
Sylvie Colinart and Sandrine Pages-Camagna 

Egyptian Polychromy: Pigments of the "Pharaonic Palette" 

Introduction 

Paint was widely used in Ancient Egypt for the decoration of" 
both large-scale monuments and small objects. Colour per­
formed a complex function here: it imitated nature, but it also 
conveyed symbolic meanings. The pigments of the "Pharaonic 
palet te" consisted mainly of natural minerals whose ores were 
widespread in Ancient Egypt (Colinart. ct al.. 1996). 

There is ample literature on the subject, but Lucas's Ancient 
Egyptian Materials and Industries, first published in 1922. re­
mains the starting point for most research in this field (Lucas. 
1962). Data going beyond Lucas can be obtained by systematic 
scientif ic investigation of polychromed objects. The Research 
Laboratory of the Museums of France (LRMF) therefore per­
formed tests on selected monuments and artefacts in the De­
partment of Egyptian Antiquit ies (DAE) at the Louvre with a 
view to identifying the chemical constituents of various colours 
and determining the processes by which they were made. 

The tests were carried out using a set of techniques, including 
optical microscopy, scanning electron microscopy coupled with 
an X-ray analysis system (SEM-EDXS) . Raman microscopy and 
X-ray diffraction. Materials were investigated in the form either 
of small chips taken from the objects or of samples produced in 
accordance with experimental recipes. The samples were cm-
bedded in resin in order to facilitate observation and analysis of 
their cross-sections. The results presented here focus on the yel­
low colour (Colinart 2001) and on a green copper silicate syn­
thetic pigment known as Egyptian green. 

Yellow 

For the Ancient Egyptians, yellow derived from the sun and 
therefore signified life and growth. In their painting, they used 
it to depict vegetal materials, some foods and women's flesh. 
Tests performed on yellow polychromy revealed the materials 
traditionally employed in this context and mentioned in the lit­
erature: gold, orpiment. ochre and iron oxides. 

Traces of gold were found on the face of a painted sandstone 
image of the goddess Satis f rom the chapel Elephantine, which 
dates from the reign o f T h u t m o s c III (1479-1425BC, Louvre, 
B69). and on coff ins . In the latter case, the sheets of gold either 
covered the entire coff in (coff in of King Antef. 17th dynasty. 
1650-1550BC, Louvre. E3019/N7I2) or were found only in 
flesh areas or in certain ornaments (coffin of Mesre. 18th dy­
nasty. Louvre. N2673: coff in of Tamoutnefret . late New King­
dom, 1186 - I069BC. Louvre, N2571). Gold, easily obtainable in 
Ancient Egypt, was used because of its symbolic, not its mater­
ial value. Associated with immortality, it was employed to rep­
resent the flesh of Re and all other divine beings. It was thought 
to assist the dead in speaking and eating in the afterlife. Such 
powers were also attributed to orpiment and sometimes to yel­

low pigment. 

Owing to its bright yellow colour, orpiment could be used as 
a gold substitute symbolizing Re's spirit. A natural arsenic sul­
phide. As:S-„ it is more intense in colour than ochre or iron ox­
ides. Its use in the Middle Kingdom (2033-1710BC) is attested, 
but we found it on the 2nd dynasty (2900-2700BC) stone stele 
of Nytoua and Nytneb from Saqqara where it would seem to be­
long to the original polychromy (Louvre. E27157). 

The pigments encountered most often on polychromed ob­
jects f rom our period of study were ochres and iron oxides, the 
most widespread in the world. These natural minerals were 
found in flesh areas, in the backgrounds of hieroglyphs and in 
many decorative patterns. The composition of materials gener­
ally termed "ochres" has not always been def ined precisely. 
They usually consist of clay with variable amounts of such iron 
oxides as goethitc ( a - F c O O H ) and limonite (FeOv/HO) . 

Our analyses revealed some less familiar minerals among 
the yellow pigments. These anhydrous hydroxyl iron sulphates 
belong to the jarositc group of minerals (Colinart, 1998). which 
in turn form part of the alunitc group. Their colour varies 
from light to brownish yellow. The best known among them, 
encountered on some objects, arc the yellow components 
jarosite, KFe , (S0 4 ) : (OH)„ identified by Lc Fur in Middle King­
dom pigments in Karnak (Lc Fur. 1994). and nalrojarosite. 
NaFe.i(SOj);(OH),,. Ornaments painted with these pigments 
show layers more lemon in colour and with more crystallization 
than in pigments made from ochre, iron oxides or orpiment 
(colour plate VII. f ig. I). An example is found in the mastaba of 
Akhcthetep from Saqqara (5th dynasty, 2500-2350BC. Louvre. 
EI0958; colour plate VII. f ig. 2). Backscattcrcd electron images 
of sample cross-sections reveal the morphology of these miner­
als. Frequently cubic or hexagonal, they are of medium size, 
generally 2 to 6 micrometres, but sometimes reaching 15 or 20 
micrometres (colour plate VII, f ig. 3). 

Scanning electronic microscope analysis indicates that the 
composit ion of these sulphates is more complex than that of 
jarosite and natrojarositc. Their SEM-EDSX spectra show the 
presence of much sulphur and iron, associated with potassium in 
jarosite and with sodium in natrojarositc. Substitution of sodium 
by potassium gives rise to intermediary components . The pro­
portion of these two alkaline elements can vary within a single 
mineral grain or layer of paint, as was found in the yellow used 
on the mastaba of Akhcthetep. Another phenomenon may be ob­
served on the coff in of Hcnem from Asyut (Middle Kingdom. 
Louvre, AF9757): the partial substitution of iron by aluminium, 
giving the mineral a different hue. The yellow decoration inside 
the coff in contains little aluminium, whereas that outside shows 
approximately 5 0 % of the iron substituted by aluminium, pro­
ducing a whitish tone. 

This jarosite group of minerals was identified on artefacts dat­
ing from the Old Kingdom (2700-2200BC) to the Ptolemaic 
period (332-30BC) and on the later Fayyum portraits. They re­
portedly occur in nature as a result o f alterations in iron oxides 
or pyritc caused by dry climatic conditions (Wallert. 1995). the 
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Fig. I. Absorption spectra of the two calcium copper silicates. O LRMF. S. Pages-Camagna. 
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type of iron sulphate produced depending on the geological con­
text. Another opinion, based on research into the deterioration 
patterns of pigments found on Ancient Egyptian monuments, 
explains the presence of jarosite as resulting from the advanced 
decomposition of an iron-bearing glass pigment containing 
potassium and sulphur (Schicgl el al., 1992). According to this 
view, the result would be complete substitution of the glass pig­
ment and a green or red-brown colour. 

Samples examined in the LRMF showed no traces of charac­
teristic marker elements from iron-bearing glass pigments. The 
thickness of the yellow layers averages 20 to 50 micrometres. 
The backscattcred electron images often reveal sulphate grains 
with a disorganized orientation, which proves their natural ori­
gin. For most of these yellow minerals, associations of potassi­
um, sodium and aluminium would seem to provide an addition­
al criterion of natural origin. 

Our investigations also showed that painters used these min­
erals in conjunction with other yellow pigments on one and the 
same object, including the coffin of Henem. Some motifs leave 
no doubt that the colour intended was yellow. The drapery of Ne-
fertiabet in the eponymous relief from Giza, for instance, is 
clearly meant to be made from panther's fur (4th dynasty, 
2620-2500BC, Louvre, El5591). 

Our tests, made on nearly 40 objects from the DAE. confirm 
that the presence of minerals from the jarosite group resulted 
from decisions made by Ancient Egyptian craftsmen to paint 
certain areas yellow. However, those tests do not permit us to ex­
clude entirely the possibility that jarosite may have been pro­
duced by the alteration of iron-bearing glass pigments. 

Egypt ian Green 

In addition to natural minerals the Ancient Egyptians made syn­
thetic pigments. The best known of these pigments is Egyptian 
blue, similar in structure to the Han blue found on the soldiers of 
the terracotta army (Wiedemann. 1998). With the exception of 
cobalt blue - another synthetic product, discovered on some-
painted ceramics from the 18th dynasty (Noll, 1981) - Egyptian 
blue was used for all blue decoration. The first such pigment is 
thought to have been made in Egypt itself, where it is found from 
the 4th dynasty through to the Roman period. It was in use 
throughout the Mediterranean area until the 7th century AD. 
Thereafter, knowledge of the recipe seems to have been lost. No 
Egyptian sources describe the process, but Latin recipes arc 
recorded by Vitruvius, Pliny the Elder and Theophrastus. Fol­
lowing the discovery of Egyptian blue in the wall paintings at 
Pompeii, the first attempts to investigate Egyptian blue recipes 
were made in the 19th century. 

The Egyptians also made a light green synthetic pigment, less 
well known than Egyptian blue and less frequently analysed 
(colour plate VII, fig. 4). This pigment, used as a substitute for 
turquoise colour and identified in the second half of the 20th 
century, has the same constituents as Egyptian blue - silicon, 
calcium and copper - and has been given an analogous name: 
Egyptian green. No recipe has been found or suggested, not even 
in Antiquity. 

The first hypothesis offered to explain the origins of Egyptian 
green was that a chemical process used to make Egyptian blue 
failed, producing instead a green colour owing to the uncxpec-
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Fig. 2. X-ray diffraction of samples of Egyptian green (a) and Egyptian blue (b). W = parawollaslonite. C = cuprorivaile. Q = quartz, T tridymite. 
P LRMF. S. Pages-Camagna. 

• 2. &&®(a)*itk&mb)mM x m m . w = mt&. c = m&m*. Q = w& T = HffiK. o LRMF. S. 

ted presence of iron in the raw materials, to mixing the ingre­
dients in incorrect proportions or to the firing conditions. Egyp­
tian green has also been seen as an intermediary product ob­
tained during the making of Egyptian blue and as the result of al­
terations in Egyptian blue itself (Schiegl et al„ 1989). The latter 
theory has not withstood analysis, which showed that the alter­
ation products were copper chloride or copper carbonate, neither 
of which occurs in Egyptian green. In fact, there is no evidence 
that Egyptian green resulted from a physical transformation of 
Egyptian blue. Moreover, the presence of both pigments on one 
and the same object but in different patterns indicates that both 
were used deliberately for distinct iconographical purposes. 

Despite this evidence, Egyptian green is still generally held to 
be a derivative of Egyptian blue. Indeed, the two copper silicate 
pigments are frequently confused with one another and with the 
items of faience and glass named after their colour. It was thus 
essential to eliminate all misunderstandings about these various 
copper-coloured materials. 

Analysis of ancient pigments from the DAE collection of sam­
ples, and our own specially made pigments, enabled us to define 
the physico-chemical properties and their relation to each anoth­
er. In order to understand better how they were produced, exper­
imental recipes were prepared in the LRMF consisting of a mix­
ture of calcium carbonate, copper oxide, pure silicated sand and 
sodium carbonate, heated together (Pages-Camagna. 1999). The 
powders were ground and mixed together with a little water. 
Structural analyses of green and blue archaeological samples and 

of our experimental samples revealed the great complexity of the 
materials after sintering. In fact, they appear to be composites, 
the result of a mixture of amorphous and crystalline phases: 
- Egyptian blue is characterised by the presence of cuprorivaitc 

(CaCuSi4O|0), a blue tabular crystal, firing residues such as sil­
ica (quartz and/or tridymite) and an amorphous silicate phase. 
The blue sample absorption spectrum shows two thin bands at 
12800 and 16200 cm 1 and a shoulder at 18800 c m ' . T h e colour 
of Egyptian blue derives from the presence of Cu : in a square-
plane environment in the crystalline cuprorivaitc It results 
from a mixture of compounds containing copper, calcium, sil­
ica and 1% flux around the cuprorivaitc stoichiometry. sintered 
in an oxidizing atmosphere at a temperature of 850-1100°C. 

- Heating different amounts of the same compounds - more cal­
cium and flux, less copper - at 950-1150°C under the same 
atmospheric conditions produces Egyptian green. It contains 
a copper-bearing parawollaslonite (CaSiOj) with 2% copper, 
residual silica (quartz and/or tridymite or cristobaiite) and fir­
ing residues, embedded in a silicated amorphous phase. At 
950°C and with up to 7% flux, tridymite replaces quartz. 
Cristobaiite appears at higher levels. Tridymite and cristo­
baiite never exist together. The amorphous phase induces a 
green absorption spectrum completely different from the blue 
one. The green spectrum has a unique broad band that reach­
es its maximum width at approximately 12000 cm '. This is 
consistent with the absorption spectrum of C u : ' in an octahe­
dral environment in an amorphous phase (fig. 1). 
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The firing residues of both pigments included metallic elements, 
among them tin and lead, indicating that metallurgists and pig­
ment-makers worked together. It is also notable that, with Egyp­
tian green. X-ray diffraction. TEM and Raman microscopy re­
vealed no visible deformation of the crystalline structure owing 
to the presence of copper in the parawollastonitc (fig. 2). unlike 
with iron-bearing wollastonites. 

Our research thus shows that, although Egyptian blue and 
Egyptian green arc provided from the same components and arc 
produced in very similar conditions, each is made by its own dis­
tinct process. 

Summary 

The Research Laboratory of the Museums of France examined 
polychrome objects in the Department of Egyptian Antiquities 
at the Louvre using such techniques as optical microscopy, scan­
ning electron microscopy coupled with an X-ray analysis system 
(SEM-EDXS), Raman microscopy and X-ray diffraction. This 
article presents new findings with regard to yellow and to the 
green synthetic pigment known as Egyptian green. They show 
that new data is still obtainable and that Lucas's standard work 
on the subject is in need of revision. 

References 

Colinart, S., "Jarosite et natrojarosite: Pigment ou alteration de la pein-
ture de I'Ancienne Egypte?", in S. Colinart and M. Menu, eds. La 

Couloir dans la peinture el I email/age de I'Egvpte ancienne, Bari, 
1998, pp. 95-101. 

Colinart. S.. E. Delange and S. Pages. "Coulcurs et pigments de la pein­
ture de I" Egypte Ancienne". Techne, 4. 1996. pp. 29^15. Sichc neuen 
Einschub. 

Le Fur, D., La Conservation des peinlures murales des temples de Kar-
nak. Ed. Rechcrches sur les civilisations, Paris, 1994. 

Colinart S.. Analysis of inorganic yellow colour in Egyptian painting in 
W. V Davies. ed. Colour and painting in Ancient Egypt. The British 
Museum Press. 20001, 1-4. 

Lucas. A.. Ancient Egyptian Materials and Industries, 4th edn. rev. and 
enl. J.R. Harris. London. 1962. 

Noll, W., "Zur Kenntnis altiigyptischer Pigmente und Bindcmi-
ttel", Neues Jahrbuch fiir Mineralogie, Montasheft 9, 1981, 
pp. 416-32. 

Pages-Camagna, S., "Proprictcs physico-chimiques d'un pigment 
vert synthetique egyptien: Coulcur, structure: recherche des techniques 
d'elaboration", doctoral thesis. University of Marne-la-Vallee, 1999. 

Sehiegl, S., K..L. Weiner and A. El Goresy, "Discovery of a Copper 
Chloride Cancer in Ancient Egyptian Polychromic Wall Paintings 
and Faience: A Developing Archaeological Disaster", Die Naturwis-
senschaften, 76. 1989, pp. 393^00. 

Sehiegl, S., K.L. Weiner and A. El Goresy, "The Diversity of Newly Dis­
covered Deterioration Patterns in Ancient Egyptian Pigments: Con­
sequences to Entirely New Restoration Strategies and to the Egypto­
logical Colour Symbolism", Materials Research Society Symposium 
Proceedings, 267, 1992. pp. 831-58. 

Wallert, A., "Unusual Pigments on a Greek Marble Basin", Studies in 
Conservation, 40, 1995, pp. 177-88. 

Wiedemann, H.G.. G. Bayer and A. Reller, "Egyptian Blue and Chinese 
Blue: Production Technologies and Applications of two Historically 
Important Blue Pigments", in S. Colinart and M. Menu, eds. La 
Couleur dans la peinture et I'emaillage de I'Egvpte ancienne. Bari, 
1998, pp. 195-203. 

&m mm- tm 
fiatmHk: mmt&tiLt&jMft 
mm 
tmttn&?;ft&RT.Jt*m\Tr%.&)'8im, ±®mz& 
m&mm&mM4^*&±mmmimm&.& 
mm&®mu&&: 
MmmwM&rtmmKisx. 

&mmtttmM±ms?*m*mz, a * 
r 5 S f f i * f t £ & » K ( f t f l J « l H 9 . 1 9 9 6 ^ ) . 

*B*m*W»S3Rt4»-**, M * i m ttiftfcStf 
*4» (P-Fim, 1962 * ) S f W * £ » A G ! f f l M # % = r i . 

*&&?tt&£Mtihft*mftimmti, mnmmmm 
<%m. i £ S 1 » « t 8 M f f l ! f c $ ! & £ < L R M F ) X t - « * # W * a ! 
t a . t : t t f f c f l f n A i i H f l < * « , tffflr?if«**>am7w 
« , a s $ * « # £ / 5 r * i r # & 2 i 2 ; # » ( D A E ) . 

&m%%&&m:?-mftm3im%itiM, 
« # * s * f i . £ & x # # t f £ & w a « f i f e t t ( S E M -

EDXS). e s M i a a w x j t f l j i t . a & f f f t M i f t & f i i 

S¥£»*H'fb*j«#, i f f t - s a w t t ^ i l g . 
&mtwmmmmMm&&i&Mwm&®M 

JirMiMR. 
»wx.^n&ttntsm±^ mitmmnz^, mnm^ta 
- m m . a * t t « f f * « * 4 » * A » : m m ^ m ^ . m . 

mmM&mwvm. i988 m. &m-yi%%&*\s\ 

Wfe&TtVl 2700-2200). 

wffiam, tt\mttit&&&iamto&ik, M*« 
fflTS^MiifeTrs, *ffi^tPFHMfi£>ft80, 

mmmzzft. ^imR^is.jmm^m 
w-. '£in*&%£MnM;%&m, g t ^ t t ^ M W h * . 
i ^ s f f i o aft«*4w«ffejt'e^wji««#5(cacusi40 l4). 

*4. ^&inmskSMm^. &R*miWtft&imn&* 
mmm. » i i» i^ai^T»&**'BiBW4j t e i i s : 
tafe^jl&ittNMfcMh R*j£MH*m, feftftMff 
%Tm*zji¥ttm&)mmim. 5&&mmia, 
ft^dtwxjfe^ffl, M%m&.%u£ihit5w.&T 2%nm 
w b-mn^m^VB. Js-mmimjikmmma 

1 9 9 9 ^ ) . 

S i f e M * . X f n £ # I 2 5 f c « & 7 * r W t t i R . 

88 


