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Abstract
Analysis of a stone flagon found on the surface of the early urban site of Shahdad (Kerman, Iran) has shown 
that the vessel contained a lead-based cosmetic. Other finds recovered from the same surface context suggest 
a dating within the second half of the fourth millennium BC or slightly later. X-Ray Diffraction (XRD), Scan-
ning Electron Microscopy equipped with an Energy Dispersive Spectrometer, Thermogravimetric Analysis 
(TGA), Fourier Transform Infrared Spectroscopy (FTIR) and Gas Chromatography with Mass Spectrometry 
(GC-MS) have been used to reconstruct the manufacturing techniques of the cosmetic. The substance was 
likely made of artificial lead carbonates. As our find and recent studies confirm that wet chemical processing 
of lead was common in the third millennium BC, the social implications of cosmetology in the early cities of 
the Near East and Middle Asia of the fourth–third millennia BC are briefly addressed. 
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and a mid-fourth millennium BC tepe to the east, up 
to a city of 80–100 ha in the second half of the third 
millennium BC (Fig. 2).3 However, this important site 
complex is still largely unexplored.

The traditional agricultural products of the farmers 
of Shahdad are palm dates and fruits, and centuries 
ago Shahdad was famous for its silk production.4 The 
environment of Shahdad is desertic (Dasht-e Lut), and 
the climate continental, i.e. hot and arid in summer, 
very cold and windy in winter. The landscape is spot-
ted by desert shrub vegetation on thick alluvial layers 
dissected by the wind into yardangs,5 with buried soils 
truncated by erosion and topped by crusts of evaporitic 
salts and carbonates. Yardangs cover the third millen-
nium BC settlement, but not the emerging fourth mil-
lennium BC mounded area (Tepes I and II, towards the 
eastern limits of the site, see Fig. 2). 

A chlorite6 flagon was found on the surface of 

3 Salvatori and Vidale 1982; Hakemi 1997; Kaboli 1997; and 
recent visits to the site by the authors. 

4 Gentelle 2003.
5 Meder 1979; Hakemi 1997: 25–37. 
6 Visual identification by MV, based upon his familiarity with 

this type of rocks, and analytically confirmed by the traces 

I. INTRODUCTION: THE FIND AND  
ITS CONTEXT

The archaeological site of Shahdad (ancient Khabis) 
is located in the north-western edge of the Lut des-
ert (30° 26′ 07, 78″ N, 57° 45′ 12, 01″ E, c. 430 m 
asl), about 65 km east of Kerman, eastern Iran (Fig. 
1). Growing between the peaks of Dahaneh-ye Ghar, 
Kuh-e Joftan and Sirch (c. 4000 m asl) and the Takab 
plains, at the edges of the endoreic fan of the river 
Derakhtangan, Shahdad was settled since at least the 
late fifth millennium BC up to the present.1 Besides 
the abundant surface and underground water,2 the 
town was a caravan routes’ crossroads, being located 
near important mineral resources. The specialisation 
of its craft communities in the production of copper 
and semiprecious stones explains part of the wealth 
of its Bronze Age graves (second half of the third to 
the beginning of the second millennium BC). Surface 
surveys show that the ancient town developed shift-
ing westward, from a late fifth millennium BC tepe 

1 Hakemi 1997; Kaboli 1997; Salvatori and Vidale 1982.
2 Gentelle 2003.
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Fig. 1. The location of Shahdad and of other important protohistoric sites of Middle Asia (F. Desset). 

Tepe I (Fig. 2 and Fig. 3), in January 2009, together 
with black-on-buff painted wall fragments with 
oblique bands and simple cross-hatched lozenge pat-
terns (Fig. 4), and many fragments of Aliabad conical 
ring-footed vases identical to those found in Mahtou-
tabad II-Iblis IV contexts in south-eastern Iran (Figs. 
5 and 6). This pottery is datable c. 3600–3300 BC.7 A 
large necked jar with a horizontal impressed ridge (Fig. 
7) and sherds with pierced ear and nose-like lugs (Fig. 
8) recall other late fourth millennium BC assemblages 
of the central-western Iranian Plateau. After careful 
scrutiny, no third millennium BC material was found 
on the surface of Tepe I. The chronological span of this 
context (with all the caution required by a surface find) 
may be hypothetically ascribed to c. 3600–2900 BC. 

The flagon, made of a dark green-grey chlorite, 
is a cylinder, 15.5 cm long and 3.6 cm wide at the 

of clinochlore detected in the X-ray patterns of the content: 
see below, Fig. 12b, layers 2–4).

7 Vidale and Desset in press; see Madjidzadeh and Pittman 
2008; Caldwell 1967. 

maximum expansion (Fig. 9). The mouth is slightly 
restricted (outer diameter on the lip 3.35–3.4 cm; inner 
mouth diameter c. 2 cm). The lip slightly protrudes 
outwards, and the base is flat. The wall below the rim 
is about 0.55–0.60 cm thick. So far it has no known 
comparanda.8 Recorded and sampled, the flagon was 
handed over to the archaeological representatives of 
ICHTO, Kerman. 

Preliminary chemical analysis by SEM (see details 
below) revealed that the substance sampled inside the 
flagon was a cosmetic mainly made of lead carbon-
ates (cerussite and hydrocerussite). In the following 
section we present and discuss the inner stratigraphy 
of the substance contained in the stone receptacle, as 
revealed by a careful micro-excavation. 

8 As confirmed by S. Salvatori (pers comm). The only excep-
tion could be a vaguely similar “cylindrical tall jar”, 10.2 
cm tall, 4.6 cm at the mouth, published in Madjidzadeh 
2003: 121, but without context and dating. 



 A C H L O R I T E  C O N TA I N E R  F O U N D  O N  T H E  S U R FA C E  O F  S H A H D A D  29

Fig. 2. Google Earth picture of the area of Shahdad and archaeological interpretation showing the location of Qaleh 
Kohneh, of the third millennium BCE settlement and the trenches opened by Ali Hakemi (trenches A, B, C and D) and of 
the eastern tepes I (fourth millennium BCE) and II (fifth–fourth millennium BCE). The star marks the area where the late 

fourth millennium BCE ceramics were observed and the chlorite container found on surface (F. Desset).

Fig. 3. Shahdad 2009, the chlorite flagon as found on surface.
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Fig. 4. Shahdad 2009, black-on-buff painted wall fragments with oblique bands and simple cross-hatched lozenge patterns 
(below) and overfired unpainted bowl (upper right). 

Fig. 5. Shahdad 2009, fragment of a conical footed Aliabad-Iblis IV vessel comparable to those found below the level of the 
third millennium graveyard at Mahtoutabad (Konar Sandal), dating to the middle of the fourth millennium BCE.
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Fig. 6. Shahdad 2009, ring foot fragments of the same 
conical Aliabad-Iblis IV vessels (see Fig. 5). Similar sherds 

are very common on the surface of Mound I. 

Fig. 7. Shahdad 2009, shoulder fragment of a large necked 
jar with a horizontal impressed ridge. 

Fig. 8. Shahdad 2009, ear-like lug from a restricted jar. 

Fig. 9. Shahdad 2009, picture and drawing of the cosmetic 
flagon in chlorite (F. Desset). 

II. EXCAVATION AND STRATIGRAPHY  
OF THE SHAHDAD FLAGON

The vessel found at Shahdad contained a soft and dark 
substance that sloped towards the vessel mouth. In 
order to control the effects of alteration, this was grad-
ually excavated stratigraphically with a steel scalpel, 
following its variable compactness and its changes in 
colour (Fig. 10). Each layer was considered an altera-
tion stage of the original substance, and separately 
sampled and labelled. Any contact with the bare hands 
was carefully avoided. Layer 1 was dark grey, soft 
and powdery; layer 2 equally soft and powdery, but 
slightly darker in colour; layer 3 was reddish-grey and 
its grain size seemed to increase; layer 4 was brownish 
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Fig. 10. The content of the chlorite flagon recorded in section (M. Vidale, F. Desset) with the material sampled from each layer. 

Fig. 11. The samples of layer 5 in detail. 
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in colour, more compact, and was removed in coarser 
grains and crumbled particles. Finally, layer 5, at the 
bottom of the filling, was pinkish grey, compact and 
very hard to remove; the flakes we took were levered 
off from the thinner upper extension visible in the sec-
tion (Fig. 11). 

III. ANALYSES

III.1. XRD and SEM-EDXRF analysis

XRD analysis was carried out in order to characterise 
each of the five layers. The compositions (Fig. 12) are 
almost identical, with prevalence of cerussite (PbCO3, 
best match with PDF 70-2052 and 76-2056). Layer 5 
(Fig. 12) reveals a single composition with PbCO3 and 
a minimal trace of quartz; besides cerussite, the other 
samples (Fig. 12), show the main peak of hydrocerus-
site (Pb3(CO2)2(OH)2, best match with PDF 10-401). 
Moreover, layers 1 to 4 (Fig. 10) show traces of quartz 
and clinochlore (Mg, Fe)6(Si, Al)4010(OH)8, PDF 
29-701). Quartz presumably entered the receptacle 
mainly in the form of fine aeolian and/or sedimentary 
sand,9 and clinochlore evidently came from the decay 
of the inner wall of the stone vessel. Layer 5 in the 
bottom (Fig. 10) contains only pure lead carbonate, 
without weathering or extraneous solid inclusions, and 
the other layers are only slightly affected by chemical 
alteration.10 

Observed using a SEM at low magnification, layer 
5 (Fig. 13) is an homogeneous, compact, fine grained 
and slightly porous lead compound with secondary 
peaks of calcium, carbon, aluminum and traces of sul-
phur. In a spot analysis, the microprobe found localised 
traces of copper, which is probably exogenous to the 

9 Even though it is not excluded that a very low amount 
of quartz was associated to the low quantities of calcium 
found by the means of FTIR and SEM-EDXRF, being pur-
posefully added to the lead carbonate, for example in form 
of a white clay or marl.

10 Experimental studies like Mercy et al. 1998, Martinetto et 
al. 2002, Welcomme et al. 2006 showed that the formation 
of cerussite depends upon local pH and PO2

 conditions, 
directly affecting each solubility product. Even though the 
substance might have originally contained both cerussite 
and fractions of hydrocerussite, its final state may be the 
output of complex alteration processes (partially reflected 
in the flagon’s stratigraphy) impossible to reconstruct in 
greater detail. 

substance (see below). At higher magnification (Fig. 
14), this amorphous phase shows localised tabular and 
complex wide crystals (c. 5 to 50 μm wide). At the 
centre of Fig. 14, the crystal of about 5 μm, at the top 
right, shows a trigonal symmetry marked by the basal 
face (rectangular shape, (001) form), with the emer-
gence of a singular crystallographic axe; the adjacent 
face, in contrast, has the shape of an irregular hexa-
gon, and belongs to the rhombohedral (112) form. All 
forms are fully compatible with cerussite. 

In this mass are evenly scattered minute compact 
crystals, with a marked and intense cubic cleavage, of 
galena (PbS), c. 50 to 200 μm in length (Fig. 15).11 
These tiny galena particles, resulting from metalloge-
netic processes, are below the detection limit of XRD, 
but were identified by SEM-EDXRF elemental analy-
sis. They are surrounded by a homogeneous film of 
molten lead, about 10–20 μm thick. Microprobe analy-
sis shows that these galena crystals bear some sulphur 
on the surface, but the same element is absent in the 
molten outer film, which is chemically identical to the 
groundmass. This confirms the pyro-technological ori-
gin of the base material, because sulphur was gradu-
ally removed by heating. In other words, these crystals 
are probably microscopic residues of the ore which 
survived in the following transformation stages of this 
substance. Pores might have contained tiny vegetal 
particles, still present in the lead mass as recognisable 
inclusions (Fig. 16).

III.2. TGA analysis

To determinate the amount of lead carbonates in the 
sample we ran a TGA of layer 4, altered but imme-
diately on top of the solid substance (20°C/min and 
100cm3/min of nitrogen flow) (Fig. 17). Lead carbon-
ates, by thermal decomposition, are transformed in lead 
oxide loosing between 200 and 400°C, in a complex 
way, water and carbon dioxide, in the amount of  13.7% 
for basic lead carbonate (hydrocerussite) and 16.5% for 
lead carbonate (cerussite) respectively. Above 900°C 
lead compounds start to volatilise.12 Although not iden-
tified by the means of XRD and FTIR, the TGA curve 
shows that the sample is made of c. 4% of calcium car-
bonate, confirming the presence of a certain amount of 

11 These crystals are apparently identical to those described in 
Grüner 2002, Walter et al. 1999 and Law 2011.

12 Hatakeyama and Zhenhai Liu 1998. 
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Fig. 12. XRD scan of layer 5, showing the match with PDF 76-2056 (PbCO3, cerussite) and comparison among the XRD 
scans of the five layers, showing the cerussite content and minor variations due to weathering and chemical alteration. H = 

hydrocerussite; Cl = Clinochlore; Q = Quartz. The rest of the peaks identify cerussite.
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Fig. 13. SEM picture of a sample of layer 5, in fracture (110 X). 

Fig. 14. SEM picture of a sample of layer 5, showing detail of cerussite crystals (9000 X).
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Fig. 15. SEM picture of a cubic crystal of galena (PbS) in layer 5. These crystals are c. 50 to 200 μm in length and 
surrounded by a thin layer of molten lead free from sulphur. In this study they are considered as residues of the mineral 

smelted to obtain the lead from which carbonates were obtained by the means of a chemical processing. 

Fig. 16. SEM picture of a vegetal micro-inclusion in layer 5 (1500 X). 
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calcium detected by the SEM-EDXRF analysis (weight 
loss above 600°C).

III.3. FTIR, GC and GCMS analysis

In order to identify any organic components, a sam-
ple fraction from layer 413 was extracted in dichlo-
romethane. The solution was deposited on a KBr disk 
and, after evaporation of the solvent, was analysed 
by infrared spectroscopy (FTIR). The spectrum (Fig. 
18) could not be interpreted univocally due to the low 
amount of organic matter. The signals at 2853, 2923, 
2954 cm–1 (C-H stretching) and at 1737 cm–1 (C=O 
stretching) suggest the presence of traces of oils or 
wax.

13 Layer 4 was selected for this and other tests (see above) as 
representing an average sample fraction of the whole con-
tent, being relatively well protected in the core of the fill but 
with a loose consistency on top of the solid layer 5.

To look for organic compounds possibly con-
tained in the substance, three samples (c. 0.5 g) were 
extracted by ultrasonic action with three aliquots of 
dichloromethane:methanol (2:1 v/v; 5 ml), silylated 
and analysed by gas chromatography (GC) and gas 
chromatography-mass spectrometry (GC-MS). These 
samples came from the top of the filling (layer 1), from 
the lower-middle part (layer 4) and from the solid grey 
substance recovered from the bottom (layer 5), respec-
tively. The amount of lipid in the sample was quanti-
fied with reference to internal standards (Table 1). 

TABLE 1. Amount of lipid found by GC-MS in  
layers 1, 4 and 5.

Code Layer and description Lipid ug/g
4192 top, layer 1 275
4190 lower-middle, layer 4 161
4189 bottom, layer 5 66

Fig. 17. TGA curve of layer 4, the weight loss showing that lead carbonates are present in the sample for a value included 
between 63 and 76% (for detail see text).



38 M .  V I D A L E  e t  a l .

The low amount of lipid on the sample from layer 
5 prevents easy interpretation as, despite its sealed 
context and the evidence that weathering (as estab-
lished by archaeological observation) was limited 
to the topmost layer, contamination from the narrow 
mouth of the flagon cannot be completely ruled out, 
as the depositional history of the stone container is 
unknown. GCMS analysis of this sample (4189, layer 
5) revealed the very low amounts of fatty acid methyl-
ester and aromatic hydrocarbons. 8-methylcoumarin 
was noted in this sample (m/z 160, 132, 104, 51). This 
is an aromatic compound derived from a range of plant 
species. It may be derived from other compounds, e.g. 
cinnamic acid derivatives, or be the natural compound. 
As 8-methylcoumarin was not found in the upper part 
of the filling (layer 1, most affected to weathering and 
sedimentary contamination), it might be endogenous 
to the sample, i.e. derived from the original ingredi-
ent of the white lead substance. However, apart from 
this, the chromatograms obtained from the upper “fill” 
layers (4192, layer 1, and 4190, layer 4), were quali-
tatively near identical to the grey substance in the bot-
tom layer (4189, layer 5). 

IV. DISCUSSION

The analytical work so far reported identifies the sub-
stance of the Shahdad chlorite flagon as a mixture of 
lead carbonates (about 70% of the total). Lead carbon-
ates have a well-known role in the history of cosmetic 
technologies as the base component of white facial 
make-ups.14 However, in many cases it was not clear 
whether lead carbonates found in ancient cosmetics 
were intentionally produced with a wet chemical proc-
ess or were a post-depositional transformation of more 
common lead sulphides like galena, generally used in 
the past, as in contemporary traditional cosmetics as 
dark eye-liners (kohl). 

When galena-based kohls found in archaeological 
digs are not transformed in burial, there is little doubt 
about their nature and function. When late Roman 
to early medieval “kohl tubes” from Palestine were 
found to contain only galena, the content was consid-
ered altered kohl.15 But if sulphides and carbonates are 

14 Nriagu 1983. 
15 Blanchard et al. 1992. 

Fig. 18. FTIR spectrum of layer 4. The signals at 2853, 2923, 2954 cm–1 (C-H stretching) and at 1737 cm–1 (C=O 
stretching) suggest the presence of traces of oils or wax, possibly added to the cosmetic as a binder. 
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encountered in the same substance, like in the Shah-
dad cosmetic, the question gets thorny. In similar cases 
analysts constantly wrestled with difficult distinctions 
between natural lead minerals, lead carbonates form-
ing in burial after the transformation of lead sulphides 
and similar substances, and carbonates artificially pro-
duced through wet chemical processing. 

For example, the content of another late Roman 
double-tube glass flask, analysed by XRD and SEM,16 
revealed anglesite and cerussite together with galena, 
and here the two former phases were considered as 
alterations of the last. The content, dark grey, with 
metallic sheen, appeared as “...very fine grained 
groundmass with hydiomorphic intergrown cubes of 
galena”.17 A very similar structure appears in some 
ancient Egyptian cosmetics and is described as follows: 
“Compounds of lead and chloride are aggregated with 
cubic crystals of galena that have well developed faces 
free of alteration”.18 These galena inclusions are very 
similar to the galena crystals in a wulfenite-graphite 
heterogeneous matrix found in a grave at Harappa19 

and in the substance discussed in this paper. 
Let us consider the problem of post-depositional 

alteration in closer detail. Cerussite and hydrocerus-
site are common secondary transformation products, 
both in the oxidised portions of lead ore and of cast-
worked lead objects (e.g. when carbonate or salt-rich 
solutions circulate in modern lead pipes).20 In deserts, 
such secondary minerals form on lead objects affected 
by limited but continuous wetting-drying cycles, when 
soils are rich in chloride anions due to local evaporitic 
processes.21 On lead buried in less extreme environ-
ments, CO2 in ground water or surrounding aque-
ous solutions forms small amounts of cerussite and 
hydrocerussite through surface dissolution. In burial, 
the precise ratio of each Pb carbonate depends upon 
micro-environmental factors, kinetics being affected 
by the pH and Eh of the local soils. This clearly sup-
ports the possibility that in many cases lead carbonates 
in ancient cosmetics are indeed secondary transforma-
tions of galena powders.

However, cerussite and hydrocerussite have been 
analytically identified as ceramic pigments used in the 

16 Grüner 2002.
17 Grüner 2002: fig. 5, 81.
18 Walter et al. 1999: fig. 1b and its caption.
19 Law 2011: fig. 12.32E. 
20 Kim and Herrera 2010.
21 Dermatas et al. 2004. 

fourth century BC,22 and as the base material of white 
make-ups from the Hellenistic-Roman period.23 Ulti-
mately, the high number of ancient cosmetics made of 
unaltered galena detected in the past in Egypt and in 
the Near East—in conditions of strong aridity—and 
in many other locations across three thousand years, 
makes it unlikely that lead carbonates are always 
secondary transformations of galena-based eye lin-
ers. Sources of the first century BC–first century AD24 
reveal that in Roman times white substances made of 
lead carbonates were intentionally and artificially pro-
duced. Lead oxide was ground and diluted into salted 
and sometimes carbonated water, and eventually added 
to black galena. White precipitates thus synthesised 
from galena were reputedly good for skin care and eye 
protection, from infections or from the sun. Cerussite 
or white lead was prepared by exposing lead sheets 
to acetic acid. Lead acetate formed first, then reacted 
with CO2 from the atmosphere to form lead carbonates 
(according to empirical data, the ratio Pb-carbonate/
Pb-hydroxylcarbonate is about 70 to 30%). Frequently 
quoted contemporary ancient authors (Plinius, NH 
4.175 and others including Vitruvius, Dioscorides 
and Celsus) describe in detail, with technical variants, 
the production of lead acetate and then carbonates by 
exposing lead sheets to vapours of vinegar and CO2, 
produced by decomposing dung and scraping off the 
shiny white efflorescence.25 In the Greek-Roman 
world artificial white lead was the commonest facial 
make-up, the background colour of which strongly 
contrasted with galena-based dark eye-liners. 

IV.1. Wet chemical processing of lead in the Bronze age

But how old exactly are these technologies of wet 
chemical processing? Have they been positively iden-
tified in the Bronze age of the Near East and southern 
Middle Asia? Graham found lead carbonates in two 
cosmetic pigments—light blue and black—from the 

22 Eastaugh et al. 2004: 91, s.v. “Cerussite”.
23 Dayagi-Mendels 1993; Welcomme et al. 2006. Donato et 

al. 1975: 78–79 report that while sources of the fourth cen-
tury BC like Aristophanes and Xenophon mention a wide-
spread use of white lead facial make-ups, other authors 
would reveal since the second century AD a shift to white 
foundations made of silicates, perhaps because the harmful 
effects of lead on human health had been gradually realised.

24 Reviewed in Walter 1999; Walter et al.1999.
25 Colombo 2003: 78–79.
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Royal Cemetery of Ur (about 2400–2300 BCE), but 
stated that they had formed in the ground through the 
alteration of lead oxides.26 Bimson analysed some 
light coloured pigments from the same site, finding 
hydroxy-apatite from calcined bones, and stated that 
cerussite might have been added to green pigments for 
diluting the hue.27 The evidence here is still partial and 
not conclusive.

In Egypt, where cosmetics were frequently found 
in ancient burials and the generally dry climate makes 
strong post-depositional alteration less probable, the 
evidence of intentional manufacturing of artificial 
lead carbonates has been considered very limited. For 
example, A. Lucas reported eye-liners or kohl made 
of malachite or galena and mentioned as face paints 
red iron oxides, particularly hematite.28 He noted the 
prevalence of ground galena (forty out of sixty-one, 
about 65% of the cases), followed by manganese 
oxide, brown ochre, malachite and in a few cases lead 
carbonate, applied with water or a gum. Fatty matter 
was apparently absent.29 Lead carbonates were never 
used in Egyptian painting,30 nor is cerussite listed in 
an updated inventory of white materials including 
calcite, gypsum and huntite, powdered shell and cut-
tlefish bone, powdered and calcined bone.31 

Recent studies are, however, changing this picture 
radically. When gas chromatography, FTIR spec-
trometry and powder XRD were used on forty-nine 
ancient Egyptian cosmetics at the Louvre, one dating 
to the early second millennium BC,32 about 75% of 
the analysed cosmetics turned out to include lead car-
bonates. Animal grease had been added as a binder for 
crushed ore of black galena and cerussite, this latter 

26 Graham in Woolley 1934: 248. 
27 Bimson 1980; see also Moorey 1999: 138–39, and Benoit 

2010: 314. 
28 Lucas 1948: 99–104.
29 In the last century, another kohl material was carbon (lamp 

soot) sometimes mixed with galena. Eighteen contempo-
rary kohl samples purchased in Cairo were recently ana-
lysed using X-ray diffraction (XRD) and scanning elec-
tron microscopy (SEM), as reported in Hardy et al. 2004. 
Galena was the most common component (six cases, 30% 
of the cases), followed by carbon, calcite, cuprite, goethite 
and talc mixed with carbon (for contemporary kohls in the 
Middle East and their poisonous effects see also Parry and 
Eaton 1991; Rahbar et al. 2002; Cartwright-Jones 2005; 
FDA US Food and Drug Administration 2006).

30 Colombo 2003: 38-40; Mariottini and Vigliano nd. 
31 Lee and Quirke 2000: 114–15. 
32 Walter 1999; Walter et al. 1999. 

entering the composition of grey-to-white make up. 
Other white constituents were laurionite (PbOHCl) 
and phosgenite (Pb2Cl2CO3). If in contact with carbon-
ated and chlorinated waters or wetting cycles, these 
complex minerals might form by chemical alteration 
and ageing of the analysed cosmetics. As no evidence 
of alteration was found in the forty-nine recipients, 
laurionite and phosgenite were, however, interpreted 
as intentionally manufactured. Thus, these studies 
unexpectedly revealed that wet chemical processing 
was common in the Egyptian courts of the early sec-
ond millennium BC.

Moreover, there is growing evidence that the 
production of artificial lead compounds as colouring 
substances was common in the third millennium BC 
as well, from the Mediterranean to the Indus. At the 
third millennium BC settlement of Akrotiri on Thera 
(Greece), stone tools with traces of lead oxides were 
used in preparing pigments.33 Cerussite make-ups 
might have been largely in use in the cities of the 
Iranian plateau of the third millennium BC, as many 
graves of the cemeteries of Shahdad (second half of 
the third and beginning of the second millennium BC) 
are said to have contained white make up with lead or 
silver powders.34 Cerussite was also identified in stone 
and ceramic receptacles both at Mohenjo-Daro35 and 
Harappa,36 the early urban settlements of the Indus 
Civilisation, dated c. 2600–1800 BC. 

White cosmetics found in the graves of Adji Kui 
in Margiana, Turkmenistan (late third or early second 

millennium BC) included apatite, gypsum and calcite, 
but also cerussite and laurionite.37 Recent analyses of 
cosmetic residues within receptacles of the third–sec-
ond millennia BC from Eastern Iran and Central Asia 
at the Louvre, carried out by E. van Elslande and oth-
ers, would also reveal a deliberate use of (artificial) 
cerussite.38 

33 Sotiropolou et al. 2010. 
34 Yaghmaie 1999, quoting M.A. Kaboli, one of the excava-

tors of Shahdad; but no analytical evidence is provided. 
35 Sana Ullah 1931 and Mackay 1938: 665
36 Vats 1940: 312. Results summarised in Chandra 1973 and 

Subbarayappa 1999. See also Law et al. 2010 and Law 
2011: 426–32, figs. 12.28, 12.29.

37 Rossi-Osmida 2007: 266–68, but the documentation is poor 
and confusing.

38 Benoit 2010: 314. 
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V. CONCLUSIONS

V.1. Summary and final remarks about the content

The Shahdad substance was sealed in the bottom of 
a narrow, impermeable and chemically stable stone 
receptacle, and the XRD patterns of the five layers 
(Fig. 12), in spite of an evident textural and chromatic 
alteration, do not show major chemical variations in 
the bulk. On the contrary, the less altered bottom layer 
1 only contains pure lead carbonate, and there was no 
evidence of growing amounts of galena as we dug into 
the core of the content. Galena crystals visible in the 
cerussite ground mass, doubtless exposed to firing and 
melting on the surface with a gradual loss of their sul-
phur content, are interpreted as original inclusions of 
the lead slabs or lumps treated for the chemical extrac-
tion of white lead carbonates. In short,39 the Shahdad 
substance had been most likely obtained with an arti-
ficial process similar to those described by the ancient 
Greek-Roman authors. 

The search for fatty substances and other organic 
components was not conclusive, due to their low 
amounts and the impossibility of assessing the risks 
of contamination by solutions from the surrounding 
environment. FTIR analysis showed limited residues 
of fatty substances, and if 8-methylcoumarin in the 
lowermost layer is actually endogenous, it might have 
been introduced as the ground herb or spice whose 
fragments are still visible in the substance (Fig. 16). 
Coumarins in cosmetics might have had a purely aro-
matic or even a medical function.40 

The recipe included silicates and calcium com-
pounds (from a fine, light clay?), an unknown vegetal 

39 Contra Grüner 2002 and other previous interpretations. 
40 See Feurer 1974. Coumarins are present in species of 

Umbrelliferae (Apiaceae), Fabaceae and Rubiaceae 
(Dewick 2009). Among Umbrelliferae range carrots, cumin 
(Cumynum cyminum, used at the site of Shahr-i Sokhta, in 
the Iranian Sistan, in the third millennium BCE, see Costan-
tini 2003); Centella asiatica is still used for the treatment 
of venous and skin diseases, see Indena 2011. Other candi-
dates could be Anthoxantum odoratum (the vanilla-scented 
sweet vernal grass); cinnamon (different species of the fam-
ilies Lauraceae and Fabaceae); galium odoratum (or wood-
ruff, family Rubiaceae); species of the genus Verbascum 
(commonly mullein, family Scrophulariaceae) and Lavan-
dula (commonly lavender, family Lamiaceae). Coumarins 
have been also found in date palm leaves, as reported in 
Mohamed et al. 2001: 5–11; and Morton 1987: 10.

component, small amounts of organic materials like 
binders (oils or wax), and possibly an aromatic ingre-
dient. Faint traces of copper may have been left by a 
copper applicator like in a flagon from Palestine.41

V.2. Historical implication of this discovery

This cerussite-based face-paint or foundation42 
appears to have been a kind of prehistoric safıdāb 
(literally “white water”, lead-based whitening face 
make-up), according to Qajar period texts describ-
ing the haft qalam ārāyesh, also haftvand or har 
haft (“all seven together”), the full cosmetic kit for 
women.43 Were it of the late fourth (as suggested by 
the surface context) or third millennium BC, it is one 
of the earliest products of this type ever identified in 
the Near East and Middle Asia. In ancient Egypt and 
Mesopotamia, the role of lead-based pigments and 
their technologies were underestimated, until new 
research44 placed the beginning of wet chemistry 
processes and of complex cosmetology in Egypt in 
the early second millennium BC. We are currently 
realising that cosmetics made with artificial lead 
carbonates were widely used in the third millennium 
BC from the Indus Valley to the Iranian Plateau, Cen-
tral Asia and perhaps Greece. The Shahdad flagon 
might consequently re-date the innovation to the late 
Chalcolithic age, at the time of the so-called “Uruk 
expansion”.45 

V.3. Final consideration on cosmetology

Cross-cultural factors of facial attractiveness46 include 
youthfulness, skin homogeneity and luminance, con-
formity or similarity of the face to the population aver-
age, sexual dimorphism and bilateral symmetry of the 

41 Grüner 2002; see also the Bronze-age burials at Shahdad 
and in Margiana, where many flagons still retained their 
pin-applicator: Pottier 1984: pl. XVIII, 119; XIX, 127; 
XXI, 155; XXII, 160; XXIII, 164 and 165; Hakemi 1997: 
gr. 113, 269; Rossi-Osmida 2007: fig. 1, 262; in the same 
volume, 288; Farmanfarmaian 2003: pl. 4. 

42 Eastaugh et al. 2004: 91; Gettens et al. 1967. 
43 Farmanfarmaian 2000; 2003.
44 Walter et al. 1999; Ungar et al. 2002. 
45 Alden 1982; Algaze 1993; 2008; Moorey 1999: 93; Pollock 

2006: 78–116; Potts 1999.
46 Russel 2011: 186–91. 
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face. Besides concealing perspiration and skin defects, 
a white face might have granted a greater contrast with 
eyes and lips, creating a super-feminine distinction. 
Facial attractiveness, enhanced by cosmetics, could 
manage a positive reaction by onlookers and subordi-
nates.47 Brighter, more uniform faces—no matter how 
harmful lead was to the person’s health48—could have 
provided dominating personages with the unnatural 
complexions required by new virtual identities and 
official roles. It is not by chance that the word “cos-
metic” refers to the Greek word for beauty, but also 
conveys ideas of totality and absolute order. Cosme-
tology, like writing, was a sophisticated technology 
for organising and managing social interaction, stra-
tegically linked to the development of early urban 
civilisations. 
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