molecules and 

gypsum (CaSO4.2H2O) which has two molecules of water. It is also reported that the 

use of calcium sulfate semihydrate (CaSO4.0.5H2O) (Eastaugh et al., 2004: 79) which 

are prepared by mid-heating of gypsum, as a white pigment in ancient Egypt (Noll, 
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1981b). Calcium sulfate pigments are well recognized in ancient Egyptian art of all 

periods with no exact date of its first application (El Goresy et al., 1986). 

Gypsum is the dominant component of alabaster rock and can also found in veins with 

colourless, coarse grains called selenite, and in veins with fibrous texture called satin 

spar. In Egypt, gypsum can be found in the Mediterranean and Red Sea coasts and in 

oases of the Western desert. The ancient known source is the Umm el- Sawwan quarry 

which is to be found in north east Fayum (Aston et al., 2000). 

For use as a pigment, the mineral gypsum is finely ground. Gypsum plaster is calcinated 

gypsum that is heated to 100-200°C. It was used as a preparatory layer on walls and 

ceilings and also as a ground layer for Fayum portraits of the Roman period. 

Gesso refers to gypsum plaster. However, Egyptologists use this term to describe the 

limestone powder when mixed with animal glue, a whitening plaster, which was 

frequently used in ancient Egypt as a preparation layer on wooden objects, cartonnage 

mummy masks and coffins (Aston et al., 2000). Gesso has been detected in the tomb of 

Suemniwet, tending to give a greyish colour as a result of adding charred organic 

materials. This modification may be used to give better properties to the gesso 

(McCarthy, 2001). 

During the medieval period, the term gesso refers to powdered gypsum mixed with 

animal glue. It was used to prepare ground layers of panel paintings. Cennino (1960) 

describes two types of gesso; gesso sottile and gesso grosso. The first layer that 

normally applies called gesso grosso which is a coarse anhydrite form of calcium 

sulfate. It is made by heating the lumps of gypsum in a kiln to remove water from the 

sulfate molecules. The resulting anhydrite then ground and mixed with animal glue to 

form a paste which is applied to the canvas. The second layer called gesso sottile which 

is made by soaking the gesso grosso or raw gypsum in water to form a finer paste which 

applied on top of gesso grosso (Bomford et al., 1989: 17). 
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2.5.3. Huntite 

Huntite is a magnesium calcium carbonate mineral with very soft, smooth talc-like 

texture and chemical formula Mg3Ca(CO3)4 (Eastaugh et al., 2004: 187). The EDX 

analysis of huntite taken from three different objects reveals the elements magnesium 

(45-67%) and calcium (21-34%) as the predominant components. Silicon, sulfur, 

potassium, iron, aluminium, phosphorus were also detected (figure 2.7) (Heywood, 

2001). 

 

 

 

 

 

 

 

It is possible to differentiate between huntite and the other carbonates under the optical 

microscopy by its small fibres which are less than two microns long (Heywood, 2001). 

First described as a mineral by Faust (1953), huntite (Mg3Ca(CO3)4) was recently 

discovered in antiquities by Riederer (1974), using XRD, on ceramics from Nubia, 

dating about 1600 BC. And then huntite was widely detected in Egyptian artefacts 

references. Noll (1978) has detected huntite mixed with a blue pigment on an 11
th

 

dynasty ceramic pot from El-Tarif, Thebes (Noll, 1981a). More findings also reported 

by Noll (1981b) on a ceramic fragment and wall paintings dated to the 18
th

 Dynasty 

from Thebes, Karnak and Hermopolis. In addition to the application of Huntite on 
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Figure 2.7: The average composition of huntite (text taken from table in Heywood, 2001) 
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ceramic and wall paintings, it is also found on papyrus, wooden coffins (Green, 1995), 

statues, sculptures and other wooden objects (Heywood, 2001). As huntite became 

predominant in the New Kingdom, the usage of sulfates and carbonates white pigments 

in this period has been declined (El Goresy et al., 1986). 

The suggestion of huntite introduction as a white pigment in the reign of Hatshepsut or 

Thutmose III (El Goresy et al., 1986), older findings of huntite have been reported by 

Heywood (2001) on 6
th

 dynasty quartzite and wooden statues which found to be 

unusually well-preserved and very purely applied. 

Huntite was not just used as a pigment but also as underpaint over the plaster ground in 

some instances as in wall paintings from the Old Kingdom (Ambers, 2004) and also in 

some areas in the 18
th

 Dynasty tomb of Suemniwet (McCarthy, 2001). The reason for its 

application as underpaint is due to its bright white colour that reflects light from the 

paint and gives it more colour saturation and brightening. 

Huntite can be found in Egypt in several places; in Cairo such as Abu- Rawash and east 

of Cairo at Maadi – Mogattum, in addition to the Eastern desert, the western bank of the 

Red sea and Sinai near Arish (Heywood, 2001). 

2.5.4. Lead white 

Four lead carbonate compounds are involved in the lead carbonate group. Lead 

carbonate (2PbCO3), which is the synthetic analogue of the mineral cerussite, lead 

carbonate hydroxide 2PbCO3.Pb(OH)2, which is the synthetic analogue of the mineral 

hydrocerrusite and is considered the most widely used pigment from this group, lead 

carbonate hydroxide oxide [4PbCO3.2Pb(OH)2.PbO], known as pearlescent lead white 

and plumbonacrite [Pb10(CO3)O(OH)6] which is the synthetic analogue of the mineral 

lead oxide carbonate hydroxide, a lead corrosion product (Eastaugh et al., 2004: 223). 
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Lead carbonate hydroxide pigment, hydrocerrusite, has been occasionally used in 

Dynastic Egypt in the Graeco-Roman Period (Edwards et al., 2004; Scott et al., 2004, 

Scott, 2003; Sack et al., 1981; Ramer, 1979; Kühn, 1967; Stout, 1932). It has also been 

identified as a white ground layer in a wooden coffin (Edwards et al., 2004). 

Lead white was produced by exposing metallic lead to acetic acid vapours in a warm 

environment rich in carbon dioxide (Gettens and Stout, 1993:.68) by a process known as 

the "stack" or "Dutch" process. The carbon dioxide was provided by fermenting matter 

(horse manure; waste grape skins; tan bark), which also provides an elevated 

temperature for the reaction. As temperature control is difficult, a high proportion of the 

lead carbonate is decomposed to lead (II) oxide, litharge. Both of which therefore could 

occur in historical materials for this reason. In 1749 a method called "chamber" process 

was used to produce a finer and more uniform particle size pigment (Eastaugh et al., 

2004: 223). 

2.5.4.1. Alteration of lead white 

The darkening of lead white has been reported in many instances (Cooper et al., 2002; 

Smith and Clark, 2002; Smith et al., 2001; Carlyle and Townsend, 1990; Petushkova 

and Lyalikova, 1986) and has been attributed to the formation of black galena (PbS) in 

the presence of hydrogen sulfide (H2S) according to the following reaction (Goltz et al., 

2003). 

2PbCO3.Pb(OH)2(s)  +  H2S(g)       Pb2S(s)  +  2CO2(g)  +  6H2O(g) 

Petushkova and Lyalikova (1986) have reported that microbial diagenesis can convert 

lead white to galena on wall paintings. This transformation is due to bacteria that digest 

sulfur-containing amino acids and generate H2S as a metabolic by product. Binding 

media in artwork can provide the requisite nutrients for bacterial growth, and it is 

possible that this biological colonisation is discriminate. 
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Petushkova and Lyalikova (1986) have stated that just a thin layer, less than 1µm, from 

the paint surface turns black when exposed to H2S. Clark and Gibbs (1997) have 

reported the discolouration of lead white to lead (II) sulfide on a 13
th

 century Byzantine 

manuscript. 

Smith and Clark (2002) noted that basic lead carbonate, lead white, darkened 

immediately when exposed to H2S while lead carbonate shows partial blackened in the 

same conditions. The reactivity of lead white is influenced by the basic component of 

the crystal, i.e. the more Pb(OH)2 that is incorporated into the crystal, the more likely 

the pigment is to darken (Carlyle and Townsend, 1990). The same phenomenon has 

been reported by Smith et al., (2001) as a laser-induced degradation of lead white. They 

reported a misidentification of plattnerite (PbO2) and yellow ochre as a brown paint in a 

previous study carried out by Andalò et al., (2001) while it was attributed to the 

oxidation product of lead white due to a laser-induced degradation (Cooper et al., 2002; 

Smith et al., 2001). 

On the conservation context, a study has been carried out by Cooper et al., (2002) to 

examine the effect of 1049 nm laser radiation on lead white pigments which is used in 

the cleaning of archaeological paintings. The formation of lead (II) oxide was detected 3 

hours after irradiation meanwhile the elemental lead was detected immediately after 

irradiation. 

Goltz et al., (2003) have examined lead white pigment applied in different media; water, 

oil, egg tempera, gum Arabic, when exposed to H2S. The presence of sulfur-containing 

pigments such as orpiment, realgar and vermilion was also examined. It has been 

concluded that lead white may darken in the presence of such pigments in addition to 

the presence of H2S in the atmosphere. It has been also noted that the binding media 

play an important role in the darkening phenomenon as it may prevent the lead white 

from darkening as the pigment is capsulated in the media. 
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2.6. Black pigments 

Carbon black pigments were extensively used as the black paint in ancient Egypt 

(Middleton and Humphery, 2001; Lucas and Harris, 1962: 339). Except in a few 

instances where pyrolusite (MnO2) was used instead (Middleton, 1999; Lucas and 

Harris, 1962: 340). 

2.6.1. Carbon blacks 

Carbon blacks are the most ancient black pigments (Lucas and Harris 1962: 339). It 

includes various pigments derived from a partial burning of carbonizing of natural gas, 

oil, wood or other organic materials (Gettens and Stout, 1966: 102-103). It is also 

described as any carbon produced in the gas phase arising from the incomplete 

combustion of hydrocarbon precursors (Winter, 1983). 

Lampblack is prepared by burning oils, resins especially rosin and pitch and candle wax 

(Eastaugh et al., 2004, 85). The preparation of carbon black was well described by 

Cennini (1960: 22-23). 

Charcoal black is the residue from the dry distillation of woods by heating the wood in 

closed kilns. To be used as a pigment, charcoal is ground and washed (Gettens and 

Stout, 1966: 104). The pigment particles are small, opaque and elongated. 

Bone black (ivory black) is made from charring animal’s bones in closed kilns (Gettens 

and Stout, 1966: 99). It contains about 10% carbon, 84% calcium phosphate and 6% 

calcium carbonate together with organic matrix of collagen and lipids (Matiezo and 

Snow, 1989). The calcium compounds improve the properties of the pigment and make 

it superior in use. The pigment particles are coarser and more irregular in shape and size 

than lampblack (Gettens and Stout, 1966: 99). 
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Carbon black has been used in ancient Egypt in almost all instances in paints and inks in 

all types of painted Egyptian artefacts (Middleton and Humphrey, 2001; Middleton 

1999; James, 1985: 11; Lucas and Harris, 1962: 339), except in a few detections where 

pyrolusite was used (Middleton and Humphrey, 2001; Middleton, 1999; Lucas and 

Harris, 1962: 340). 

2.6.2. Pyrolusite 

Pyrolusite is manganese (IV) oxide mineral (MnO2). It has been reported by Lucas and 

Harris (1962: 202) in a 12
th

 dynasty wall painting at Bani Hassan and has confirmed by 

Middleton (1999) on 12
th

 Dynasty painted reliefs in the tomb of Djehutyhotep at Al-

Bersheh. 

Pyrolusite was also combined with lime to produce a grey shade as in the tomb of 

Ramose in Thebes (El Goresy, 1997). 

2.7. Overview 

In this chapter, an introductory background concerning pigments used in Egyptian artefacts has 

been discussed. The main aim is to give an introduction of pigments that was used in Egypt in 

the early history and may be found in the studied artefacts. 

The pigments studied are; lapis lazuli, azurite, Egyptian blue and indigo as blue 

pigments, red ochre, realgar, lead red and cinnabar as red pigments. Yellow pigments 

discussed are yellow ochre, orpiment and jarosite and the green pigments Egyptian 

green, copper chlorides and malachite were also studied. Finally, calcium carbonates, 

calcium sulfates and lead white as white pigments discussed. The aspects of usage, 

preparation and degradation were also described. 



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

 48 

To sum up, a chronological table of ancient Egyptian pigments that have been identified 

though studies undergone in the last three centuries has been reported (table 2.3). 

Question marks indicate uncertain findings. 

 

In the next chapter, an introductory background concerning binding media and varnishes used 

in Egyptian artefacts has been discussed. 

 

 

Table 2.3: The chronological evaluation of ancient Egyptian pigments identified in the last three 

centuries 
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11.Dynasty                    Middle 
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Notes: (?) Doubtful, (♦) Pararealgar is found.  


