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Paint Layers and Pigments on the Terracotta Army: A Comparison with Other 
Cultures of Antiquity 

Today it is the terracotta itself - mostly gray, in parts reddish -
that determines the chromatic impression made by the excavat­
ed clay warriors, but originally the terracotta figures were 
colourfully painted in rich contrasts. This polychromy was es­
sential to the perception and appearance of the army. Research 
indicates that the extravagant polychromy of the clay figures is 
to be viewed as an imitation of the real appearance of the mili­
tary uniforms of Qin Shi Huangdi's army: "The colours of I he 
clothes reflect the appearance of the Qin army and prove thai in 
the Qin Dynasty the colours of the army uniforms did not mark 
differences of rank. "' It is assumed that the Qin soldiers provid­
ed their own uniforms, having their clothes sewn from available 
materials. One soldier, for instance, wrote to his mother "[You 
should] look for low-priced silks or cottons which can he used to 
sew shirts and jackets. " : The investigations undertaken so far 
give a fairly precise concept of the many colours and of the 
painting techniques used for the polychromy. 

Fragments with flesh-coloured pigments and/or remnants 
thereof make it clear that there is a great variation among flesh 
colours. Skin tones range from light to dark and from warm to 
cool pink; perhaps this was to more clearly characterize the im­
perial army, which was recruited from various peoples of differ­
ent kingdoms. "In the 26th year of his reign (221 BC) Ch 'in 
Shih-huang-ti annexed all the feudal lands under the heavens, 
brought peace to the people and declared himself the sole sov­
ereign." As a broken piece documents, the fingernails are done 
in white on top of the flesh colour. The pupils were left blank 
within an otherwise white eyeball, so that the dark brown lac­
quer of the ground remains visible. The hair likewise is the 
brown colour of the lacquer g round being untreated with further 
colour. 

Individual pieces of clothing are set in contrasting colours, for 
example a red top with blue pants. According to findings so far, 
the dominant colours for the costumes arc red, green, blue and 
purple, more seldom yellow and white1. So far no black has been 
found. Details such as collars or the hems of sleeves are set off 
in other colours. The uniform belts and the borders of the armor 
are mostly decorated with finely drawn and painted geometrical 
patterns. Chinese archaeologists have drawn up a detailed re­
construction of these patterns (colour plate IV, fig. 5-7). 

The armament that the clay warriors wear over their clothes 
depicts leather armour made up of many plates, which frequent­
ly are held together by small green or red ties5. At stomach and 
shoulder level additional red fabric ribbons join the plates to­
gether, allowing the armoured body to move more easily. The ar­
mour plates are coated with brown lacquer to represent leather." 
Grave findings from the Zhan-Guo Dynasty7 (Age of the War­
ring States, 481-222 BC) substantiate that the kingdom's sol­
diers used shields and armor of leather that had been impregnat­
ed with lacquer. Impregnation was necessary to harden and sta­
bilize the leather. The plates of the armour on the Qin terracotta 
soldiers arc also coated with lacquer for the sake of realistic de­
piction. The fact that lacquer, rather than a paint layer of brown 

pigment, was used to colour the armour plates supports the the­
ory that the terracotta army is to be regarded as an imitation of 
the real Qin soldiers. 

A certain tension between the three-dimensional forms and 
the polychromy of the clay figures can be detected on the fol­
lowing details: Where there is only a layer of lacquer (as the 
ground) - i. e., where no thick-layered application of pigment 
was planned - the terracotta was always very carefully and indi­
vidually worked. For instance, the hair on the figures is precise­
ly incised, the soles of the shoes and the plates of the armour arc 
differentiated. The light reflexes of the extremely thin lacquer 
layer make it easy to discern the finely incised decoration in the 
clay. In contrast, the sculptural elements that are covered with 
polychromy lack this finely detailed treatment. The pigment lay­
ers are conspicuously thick. This indicates that there was a fore-
sighted overall plan for the appearance of the clay army already 
at the t ime that the f igures were modelled, and that this plan took 
the differentiations in the polychromy into consideration. 

The army of the First Emperor is characterized by such details 
as the differentiated flesh tones, the hair and pupils glowing with 
lacquer in contrast to the matte skin, the colour contrasts on in­
dividual garments, the f ineness of the incisings and of the han­
dling of the terracotta surfaces, and the geometric border orna­
mentations. The different optical effects from surfaces treated 
with lacquer or with pigment suggest the materiality of the sub­
stance - leather or textile - that was being imitated. All of these 
techniques made it possible to produce a colourful, 'al ive' and 
realistic army, created for the eternal soul of the emperor in an 
underground world without light, never intended for the eyes of 
strangers. 

Even if the terracotta army is an imitation of the real army, 
there is still the possibility that the pigments and polychrome 
materials could have further significance and meaning. It is par­
ticularly conspicuous that very expensive, precious, artificially-
made pigments (cinnabar, malachite, azuritc, orpimcnt, bone 
white, Han purple and Han blue) arc documented for the poly­
chromy of the clay warriors. Thousands of f igures are painted 
with high quality pigments, of which an enormous quantity was 
needed. Yellow or green earth colours, i. e., cheaper and less 
colour intensive natural products, have so far not been identi­
fied. Whether these costly pigments document the luxury of the 
emperor or emphasize the status of his army, which had a pre­
eminent importance during his reign, is an open question. Mate­
rial value and aesthetic standards supplement one another in the 
case of an imperial patron." Valuable and costly painting materi­
als were also enjoyed hy the Roman emperors, but were de­
nounced by Pliny the Elder as a waste: The pigments "that be­
long to thefloridi", or 'blooming', luminous colours, preferred 
by the ostentatious patrons because of their splendid appear­
ance and their extravagance, were therefore not included in the 
supply contracts but had to he paid for separately or acquired by 
the patron. ""' Vitruvius documents the emperor's love of ' luxu­
ry ' pigments "with expressly sharp rebuke of the degenerate 
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taste that places value only on the cost of the pigment and not on 
artistic execution."'' 

In contrast to the Chinese and Roman desire for expensive 
pigments - on the part of emperors separated by worlds - in an­
cient Greece the effects of different ochre tones, the colon ous­
ted of the so-called four-colour painting, were crucial. "To 
bring the art of the brush (i. e., of painting in its narrower sense) 
to fruition it was necessary to employ the pigments in richer nu­
ances ...In this period four-colour painting was a consciously 
practiced colouring that apparently was intended to represent 
traditional values."'* Even if four-colour painting is a technique 
for wall paintings and not for sculpture, a painted polychrome 
design is also documented on Greek sculptures, for example on 
small terracotta figures from the 5th century BC with their sur­
viving paint: "In the depths of the folds of their garments the 
large robedfemale figures on the gable of the Parthenon exhib­
it abundant remnants of a black pigment that apparently was in­
tended to strengthen the natural shadow in the depths of the 

folds as well as the overall play of light and shadow on the fig­
ures. The same technique is found on the clay figures. The clay 

figure of a woman shown in a dance step wears a coat whose 
folds are in part flatly modelled. Only veiy strong brush strokes 
in a brown-red ochre strengthen the relief of the robes."14 For a 
correct interpretation of the iconological meaning of the pig­
ments one must moreover take into consideration that, in con­
trast to the mighty temples of the Greeks, the terracotta soldiers 
were not created for a 'magnificentia publica' . The army was in­
tended as a ' luxuria privata' of the emperor, for his underground, 
eternal life. 

Painting Technique, Polychrome Build Up and Painting 
Materials 

The fragments show differences in the build up of the paint lay­
ers. The build up consists of a dark brown lacquer ground, either 
one or two layers deep, followed by pigmented layers. It is not 
known if the terracotta surface was impregnated with a material 
that can no longer be identified today, before the ground was ap­
plied. The possibility of an impregnation is suggested by the lack 
of adhesion and by the absence of any discoloration of the terra­
cotta because of penetration by lacquer. The sap of the East 
Asian lacquer tree Toxicodendron vernicifluum (Chinese: qi; 
Japanese: urushi) is in any case a component of the brown to 
dark-brown ground, the lowest identifiable layer on the terracot­
ta surface15 . Investigative methods included infrared spec­
troscopy, micro-hydropyrolysis, microchemistry and the scan­
ning electron microscope. The two-layered ground, about 0.1 
mm thick, is very sensitive to changes in moisture and reacts to 
loss of moisture with extreme shrinkage in volume, visible in 
drastic shrinkage-induced craquelure and severe arching of the 
existing scales. It is this extreme reaction of the ground to the 
loss of moisture that makes such complex conservation work 
necessary to preserve the polychromy. Apparently additional or­
ganic elements were mixed with the lacquer used to cover the 
clay figures; these additives could eventually explain the pecu­
liar, extreme tension of the ground layer. It is still not known if 
the clay f igures were painted according to techniques typical of 
the time, or if these techniques were used only for this grave 
complex. Polychromy work with comparable characteristics and 
conservation problems is unknown in the literature. Nonetheless 
it cannot be ruled out that similar polychromy has been lost in 

excavations. Cheng Tc K'un describes bronze and clay findings 
from the Western Chou era that were coated with lacquer: "...the 
decorative lacquer surfaces had flaked o f f . . . sometimes traces of 
the original lacquer surface may be seen.""' Miinchen-Hclfen 
mentions a white drawing on a frieze with a lacquer ground in a 
grave chamber in Lo-yang from the pre-Han era: it could be 
rubbed off easily.17 The build up of the paint layers on small fig­
ures dating from the Han era, found at the grave site in Yang 
Ling, is similar to that on the terracotta soldiers.18 The pigment 
layer on top of the highly tension-ridden lacquer ground is mat­
te and water soluble, as on the terracotta figures. 

Through studies in Munich the following pigments could be 
identified on the polychromy of the terracotta warriors: natural 
cinnabar, malachite and azurite as natural pigments; bone 
white1'1 and so-called Han purple as artificial pigments2". This is 
the earliest documented use of Han purple in China. It is un­
known in European painting. 

The pigments are variously used: there are layers of pure 
pigments as well as layers of pigments with small amounts of 
additives and layers o f ' t r u e ' mixtures. Cinnabar was used with­
out mixing for the reds. Small additions of cinnabar were found 
in the malachite on the green ties on the armor. Some white 
layers on the garments contain Han purple. The flesh tones 
and the purples, for example, were mixed together. Typical for 
all the flesh tones is the peculiar thickness of the layer (up to 
0.20 mm), probably necessary to cover up the dark coloured 
ground. The number, colour and strength of the layers vary on 
the flesh tones (colour plate IV, fig. 1-7). 

The following layers were identified on fragments with flesh 
tones: 
- The flesh tones on a hand : i arc applied in two layers over the 

ground; the lower layer is white and very thin, the upper one 
pink and thick. 

- The f inge r" of a different figure has a thin orange layer be­
low and a thick layer of pink pigment above. 

- Over a thick orange-coloured l a y e r ' (bone white and 
cinnabar) there is a thin, light pink layer. 

- On one fragment the pink-coloured flesh shows a homoge­
neous pink-colored matrix consisting of a few grains of red 
pigment and white "clump"; Bone white and cinnabar are 
documented. The rose-coloured matrix is achieved using ex­
tremely finely ground cinnabar. Colourants materials in the 
flesh layers have not yet been identified. 

Observations on the Use of Pigments in Ancient China 

The following overview on the use of pigments is based on an 
analysis of the rather limited literature that is available and 
draws parallels to western painting techniques. 

Cinnabar 

As a pigment cinnabar (Chinese: tansha) is already documented 
in the Shang Dynasty (ca. 1650-1050 BC) on incised inscrip­
tions on oracle bones, : J there is evidence of the use of cinnabar 
on lacqucrware from the Zhanguo Dynasty (480-221 BC).25 The 
largest deposits of cinnabar arc to be found in China and Japan.'1 ' 
The highest quality, chensha, was found in Chenzhou (Hunan 
Province) ." The 'magic elixir ' (Chinese: pu su chih ts 'ao) : ' \ 
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cinnabar was an extremely important material in ancient Chi­
nese culture and alchemy.-"' Liu An (179-122 BC/Westcrn Han 
Dynasty) already knows that "red cinnabar is in truth mer­
cury ' . '"The extraction of mercury from natural cinnabar was al­
so known to the Romans in the first century BC. Vitruvius re­
ports "When the veins of ore are excavated many drops of mer­
cury separate out as a result of blows from the iron tools; they 
are immediately collected by the miners ... When the ore has 
been taken out of the oven the little drops of mercury that are 
precipitated cannot be collected individually because of their 
small size but rather are swept togther into a vessel with water, 
where they combine, flowing together into a mass. "n 

According to Wang Kuikc, the artificial production of 
cinnabar from mercury and sulfur - synthcthic cinnabar (Chi­
nese: yinzhu) - is "probably one of the earliest chemical com­
pounds created by man. It can be counted among the most re­
markable achievements of early chemistry. ' : In the book of 
Master Baopu (284-364) Gc Hong reports that "cinnabar, if it is 
heated, results in mercury, which after many transformations re­
gresses to cinnabar again. "" More detailed information on the 
relationship of mercury and sulfur and their synthesis into 
cinnabar is found in the Tang period (618-907) in the "Meta­
morphosis of'Mercury".14 Around this time the Chinese discov­
ery became known in Europe, via Arabian'" culture. 

It is not possible to establish exactly when man-made cinnabar 
first began to be used in place of natural cinnabar in painting; the 
use of artificially manufactured cinnabar is documented on red 
lacquerwarc in the Ming Dynasty (1368-1644).36 

Cinnabar is unknown in ancient Egyptian painting1 and in the 
early Mesopotamian cultures." There iron oxides such as 
hematite and burnt yellow earth served as red pigments."' Egypt 
did not have any cinnabar deposits. In Persia, on the other hand, 
natural mercury sulfide and hematite have been found on paint­
ed architecture, for instance in Persepolis (c. 520-330 BC).40 

In contrast to China, where natural cinnabar is already known 
as a painting material in the Shang Dynasty (1650-1050 BC). in 
the West the mineral was discovered around 400 BC, according 
to historic sources. In his Naturalis Historia Pliny the Elder 
quotes Thcophrastus41, according to whom cinnabar was "dis­
covered by the Athenian Kallias (405 BC), who originally hoped 
to be able to melt a red stone from the silver mines into gold. But 
cinnabar was already found in Spain at that time, although in a 
harder and sandier stale ... The Greeks call cinnabar dragon s 
blood (kinn...baris) ... That is also what they [the Greeks] call 
the manure-like liquid of a dragon squashed by the weight of a 
dying elephant, when the blood of the two animals mixes ... 
There is however no other pigment in painting that renders 
blood so characteristically. "4: 

According to Rhousopoulus41. cinnabar (also called 'minium* 
in classical sources) was already used before the time of 
Theophrastus; the pigment has been documented on poly-
chromed limestone figures from the 6th century BC in the 
Acropolis Museum in Athens. Cinnabar was very popular with 
the Romans and was not only one of the "inter pigmenta mag-
nae auctoritatis "**, but rather also had ritual significance.45 The 
pigment is documented in Pompeii.4" Deposits were located in 
Spain and Ephesus.4 According to Pliny the Elder cinnabar was 
mainly imported by the Romans from Sisapo in Spain, but it had 
to be processed in Rome. "// ;'.v not permissible to finish and ren­
der the cinnabar in Spain; the crude ore is brought sealed to 
Rome, about 2000 pounds a year. "4* According to Pliny the 
highest quality cinnabar was found in Ephesus. 

Malachite and Green Copper Pigments 

In the Qin Dynasty (221-206 BC) the pigment malachite (Chi­
nese: kongqing, shih lu) is documented not only on the poly-
chromy of the terracotta army but also for instance on the wall 
paintings in Xianyang (Shaanxi Province).4 ' 'The malachite used 
to paint the terracotta figures is pure: the copper carbonate does 
not contain chloride. In the Mogao grottos in Dunhuang (Gansu 
Province) the use of malachite as well as of atacamitc as a green 
pigment is proven.50 

According to Yang Wenheng. copper ores were mined on a 
large scale in China already before the 11th century B C . " In 
1974 a copper mine from the Spring and Autumn era (770-476 
BC) was found on Tonglii Mountain in Daye, in Hubel Province 
southeast of Wuhan Province: a rich deposit that contained large 
amounts of malachite in addition to chalcocite.5 : According to 
archaeological discoveries from other pits in this mine, it is cer­
tain that the mine was worked from the Age of the Warring 
States up until the Han era, i.e., f rom the 5th century BC until 
the 3rd century A D . " During the Song Dynasty (960-1127) 
malachite was recovered on the You River (Jangxi Province).54 

Further deposits are found in Huize, Dongchuan and Gongshan 
in Yunnan Province.55 

In the West the copper deposits on Cyprus5 ' ' , in the Sinai57 and 
in Armenia5* were famous: this is also the source of the term 'ar-
menium'-'' used by classical authors for the green pigment. An 
early use of malachite in Egypt is documented on the wall paint­
ings of the 4th Dynasty (2600-2423 BC) into the period of the 
New Empire (1580-1085 BC)."' In Europe the pigment is found 
in Pompeii"1: in Persia in Persepolis (520-330 BC)"2. In Pliny 
malachite is described under the term chrysocolla. ' ' ' 

Today there are doubts concerning the documentation worked 
out c. 30 to 40 years ago regarding the historical distribution and 
use of malachite."4 Recent investigations more and more fre­
quently document copper carbonate with a chloride content. The 
presence of atacamitc has been variously interpreted: on the one 
hand it is assumed that the chloride-containing copper mineral 
is a reactive product from malachite"5 or also f rom Egyptian blue 
and Egyptian green""; on the other hand, that natural or synthet­
ically manufactured6 7 copper compounds with a chloride con­
tent were used as green pigment. 

Blue Pigments 

In early China probably only azurite (Chinese: hence) was used 
as a natural blue p igment . " Azurite was employed in painting by 
at least 250 BC, as evidenced by the polychromy on the terra­
cotta army and by wall paintings from the Qin period. Azurite is 
also found on wall paintings from the Yuan Dynasty (1279-
1368)"'' in Hcnan Province and on Buddhist wall paintings f rom 
the Ming era (1368-1644) in Shaanxi Province70. 

Like the Egyptians, the Chinese also produced an artificial 
blue pigment, so-called Han blue, a barium copper silicate (Ba-
CuSi4O10). The chemical compound of barium copper silicate 
is very similar to that of Egyptian blue, a calcium copper silicate 
compound (CaCuSijOm) .7 1 Vitruvius passed on the production 
method for Egyptian blue, which docs not differ essentially f rom 
that for Han blue ." According to Wiedemann and Bayer73 "cop­
per sulfides were used together with barile and silica sand or 
quarzite to make the pigments." Baritc deposits ( B a S 0 4 ) can be 
found all over China.74 Han blue was first discovered in 1983 by 
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West FitzHugh and Zychermann on painted terra-cotta from the 
Han era (206-220). 5 It is not known if artificial barium copper 
pigments were produced before the Qin Dynasty. 

According to Noll, azurite and lapis lazul i" "have not been 
found in a single case'- on ancient Egyptian wall paintings. 
Only Spurell finds azurite on the painted eyebrows of a mummy 
from the Fifth Dynasty (2563-2350)78 and on paintings from the 
18th Dynasty (1580-1314 BC)7". In general the dominant opin­
ion says that there was no interest in azurite in ancient Egypt be­
cause it was unstable: it was replaced by man-made Egyptian 
blue. The latter can be traced back to the Fourth Dynasty 
(c. 2600 BC). on painted stone sculptures and wall paintings/" 
The precious recipe for the production of Egyptian blue was 
adopted by the Romans ." Known in Latin as cacruleum aegyp-
ticum, Pompeii blue or veslorianum"'. this blue pigment has 
been documented in Pompeii.81 Azurite and lapis lazuli, on the 
other hand, arc not found in Pompeii. 

In Persia architectural fragments at Perscpolis (520-330 BC) 
exhibit mainly Egyptian blue; only very few of the investigated 
fragments show azurite. In contrast late archaic Greek terracot­
ta figures are painted with azurite as well as with Egyptian blue.85 

Purple Pigments 

Only ancient China invented a purple pigment, an artificially 
produced barium copper silicate (BaCuSi :0,,) known as Han 
purple (compare the section on blue pigments). Han purple 
could be documented several times on fragments from the terra­
cotta army.1"' 

A purple clay was obtained in Greece and Egypt by mixing 
red ochre with chalk87 or gypsum"8. The Pompeian 'purputis-
sum' of the wall paintings is an organic pigment (murcx bran-
daris). 'creia argentaria' (CaCO,)*" served as the substrate. 

Investigation into pigments and techniques used in painting the 
Terracotta Army continues. Future findings will no doubt reveal 
even more clearly the precise significance of the army and its 
polychromy for antique sculpture as a whole. A beginning has 
been made with this conference. 

(translated by Margaret Will) 
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