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Preface

An international Symposium on “Polychromy of the Terracotta
Army of the First Chinese Emperor Qin Shihuangdi, Studies on
the Polychromy of Antique Sculptures; Materials, Painting Tech-
niques and Conservation” was held at the Historical Museum of
the Shaanxi Province in March, 1999. This was the first con-
gress ever held on the polychromy of antique sculptures in the
People’s Republic of China. Polychromy of antique sculptures
has, of course, been one of the central topics of discussion of ar-
chaeologists since the 19" century and has influenced comtem-
porary European art into the 20™ Century. Intense original
colouring cannot be found on a single antique Greek sculpture.
Partially due to diverse influences over the centuries, partially
due to the deliberate removal of existant colouring, the general
public sees sculpture as monochromatic - either white or mater-
ial-based in colour, even though current research proves it to
have been otherwise. The state of information regarding Near
Eastern cultures, Egyptian sculpture and Estruscan plastic art is
similar to that which has been passed down to us on antique
Greek sculpture: at an absolute minimum, fragments or shad-
owy traces of colour give us a vague idea of the artistic quality
and original wealth of the polychromy on antique sculptures.

Thousands of terracotta figures, some life-size, some only a
few centimetres high, have been excavated in China in the last
twenty years. Almost all of these sculptures are elaborately
painted; a large number of these figures have been preserved
with their original colouring. Without a doubt the most spectac-
ular discovery has been the tomb of the First Chinese Emperor,
Qin Shihuangdi. Not only the internationally renowned Terra-
cotta Army of the emperor, but also numerous other burial
offerings are completely coloured. These realistically and inten-
sely coloured figures give us the impression of a striking pres-
ence and power previously unknown in antique sculpture.

The papers presented at this Symposium cover not only Chi-
nese excavations, but also examples from Egypt, the Near East
and Europe. Questions concerning clothing and textiles as well
as aspects of colour symbolism and the meaning of colour in dif-

ferent cultures were examined. And last but not least, painting
techniques, materials and conservation problems in the different
cultures, with concentration on the aspects of natural science
and conservation, were presented.

Compiled in this publication are the revised papers presented
at the Symposium; a general view, and a survey on the poly-
chromy of ancient scupture. It is exciting to pursue the similari-
ties and differences to be found in the finishing of sculptures in
the early advanced civilisations. Parallel uses of the colour blue
are particularly notable, thus supporting the presumption of an
intense cultural exchange in antiquity.

The organisers of this Symposium - notably the Museum of
the Terracotta Warriors and Horses, the Department of Histori-
cal Monuments, and ICOMOS - hope that the research on the
polychromy of antique sculptures and the cultural exchange will
continue.

We thank all Speakers for their papers and all participants in
the Symposium for their interest and contributions. We would
also like to thank Dr. Chen Ganglin, who edited the Chinese pa-
pers for the publication. Dr. Irene Helmreich-Schoeller proofed
the English translations. Special thanks to Diplom-Restaura-
torin Catharina Blaensdorf who, together with the colleagues
from the Museum of the Terracotta Army, Mr. Prof. Guo Baofa,
Mr. Zhao Kun and Mr. Xia Yin prepared and organised the Sym-
posium.

DirectorWu Yongqi
Museum of the
Terracotta Army Lintong

Dr. Egon Johannes Greipl
General Curator

Bavarian State Department
of Historical Monuments

Prof. Dr. Michael Petzet
President of ICOMOS

Minister Zhang Tinghao
Ministery for the Protection
of Cultural Assets,

Provinz Shaanxi
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Michael Petzet

Introduction
Opening speech held in Xi’an, March 22, 1999

We have come together here in Xian, the old Chinese imperial
city, on the occasion of the discovery of the First Chinese Em-
peror’s world-famous terracotta army 25 years ago. Eleven years
ago I travelled to the People’s Republic of China for the first
time together with Dr. D&ll from the Federal Ministry of Re-
search and Technology and with Dr. Weidemann, my colleague
from the Roman-Germanic Museum in Mainz. On this journey
first arrangements for the cooperation with representatives of
the Province of Shaanxi were made. I had no idea then how and
to what extent these agreements would have an effect on matters
of conservation practice. Today, | am especially pleased to see
that many of the representatives with whom these arrangements
were made are present. | am sure they can remember as well as
I do how we started this cooperation together. [ am particularly
grateful to name, as representatives of many others, Minister
Zhang Tinghao and Director Wu.

Ten years ago the People’s Republic of China was facing
tremendous transformations. Most of all the economic changes
of the past decade in China continue and affect the lives of mil-
lions of people with breathtaking speed. In Germany, as well, the
reunification of both German states has caused many changes.
Furthermore, the overall structure of Europe has been trans-
formed. I am not here to talk about international politics. How-
ever, conservation practice and archaeology in particular are
closely related to politics, to economy and the development of
states in general — a relation which is much closer than normal-
ly assumed. The new building of the Xian Museum, for exam-
ple, would not have been possible without the economic upturn
in China, and the new airport of Xian is directly linked to the ar-
chaeological discoveries in Lintong. The majority of the sensa-
tional archaeological discoveries not only in the Province of
Shaanxi but everywhere in China, cannot be separated from the
terrific economic development. In our modern world conserva-
tionists here in the Province Shaanxi are faced with tasks and
problems unheard of until then. These problems include the
sheer amount of archaeological finds and their exceptional qual-
ity, the question of financing, logistic and administrative tasks.
And here, apart from the daily tasks which those who work for
conservation offices or museums in China have to cope with, the
readiness of China to cooperate internationally was, from my
point of view, an important prerequisite for managing the prob-
lems of preserving the monuments and archaeological sites. As
President of ICOMOS Germany I am familiar with conserva-
tional challenges in many countries. Therefore, I may emphasise
that the results of our joint efforts, some of which discussed
in our conference, are extraordinary and deserve international
attention.

Our cooperation resulted not only in contacts with the relevant
German institutions, but also in contacts with colleagues in
Switzerland, France, Italy, Japan and the United States. Conser-
vation practice and archaeology and, in this context, science and
research in the widest sense have a common responsibility to
protect the historical heritage of mankind, in particular the mon-
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uments and sites on UNESCO’s list of the world’s cultural her-
itage. One of the most beautiful and impressive monuments of
this category is undoubtedly the tomb of the First Chinese Em-
peror. The unique terracotta army is not merely a gigantic
example of the antique burial culture, but, in fact, it is also
the largest complex of antique sculptures discovered so far. With
this spectacular discovery China has gained an outstanding
position in the history of sculpture and is thus equal to the other
antique civilisations in Greece, Rome or Egypt. The terracotta
army has enabled China to fill people all over the world with
enthusiasm about the Chinese civilisation and to redefine the
status of Chinese culture. Well-known as the Chinese Wall may
be, being the only building that can be seen from space, for
the last 25 years Chinese civilisation worldwide has most of all
been identified with the terracotta army. For millions of people
the chance to see these sculptures in the original remains a life-
long dream. The opportunity for me and my colleagues not
just to visit these monuments but to actually take part in their
preservation has been one of the most wonderful experiences of
my career.

Antique sculptures were polychrome. Not only in China but
also in other antique civilisations sculptures were painted in
colours. Although this has been known among experts since the
19" century, scholary work, analysis of the technique and the in-
terpretation of the meaning of polychromy are still at the begin-
ning. Therefore, we are still far away from a comprehensive idea
of what antique sculptures originally looked like. The lectures at
this congress will focus on such questions as the materials. Con-
sidering the fact that these sculptures were in wet soil for over
2000 years the analysis is a challenge even to modern science.
All over the world natural science in our days is confronted with
unprecedented radical changes. Despite spectacular scientific
achievements research on archacometry has only just started.
Advances in natural science need to be made use of for our aims.
It gives me great satisfaction to know that for our joint research
on the polychromy of the terracotta army we have been able to
employ the latest methods and technologies and that on the oc-
casion of this project, the restoration workshops of the Bavarian
State Conservation Office have been equipped with these tech-
nologies. In the following lectures we will learn a great number
of details of these modern methods.

Not only antique sculptures but also antique textiles were
coloured. An understanding of the polychromy of antique sculp-
ture is therefore only possible by understanding the types of an-
tique clothing. Knowledge of antique clothing is a prerequisite
for the understanding of the painted surfaces of the warriors.
Some of the lectures on this topic will try to bring coloured
sculpture and textiles together and thus bridge the gap between
two isolated fields of research. Knowledge of real textile finds
can be supplemented by the “documentation” as found in the
colour scheme of antique sculptures — a method that has been
used far too rarely. It is high time that classical archaeology pays
more attention to the results of textile research. Due to its



silk production the old Chinese Empire again had an outstand-
ing position, whose influence on late antique and early Christian
cultures cannot be overestimated. The history of the silk route
has not yet been written comprehensively. Recent findings along
this trade path offer new clues to the understanding of the cul-
tural exchanges in the Antiquity. The idea that antique China was
totally isolated from the other antique empires is completely out-
dated and is disproved by each new discovery.

As far as | know, it is for the first time that an international
congress is held which focuses on the polychromy of antique
sculpture in a global context. Usually, research concentrates on
regional problems and developments, and only very rarely a
scholar who, for instance, is working on aspects of the classical
Greek period, can get an overall view of the latest results of con-
temporaneous civilisations. Xian, starting point of the antique
silk route, is also for that reason predestined to hold a conference
where relations, connections, interdependences, but also cultur-
al differences in the antique world can be discussed.

The congress “Polychromy of the Terracotta Army of the First
Chinese Emperor Qin Shihuangdi”, organised by the Museum of
Terracotta Warriors and Horses, the Bavarian State Conserva-
tion Office and ICOMOS Germany does not, of course, show all
the results of a decade of German-Chinese collaboration in the
field of conservation practice. This collaboration has been gen-
erously supported by the German Federal Ministry of Educa-
tion, Science, Research and Technology and recently also by the
Bavarian State Government. It is therefore my privilege to send
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you the regards of the Bavarian State Government and in partic-
ular of our Minister of Science and Art, Hans Zehetmair. An im-
portant result of our cooperation with the Office for the Protec-
tion of Cultural Goods in the Province of Shaanxi has been the
realisation of a conservation concept to preserve the unique
grotto temple of the Great Buddha of Dafosi near Binxian. The
results have already been published by our Conservation Office.
The results of our collaboration with the Museum in Lintong on
questions of preserving the terracotta army will also be pub-
lished soon.

The opening of our conference is another occasion to thank
Minister Zhang Tinghao and all Chinese colleagues, especially
Wu Yongqi, the director of the Museum in Lintong, as well as his
predecessor, the famous archaeologist Professor Yuan Zhongyi.
Moreover, I have to thank all those colleagues from the Bavari-
an State Conservation Office who have been involved in the
China project, particularly Prof. Emmerling and Prof. Sneth-
lage.

I am glad that this congress here in Xian has been made pos-
sible and I am convinced that it will be a great success. Perhaps
it would even be interesting if the topic of our conference could
be discussed again in Xian in ten years time, exchanging once
again the latest results. Apart from that, a special concern also
will be to further develop the friendship that arose in the course
of the last years between the Chinese and German colleagues,
using our combined efforts to seek ways to preserve our great
cultural heritage.
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The Costume Colours of Qin Terracotta Warriors

The originally coloured warriors bear different colours of red,

green, blue, yellow, black, white, etc., each with various tints.

The application method of the diverse colours is as follows: the

first coating serving as the background followed by different

colours for the diverse pieces of clothing. Characteristics of the
costume colours of Qin warriors are:

(1) Their costumes are brightly coloured with green, red, violet
and blue as the chief colours and white and black as auxil-
iary tints. The clothing for the upper and lower body are in
sharp contrast with coloured laces. The colours are warm
and bright. In the Qin Dynasty, there was no uniform for the
soldiers. They were expected to prepare their own clothes,
hence the variation of colours. People at the time were inter-
ested in bright colours.

(2) There was no remarkable difference between officers and
simple soldiers in the colour of their dress. Nor was there a
strict distinction between generals and inter-mediate and
low-ranking officers. Everyone was free to choose his dress
colour out of red, green, blue, violet, etc. It is a reflection of

the free atmosphere of the Qin people at a time when the hi-
erarchy of the old slavery had been broken and the new feu-
dal system had not yet been established.

(3) Even for the three ranks of the Qin army: chariot soldiers,
mounted soldiers and foot soldiers, there was no unified cos-
tume colour. The cavalrymen were beginning to wear slight-
ly different clothes than the chariot and foot soldiers (Hu
clothes), but there was no distinction in colour.

(4) Warriors from the pits wore different armours in different
colours if they were of different ranks. Only the high-
ranking officers like generals and the intermediate-ranking
officers wore armour with exquisite patterns whereas the
low-ranking officers and common soldiers wore black ar-
mours.

The Qin Dynasty used a conscription system under which ar-

mours and weapons were issued by the government while

clothes were prepared by the soldiers themselves. Most of the
soldiers were farmers. The forms and colours of the warrior’s
costumes reflect the taste and life style of the time.



Erwin Emmerling

Aims and Results of the Chinese-German Project for the Preservation

of the Terracotta Army

“How the Ancients Portrayed Death” is the title of a famous
work of literature written by the German poet Gotthold Ephraim
Lessing in 1769. In this essay, Lessing gives a detailed descrip-
tion of the “Ancients” (the Greeks and Romans) depicting death
not as a macabre skeleton but instead personifying it as a winged
genius. The horrible and drastic depiction of the skeleton as a
“dead man” is a post-Antique conception, influenced by Chris-
tianity and especially prevalent in the Middle Ages. At this con-
gress, I hope to learn more about how the ancient Chinese con-
ceptualised death.

Despite its massiveness and huge dimensions, the terracotta
army was “only” a burial furnishing which until now has often
been misunderstood. For many years now, Professor Yuan has
done research on the discovery as well as on the function of the
terracotta army of the First Emperor. Furthermore, he has also
published the existing descriptions concerning the content as
well as the arrangement of the actual burial chamber or tumulus
grave. How death was conceptualised is still not known. We
merely know about the burial rites, rituals and fashions. Since
we are dealing with “colour” in our joint project, it would of
course be very interesting to learn more about the colour of
“death” in China.

In burial sites found in Germany from the same period no
known life-size sculptures have been discovered. Similarities
may be found in the grave goods such as weapons, vessels, tex-
tiles and bronze objects required for daily use.

The antique sculptures in Germany are almost exclusively an
inheritance from the Roman Empire. Nevertheless, a joint pro-
Ject between the Terracotta Museum and the Bavarian State Con-
servation Office concerning the conservation of the polychrome
terracotta soldiers has been realised. The state restoration work-
shops of Bavaria have intensively studied the conservation of
sculpture polychromy of the last 100 years. Conservation work
has been done on countless wooden and stone sculptures dating
from 1000 AD and later in the state restoration workshops.

In comparison with medieval sculptures, the restoration of
polychrome surfaces of antique sculptures is a topic that has on-
ly been dealt with superficially. For the majority of sculptures
from Greek and Roman civilisations as well as Near East civili-
sations, research on polychromy has until now remained an un-
fulfilled desire. This is due to the fact that polychrome surfaces
from these civilisations have rarely survived, were lost during
excavation, or were removed shortly thereafter to show the “pure
form™ of the sculpture. Even though the polychromy of the ter-
racotta army is in a very fragmented state, the impressive artis-
tic quality has been preserved on countless fragments. For the
first time in the history of archaeology, one of the main goals of
an excavation is to also preserve the polychromy, which has been
partially possible due to the exemplary excavation. Archaeolo-
gists in China have taken the opportunity and responsibility and
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have avoided the errors that were committed during excavations
of Mediterranean civilisations in Europe. The practice of erect-
ing huge protective structures over excavation sites, so that all
archaeological treasures can be left where they were found in
their own excavation museums is firmly established in China
(e.g. with Neolithic objects in Bambo). The opportunities and
possibilities of this type of preservation of the stratigraphy of the
excavation and presentation of the findings can be observed in
the very difficult situation in Pompeii, where great efforts will
have to be made to save the original situation there before it de-
teriorates further.

Countless conversations during preparation for this congress
confirmed that, at present, research concerning the polychromy
of antique sculptures does not receive a great deal of academic
attention. Summaries on this complex topic concerning icono-
graphy, knowledge of materials, restoration and scientific aspects
do not exist. Even today “colour” used for the design of antique
sculptures is still a “blank™ on the map of archaeology. This lack
of attention might almost give the false impression that we are
grateful to earlier generations of archaeologists and restorers
who, in their work, attempted to eliminate the problem of pre-
serving the polychromy on sculptures by removing every last bit
of paint with great effort. Upon discussing the future of the ter-
racotta army, one encounters astonishment when one explains
that these thousands of life-size sculptures originally bore a
colourful polychromy.

In the following presentations at this congress, the composi-
tion of pigments and binding material of the terracotta army as
well as possible ways of preserving the polychromy will be dis-
cussed. In retrospect, our joint research is not only a success sto-
ry but also a story of mistakes and failures. If one considers that
the chemical composition of a fresh Chinese Chi-lacquer is
complex, then one can imagine how difficult it would be to
analyse a 2000 year old sample that has been preserved, “stored”,
under very poor conditions. Today only a few research institutes
in the world are capable of analysing such aged material.

For those readers who are not chemists it might be helpful to
know that, at the beginning of this century, an artificially pro-
duced product called “bakelite” showed certain chemical simi-
larities to “Chi-lacquer”. In the 19th century, “Chi-lacquer”
could be found in every professional chemical laboratory. It was
completely resistant to most chemicals and an extremely durable
surface on laboratory tables. Under good conditions, dry atmos-
phere and no damp ground contact, lacquer particles composed
of this material will last thousands of years. Numerous findings
in China dating from the Neolithic period and later, prove the
amazing ageing qualities of this material. Even more durable is
natural resin amber which was originally an organic material
whose contents are important, allowing us to reconstruct the an-
cient DNA structures of organisms trapped in the amber. This



represents an ideal data bank. The resilience that these natural
resins have shown over thousands of years is amazing.

The use of Chi-lacquer in China is a very old tradition. Culti-
vating the lacquer tree plantations as well as obtaining the resin
has been a tradition since primitive times. Accounts record that
the Second Chinese Emperor wanted his City Wall to be painted
with lacquer. But, even considering Chinese standards, this idea,
which had a streak of megalomania was not carried out. Similar
to silk production lacquer production and craftsmanship is one
of the oldest Chinese techniques. It has fascinated Europeans
since Antiquity. One only has to recall the enthusiasm for Chi-
nese culture in the 17th and 18th centuries in Europe. The Euro-
pean lacquer technique of the “New Age” is the result of an un-
successful attempt to imitate the Chinese prototype.

The work we have done together over the years in Lintong and
Munich has often focused on very small corroded lacquer parti-
cles. The despair we experienced with this very obstinate mate-
rial often threatened our enthusiasm for the project. Most rele-
vant and even some questionable techniques were tested in order
to conserve the lacquer-ground of the terracotta-soldiers. In
most cases these attempts failed or had minimal success. The
analysis and determination of the pigments of the polychromy
was relatively easy in comparison to the treatment of the lac-
quer-ground, which led to a number of negative results. The
identification of the so-called “Han-Purple”, previously an al-
most unknown pigment, was one of the small highlights of our
analysis. Progress over the years was only made by disqualifica-
tion. May I say a few words to my European colleagues con-
cerning the pigments used, especially cinnabar, a main compo-
nent of the flesh colours of the terracotta sculptures.

As is well-known, cinnabar is won as a mineral in large de-
posits which are also found in China. It has served since Antig-
uity as a pigment, especially for the colour red in lacquerware.
At the same time, cinnabar is also an important material in
Chinese alchemy and is probably the oldest man-made “chemi-
cal” product. Even though the First Emperor was not the first
one to show a special interest in this material, he encouraged
studies on and production of this “magic elixir”. He also strove
to obtain more knowledge on the reproducible and reversible re-
actions of elements such as sulphur and mercury, which gener-
ated a great variety of black, red or “silver” coloured effects.
Cinnabar, a product of protochemistry, has been known in
ancient China since primitive times. Compared to European
products the Chinese product is far superior in quality because
of the use of very old preparation techniques with natural
cinnabar. Even today, it is still extremely difficult to determine
which cinnabar (natural or man-made) was the original product.
Mercury, a component of this “elixir”, was found in extremely
high quantities in the burial chamber of the grave site. As a re-
sult of this finding, traditions and rites from the so called “Seas
and Oceans” of the Antique World, which describe the mortuary
world of the Emperor in the tumulus, become credible. If the tu-
mulus of the grave should ever be opened, it is very difficult to
imagine how one would be able to preserve the volatile sub-
stance, mercury.

Considering the sound knowledge of the participating conser-
vators regarding painting techniques, this project would still
have been inconceivable without the crucial and decisive infor-
mation from the participating scientists. I do not know of any
other exemplary restoration, where the cooperation between
chemists, mineralogists and physicists together with conserva-
tors and archaeologists has been so extensive. In addition, I

know of no other project where all of the different disciplines in-
volved were so interdependent. For most experts, the coopera-
tion of those dealing with the material Chi-lacquer was a new
experience that had to be learned. This included not only the
restoration studios and institutes in Germany but also the coop-
eration on an international level.

Last, but not least, the experience and knowledge gained from
this joint venture shows that “archaeology”, as a field in conser-
vation, should be perceived in a new light. Furthermore, the sta-
tus of natural science in conservation should be re-evaluated. It
should be taken even more seriously than to date, because we
can only adequately treat and protect monuments with the aid of
natural science methods. With the conservation work on the ter-
racottaarmy the sciences succesfully interacted as equal part-
ners. I know of only few projects which have taken place in the
restoration studios of the Bavarian State Conservation Office
that have been based on such intensive cooperation. Our work
with Japanese colleagues on the research project on Baroque
and Rococo lacquer techniques should be mentioned here in ad-
dition to certain aspects of the conservation of bronze objects.

Cinnabar and lacquers are materials that the conservator is rel-
atively familiar with even though in Europe the raw materials
come from different sources. The common link for this congress
lies in Arabian traditions, where the origin of modern western
chemistry has its roots. Indeed, it is most likely that the origin of
Arabian traditions can be traced back to the first contact Arabi-
an scholars had with Chinese traditions. Such cross-references
concerning the exchange of knowledge and culture make Chi-
nese Antiquity, as a topic, particularly interesting. It even gives
a non-sinologist a notion of the complex structure of ideas in an-
cient China. The notion of “colour”, pigments, dyestuffs and
their production process as conduits for the exchange of knowl-
edge in Antiquity is not new. Recent research emphasising and
expanding upon this topic will be presented at a later time by
Mr. Berke. Similar conclusions can be drawn in even greater
dimensions concerning dyestuffs which were necessary to
colour textiles. The parallelism of these developments and the
application of these dyestuffs is quite amazing. They suggest
that the ancient trading routes transported far more than just
pure goods and merchandise.

“Colour” and “polychromy”, used as keys for a deeper under-
standing and interpretation of antique civilisations, have not
been important topics. This congress offers the chance to better
understand “colour” and its symbolic function.

Ovid describes amber as “Tears of the Gods™ in his collection
of myths called “Metamorphosis”. In one of the myths, the
daughter of the Sun-God mourns the loss of her brother Phaidon
by shedding “amber tears”. To process raw amber for lacquer, it
first has to be melted in heated oil in order to apply it. This was
discovered around 1000 AD in the western world. The use of
Chi-lacquer as a protective coating on metal to hamper corro-
sion has been a tradition in China for the last 4000 years. Short-
ly after the birth of Christ, monumental statues were made con-
sisting of countless layers of lacquer on a support containing
hemp. The clay core used in manufacturing was removed after
the lacquer had dried and hardened. Considering all that we
know about this topic, the use of lacquer as a ground for clay
sculptures with a polychromy is very unusual and probably
unique to the terracotta army. The lacquer, as material, first be-
came an uncommon and unusual conservation problem due to a
combination of a pigmented layer (polychromy) bound by an
aqueous binding medium. This binding medium, used together
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with the pigments has not yet been successfully identified. There
is a good chance that the material has totally disintegrated.

In the first few years of our research project, we thought that
this unusual combination of materials was an error in the paint-
ing technique. Spending years on this problem and realising that
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we have very incomplete knowledge of ancient Chinese tech-
nology has taught us that we need to be much more careful when
forming our conclusions. We need to look for mistakes in our
lack of understanding instead of looking for errors in the ancient

painting techniques.
(translated by Mark Richter)
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Zhang Zhijun

Review of the Conservation of the Polychromy of the Terracotta Army

The polychromy on the 8000 terra-cotta warriors, which were
originally coloured from head to toe has largely fallen off due to
artificial and natural causes. The remains of the paint layers are
very sensitive and react extensively when excavation takes
place. Extensive research and work have been done in China and
Germany to protect the valuable pigments that remain. Much
headway has been made in this respect. This paper gives, from a
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technological angle, a stage-by-stage review of the colour
preservation and the progress made on the research of the poly-
chromy of the warriors since their excavation. It includes com-
ponents of their colouring, coating technology, causes of the
damage and techniques for the protection from the environment.
It also mentions some problems, which need further investiga-
tion, See colour plate I,
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B oa w2
Making lacquer layer steady

B % #ii Prevent shrinkage
i  Consolidation

Bb W 4 ) Prevent shrinkage ugent kR A, ) Ay
MM Consolidation agent Monomer penetrate polymerized
> — e
1. Experiment 2. Experiment
| |
| ] | ]
Vil ik B & & ) RE 2 I 11 ) G 28 4 o e Y Ak
Select prevent shrinkage Select consoliduis Seléct momument IFind oul polymericed method
96 £y 4b Bl 9 we X AF R )T __|
Cooperation experiment Experiment on frugments
3. PRy — 301 HJFFE

AT XA E IR 45 R R B B, AT T
ELB B AN R A B EE R, ENeE. BEFEk
3.0 B GERIART H 90n8 N34 0.5 x 0.5mm .

KT RE| G EWREFATE, FRTRTHITR, & 372 sthom
FHRITREA LHAERURE) 21 FMEAT TRISER, 3 X BTG SRS AR I 0 46048 70 3R P 320 o
A TP R RS T BRI BB ESTALEE, Ay EMRAINE?2 .

Table 2: Materials and treatment methods,

A TR T AR bR, R, HERRABMBIEE. Kb Al A2, A3, A4, Al3 KT MARH B = Bk
BERBEIES 3. 60, 80, 100%).

No. | Treatment Agent Application

Al Glycerin / Water soaking: 30 % 5d; 60 % 7d: 80 % 10d; 100 % 10d
A2 PEG 400 / Water soaking: 30 % 5d; 60 % 7d; 80 % 10d; 100 % 10d
A3 PEG 200 / Water

soaking: 30 % 5d; 60 % 7d; 80 % 10d; 100 % 10d
A4 D-mannit / Water soaking: 5% 9d; 10 %: 16 %
AS5-1 | Phenol / Water (1" step) soaking: 90 % 5d
AS-2 | Formaldehyde (2" step) gas over solution (30 %) 10d
AS-3 | Acetaldehyde (3" step) soaking: 10d
A6 Triethanolamine dripping
A7 Gloyxal / Water 40 % dripping
A8 hygroscopic Salt: LiCI / Water dripping: saturated solution
A9  [PEG 200/ DAP 80:20 dripping
A10 | PEG 400/ DAP 80:20 dripping
A1l [PEG 1500/ DAP / Water 66:17:17 dripping

A12 | 1.3-Propylammonium-dichloride (PAD+HCI) dripping
Al3 | MEG (ethylen glycol) / Water soaking: 30 % 7d; 60 % 10d; 80 % d; 100 % d
Al4 | pre-PMMA / Acetone, 50:50 dripping
AlS | n-Hexadecylammonium-chloride / soaking

Acetone+ Water (20:80)
A16 | Colophonium / Acetone 1:2 dripping
Al7 Tetramethylammonium-hydroxide / Water dripping
Al18 | Tungoil (300 C) / Ethylacetate soaking
A19 | Tungoil / Ethylacetate
A20 | PEG 1500 + Glycerin 1:1

soaking
soaking
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No. Shrinkage Prevention | Brittleness | Long Time Effect | Overall Appraisal Note
Al ++ + +/- ++

A2 ++ - + +

A3 ++ +/- S ++

A4 - +/- - +/-

AS5-1 + +/- - R

AS5-2 - - = _

AS5-3 - +/- - W

A6 - +/- - vellow
A7 + + -

A8 - +/- = =

A9 +/- iz - +/- yellow
Al0 +/- = - - vellow
All - = = = yellow
Al2 - +/- = =T

Al3 + = - +/-

Al4 + - + =

Al5 - - = -

Al6 - = 2

Al7 - + 5 -

Al8 - - - -

Al9 - = = <

Table 3: Evaluation result: Al =A3 > A2 >A7>Al3.

GEBIIHEER, TUMGH TR A ALK RHR T, A2PEGA00)H ¥, A3(PEG200)H ¥, A7(Z —f40%
IKEROTTHE, AB A ZBOH ARG R, HPRIFHRN AL A3, HiK A2, A7, Al3.

Table 4: Consolidation agents.
No. | Consolidation Material Solvent | PH | No. Consolidation Material Solvent | PH
C1 | Polyurethandispersion Water 5-6 | C12 Buthylmethacrylatdispersion Water 6-7
(Kremer 7680) (Motema WPC)
C1b | Cl in Ethanol 1:2 Water/ |7-8 | C13 Bologna-Cocktail Xylene /
Ethanol Acetone
C2 | Colophonium + Acetone 1:2 Acetone C14b | Beeswax C14 (fine) / Dispersion Water 7-8
(Ultrasonic)
C3 | Laquergum + Glycerine Water 5-6 [C15b | Urushiol C 15 tBuOH
C5 | Polymethylmetacrylatdispersion | Water 7-8 | C16 Cl14b + C13b / Beeswax Water 7-8
1:2 (Primal AC 33) (Ultrasonic) + Polyurethane
(in Ethanol) 1:3
C5b | Primal AC 33 in Ethanol / Water/ |7-8 [C17 | Acrylkleber (48 %) + Ethanol 1:9 | Ethanol
Dispersion Thanol (Kremer 360 HV)
C7 | Polyacrylatdispersion 1:2 Xylene Ci18 Plexisol P 550 40 % (42 %) + White
(Motema Finish) White Spirit 1:2 Spirit
C7b | Molema Finish + tBuOH tBuOH C19 | Paraloid B 72 9 % + MTMOS 7 % | tBuOH
in tBuOH
C8 | Wacker Steinfestiger OH Ethyl- C20 Shellac (in Borax-solution) Water
Acetate
C9 | BCP (Bologna-Cocktail) organic C21 Water-based Epoxy-Resin- Water
+ PEG 200 Dispersion (Sikafloor 2520)
C10 | Polyacrylate-microparticle- Water
dispersion (from Sichuan)
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No. Rolling | Cracks Adhesion Colour Gloss | Conclusion

|C1 + + ++ + + very good
Clb +/- + +/ - + +/- | good
C2 + +/ - + + - good
3 - - - + + bad
C5 +/- -~ + + - bad
C5b +/- — - - +/- ordinary
C7 - + +/- + +/- | good
C7b +/- + - + +/- |good
C8 +/ - - = +/- - very bad

| C9 2 +/- +/- + + sood
C10 + - +/- + - ordinary
Ci2 + - + + - good
C13 +/- - - + + ordinary
Cl4b +/- - + + (some white)* + good
C15b + + -- - - very bad
Cle +/ - - + + + bad
C17 - + - + - bad
C18 + + + + + very good
C19 +/- + + + +/- | good
C20 - - - +/- - very bad
C21 - +/- +/ - slowly** + - bad

Table 5: Comparsion tests on the separate ground layer flakes.

* : The colour of the laquer flake was slightly white.
**: The epoxy-resin hardens very slowly.

i ERATAEH: REREREFREZ C1>C18>CTb

Table 6: Conclusion of the experiments on damp
terracotta pieces.
C3>Cl=C5b=C9=Cl13=Cl4b=C20

No. Colour Gloss
Cl1 + +
Clb +/- +/-
C2 - -
C3 ++ ++
Cs +/ - +/-
C5b = o
C/7 +/- +/-
C7b - +/-
C8

C9 + +
C10 - +/-
Ci2 +/ - +/-
C13 + +
Cl14b + +
C15b - +
C16 - +
C17 +/-
C18 = -
C19 - +
C20 + +
C21 - +

Table 7: Conclusion of the experiments

on glass pieces.

PHEER: cl1=c2=csb=CI12=C19

No. Appearance
C1 +
Cl1b +

C2 - (not dry)
C3 -

C5 -
C5b

C7 -
C7b + / - (brittle)
C8 -

C9 +/ -
C10 +
C12 -
C13 -
Cl4b -
C15b -
Cl1e6 -
C17 + /-
C18 +/-
C19 +
C20 -

C21 +
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Fig. 1. This set of five photos shows the movement of the lacquer layer during the drying process. This lacquer layer (has peeled off from the terra
cotta) was taken from a box (100 % RH) to an open room (60 % RH). It happened in four minutes. (Photos: Cristina Thieme)

1: The phase of the beginning: 100 % RH; 2: The phase after 1 minute, under 60 % RH; 3: After 2 minutes; 4: The phase after four minutes; 5: After
five minutes

B 1L X4 S 3 RAHE AL RN R B2 A AR R A RS B . B R (BB LB M AR BE 100 %A945 15

HREGE, B 60 %(RH)MEHNIAEED, VSN 4 400, B #F%)

1) {2 100%RH)BHFIEIRE: 2) B 60 %(RH) |, —a-80 AR 3) Wa-4aE: 4) wisrEehiE; 5) Wash A Emmes.
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Zhou Tie

New Developments in the Conservation of the Polychromy of the

Terracotta Army

This paper (see colour plates II, 1IT) is on the progress of re-

search on the conservation of the polychromy of the terracotta

warriors which was carried out by the Museum of the Terracot-
ta Warriors, and the Bayerisches Landesamt fiir Denkmalpflege.

A large amount of work has been done on this project:

(1) The structure of the paint layer was investigated.

(2) The components of pigments were analysed. Chinese lac-
quer was considered the main component of the ground lay-
er.

(3) The key reasons for the polychrome damage were discov-
ered: the adhesion of the pigment particles to one another is
very weak; especially the ground layer is very sensitive to
the loss of water. It shrinks extensively when drying, causing
a detachment of the ground layer from the terracotta base
and a rising of the pigments.

(4) Several physical drying-methods were tested, but were
proved not fit for conservation.

(5) Various methods of consolidation were tested, but not found
appropriate.

Based on previous research, the key to the conservation of the

paint layers is to steady the ground lacquer layer. The conserva-

tion methods for the polychromy of the terracotta must include
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two aspects: the paint layers should not shrink and must be con-

solidated.

Applying a monomer to penetrate into the ground layer, so
that a polymerised reaction can take place, the consolidation be-
tween the lacquer layer and the terracotta base ensues.

The following two experiments were carried out from 1996-

1998.

(1) 21 consolidation agents and 19 agents preventing shrinkage
were tested and evaluated. Polyurethane dispersion (PU) and
PEG 200 (anti-shrink) were considered as better conserva-
tion shrinkage prevention agents. Some original fragments
with polychrome layers were treated stepwise with PEG 200
and PU dispersion after application of the last treatment step
(100 % PEG 200). The fragments could be exposed to the
environment for two years and the stability of the preserved
polychrome layers did not change.

(2) 20 monomers were tested. By means of these experiments,
suitable monomers were determined. Various polymerising
methods were tested (such as starter UV, etc.) The EB poly-
merisation method was finally selected, the fragment was
treated with the monomer PLEX 6803-20 (water-soluble
acrylic ester) and EB polymerised. It showed perfect results.



Christoph Herm

Methods in Organic Archaeometry and their Application

to the Terracotta Army

Introduction

Since the 1950s, the application of science to the study of the
past is named archacometry." The main tasks of archacometry
are prospection, material analysis and dating. The scientific
results ought to be discussed in the context of and together with
the disciplines that ask the questions, e. g.archaeology, art histo-
ry and conservation. This presentation tries to give a survey of
methods for organic archaecometry. In this sense, organic ar-
chacometry means the application of scientific methods to
organic archaeological objects or residues. These materials
mostly originate from natural products, such as oils and fats,
waxes, bituminous materials, carbohydrates and cellulotic mate-
rials, proteins, natural resins and dyestuffs.’

Chemical analysis reveals the composition of a given materi-
al and in most cases either serves the identification or the preser-
vation of an archaeological or artistic object. The classical
chemical analysis must be considered out-dated and its appli-
cation to objects of archaeology and art should be avoided.
Particularly for organic chemical analysis a too large amount
of sample material is required. On the other hand, the exactness
of the results is generally low. Similar to infrared spectroscopy,
only groups of substances can be found. It is useful to divide
instrumental methods for organic analysis into spectrometric
identification and substance separation by chromatography.
The most prominent methods are shown in fig. | together with a
very general view over the field of application in archacology
and art.*

Fig. 1. Methods of organic analysis and their application to archaeological and art objects (compiled from Mills & White, 1994%),

1. YRR T R BT R EARTE E 4P AR A (Compiled from MILLS & WHITE 1994°).

+ method oils waxes bitumi- carbo- protein natural dyestuffs | synthetic
fats nous hydrate/ resins resins
application to — materials | cellulotic
materials
Spectrometry
infrared IR, v v v v v v
FT-IR
nuclear NMR v v v v v
magnetic
resonance
mass MS v v
Chromatography: separation
thin layer TLC v v v v
liquid LC, v v
HPLC
gas GC v v v v v v v
Hyphenated methods
GC-MS v v v v v v v
HPLC- v v '
UV/vis J
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sample description species
M-001/95 rotten wood with soil (scraped) conifer?
M-002/95 core of rotten beam conifer?
M-008/95 charred wood relics family: Ulmaceae
genus: Celtis, Zelkova, Ulmus (elm)
M-009/95 charred wood relics family: Pinaceae
genus: Picea (spruce), Larix (larch)

Fig. 2. Wood relics from Lintong excavation pit no. 2 (Hans-Georg Richter, University of Hamburg).

B 2. EhHTmE 2 ShALRA .

The need of isolated samples is a common characteristic of
the majority of organic analytical methods. In the case of the in-
vestigation of valuable archaeological and art historical objects
of course, this is a severe disadvantage. However, many methods
nowadays require only tiny samples of some nanograms, an
amount which can hardly be seen by the bare eye. Thus, the
sampling technique is the most important step of analysis, when
the care of the object is concerned.

Some of the methods discussed here have been applied to
problems of the Lintong Terracotta Army in the joint research
programme by a number of collaborators.” An overview of the
results is given here. The investigations focused on the ground
layer of the polychromy. This paint layer was found to be main-
ly responsible for the conservation problems of the polychromy
on the Terracotta Warriors, due to its extreme sensitivity to
changes in humidity. Some of the scientific results of the joint
research programme are published in greater detail elsewhere.’

Microscopy
Optical Microscopy

Light microscopy was probably the first technical tool for
investigating works of art and archaeology. It is yet today an im-
portant method. By light microscopy magnification up to 1500
times is possible. Transmittant illumination techniques as well
as top light illumination are commonly applied in the arts and
archaeology, using a great number of different technical setups
and certain optical effects.

Identification of Fibre and Wood

Polarised light microscopy is a well known transmittant illumi-
nation method for the identification of pigments. Furthermore,
fibres exhibit optical effects under polarised light as well.®
These can be used to identify natural fibres from plants as well
as from animals. Transmittant light microscopy is also used for
bota:;lical identification of wood which is prepared as a thin sec-
tion.

Application

The Terracotta Army was set up in a giant wooden underground
construction. Most of the timber has rotted or been charred. The
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determination of the tree species from which the timber was pro-
duced is of interest for archaeological studies. Two charcoal
pieces and two samples of rotted wood from excavation pit no. 2
were botanically determined,® as shown in fig. 2. Surprisingly,
the charred samples revealed different types of wood. Obvious-
ly not much attention was paid to the origin of the wood during
construction work.

Stratigraphy

Samples from the surface of an object are commonly prepared
as cross sections. In order to investigate their layer structure the
polished cross section is examined under the top-light micro-
scope. Some of the layers may appear bright in ultraviolet light
due to fluorescence.”

Application

The stratigraphy of the polychrome painting layers of the
Terracotta Warriors was examined by top light illumination
microscopy. Under visible light the ground layer on the Terra-
cotta Warriors looks rather dark and dense. Under UV-light the
lacquer exhibits only a weak, greenish-yellow fluorescence.

Fig. 3. Cross section of ground layer on Terracotta Warrior under UV-
light (photo: Cristina Thieme).

Bl 3. FEREIMR IS N Y5 S i (o R 5 2 B 4 (B A )
{E: Cristina Thieme).




However, here two layers with a total thickness of about 0.1 mm
can be recognised (see fig. 3.). Furthermore, the microscopical
picture shows a lot of holes and pores in the dryed-out ground
layers. In contrast, other examined ground layer samples possess
a more dense structure and sometimes also only one layer.

Scannning Electron Microscopy
General

Scanning electron microscopy (SEM) is known as a powerful
tool for looking at tiny samples. In the field of art and archaeo-
logy magnification up to 10’000 times are common. The parti-
cular advantages of SEM cover the field of inorganic material,
including elementary analysis. Further advantages of this tech-
nique are high magnification and resolution of the topography.
Whereas the usual SEM needs totally dry samples, cryo-SEM is
capable to visualise damp structures and even water itself.
“Cryo” means that sample preparation as well as microscopy are
carried out at very low temperatures. Before introducing it into
the microscope, the damp sample is shock frozen in melting ni-
trogen at -210 °C. This allows the water content to solidify into
an amorphous state, so that the damp structures are preserved.
The investigation itself is carried out at temperatures far below
0 °C, where the partial water vapour pressure lies below the
working pressure of the microscope.

Application

Original ground layer samples from the Terracotta Warriors
were investigated with cryo-SEM in order to visualise the
microstructure of water soaked specimens in comparison to
those in dry condition."” Fig. 4 shows a double ground layer in
damp condition. Two layers can be clearly seen. They exhibit a
dense structure and typical brittle fracture forms. Under higher
magnification micropores with diameters below 0.1 pm were
visible.

Subsequently the cooling of the SEM chamber was stopped
and the sample thus dried under the high vacuum. This process
led to a total collapse of one of the layers (see fig. 5). This be-
haviour could probably explain the rolling of the ground paint
during drying although this process was much more extensive
than under normal pressure. In the remaining layer bigger cavi-
ties with diameters above 10 pum have formed. This appearance
of the layers closely corresponds to the structure of the air dried
ground layer (see fig. 5.).

Spectrometry
Introduction

Spectrometry is in general based on the interaction of electro-
magnetic radiation with the analysed material. Radiation can
lose intensity by absorption, reflection, or scattering. A wide
range of the electromagnetic spectrum is used for analytical
methods. The high energy x-rays are not suitable for organic
analysis, but are very useful for elementary analysis by x-ray
fluorescence (XRF) as well as for x-ray pictures. For the identi-
fication of dyestuffs the choice method is ultraviolet-visible

v oa_s o

971062 206.08kYV X508  '36. g

Fig. 4. Cryo-SEM picture of the sectional view of a double “Qin”
ground layer in water soaked condition (magnification 500x), (Herbert
Juling, MPA Bremen).

Bl 4. W0 A% B 2 A ) ICIR R R0 CROK
4 500x).

| .

971866 28.8kV

'22.54m

X800

Fig. 5. SEM picture of the cross-section after drying in the high-vacu-
um chamber, magnification 800x (Herbert Juling, MPA Bremen).

B 5. mESRE FHREMEYIAE SEM B R (RREECH

800x).

spectrometry (UV/vis). Infrared spectrometry (IR) uses radia-
tion of lower energy than visible light. It is applicable to inor-
ganic as well as to organic substances. The range of radio waves
is used for nuclear magnetic resonance spectroscopy (NMR). In
this case a magnetic field has to be additionally applied. In a
more general sense, the distribution of particles with respect to
their mass can be regarded as spectroscopy as well. This princi-
ple is used in mass spectrometry (MS).
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Infrared Spectrometry
General

Infrared spectrometry is based on the absorption of infrared
radiation by the chemical bonds in molecules. In an IR spectrum
the absorption or transmission is displayed as a function of the
energy of radiation and noted as “wavenumber” in reciprocal
centimetres. IR spectrometry is applicable to detect a wide range
of materials. For pure substances information on the precise
molecular structure is obtained. On the other hand, mixtures can
be generally characterised only according to the functional
groups present. Therefore, in general, it is impossible to distin-
guish resins, oils or proteins more precisely by IR spectrometry.
IR spectrometry is particularly capable for the identification of
synthetic polymers. Usually the measured spectrum is compared
to reference spectra of known substances.

Nowadays mostly Fourier-transform infrared spectrometry
(FT-IR) is used. FT-IR made possible the introduction of
microscopy to infrared spectrometry. This technique only requires
very small samples in the range of 30 micrometers in diameter or
about 30 nanograms of mass. Commonly a so-called diamond
anvil cell is used together with this technique. The advantages of
FT-IR-microspectroscopy are low sample size, rapid data recording
and a wide area of application. Because this technique is non-de-
structive, the sample once taken may be used for further analysis.

Raman spectrometry is closely related to infrared spectro-
scopy.'' Here, the sample or object is illuminated with laser light
and the scattered light is recorded. Sample spectra in the infrared
range are obtained. Because the scattered light is registered, this
technique does not necessarily require isolated samples. Indeed,
Raman spectroscopy seems to be the only method up to now
revealing information of the organic chemistry of an object
without destruction. However, as the Raman effect is very weak,
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a lot of instrumental problems still have to be solved before
Raman spectroscopy can become a routine method of investi-
gating objects of art and archaeology.

Application

In the case of the Terracotta Warriors microchemical test reac-
tions failed in determining the composition of the ground layer.
At first by FT-IR it was proved that the ground layer had been
prepared from oriental lacquer (Qi-laquer). The FT-IR spectra of
the two tested ground layers originating from one fragment show
a high degree of similarity to one another as well as to the spec-
trum of the lacquer reference sample (see fig. 6). By investiga-
tion of artificial lacquer samples mixed with different binding
media, it was found that the determination of additives to orien-
tal lacquer is hardly possible by FT-IR-spectrometry.

NMR

Nuclear Magnetic Resonance Spectroscopy (NMR) is based on
the response of certain atomic nuclei to electromagnetic radia-
tion when exposed to a magnetic field. The most important types
of nuclides are hydrogen (1H, proton) and carbon (13C). Each
particular type of atom or functional group produces a charac-
teristic signal which is expressed as the chemical shift “delta” in
ppm. Furthermore, quantitative information can be deduced
from an NMR-spectrum.

Proton- and 13C-NMR-spectroscopy is mainly suitable for
determining the structure of organic molecules. In the field of
archaeology and conservation NMR spectroscopy has success-
fully been applied to the identification of resins and ambers,
waxes, tar and pitch. Furthermore, the state of decay of wood
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Fig. 7. "C CP/MAS NMR-spectra of original ground layer sample (Qin) and raw lacquer reference (CL1), (Angelika Sebald, University of Bayreuth).
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and bone has been investigated using this method. More gener-
ally, this technique was employed to detect the distribution of
water or consolidants inside archaeological objects."

Advantages of NMR-spectroscopy are simultancous data
acquisition and high resolution in discrimintaing functional
groups. On the other hand, resolution is poor when investigating
mixtures. The former disadvantage of NMR. that only liquid
samples could be analysed, has been overcome by special mea-
surement techniques. Solid-state 13C-NMR is performed using
cross polarisation and magic angle spinning (13C CP/MAS).
Compared to 1H-NMR spectroscopy, the sensitivity of car-
bon-13 is much lower. This requires longer measuring time and
relatively large samples of 50 to 250 mg that need to be pow-
dered. For application in archaeology it is a problem that NMR
measurements are strongly disturbed by paramagnetic impuri-
ties such as iron salts.

Application

Original ground layer from the Terracotta Army as well as an
artificial lacquer sample were measured by solid-stated-carbon-
13-NMR." The general shapes of the spectra of both samples
are quite similar (Figure 7). This strongly supports the assump-
tion that the ground layer of the Terracotta Warriors consists of

oriental lacquer. Differences between the samples can be seen,
especially in the content of oxygen-bearing groups (oxygen-
bearing aromatic carbons at 145 ppm, carbonyl groups at 175 to
200 ppm). This is attributed to an oxidative weathering of the
original lacquer.

Mass Spectrometry

Generally, in a mass spectrometer the analyte is transformed in-
to electrically charged particles. These ions are accelerated and
separated according to their mass and their electrical charge. The
resulting diagram shows the relative abundance of the particles
having a certain mass-to charge-ratio (m/z). It is impossible to
present the great variety of MS techniques'* nor their application
on organic archacometry here. Gas Chromatography e.g. com-
monly is combined with quadrupol-MS.

In direct temperature-resolved mass spectrometry (DTMS)
the sample is vaporised by heating. This method has been intro-
duced to the analysis of resin coatings in the last few years." In
contrast to pyrolysis, here the final temperature is reached more
slowly, which leads to a separation of low molecular weight
parts of the sample from polymeric components. The advantages
of DTMS are low sample requirement, short analysis time and
no need of sample pretreatment.
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Matrix Assisted Laser Desorption and Ionisation (MALDI) is
a special method for soft vaporisation and ionisation in MS. It is
particularly advantageous for investigation of high molecular
and low volatile substances, such as Asian lacquer. MALDI-MS
has been applied to some lacquer samples including ground lay-
er of the Terracotta Warriors.'®

Chromatography
Introduction

Chromatography is a group of analytical techniques for separa-
tion, identification and quantification of substances. The com-
mon principle is the migration of the substances on the basis
of their different distribution on two immiscible phases. One
of these is the stationary phase, the other one is the mobile
phase. Depending on the arrangement of the stationary phase,
planar chromatography can be distinguished from column chro-
matography. Planar chromatography was begun with paper
sheets, later coated glass plates appeared. Now for analytical
purposes mostly Thin Layer Chromatography (TLC) is applied

using thin plastic or aluminium sheets covered with a finely
grained mineral, mostly silica. Planar chromatography has
been applied to art and archacology for almost 50 years, espe-
cially for dyes, polysaccharides, resins, and proteins. This
method has been revived today in the form of High-per-
formance-TLC (HPTLC) which is characterised by a very thin
stationary phase of extremely fine grained particles.'” In the
case of planar chromatography, the separated analyte remains on
the stationary phase forming a so-called “internal chromato-
gram”. Each component is characterised by the travelled dis-
tance in relation to the front of the moving phase, expressed by
the R-value.

The column chromatographic techniques, actually using a
thin capillary, are commonly further classified depending on the
nature of the mobile phase. Different techniques of liquid chro-
matography (LC) as well as Gas Chromatography (GC) and Su-
percritical Fluid Chromatography (SFC) have been developed.'®
The column techniques produce external chromatograms, which
means that the substances are detected at the end of the column.
The resulting chromatogram shows the signal from the detector
as a function of time. The characteristic value is called Retention
time (t;).

Fig. 8. lon-exchange-liquid-chromatograms of: a) hydrolised insoluble part of original ground layer with adherent clay (Q011/95) and b) lacquer
reference sample containing pig blood (CL11), (Irene F iedler, Doerner Institut, Munich).
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Fig. 9. PyGC chromatograms of original lacquer sample from Lintong (“Qin™), a Han dynasty sample (“Han™) and the lacquer reference sample
“CL1” Gerhard Heck, Rathgen-Institut Berlin).
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The material being analysed by a chromatographic technique  Liquid Chromatography
has to move. Therefore it must be either soluble in the case of
TLC and LC or volatile in the case of GC, respectively. Natural — General
polymeric materials (proteins, carbohydrates, dried oils) have to
be broken down chemically into their low molecular building  Liquid chromatography can be used for the separation of soluble
units — mostly by hydrolysis in aqueous solution. and polar or high molecular substances. High Performance
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Liquid Chromatography (HPLC) works with relatively short
time spans using high pressure and a thin column. Whereas in
the beginning of HPLC the column material was more polar than
the solvent, now the most frequently used method is the “re-
versed phase”-HPLC where the mobile phase is more polar than
the column. In the field of archacometry HPLC is applied to the
analysis of amino acis from proteins, dyes, and carbohydrates.

Proteins can be identified by their amino acid composition,
which is characteristic for the different types of proteins used as
binding media. After hydrolysis of the protein the resulting
amino acid mixture is separated and identified by liquid chro-
matography. A column packed with ion exchange resin is used.
In the form of a special “amino acid analyser” this method has
been applied to problems in art and archaeology for many
years.'” More recently a HPLC-method for detecting proteins,
was described in the literature using special methods of hydrol-
ysis and derivatisation.”

Application

lon-exchange LC was applied to samples of original paint layer
of the Lintong Terracotta Warriors as well as to lacquer reference
samples in order to detect a possible protein content.’' It was
found that neither the original samples nor the reference con-
tained any water soluble protein components. From the water in-
soluble residues of two original ground layer samples amino
acid profiles were gained, which were similar to that from the
lacquer reference sample containing pig blood. This preliminary
result hints to the addition of blood to the ground layer painting
material of the Terracotta Warriors. Animal glue was not detect-
ed in any original sample. However, more original samples as
well as different reference material should be analysed in order
to confirm this assumption. Contrary to the ground layer, two
analysed paint layer samples contained only a few amino acids
of low concentration.

Gas Chromatography
General

Gas chromatography (GC) has been used for decades for the
separation of mixtures of volatile and low polar components. In
this chromatographic technique the moving phase is a gas, while
the stationary phase is liquid. In the field of archacology and art,
gas chromatography has been broadly applied to the analysis of
most of the organic materials.”** A common way to make the
analyte volatile is to treat it chemically, which is called “deriva-
tisation”. Another possibility of vaporisation is to decompose
high molecular materials by heating, which is called pyrolysis
(Py-GC). Successful applications have been reported to the
analyses of amber™ as well as fossile bitumens (jet).2*

In GC the vaporised sample is forced by means of a carrier gas
through a long, thin capillary called “column”, The inner surface
of the column s filled with the stationary phase, which is a high
boiling liquid. Usually, the column is heated. At the end of the
column the separated fractions of the sample are registered by the
detector. The most commonly used type is the flame ionisation
detector (FID). Nowadays, often a mass spectrometer is used as
a detector in gas chromatography, as shown below. Like in liquid
chromatography, the resulting diagram depicts the time.
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Application

In a first step an original sample of the ground layer from the
Terracotta Warriors as well as a Han lacquer sample were
analysed by GC after conventional derivatisation. Since both
samples remained almost completely insoluble only traces of
fatty material and of polysaccharides were found without possi-
bility of further identification.” This clearly showed that in the
case of cross-linked polymers such as oriental lacquer chemical
derivatisation is not able to make them volatile.

In the second step pyrolysis gas chromatography (Py-GC) was
applied in order to identify the main component in the original
ground layer samples as well as in a comparison sample from the
Han Dynasty.” In fig. 9. the chromatograms of both original
samples (“Qin, Han™) show a high degree of similarity to one
another and are also in accordance to that of artificial lacquer
“CL1". Thus it can be concluded that both original samples have
been produced from oriental lacquer. The original samples
showed fewer peaks with lower intensity as compared to the
artificial sample. This suggests that the complex network of
hardened lacquer has been degraded or perhaps some compo-
nents have been leached out during the ageing process in the
ground.

Meanwhile, the application of Py-GC combined with MS
to asian lacquer has been published in the literature (see
below).”

Hyphenated Methods
Introduction

“Hyphenated techniques” in general means the combination of
two or more separate analytical techniques. Because column
chromatography requires external detection, it is particularly
useful to combine gas or liquid chromatography with a spec-
troscopic technique such as UV/visual, infrared, mass or nuclear
magnetic spectroscopy. Most of the powerful modern analytical
techniques are one of these multi-dimensional systems. They
usually are connected to a computer to handle the great amount
of data.

HPLC-UV/vis
General

Liquid chromatography has suffered from detectors which
are either not highly sensitive or not selective. To overcome
this disadvantage, LC is commonly combined with other
analytical methods.” For the detection of organic dyes in
objects of archacology and art ultraviolet-visible spectro-
metry (UV/vis) is obviously the best method”. After having
passed the HPLC-capillary the solution is analysed by the
diode-array detector (DAD) which repeatedly generates
UV/vis-spectra of the separated substances. The results are
normally given as liquid chromatograms. Furthermore, for
cach retention time a complete UV/vis-spectrum is recorded.
So each peak in the chromatogram can be identified by its
spectrum, which is typical for certain dyes. The sensitivity of
this method for organic dyes lies in the range of a few
nanograms.



Application

In the case of the Terracotta Warriors HPLC-UV/vis was
employed to samples from pink-coloured parts of the polychromy,
representing bare skin. This type of paint was supposed to contain
organic dyes because it seemed to bleach out upon being exposed
to light after excavation.” However, it has to be reported that no
organic dye was found in the pink paint layer sample under inves-
tigation. Therefore the light-sensitive pink tone is generated by
the inorganic pigment cinnabar rather than by an organic dye.’

Gas Chromatography-Mass Spectroscopy (GC-MS)
General

Probably the most valuable tool for the analysis of mixtures of
low molecular weight organic components has become the on-
line combination of gas-chromatography and mass spectrometry
(GC-MS). This is also true for the field of archaeology and art.
Numerous investigations of materials from artifacts have been
published, including resins, oils, waxes, and proteins.™ "'

In this system, the gas chromatograph serves as the separation
technique, while a quadrupole mass spectrometer is used for the
molecular identification of the components. One great advan-
tage of GC-MS is the capability of detecting extremely small
amounts of individual substances in complex mixtures — thus it
is ideal for archaeological and artistic works. On the other hand,
only volatile substances can be analysed directly. This some-
times requires sophisticated methods of enrichment and pre-
treatment of the substances to be analysed. Furthermore, the
resulting mass spectra are often complicated because of frag-
mentation of the analyte molecules during ionisation.

From the two-dimensional data resulting from GC-MS set the
following diagrams can be deduced:

1. Total Ion Current Chromatogram: For each retention time the

signal of all m/z are summed up. Here, the MS just works as a

detector similar to the conventional column chromatography.
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Ingo Rogner

New Methods to Characterise and to Consolidate the Polychrome Qi-lacquer

of the Terracotta Army

Abstract

A method for the conservation of aged qi-lacquer layers on sili-
cate material such as terracotta is described. Detachment of the
layers would result in the loss of the paint layer. The terracotta
army of the Chinese emperor Qin Shihuangdi in Lintong / Chi-
na is a prominent example of this problem because the paint lay-
er is bound to the surface by an intermediate qi-lacquer layer.
This layer has aged 2200 years, buried in wet clay and will
detach from the surface if relative humidity drops below 84 %
after the excavation. Methacrylic monomers were of special in-
terest as solidifying materials because of their long lifetime and
their excellent transparency. Lacquer samples were treated with
watersoluble 2-hydroxyethyl-methacrylate (HEMA) which was
polymerised by electron-beam radiation with an electron energy
of 1.0 MeV. In the experiments the dose was administered in
three steps of 20 kGy. Micro-organisms and mould are destroyed
by the electron-beam radiation. Infra-red- and mass spectros-
copical evaluation shows no damaging effect of electron-beam
radiation (300 kGy) on the qgi-lacquer. Original gi-lacquer and
lacquer consolidated with the method described above were
characterised by laser desorption mass spectroscopy (LD-MS).
The formation of HEMA polymers with 4-6 monomer units
within the lacquer was proved by laser desorption MS. Infrared
spectroscopy reveals that the degree of polymerisation is pro-
portional to the applied dose.

Three original polychrome fragments were successfully treated
by electron beam curing. The gi-lacquer is bound to the terra-
cotta, the fragments can be dried, a natural look (not shiny) of
the polychrome surface is obtained. Laser video holography
was employed to investigate if drastic changes in humidity will
affect the consolidated polychrome layer. No damage could be
detected after four humidity cycles (35-83 % r. h.). The long
term stability will have to be evaluated.

The application of electron-beam polymerisation seems to be
a promising method for the conservation of the terracotta army
of Qin Shihuangdi and other works of art.

Introduction

The change of polymeric bindings with time is an important
factor for the ageing of art objects. The detachment of gi-lacquer
layers (urushi) from the basic material would result in the loss of
paint layers and solidifying such layers is a central point in the
conservation of such works of art. The terracotta army of the
Chinese emperor Qin Shihuangdi in Lintong / China is one of
the most important archaeological objects and is a prominent
example of this example because the paint layer is bound to the
terracotta surface by an intermediate qi-lacquer layer'. This layer
has changed during the long time span of 2200 years, buried in
wet clay so that it detaches from the surface if relative humidity
drops below 84 %. This condition occurs during excavation of
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the coloured fragments. Until now, the conservation of the paint
layers is an unsolved problem.

Results and Discussion

We tried to rebind the qi-lacquer layer to the terracotta by the
application of organic polymers. This seems to be an extraordi-
narily difficult problem if the support is not an organic material,
but a highly hydrophilic surface of a silicate such as terracotta.
The application of radical initiators and monomers such as
methacrylic esters solidified the gi-lacquer, but could not bring
about a firm connection of the lacquer to the terracotta support.
Inorganic pigments constitute the polychromy of the conserved
works of art. A second problem was the lustrous surface of the
solidified material which impairs the visual impression by
changing the tonality of the colours.

We wanted to avoid these problems by the application of
a two-step process. Firstly the terracotta and the overlying layers
were impregnated with cotton wool compresses containing
the liquid monomer. The monomer concentration in water
was increased to 100 % in several steps. During this process
unwanted polymerisation was inhibited by the stabilisers
which are generally added to the monomers to allow storage
(up to 650 ppm hydroquinone-monomethylether). Thus the
monomer had enough time to penetrate all organic and in
organic material,

Secondly the polymerisation was induced. This could be done
neither by conventional thermal radical initiators nor by photo-
polymerisation which was prevented by the dark colour of the
lacquer layer. Therefore we tried initiation by penetrating radia-
tion with which we could start polymerisation from within the
terracotta support.

Polymerisation by the application of X-rays gave very poor
results. The photons were not absorbed properly within the thin
qi-lacquer layer and the silicate material to induce polymer for-
mation.

However, good results were obtained by the application of an
electron beam for initiation. This forced the start of the poly-
merisation within the terracotta propagating toward the outside
through the monomer impregnated gi-lacquer to the outside air.
After the electron radiation is switched off, there is no radioac-
tivity left within the irradiated material: of course there is a very
intense X-ray radiation during the application of the electron
beam which must be thoroughly shielded. Methyacrylic
monomers were of special interest as solidifying materials be-
cause of the long lifetime and excellent transparency of their
respective polymers. Methylmethacrylate seemed to be less suit-
able because of its low polarity so that watersoluble 2-hydroxy-
ethyl-methacrylate (HEMA) gave even better results. It was ap-
plied as a commercial formulation Plex 6803-1 (R6hm). De-
tachment of consolidated qi-lacquer by volume shrinking of
HEMA cannot occur because of the thin HEMA layer.



Polymerised HEMA can take up water up to 40 % of its
own mass. This implies that the polymerised product lets
water penetrate. If applied to wet terracotta water can cross
the polymerised HEMA film and evaporate. In contrast to a
film which seals the surface, the formation of blisters can be
avoided.

The application of an electron beam (EB) initiates a radical
polymerisation which is inhibited by molecular oxygen con-
tained in air’. Therefore oxygen must usually be thoroughly
excluded to obtain a smooth and solid surface. On the other
hand, the influence of oxygen is desirable for obtaining a lustre-
less surface of the solidified works of art. Therefore one should
initiate the polymerisation with electron beam radiation with air
surrounding the monomer soaked gi-lacquer layer. After the EB
cure small residues of monomer can easily be removed from the
surface by wiping off or by evaporation of the monomer at room
temperature.

A central difficulty in conserving paint layers by the applica-
tion of electron beam polymerisation is the potential damage of
the lacquer by radiation. Tons and radicals remaining after the
radiation process can be starting points for further decay. The
gi-lacquer, however, contains ortho-hydroxy phenyl moieties’
which are known to be radical scavengers.

Electron beam curing experiments were carried out at the
Institut fiir Polymerforschung (IPF) in Dresden with the Russian
electron accelerator ELV-2, INP Nowosibirsk. A sketch of
the electron accelerator is shown in fig. 1. Electron energies can
be varied between 0.6 to 1.5 MeV, the maximum radiation cur-
rent amounts to 25 mA. For further experiments in Xi'an
the electron accelerator ELV-8 can be used. This apparatus is
from the same Russian producer and provides a wider range of
electron energies.

The electron beam (EB) is focused and scans the substrate.
Extensive shielding is required due to “bremsstrahlung”. The
absorbed dose the sample receives as a result of passing under
the beam is obtained by integration of the Gaussian function for
the beam shape. The sample speed is thus inversely proportion-
al to the absorbed dose. In the experiment the dose was admin-
istered in steps of 10 and 100 kGy. The total dose absorbed is the
sum of all the individual doses.

For all experiments an electron energy of 1 MeV was used.
This value determines how deep the radiation can penetrate into
a substrate. At an energy of | MeV electrons can penetrate up to
5 mm into a medium of density 1 (water), with a maximum
intensity at 1.6 mm. At longer EB exposures if all monomers are
consumed by the polymerisation reaction main chain scission is
possible.

Preliminary Experiments

In preliminary experiments original qi-lacquer ground layer
flakes were flattened on a terracotta support with H,O dest. and
were impregnated during three days with various consolidants
before electron beam irradiation.

The HEMA formulations polymerised at an energy dose of 50
to 60 kGy. Polymerised Plex 6803-1 shows the best results con-
cerning the mechanical strength of the binding of the gi-lacquer.
Unreacted monomers on the surface evaporated after a few days.
After three years the original Qin-dynasty qi-lacquer is still
firmly bound to the terracotta, the surface is not shiny or lus-
trous and the terracotta has completely dried.

1.20 m
H. V. electrode
cathode
accelerating tube
P i L l P 7T ETTTTTL
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Fig. 1. Sketch of the electron accelerator ELV-2, INP Novosibirsk.
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Analytical Methods

Among the methods that we have used, | want to focus shortly
on the following three:

Infra-red spectroscopy, cross sections / microscopical evaluation
and laser desorption mass spectroscopy.

Infra-red Spectroscopy

Infra-red Spectroscopy does not show damaging effects of the
electron radiation up to 300 kGy. Spectra taken from irradiated
and not irradiated samples were alike. No damage by electron
beam irradiation can be detected by infra-red spectroscopy.

Infra-red Investigation of the Degree of Polymerisation
of Pure Monomer

In order to find the best conditions to consolidate the monomer
soaked samples a multitude of preliminary experiments were
carried out. Test tubes were filled with equal amounts of the
respective consolidant. Some of the test tubes were filled
with the inert gas argon to exclude oxygen which is known to
be a radical scavenger and polymerisation inhibitor. The test
tubes were exposed one or more times to a certain dose of
electron beam radiation to evaluate differences in the effect of
the irradiation.
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absorbance [arbitrary units]

T 740

745 T80 75 760 78S 770 775

wavenumbers [cm’]

——4.2mA 1x60kGy
—e—4.2mA 3x20kGy
B —x—4.2mA 20 + 40 kGy

absorbance [arbitrary units]

735 740 745 750 755 760 765 770 775
wavenumbers [ cm’']

Fig. 2. Electron beam curing of Plex 6803-1 at different doses (one step
treatment).

[ 2. Plex 6803-1 24 [] fit e 4R 5 A AL BE(— 240 ),

The effect of argon to exclude air (which contains oxygen and
thus inhibits polymerisation) is only minimal. If Plex 6803-1 is
irradiated in argon atmosphere the dose necessary for consoli-
dation is only lowered by 10 kGy down to 50 kGy. The exclusion
of oxygen can lead to the formation of a transparent and shining
film on the surface of the consolidated original gi-lacquer. The
use of argon “blanketing” is thus not recommended.

Pure HEMA cannot be polymerised as easily as the HEMA
formula Plex 6803-1, which contains a few percent of cross-
linker. Plex 6803-1 is therefore found to be superior to pure
HEMA.

The dose necessary to obtain the solidification of Plex 6803-
I was found to be 60 kGy. In different experiments the dose was
administered in one step, in two steps (20 kGy + 40 kGy) and in
three steps (3 x 20 kGy). All experiments proved the Plex 6803-
I to be solid after the irradiation. It can thus be confirmed that
the overall dose given is of importance, independent of the num-
ber of steps it is accumulated in.

During all experiments the accelerating voltage is kept con-
stant at 1 MV. In the last set of experiments the radiation current
of the electron beam was varied. The lower the radiation current
the less electrons penetrate the monomer soaked samples. The
lower the amount of electrons initiating a polymer chain, the
longer the polymer chains grows. This means that longer poly-
mers form at a lower radiation current. At 2.4 mA a dose of
60 kGy resulted in solidification and evaporation of monomer.
Too much energy is transferred in this one step treatment. At the
lowest radiation current of 0.6 mA the maximum dose obtain-
able in a single step is 25 kGy. This treatment led to the forma-
tion of a very hard solid.

The solidified samples of Plex 6803-1 were further inves-
tigated by quantitative infrared spectroscopy with a Perkin-
Elmer IR-1420 FT-IR spectrometer. This method allows to de-
termine the degree of polymerisation. The samples investigated
had very different consistencies: liquid, viscous, rubber like and
rock hard. It was preferred to monitor a peak that was linearly
proportional to the degree of polymerisation. The polymerisa-
tion of Plex 6803-1 afforded the formation of linear chains like:
-[-CH,-CR;-CH,-CR;-]-.
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Fig. 3. Electron beam curing with 60 kGy dose

B 3. Al 60 kGy 477 B i AR ST AL T .

The newly formed methylene group (CH,) is found at 748.5
cm’ and its peak is proportional to the degree of polymerisation.
The longer the chain the more methylene groups are formed, the
higher the absorbance at this wavenumber.

After thorough investigation the IR-spectra were normalised
for the -CH,-H valence vibration at 2957 cm™ (methyl group is
not affected in the reaction). The baseline was corrected and
the wavenumber 780 cm™' was set to zero. Fig, 2. presents IR
spectra focusing on the peak at 748.5 cm™' taken after a single
step electron beam curing with doses from 0 to 80 kGy. The
proportional relationship between dose rate and absorbance is
evident.

At a dose of 80 kGy the Plex 6803-1 became solid, indepen-
dent of the number of steps. The single step electron beam treat-
ment leads to a higher degree of polymerisation. Fragment
F009-98 was consolidated with a dose of 4 x 20 kGy.

The lowest dose necessary to obtain solid Plex 6803-1 was
found to be 60 kGy. The dose was applied in a single step, in two
steps (20 kGy +40 kGy) and in three steps (3 x 20 kGy). The re-
sulting spectra are shown in fig. 3. All three curing methods af-
ford about the same degree of polymerisation. This dose was to
be used for one of the original polychrome fragments (Fragment
FO11-98).

In another set of experiments the electron beam current was
varied. The lower the beam current, the longer the polymer
chains, the higher the absorbance at the CH, rocking vibration
(748.5 cm™). Fig. 4. shows the spectra taken from samples irra-
diated with an electron beam with a beam current of 0.6, 2.4 and
4.2 mA.

The highest degree of polymerisation was obtained at 0.6 mA.
The solidified Plex 6803-1 was rock hard. The original fragment
F006-98 was treated in this way. Irradiation with a beam current
of 2.4 mA (60 kGy) resulted in the evaporation of the consoli-
dant. Although longer polymers are formed the detrimental
effect of the heat-up of the polychrome lacquer and the fragment
disqualifies this curing method for further experiments.

Although FT-IR Spectra allow for a quantitative measurement
of the relative polymer length, further experiments will have to
be done to determine the distribution of the absolute length of
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the polymer chains after electron beam curing. Laser desorption
mass spectroscopy (LD-MS) is an elegant method to obtain the
exact mass distribution.

Cross Sections and Microscopical Evaluation

Light microscopical investigation and cross sections provide an-
other possibility to evaluate the penetration of the consolidant
into the lacquer and the terracotta. Original gi-lacquer samples
consolidated with electron beam and the HEMA formulation
Plex 6803-1 were used. At magnifications of 50 x to 200 x a
colourless transparent polymer film of Plex 6803-1 can be de-
tected between terracotta and gi-lacquer. This can be clearly
seen in the cross section. However, on top of the gi-lacquer no
polymer film is found. Owing to this the surface of the consoli-
dated qi-lacquer appears dull, it does not shine.

In this cross section the polymerised HEMA layer is thicker
than the original qgi-lacquer layer. This is due to the fact that
detached original flakes were consolidated onto a new terracotta
support. Original samples, where the lacquer layer still adheres
to the original terracotta, do not show an intermediate HEMA
layer after consolidation.

Laser Desorption Mass-spectroscopy

Laser desorption mass spectroscopy (LDMS) was carried out on
irradiated samples at the Max-Born-Institute in Berlin, Adlers-
hof, Germany. The degree of polymerisation of the applied
monomer and possible EB cure damaging effects were moni-
tored. For laser desorption a XeCl excimer laser LPX-100
Lambda Physik ( 308 nm, 30 ns pulse width) was used. The pos-
itively charged ions generated were separated by a non-com-
mercial reflectron time-of-flight mass-spectrometer (RETOF-
MS, see fig. 5. ) with a mass resolution’ of m / A m = 2000. In
contrast to most commercial systems, the laser desorbed ions
were allowed to drift for ca. 2 cm before being extracted by a
pulsed electric field. The ions were detected by dual multi-

Fig. 5. Section of the laser desorption mass spectrometer.
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channel plates and the signal was collected by a digital oscillo-
scope. The spectra were then transferred to a PC for further eval-
uation. The delay between laser pulse and ion extraction allows
one to preselect the mass of the ions detected.

Mass-spectroscopical evaluation shows no damaging effect of
the EB radiation (300 kGy) on the qi-lacquer. To prove the poly-
merisation of the applied monomers within the terracotta and
the original gi-lacquer LDMS spectra were taken. LDMS of
HEMA polymerised by electron beam curing usually determines
the average polymer chain length in the terracotta support and
within the gi-lacquer. The spectra are depicted in fig 6.

In the terracotta support only polymer fragments mainly con-
sisting of 2-4 monomer units were detected. Within the solidi-
fied original gi-lacquer layer solely fragments with 4-6 monomer
units were found. Unfortunately the LDMS spectra do not show
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long polymer chains, but only fragments of these. The reason for
this is the three-dimensional cross-linking, which occurs during
the polymerisation. A large network is formed and the laser
pulse can only desorb small parts of this network. For every
polymer a combination of peaks can be observed. This is due to
sodium and lithium adduct peaks® and because of the cleavage
or addition of a hydroxyethyl fragment (small bond dissociation
value). In the mass spectrum of HEMA polymerised in terracot-
ta fewer lithium adduct peaks can be found. Furthermore hy-
droxyl endgroups are detected which were formed through EB
radiation by reaction with the terracotta.

Investigation of the influence of electron radiation on gi-lacquer
by IR and mass spectroscopy confirmed that even a dose of
300 kGy (30 Mrad) does not result in a detectable damage of the
qi-lacquer. However this dose is far beyond the dose which is nec-
essary for polymerisation. Additionally the radio-biological effect
of electron beam and “bremsstrahlung” destroys micro-organisms
and can be used to disinfect contaminated lacquer”.

After the promising preliminary experiments we started
experiments with original samples. The experiments were per-
formed at the Institute for Polymer Research in Dresden, Ger-
many by the Bavarian State Conservation Center and three
Chinese colleagues from the Museum of the Terracotta Warriors
and Horses: Zhou Tie, Rong Bo and Zhang Zhijun.

Before the irradiation with the electron beam three original
samples (Fragment 6-98, 9-98 and 11-98) were pre-treated as
follows: During three days the samples were impregnated with
the commercial formulation Plex 6803-1 which was applied
with compresses. The concentration of Plex 6803-1 in water was
raised from 33% on the first to 66% on the second and finally to
100% on the third day. Thus the consolidant had enough time to
penetrate the qi-lacquer, its overlying paint layer and the terra-
cotta. In order to evaluate different electron beam curing meth-
ods every original fragment was treated with a different method.

Fragment F006-98

Part of body armour with gi-lacquer and red iron oxide.
Treatment: 1 time 25 kGy at 1 MeV and 0.6 mA.

The fragment was not cleaned after the irradiation. Surplus con-
solidant was allowed to evaporate for several days. After irradi-
ation the sample was stored under ambient conditions.

Fragment F011-98

Part of body armour with qi-lacquer and stripes of red cinnabar.
Treatment: 3 times 20 kGy at 1 MeV at 4.2 mA.

The fragment was not cleaned after the irradiation, Surplus con-
solidant was allowed to evaporate for several days. After irradi-
ation the sample was stored under ambient conditions.

Fragment F009-98

Collar with Han blue, cinnabar, pink colour and qi-lacquer
Treatment: 4 times 20 kGy at | MeV and 4.2 mA.

Surplus consolidant was removed between the irradiation exper-
iments with a laboratory tissue. Along rims and creases liquid
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consolidant collected to form a pool which can harden and lead
to shiny spots on the treated fragment. These pools were drained
by pressing the edges of the tissue into the rims and creases. The
fragment was immediately freed from surplus consolidant after
the last irradiation by pressing the laboratory tissue onto the
lacquer. The result was a fragment with virtually no shining
spots on the surface. The sample was stored under ambient
conditions.

After irradiation all fragments showed a good mechanical fix-
ation of the original gi-lacquer and the overlying polychrome
layer. A rub test was performed. The terracotta dries out com-
pletely after a few days, the stability of the polychrome qi-
lacquer is retained. All three fragments are in good condition
after three years at ambient temperature and humidity. The
coloured lacquer layers are bound tightly to their original terra-
cotta support. A natural look (not shiny) of the polychrome
surface is obtained. Laser video holography was employed to
investigate if drastic changes in humidity will affect the consoli-
dated polychrome layer. No damage could be detected after four
humidity cycles (35-83 % r. h.). We are all looking forward to
seeing the effect of long-time storage under ambient conditions
in Lintong, China.

Finally I would like to repeat all advantages offered by the new

method:

— The consolidant is watersoluble in every ratio.

— The consolidant is similar to water in viscosity, colour and
density, it has only a faint odour.

— Only two solutions of consolidant in water are required for
the whole preparation. No more chemical operations needed.

— The consolidant is a commercial formulation of HEMA (Plex
6803-1) which is commercially available.

— Itis used in very hostile environment for long term sealing of
broken canal pipes.

— The consolidant is stable under normal conditions, no auto-
polymerisation occurs,

— Monomer treated samples can be stored because the poly-
merisation starts with the electron beam irradiation only.

— The polymer has an excellent transparency like most
methacrylates, but treated samples do not have a shiny ap-
pearance.

— The polymer binds to gi-lacquer and terracotta alike.

— The polymer is not poisonous, it is the main component of
contact lenses for the eye.

— Irradiation with an electron beam can be carried out in Xi’an,
China with a suitable electron accelerator like the ELV-8.
This apparatus was produced by the same company as the ac-
celerator used in Dresden.

— Electron irradiation effectively destroys bacteria, micro-
organisms and most important: mould.

The application of the rapid electron beam polymerisation is
therefore a promising method for the conservation of the terra-
cotta-army of Qin Shihuangdi and other art objects.
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Cristina Thieme

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 the
clothes reflect the appearance of the Qin army and prove that 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 be 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 f ingernails 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 ground, 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 are red, green, blue and
purple, more seldom yellow and white*. 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 ties’, 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 Dynasty’ (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 are also coated with lacquer for the sake of realistic de-
piction. The fact that lacquer, rather than a paint layer of brown
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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 are
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 time that the figures 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 fineness 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, ‘alive’ 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, azurite, orpiment, bone
white, Han purple and Han blue) are documented for the poly-
chromy of the clay warriors. Thousands of figures 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 by the Roman emperors, but were de-
nounced by Pliny the Elder as a waste: The pigments “that be-
long to the floridi®, 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 be 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



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 colori aus-
teri” 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 robed female 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 very strong brush strokes
in a brown-red ochre strengthen the relief of the robes.”" 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 surface”. 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 figures 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 Te K'un describes bronze and clay findings
from the Western Chou era that were coated with lacquer: “...the
decorative lacquer surfaces had flaked off ... sometimes traces of
the original lacquer surface may be seen.”'" Minchen-Helfen
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.'” 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." 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
white'” and so-called Han purple as artificial pigments™. 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 of “true’ 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 I'V, fig. 1-7).

The following layers were identified on fragments with flesh

tones:

— The flesh tones on a hand®' are applied in two layers over the
ground; the lower layer is white and very thin, the upper one
pink and thick.

— The finger” of a different figure has a thin orange layer be-
low and a thick layer of pink pigment above.

— Over a thick orange-coloured layer” (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,™ there is evidence of the use of cinnabar
on lacquerware from the Zhanguo Dynasty (480-221 BC).” The
largest deposits of cinnabar are to be found in China and Japan.*
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/Western 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."™'

According to Wang Kuike, the artificial production of
cinnabar from mercury and sulfur — synthethic 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) Ge 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".* Around this time the Chinese discov-
ery became known in Europe, via Arabian’™ culture.

Itis 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
lacquerware in the Ming Dynasty (1368-1644).%

Cinnabar is unknown in ancient Egyptian painting’” 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).*

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 Theophrastus', 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 state ... 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
dving elephant, when the blood of the two animals mives ...
There is however no other pigment in painting that renders
blood so characteristically."*

According to Rhousopoulus®, 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.* The
pigment is documented in Pompeii.** Deposits were located in
Spain and Ephesus.”” According to Pliny the Elder cinnabar was
mainly imported by the Romans from Sisapo in Spain, but it had
to be processed in Rome. “It is not permissible to finish and ren-
der the cinnabar in Spain; the crude ore is brought sealed to
Rome, about 2000 pounds a year.”* According to Pliny the
highest quality cinnabar was found in Ephesus.
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Malachite and Green Copper Pigments

In the Qin Dynasty (221-206 BC) the pigment malachite (Chi-
nese: konggqing, 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)." 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 atacamite as a green
pigment is proven.”

According to Yang Wenheng, copper ores were mined on a
large scale in China already before the 11th century BC.’' 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.”” 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., from the 5th century BC until
the 3rd century AD.” During the Song Dynasty (960-1127)
malachite was recovered on the You River (Jangxi Province).™
Further deposits are found in Huize, Dongchuan and Gongshan
in Yunnan Province.™

In the West the copper deposits on Cyprus™, in the Sinai’” and
in Armenia*™ 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®'; in Persia in Persepolis (520-330 BC)®. 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.” Recent investigations more and more fre-
quently document copper carbonate with a chloride content. The
presence of atacamite has been variously interpreted: on the one
hand it is assumed that the chloride-containing copper mineral
is a reactive product from malachite®® or also from Egyptian blue
and Egyptian green®; on the other hand. that natural or synthet-
ically manufactured®” 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 pigment.® 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 Henan Province and on Buddhist wall paintings from
the Ming era (1368-1644) in Shaanxi Province’".

Like the Egyptians, the Chinese also produced an artificial
blue pigment, so-called Han blue, a barium copper silicate (Ba-
CuSi4010). The chemical compound of barium copper silicate
is very similar to that of Egyptian blue, a calcium copper silicate
compound (CaCuSi,0,4).”" Vitruvius passed on the production
method for Egyptian blue, which does not differ essentially from
that for Han blue.” According to Wiedemann and Bayer” “cop-
per sulfides were used together with barite and silica sand or
quarzite to make the pigments.” Barite deposits (BaS04) can be
found all over China.” Han blue was first discovered in 1983 by



West FitzHugh and Zychermann on painted terra-cotta from the
Han era (206-220).” It is not known if artificial barium copper
pigments were produced before the Qin Dynasty.

According to Noll, azurite and lapis lazuli” “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)"" and on paintings from the
18th Dynasty (1580-1314 BC)”. 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 caeruleum aegyp-
ticum, Pompeii blue or vestorianum®, this blue pigment has
been documented in Pompeii.** Azurite and lapis lazuli, on the
other hand, are not found in Pompeii.

In Persia architectural fragments at Persepolis (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.”
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Province, Archaeological Team for the Excavation of the Terrcotta
Army at the Mausoleum of the First Chinese Emperor], Qin Shi-
huang ling bingmayong keng. Yihao keng fajue baogao 1974-1984
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the Qin era in the district of Yunmeng Suihudi (Hubei Province); in:
Lin CHUNMEIL, 1992, p. 24.

3 CHAN-KUO T’se: Ranks of the Warring States, in: COTTERELL,
ARTHUR, Der Erste Kaiser von China. Frankfurt am Main/London
1981, p. 70.

4 Lin CHUNME! 1992, p. 23.

5 So far traces of red and green pigments representing the small but-
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Purple Pigments
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could be documented several times on fragments from the terra-
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1984; Liber 34, Darmstadt 1989; Liber 35, Diisseldorf/Ziirich 1997;
Liber 36, Darmstadt 1992; Liber 37, Kempten 1978.

BERGER, ERNST: Die Maltechnik des Altertums nach den Quellen,
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20 Investigative methods included x-ray diffraction, energy dispersive
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periments involving the treatment of cinnabar with fire were begun
(Wana Kuike 1989, p. 201).

29 Ancient Chinese alchemy was composed of three parts: “First pro-
tochemical experiments with metals and other minerals for the dis-
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it did not contain any gold, he admired the beauty of the sand be-
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42 KONIG/WINKLER (PLinius), Liber XXXIII, § 114, 83; According to
Rompe:  Chemie-Lexikon, NEUMULLER, OTTO-ALBRECHT (ed.),
9" Edition, Stuttgart 1983 (under the heading cinnabar): “the term
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. 194,
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200 A.D. (VoGEL 1994, p. 118).

53 VogGeL 1994, p. 118,

54 YU FEIAN 1988, p. 8, cites FaN CHENGDA, Gui hai yu heng zhi: “This
sort of mineral is called malachite. There is also a type fragmented
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71 WesT FrizHuGH, ELISABETH/ZYCHERMANN, LYNDA A An Early
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1983, pp. 15-23.

72 FENSTERBUSCH (VITRUV) 1964, Liber septimus, XI, reports on the
synthetic production of this blue pigment: “The discovery of the ma-
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73 WiEDEMANN, HANS/BAYER, GERHARD: Formation and Stability of
Chines Barium Copper-Silicate Pigments, in AGNEW 1997, p. 379.

74 WIEDEMANN/BAYER 1997, p. 379, with no information on the mines,

75 On Han-Blau: WeST FrrzZHUGH/ZYCHERMANN 1983, p. 15; on Han-
Violett: WesT FirzHUGH, ELISABETH/ZYCHERMANN, LyNDA A.: A
Purple Barium Coppersilicate Pigment from Early China 1992 (37),
pp. 145-154.

76 Lapis lazuli is described as a precious stone in ancient Western
sources, but its use as a pigment in antiquity has so far not been doc-
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77 NoLL 1991, p. 204 and p. 209.

78 According to both PeTrIE and SmitH (quoted from Lucas 1962,
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79 Lucas 1962, p. 340.

80 Norr 1991, p. 209; Lucas 1962, p. 342 und REAHLMANN, ERNST:

Uber die Farbstoffe der Malerei in den verschiedenen Kunstperio-

den, Leipzig 1914, p. 4. According to studies by EL GORESY/JACKSH/

RAZEK/WEINER 1985, p. 101, the production of Egyptian blue, a blue

glass frit, was known during the Old Kingdom (2850-2052 B.C.) in

Egypt: “Both are multicomponent synthetic pigments and consist of

cuprorivaite (CaCuSigO ) with variable amounts of wollastonite

(CaSiO3 with Cu); Cu-rich glass and tenorite (CuQ). They were

prepared by melting a Cu-rich ingredient with lime and desert sand,

sometimes at temperature below 743°C — much lower than laborato-
ry experiments showed.”

“The artificial production of steel blue (Egyptian blue) was first dis-

covered in Alexandria. Later Vestorius set up a factory in Puteoli

(Pozzuoli)”, FENSTERBUSCH (VITRUV), 1964, Liber septimus, XI.

82 The name Festorianum is stamped in the Egyptian blue pigment ball
that was found in Pompeii. It was Vestorianus who brought the recipe
for the production of this pigment from Alexandria to Rome
(CoLoMBO 1995, p. 95).
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same nature and has the same chemical and optical properties.”
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84 STODULSKI/FARELL/NEWMANN 1984, p. 149.

85 BRINKMANN 1996, p. 25.

86 HERM, in this publication.

87 NoLL 1991, p. 193.

88 Lucas 1962, p. 346.
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B, RERIL. DESHBARARL.

HAOEA TR, WREL. 28 B
REFZ R LS. . S LTS R PR RY
HALRE, —SHDEE FRSEE. —SHEDAFR LI
—SENMECRE, ARBR. R R, DT, FEFLH
R EOREER R A LT SO B LA P R I 2 R0 —
H SRR P L R . FETUTEOX R RALREZ |, R
4 B B 7 T X SR T — e 3 SRR SRR A2 A B
WEE, £-BENEENS, FiL, PIRRIHELMK
A, G, KEMSUEMLE. £EGKAN
WIET, ENETEE, WfFshk. BEKGIR
B, HUGEG. B, REGHST, QB HHESE
WA, MBI, XFEELSUR R DI ERARIAE,
RIS LGB, RRT 2HE.

G REHE D HOERA T RRE, KOAE
i, BEREEKE AGHSHD, ETAXTREEER
LR UTRISRE, . FREWAMAE Fe. . R
Shb, WAKRD. BAEDE LEEOEY, —REW
w8, YRR R RREDE T RANER, ERATE
B RGEHRITRRE, Tl LML BER T &R 1%
BES 8

2. SRS

2.1 ZRBEHIE A, HFIE

WEDMEM K Cu. Sn. PbAE, SMIEL UNEZ
SEBREALER, HBRRIE A RRPERE . AHTES, KAK
B in_b 4G £ (o BORHLBOR RN TR L, ZIES
SRR, KARISEALR:, BB, XH%EDE
BRPER, BMARTE, 2EASHBEDNGEHE
A, WML T BoRIE IR SRR, BRI T
We, SLERERBIE. HtUE, mTRES. KE. ROME
Y. SRR, WANRG, BARRERaLE
% -

& AL, STEE, KA NEROSHF, REB &
&7 ERGRAMETACURE, ESHBPIGIKERME
FHREHE, WARKIE, HEFRAR—2. EEXER
BRI IR BRI TR A b, iy T RIRE T iR
PR, AR T IEE R A AR . R e
BaEz s, REMHETTHELE, 18R FREL
E LR S e S

REHRBEIZ KB RATWAG . EEBRAFT, K
Wkt F. “HRSSEEIER, 9 K EREKREM
AR, KRG, EEHTHER, CO, K SO, XY
Wi, FLMATINGR 1 Fi7R.

4 Pb;O,: Fe,05

s CuCO; Cu(OH),

£ 2CuCO; Cu(OH), 15 45"
% S R

i Fe,0; nH,0

= 2PbCO; Pb(OH),

) JoE LK

g Bt =8, Bt A

* 1. Bl

A EERZIE. K. CO,. SO, %M, LARIMEYE
EMA AR, ERAEEBMAK, B4 5ZHMLER
fERmAS (. MTRD, KEDERSZR, EREPRE/N,
AENREERT, KPR R FHR . xS Saey
MR K. Ef( Pb(OH)y 2PbCO;). LI E(Pb;O,)FEIE Al —
ERE TR

2PbCO;- Pb(OH), —2PbCO;* Pb(OH),* —>PbO,+H,0+CO,
Pb;0; —Pb;0,* —3PbO,

Bah, BT EIRNERER, FE2HARAERES XK
RN, BRI K. B, St ARG
HRKEm .

DR , HASEHARMRE, gk, W
#£2.,

TSRS R, SRR, BAK AR Mk BA
B,

A NGHGHRIE, FEAE P 15 %R BAE, &
W& 5| 960° C (LK & 1083° C). # M 25 %, WP E
800° C: 4iff7H ECHERE 35, #0 7-9 %I 4L,
BE R F] 65-70, B0 9-10 %, BEEEFL 70-100 .
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2% EBED (%)
Cu Sn Pb B
= 85.75 7.49 0.51 93.75
Era 4 83.86 13.14 0.59 96.59
el 90.01 9.24 0.55 99.80
) B 85.42 13.79 0.79 99.00
g 86.75 10.03 0.46 97.34

R 2. DM .

B 2, WENEEERE RIF0EE e, L —
SEMGREE, HGERE 13.14 %, TSN 749 %; bk
Sk, BOREERER, WHERN 13.79 %; #4E. 5|85
., BHNFVTHE, ERUTEEKR, HEESE
H9.24 %, %% 10.03 %.

BARGEEE, SHAHFHAS ZQSn10 K 2QSn6 i
AR, ] 24 R 1A B AR B AR 24 A

fI(ZE1964X10Y 10Z10)f) 765 4k .

BAFPL., & EFRI=FE, AX. Y. ZEE
N o T € BE S PR bt R A YR8 E R E =R Y
o {XHFPA D65 IR BREAZR KA R HE 2L E B i) =
PRy, 2SR TEEEAEE, B A=
X. Y. RHESHBE. y. |, a. by MTiER L E 6
H, BEPRMRGIGERNES, MEREEENERE.
AE =[(AL)’ + (Aa)+ (Ab)']"*
AL BBEZE, Aa 4G EH%E, Ab G EMHE,

HL a b=BATHAMEZER, NETRK=SEH
%, MR EEEa a2, Bl HVERE i, B
AT FTTEfTRMELBE T B B th(RIAE)B/D, o dfErrss.

2.2.3 1@ EEXTE & B
W EMNRMELHR, BENEE 2358, BFAE
i, k4.

PAZE 4 PAE X RH%/EE. BE 1. B2.

Birt [ e RH %
22 BEXNEEHESELMP o] 33 | 43 [ 54| 63 | 728 81 | 96
2.2.1 BAERYEEH )
B | 68| 409 | 1.13 [0.53] 3.81 | 3.15 | 4.82 | 1.94
RERAEN N EERE. E—FRETF, WARRRKEY 73| 0.19 | 0.88 |0.61] 251 | 130 | 0.84 11840
4 5 7K O 78 95 FE A B (R S 2 W 0 X 0 2 1 058 1 9.611 251 11.30 1084 l13.
(RH %), FIRSEEH TSR sg, ST, T4 a1 %“B 2.00 | 097 |1.17]| 4.18 | 1.47 | 2.63 | 1.67
%W%&ﬁﬁﬁﬁ@lm%{ﬁo %IZ——%?EJET, Krﬂﬁﬁ?&ﬂﬁ Jot 1.37 1.98 10.92| 1.30 | 1.56 | 1.24 |36.63
AFEGHIREE, ALK WHMI RERETET [BE DE®]| 022 | 095 [049] 159 | 079 | 0.83 | 2.52
JURR AR HE . 0% 3 FiR. | 136 | 1.15 |0.85] 091 | — | 1.09]8.64
B | H
i B ) ij% 1.09 | 1.24 [0.85]| 0.81 | 0.63 [ 1.21 | 1.59
I 2 TR, £ R SC-80 i, RN 039 | 101 10.18] 0.91 | 076 | 121|752
HAGALANES, HFMETEIFEAZERLAEEEES &4 FRIEEAE .
3. MBS . SRR S CEIREAY A .
iﬁﬁ m E K;SO4 (NHq) 804 NaNO 3 NaN02 Na;Cr;O;- 2H20 K2C0 3 Mgclg' 6H20
A (E 96 81 72.8 63 54 43 33
(RH %)
30°C | iEHE 92 83 73 63 56 47 36
(RH %)
ST (g) 13 78 94.9 87.6 177.8 113.7 56.5
S 5 (g) 14 83 100 92 280 117 350
HigfE 97 81 74 66 55 44 33
(RH %)
20°C | PR 92 82.5 74 66 54.4 46 37
(RH %)
S (g) 1.1 75.4 87.6 80.8 177.8 110.5 54.5
S 3% (g) 12 78 93 86 280 115 320
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Fig. 1. Relation scheme of AE-RH % under room temperature and sun-
light (84 days).

B 1. iR, B FAIAE-RH %X E (84 K)-

2.2.4 HFRiHE
2241 BEHAHE ., B2 BEIREXTAE HH.

Bkt
(1) BE 1A i, EXBEHT, FRABESSGE
KA, ERTFHEEH( RH %7E 33-55 %), B RH %H4K0
AE W, 75 RH %3k 55 %0, AE J9fivh, ZERBFREH(RH %
=55-81 %), MAHGEASRAE B RH %K, 7E 97 %l
PHNE RS, AE KK KA.
(2) mE 2A TH, FERREHE, B 97 %R ~4
B, BlR\|IEAS, AE B RH % KMEE L.

g iR, 4% RH %7E 44-55 %L R/,

71 (1 50kt

H1E] 28 %1, AE B RH %f0254k5 F@BRHEAHIF, £ RH %
3% 33-81 %EJAE AR AR, RETE 97 %, HTHAE
i SBAE 9275, FTPA, 7E 44-55 %R,

Fig. 2. Relation scheme of AE-RH % under temperature of 30 °C and
without sunlight (63 days).

& 2.30°CHf, FMAJAE-RH %X FRE(63 K).
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KAL) KAEMRNATRERE . TERERMN, BAARES

6l



KR Z, BOERKD FRMASE PO Tk fE
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GERINFES
RH %| 254 nm $EAMEREREE (420 nm %EHPERAR B AF
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Bk, BRI 97 %IREER), B TFKMRIEIM K
%, (B9 2 BABUR R Y 58 /M 258 B REAR, FHIE
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Pb;Oshy_ — PbyO*-+++-@

Pb;0,*+H,0+C0O; — 2PbCO; Pb(OH),+0,; .....@
RMO%EIR ERIEE RN, DAFEERT AL,
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&

PbO,+4H"+2e —Pb*'+H,0 E,=1.455V
4 log K SP(PbCO;)=-13.13, HAXHEH E° PbO,/

PbCO,=1.685V , H HIEH(# Pb;0(PbO,) &L, RNV @S
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RVAEK S FEAL, BEPERB_MEE, BRSSP
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WoloEZ, BN TICRMBER S, B, RERTRDN, FEN
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k. FE3. -
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Fig. 3. Change of polychromy under different humidity. Top: RH 81 %;
Below: RH 43 %

B 3. AERREE T ML AN
A RH81 % ; £AE: RH43 %.
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Fig. 4. The content of NaCl and time of corrosion . (A = absorbance)
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NaCl % 0.1% 1.0 % 3.5% 5% 10 % 15 %
1 0.23 0.29 0.41 0.34 0.20 0.07
2 0.25 0.29 0.42 0.37 0.23 0.08
3 0.28 0.34 0.43 0.36 0.24 0.10
T4 0.253 0.306 0.420 0356 0.223 0.083
7 6. R[A]HKE NaCl FF i i s Y BE(A)
AH SO; (mg/m’) No, (mg/m’) W (Thkm™ H)
28
: 0.057 0.078 26.45
2 0.059 0.080 26.48
3 0.053 0.082 26.60
M 0.056 0.080 26.50
7. BRHRXATHWER
RH % 33 43 54 63 72.8 81 96
AM(mg) 4.1 5.1 5.1 15.0 32.0 40.1 48.5
% 8. AEME THRERER
RH % 33 43 54 63 72.8 81 96
1 0.20 0.20 0.24 0.32 0.46 0.50 0.58
2 0.21 0.23 0.26 0.29 0.47 0.53 0.54
3 0.19 0.20 0.25 0.28 0.46 051 0.56
P 0.20 0.21 0.25 0.30 0.46 0.52 0.56
Cu® &1t (ug/ml) 13.5 15.0 17.5 21.5 34 39.5 425
R 9. ARREEE T i B R B
RH % 33 43 54 63 72.8 81 96
Cu*' & (ug/ml) 13.5 14.5 18.1 222 33.1 36.5 39.0
% 10. REREEFFH B IIE WA Cu™ & R(AAS)
RH % 33 43 54 63 72.8 81 96
AM(mg) 5.0 6.1 6.3 29.0 35.1 47.3 62.0
# 11 ARIRE THRE
% 12. RRREETF i Cu™ &
RH % 33 43 54 63 72.8 81 96
A 0.255 0.270 0.295 0.475 0.485 0.535 0.585
Cu G 18 19.0 21.0 35.5 36.5 40.5 44.8
(pg/ml)
AAS 47 Cu®* 15.6 17.4 19.5 31.0 36.5 38.5 44.7
P i (ng/ml)
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2.3.2 HHIRERAERYE RO T EIALE
A) ity WRERERERE PR, L0k 2k
/55 RH %M XK, Wk 8 K.
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Fig. 5. Relation of time of corrosion to AM and to RH % (weight
method).
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Fig. 8. Relation of time of corrosion to RH % (weight method).
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Fig. 6. Relation of time of corrosion A % to RH % (spectrophotometric
method).
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Fig. 7. AAS Analysis Cu®" content.
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Fig. 9. Relation of time of corrosion to RH % (spectro photometric
method).
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Fig. 10. Relation of time of corrosion to RH % (AAS method).
B 10. EDEES RH %3 R(AAS ).

2.3.4 SHMMER

AR A E R, GRS, % 13 f0E 1. &
14E12.

R 13 BEESREXER.

RH % 34 46 58 75 96
0.1 % SO, FEfERt| 1.1 1.1 1.2 29 4.0
AM(mg)
0.1 % S0, &
3 % NaCl FEZERT 1.2 1:2 1.6 35 4.8
| AM(mg)
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|—— R%11 = 752

Fig. 11. Relation* of time of corrosion to RH % (weight method). In se-
ries 2 are 3 % NaCl. In series 1 there aren’t 3 % NaCl.

11. JEM#EE S RH %X R+ EEE.
#7%1 2 4 3 % NaCl f£4E, %1 1 3 % NaCl f#7E.

RH % 34 46 58 75 | 96
0.1 %S0, FF7ERTIE| 0.305 | 0.306 | 0.310| 0.475 |0.540
hP=AEYI(A)
0.1 %80, % 3% | 0.356| 0.357 | 0.392| 0.5500.650
NaCl 77 R i i
FEHEHI(A)

% 14. R[4 TR R EEE(0.1 % SO).

6 i % H mg)
[= R 2]
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Fig. 12. Relation* of tempo of corrosion to RH % (spectrophotometric
method). In series 2 there are 3 % NaCl. In series 1 there aren’t 3 % NaCl.

B 12, A S RH %% R(4IEHEE).
Z5) 24 3 % NaCl ¢, %% 1 7 3 % NaCl f#4E.

23.5 gRitie

1) i Cu,0 4 BUBHR G BR B8 (BAERMMERA TR
CITFE T B AR, HIREAT 66 %, XY
BRELGT RN, WAMELE —RKE, RY CIEE
BR T QAT E

2) WAHERISCR A, FHERA SR ARRIE AR,
BEEMBBERER Cu,0 , ERIERHET, Cu0 M
TR R A (b M A S O IR ). SLRM S AEEAS
SHEE 70 %Rt —2E8k, X— 7R i TR I KA
i B—JyE T HAOFELE, B Cu(OH),Cl B 5 4 .

KBS, SAINRE/NT 50 %Ef, BRI
BEAR R ASS IR R AR, BRI O AR BE /N AR BE
KF 70 %bf, SEE A4 P £ MR A EERR,
Tk
3) 7€ SO, WRE—E MR, ARG AL 80 7 86 ik
REERR. REERPEEZRKERHBER, R
B b B b SR AN TR o 24 X 00 M T R A X0
(<65 %) BERS WE ) AR AR /1S, T AR K ) T
FAHXHREEN, REEMPHRA.

3. &5k

1) IR THIAHBE., KRMELEEZEIXR. £
BERT, BESELAEPHAR. RAEEREHKR
T, BTFEETEWA E. MEGCRE, bTFREmESN
KE—E X R, MEERGSHIRLL. B), BENE
HIE 44 %-55 %L A . XFTA. SRPFhIE R I R T 4 7
MBEIKE, FERET, HEAZHEAE IR/,

2) CuCl B2RABEMNILEY, ETNEKENR, 5 B
P4 T, AL SR A FIBI AR T [Cu(OH)Cl), il
XRD ZMH7ATHL: BERIRHEBREAER, Cu(OH)Cl HfiTHE, 98
FEtA, TEAHRRERE 72.8 %o/ihil, FEAAZEERE.

3) 76 20° C FAMEKRSET, BEKT 63 %Hf, NaCl
5 Cu,0 FEA A4 CuCly: Cu(OH),, MEFME A TRBEAR XY
R EERRA TN E, B, TR SO 2 R E RGP A9 5
ey, £Xt Cu,0 BRBIFER .

4) FERERISEEG P, 24 pH (EBXMEAT, BRREEA AR, &
HE Bl F IR S R T I R IR MR (A 70 %K
. GAREBHREFENHRT, BT CI KRS
wimmBl, Bk BrscE, B A AR B
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2. Handbook of Chemistry and Physics (F /), 1596-1601
(1953).

3. PRl (FEILREFEZERD | 1, 30 (1989).
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Cheng Derun and Guo Baofa

The Polychromy of the Bronze Chariots from the Mausoleum of Qin Shihuang

The bronze chariot unearthed from Qin Shihuang’s mausoleum
is eulogised as “the champion of bronze wares”, for it is the
biggest of its kind ever unearthed in China. Its surface is paint-
ed with mineral pigments whose major colours are white, red,
green, ete. The brilliant patterns effected with the colours truly
reflect the original look of the chariot. After being excavated, the
paint layer began to peel off due to the sudden fluctuation of
temperature and humidity. Very important here is an ideal envi-
ronment to protect the chariot after a careful analysis of the pig-
ment ingredients, a careful study of how the bronze alloy erod-
ed and the paint layer has changed under different simulated
conditions has taken place.

Simulated experiments show that the fading of colour is relat-
ed to environmental humidity, the ultraviolet illuminant and the
pigment variety. The chromatic aberration value (DE) of 4 pig-
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ments under different humidities determines the best humidity
range of 44 to 55 %.

The corrosion products of the chariot have been analyzed by
X-ray diffraction, which reveals that CuCl is the key factor of
bronze ware corrosion. The three basic conditions that influence
the corrosion are (1) damp environment (2) oxidised atmosphere
and (3) soluble chlorides. A series of experiments have been
done to determine the suitable temperature and humidity in
which CuCl and Cu,0 changes into powder rust. Simulated ex-
periments tested the correlation between the corrosion speed
and the change of external conditions. Sample bronze wares
were put under 7 kinds of surroundings of different humidity. As
a result, the suitable natural conditions have been suggested for
the preservation of bronze wares.



Hans van Ess

Symbolism and Meaning of Colours in Early Chinese Sources

What did colour mean to Chinese people more than two
thousand years ago? Written sources seem to tell a different
story regarding this subject than the archaeological record
shows. Indeed, it is not very probable that there will be much
agreement between the answers which philology and archeo-
logy can give to this question. Nevertheless, it remains impor-
tant to look at texts when trying to understand why certain
colours were displayed more prominently in ancient Chinese
art than others. There is the possibility that, as in other cultures,
sculptures were not designed to represent real life but to
comply with ideals about how humans should look. Today
such ideals can only be revealed by reading texts, not by
looking at physical objects. However, this essay refrains from
explaining why certain colours were used more often than
others. Limited as our knowledge still is, such an attempt
would for the time being certainly be doomed to failure.
Therefore, this paper will confine itself to giving an idea on
basic Chinese concepts concerning colours to those who are
not acquainted with ancient Chinese sources.

Colour Terms

For several reasons Chinese colour-terms are interesting with
regard to the subject of this paper. The most important reason
to study terminology is that the graphs used to describe colours
in ancient China can tell us a lot about the early development
of Chinese culture. However, as there have been numerous
very different interpretations of the original meaning of ancient
Chinese characters, mainly by Chinese and Japanese scholars,
the reader of the following lines should be aware that he is
treading on very thin ice. Many assumptions about the
meaning of ancient graphs do not go beyond the level of
speculations.’

As early as at the time when oracle bones were inscribed at
the end of the second millenium B.C. colours seem to have
been important as part of the ritual system of the Shang. Appa-
rently, even at this early date the use of colours sometimes
related to a specific context. White, red and multi-coloured
oxen were, for example, frequently sacrificed in the ancestral
cult whereas black sheep were used in rain-making rituals.
Yellow oxen seem to have been sacrificed mainly to the
directions or to earthly gods.” Recent research suggests that the
colour system of the Shang consisted of only four basic colour
terms: those for red, white, yellow and dark.’ The element
which is certainly mentioned most often is red for which there
are at least three different terms, namely chi i which is used
mainly to designate the colour of horses, xing 7, which pro-
bably means yellowish-red close to orange and describes the
colour of oxen, and xuan % or you #, both of which seem to be
words for a darkish red colour. Although xuan in later times
came to be used for “purple” this cannot have been the
original meaning of this character since in oracle bone
inscriptions it is the colour of a dark oxen.

The character for the word “chi” is composed of the
elements of a human figure, which was later, when the writing

system developed, stylized as “da” , big, and of fire. It is not
clear, however, whether we have to conclude that the human
figure gave a semantic meaning to the character as did the
element of fire or whether it was only a phonetic element of
the graph.” In the case of xing it seems plausible to assume the
latter, namely that one of the two elements which means
“sheep” is a phonetic one whereas only the other element
“oxen” gave a semantic meaning to the character. Xing, then,
would simply be the normal colour of an oxen. Similarly to chi
the character “you” seems to be composed of an element which
represents fire (although the modern written form looks like
the character for mountain) and a phonetic element which is
the same that is also used for writing the other character
meaning dark red, namely xuan. Other words for red, such as
zhu %, a character which seems to be a graph of a tree from
the trunk of which a red dye-pigment is obtained.” or dan J},
cinnabar, do not occur as colour terms in the oracle bone
inscriptions. Hence, it seems that the use of these terms dates
to a later time. Dan has been thought to be a drawing of a
globule of mercury on a pan or of a lump of mineral in a
crucible.’

Hei ., the modern word for black, does occur in oracle
bone inscriptions in sentences such as: “We do not use black
sheep, there will then be no rain” or “we should sacrifice black
dogs, the king will then receive assistance™. It seems also to
have been used for the word “drought™ which may have been
phonetically close to “huang” #, yellow.” This might be the
reason for the fact that yellow and black are sometimes confu-
sed in the inscriptions. The character has been interpreted as a
drawing of a human figure with face and body covered with
spots of dark war-paint’ or with a tattoed face, a punishment of
criminals.” As has been pointed out, however, the bone graph
does not have the ink spots which occur only in the later
bronze-inscriptions and there the character is never used as a
colour term."” It is, therefore, more plausible, that the picto-
graph for black shows two soot-collecting vessels over a
chimney."'

According to two eminent Western scholars, huang, yellow
probably shows a man with a large belt'* or with gold nug-
gets."” However, Gao Hanyu says that the old graph for yellow
clearly contains the character “fire” which suggests that this,
again, is a character which was used to describe one of the
colours of fire.'* In oracle bones it describes most often the
colour of oxen but sometimes also of bronze or gold.

There are several theories concerning the character for “bai”
or “bo” meaning white, all of which have been rejected by
modern scholars, There are not many convincing explanations
at the moment for what this character may have represented.’”
As an example how complicated the business of interpreting
characters can become, note the interesting explanation by
Ulrich Unger who thinks that bai originally represented an
acorn and was only later used as the word for “white” because
of its phonetic value. Later it was incorcorated into the charac-
ter for “oak” (li #)."

Interestingly, there is no term for green or blue in the oracle
bone inscriptions. Although the character qing # which has
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been explained as showing a plant, possibly indigo, with its
juice being collected in a pan'’ does occur in these inscriptions,
it is never used as a colour term - which makes this explana-
tion implausible as far as early times are concerned. The
character is, however, phonetically and graphically related to
sheng, “to grow”. Although there is ample archaeological evi-
dence for the fact that the Shang knew the colour green, the
lack of the colour-term “green” or “blue” on oracle bones
seems to suggest that most probably there was no term for blue
or green at that time and that this colour was subsumed under
the category of “dark”, “yellow” or “multicoloured”. There is,
however, also the possibility that there was a word for “blue”
or “green” but that it was not mentioned because colours were
usually referred to in these inscriptions in relation to sacrificial
animals - and that there was simply no blue or green sacrificial
animal. With regard to this problem it is, on the other hand,
significant that, in a commentary to the Book of Changes,
which might date back as late as the third century B.C., heaven
is “xuan”, dark, contrary to the earth’s being yellow. It seems
that the colours blue and green were latecomers, which
emerged from the dark category from which, much later, the
modern terms “lii” &, green, and “lan” #, blue also derived.
The use of the terms “qing” or “cang” # for the colour of
heaven in other texts also seems to be late against the passage
in the Book of Changes which reflects the earlier situation.

A most interesting word is in our context the Chinese word
for “thing”, wu # which obviously originally consisted of
two words, one clearly being an oxen and the other one
meaning “multicoloured”. This fact has been pointed out as
early as the beginning of this century (by the noted scholar
Wang Guowei)'". In Chinas first etymological dictionary, the
Shuowen of Xu Shen 41, which was written at the turn of the
first to the second century A.D. the character wu is defined as
a general term for things. This usage seems, however, to start
only during the late Zhou period, a fact which has led to many
mistranslations of early Chinese texts by Western scholars.
The part of the character which means multicoloured has been
explained either as a plough breaking up earth, the meaning
referring to the colour of the soil'’ or as a knife with dots
representing the object it cuts apart. In the latter case the
opinion has been expressed that the primary meaning was “to
separate” or “select”.”” This interpretation is important because
in some early texts “wu” quite clearly means “to select by
colours™. Only late the character wu developed to generally
refer to a type of classification, whence it derives its meaning
of “things”.

For example, in the Rites of the Chou, Chou-li }i#. which
was probably written during the third century B.C. but which
records a great number of ancient practices, there is mention of
an official who is in charge of classifying the land in order to
choose the right grain to be grown on each spot. The word for
“to classify” is “wu”, and it is explained by the second century
A.D. scholar Zheng Xuan % as “to judge on colour and
shape™.” Elsewhere the same commentary says that to classify
means to look at the colours.”” Where the text says that it is
possible to know in advance about coming disasters and
catastrophies but also lucky events by watching the “categories
of the five clouds”, the word for category - which is again
“wu’ - is explained as colour. Yellow clouds mean, according
to an early first century A.D. commentary, locusts, white
colours mourning for a dead, red ones war, black ones
inondations and yellow ones a good harvest.” In any case it
seems quite plausible that the very word for “things” is closely
connected to the word for “colour”.
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Five Elements Speculations and the Military

With this last passage we are, of course, in the realm of Five
Elements speculations which probably started during the
fourth or third century B.C. We find these speculations in the
Zuozhuan /-4, a historical text narrating the events from the
period of the 8th until the fifth century B.C. In this work it is
said that a good ruler of men has to make a display of his
“things™ which consist of objects in five colours. Again, a
commentary, this time from the early 3rd century A.D.,
explains that the chariots, uniforms and weapons are arranged
in order to symbolize the ruler’ s power over heaven, earth and
the four directions and that for this purpose they should be
distinguished by the five colours, the best means to distinguish
these things.*

It becomes quite clear that in the Zuozhuan “wu”, things, are
a word for the emblems by which status and rank are shown™,
and it seems that in this context colour played a very important
role as early as at the time described in this text. For us this is
important because from this time on in ritual and speculative
systems colours began to become associated with certain
objects or with directions. Partly we find similarities in these
later systems with the early ones to be found in the oracle bone
inscriptions. A relationship between the colour black and the
element water can be seen in oracle bone texts (as mentioned
above) as well as in five-elements theories. The same is true
for the earth which is associated with yellow and for fire which
- quite naturally - belongs to red. It is well-known that
coloured animals were associated with directions, the green
dragon being the animal or the essence™ of the east, the red
bird the one of the south, the white tiger the one of the west
and the black warrior - sometimes also a turtle - the one of the
north.

In the Records of Rites, the Li-chi, we read the following
famous text:

A fighting chariot has no cross-board to assist its occu-
pants in bowing; in a war chariot the banner is fully
displayed; in a chariot of peace it is kept folded round the
pole. A recorder should carry with him in his carriage his
implements for writing; his subordinates the (recorded)
words (of former covenants and other documents). When
there is water in front, the flag with the green bird on it
should be displayed. When there is (a cloud of) dust in
front, that with the screaming kites. For chariots and
horsemen, that with wild geese in flight. For a body of
troops that with a tiger’s (skin). For a beast of prey that
with a leopard’s (skin). On the march the (banner with the)
Red Bird should be in front; that with the Dark Warrior
behind; that with the Azure Dragon on the left; and that
with the White tiger on the right.”’

Zheng Xuans commentary explains that the four animals
mentioned last represent the different formations of the troups.
It is not clear whether the uniforms of the soldiers had to be in
the relevant colour or whether there were just animals repre-
sented on the flags. One thing becomes quite clear, however,
namely that colours played an important role for the military.
We do not know whether the technique of wearing uniforms
with distinct colours, permitting the easy recognition in battle
of the men of one’s own side, which was definitely used at the
time of the fifth century A.D. was known earlier, but recent
archaeological discoveries suggest that this development might
have started as early as the fifth century B.C.?*

Textual data seem to support this hypothesis. In the Mozi #
f text, parts of which may be dated as early as the beginning



of the fourth century B.C. the use of corresponding colours for

dress, flags and banners, numbers, sizes, sacrifices and the like

is recommended:”’
If the ennemy comes from the east receive him at the
eastern altar. The altar should be eight feet high, the hall
eight feet deep (?), and there should be eight people who
are eighty years old. The host should sacrifice with a
green banner, there should be eight green spirits which are
eight feet long, sixtyfour crossbows should be raised and
halted. The uniform of the general should be green, the
sacrificial animal a chicken. If the ennemy comes from the
south receive him at the southern altar. The altar should
be seven feet high, the hall seven feet deep. and there
should be seven people who are seventy years old. The
host should sacrifice with a red banner, there should be
seven red spirits which are eight feet long, fortynine
crossbows should be raised and halted. The uniform of the
general should be red, the sacrificial animal a dog.”’

The text continues to make the same remarks for the west,
associated with the colour of white and the number nine, and
for the north with six and the blackboar.

Another text which describes events of the year of 91 B.C.
writes that when the crown prince of Emperor Wu of the Han
tried to overthrow the government, his army used the red
insignia of the Han. Therefore the Han added yellow pennants
in order to make it easy to recognize their own forces.”"

That certain commands were expressed by the colour of
flags has been demonstrated earlier in the passage from the
Book of Rites. The Mohists developed this system further:

In general, the standard procedure for defending cities is:
Make grey-green flags for wood [i.e: if you need wood or
if there is wood or for those who are in charge of wood]:
make red flags for fire, make yellow flags for firewood
and fuel: make white flags for stones; make black flags
for water: make bamboo flags for food; make grey
goshawk flags for soldiers, who will fight to the death;
make tiger flags for mighty warriors; make double rabbit
flags for brave soldiers; make youth flags for fourteen
year old boys; make dog flags for crossbows, make forest
flags for halberds feather flags for swords and shields;
make dragon flags for carts; make bird flags for cavalry.
In general, when the name of the flag that you are looking
for is not in the book, in all cases use its form and name to
make [the design on] the flag.”

The Mohists obviously had handbooks for the defenders
which instructed them to decide on the colour and design of
individual flags.

Cosmological Systems and the Statecult

It is well-known that in Five-Elements speculations there are
the elements of earth which is yellow, fire which is red, metal
which is white, wood which is green and water which is black.
In the texts just quoted only four of these elements were
mentioned, with the earth missing. Although yellow as the
colour of the centre is alluded to in early texts™ it seems that
the systematization including five colours is late and that
originally only the four directions belonged to the system.

The Discussions from the White-Tiger Hall (Bohu tong), a
text which probably was written around 80 A.D., contains
another passage mentioning the four animals of the directions.
Here the yellow centre constitutes the fifth element but no
animal is mentioned. It looks very much like this fifth colour

had to be added because of the conventions of the day, but that
this could not be done in a proper way because the original set
did not include a fifth animal. That the fifth element is a late
addition which is somewhat unnatural to the old system based
on only four parts can also be seen by the fact that systema-
tizing ritual texts of the time make the colours correspond to
the four seasons: spring which is green like the east, summer
which is red like the south, autumn which is white like the
west and winter which belongs to black and the north. The
centre is in an awkward way added to this system as the last
month of summer and the colour yellow.™ In the dictionary
Shuowen #3 the colours are usually defined as belonging to
their directions.

There is more evidence which can serve as a basis for
our assumption that originally the Chinese colour cosmos
was constituted of only four primary colours: when the
Qin started to challenge the supreme power of the Zhou
dynasty, they step by step seem to have established a
system of sacrifices to Supreme powers whom they called
“Di” - a word which later became the designation of the
Chinese emperors. As the territory of the Qin lay to the
west of the Zhou it was only natural that the first of these
sacrifices, established in the year of 756 B.C. was directed
to the white power, the baidi (43, who controlled the
west.”? Eighty-four years later the Qin established a
second sacrifice to a divine power, this time the green
one.’® According to our sources in the year of 422 B.C. the
Qin added two more sacrifices to the yellow and to the red
power on high.”” No more sacrifices were added.

It is significant that, with the exceptions of the sacrifice
established first, the sites where these sacrifices took place did
in no way correspond to the cosmological prescriptions which
we know from the Record of Rites and other semicanonical
texts. The sacrifice to the white power lay northwest of the city
of Yung, the one for the blue power to its south and the two for
the red and the yellow powers to its west. This suggests that
the speculations concerning a relationship between the
directions and the colours were not universally acknowledged
during the period of the rise of the state of Qin. On the
contrary, it seems that the system was observed at the time of
Emperor Wu of the Han (140-87 B.C.) when his sons at their
enfeoffing ceremonies were presented with coloured earth
from the central altar of the earth at the capital. Each son was
given earth in a different colour, according to the direction
from the capital in which his fiefdom lay.™

The careful reader will have noticed that a black power was
missing from the adressees of the imperial sacrifices of the Qin.
The following complicated argumentation might give a reason
for this strange fact: Besides a cycle of four and of five colours
the Records of Rites also mention a dynastic cycle of three
colours, namely black, white and red. The Xia dynasty is said
to have ruled under the colour of black, the Shang under the
colour of white and the Zhou under the colour of red.”
Because one dynastic cycle was over when the Zhou declined,
the Qin were said to have again ruled under the colour of black
and the power of water. This conclusion was also drawn from
five-elements-speculations.” In the beginning of the Han there
was some uncertainty regarding the colour which should guide
the new dynasty. First, the founder of the Han thought that he
was the son of the red power who had killed the son of the
white power - which was quite natural because he came from
the red southern state of Chu whereas the Qin were white and
western. Only a year later, however, the first emperor of the
Han asked:
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“Whom did the Qin in former times sacrifice to as divine
powers on high?” The answer was: “To the four powers.
There were sacrifices to the powers of white, green,
yellow and red.” Gaozu asked again: “I have heard that in
heaven there are five powers. Why did they [sacrifice] to
four powers only?” When nobody knew the answer,
Gaozu himself said: “I know it already. They are waiting
for myself to complete the number of five.” Thereupon
[the Han] established sacrifices to the black power...."'

Ritual Use of Colours

So the Han, after some initial wavering, began to rule under
the power of black in the same way as their predecessors
whose reign over the united empire had lasted only fourteen
years and who were, therefore, not taken for a real dynasty.
Under the influence of cosmological speculations they later
changed their colour twice, first to yellow and then to red,
which had been the initial idea of the first emperor of the
Han.” This does not need to interest us here. What is impor-
tant for the the history of the Qin is that this dynasty is said to
have ruled under the element of water and to have honoured
the colour of black - although elsewhere it is stated in the
textual sources that the Qin officials wore white uniforms.™
Needless to say that the system of adopting a colour governing
the time of a dynasty has been observed ever since this time
until the collapse of imperial China.

Of course, the rule to adopt a certain colour for the reign of a
dynasty was only the tip of an iceberg of ritual obligations
which had to be followed by officials, dignitaries and common
citizens of imperial China. A fitting example for these rules is
provided by the following passage which is taken from the
chapter Yucao Et# of the Records of Rites:

At the ceremony of capping, the first cap put on was one
of black linen. The use of this extended from the feudal
lords downwards. It might, after having been thus emp-
loyed, be put away or disused.

The dark-coloured cap, with red strings and tassels
descending to the breast, was used at the capping of the
son of Heaven. The cap of black linen, with strings and
tassels of various colours, was used at the capping of a
feudal prince. A dark-coloured cap with scarlet strings
and tassels was worn by a feudal lord, when fasting. A
dark-coloured cap with grey strings and tassels was worn
by officials when similarly engaged.

A cap of white silk with the border or roll of a dark colour
was worn by a son or grandson (when in a certain stage of
mourning). A similar cap with a plain white edging, was
worn after the sacrifice at the end of the year’s mourning...
A dark-coloured cap with the roll round it of white silk
was worn by one excluded from the ranks of his compeers
[because he had been refractory]....

An ordinary officer did not wear anything woven of silk
that had been first dyed. One [dignitary] who had left the
service of his ruler wore no two articles of different
colours.

After these sentences which clearly show that the wearing of
coloured robes was, at least theoretically, reserved for officials
there follows what are usually considered the most important
lines concerning the colours in early Chinese sources:

If the upper garment were of one of the correct colours,
the lower garment was of the [correspondent]
intermediate one.*
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What are “correct colours™ For Zheng Xuan the “correct
colour” was only one, namely xuan which can be rendered
either as “black™ “dark”™ or “purple”. The “intermediate
colour™ is for him “xun #f" which today means crimson. Kong
Yingda fLMEi, a seventh century commentator, explains that
“xuan”, “dark” is the colour of heaven and “xun” which he
glosses as a mixture of red and yellow is the colour of the earth
- Heaven had to be on top, the earth underneath, as far as the
robes of dignitaries were concerned. However, Huangfu Mi %
Wi (215-282 A.D.), another commentator, says that the
“correct colours” are the five colours of the directions, namely
blue, red, white, black and yellow. For the intermediary
colours he mentiones green, jadegreen, bay-yellow, purple and
somekind of pink - a mixture of red and white.*

Similar rules applied to the colours of girdles and even of
knee-covers. Of course, according to the Record of Rites, the
wifes of officers were not allowed to choose the colours of
their robes freely. They wore robes in colours which were
determined by the rank of their husbands. In many later
dynastic histories we find treatises with detailed prescriptions
for the colours of chariots, clothing and seals.

Red

A high predilection for the colour of red is to be found
throughout these texts. For example, the highests seals of state
always contained an element of red," the wheels of the
chariots of high officials were painted red, and so were their
houses. We may see here an influence of red as the kingly
colour of the Zhou as well as the imperial colour of the Han -
or the other way around: the Zhou and the Han may have
chosen this colour because of their high social status. Two
examples from the Han period relating to religious and
political contexts may suffice to demonstrate this here. The
Taiping jing, a Daoist text dating probably at least partly from
the first and second century A.D. says:
If today the correct miasma arrives one will not for long
be able to nourish evildoers. This is as if a Yang miasma
arrives which has the effect that the Yin-miasma vanishes.
Now if on top of utmost Yang the red miasma comes this
is the essence of the fire-king. The fire-king is the sun
which is the brightest [object].”

The second example belongs into the sphere of semimeta-
physical apologetics of the Han dynasty shortly before its final
collapse at the end of the second century A.D. It is a fine
example of how five elements colour symbolism was under-
stood at that time. The end of the Spring and Autumn Annals, a
chronicle of the kingdom of Lu traditionally ascribed to
Confucius is explained by He Xiu in a subcom-mentary:

The master since long times knew... that a commoner
named Liu Ji [the founder of the Han] would replace the
Zhou dynasty. When he [Confucius] saw that a gatherer of
firewood captured a unicorn he knew that it had come
because of this [man]. Why that? The unicorn has the
essence of wood [green]. A gatherer of firewood is a
commoner. The meaning is that he wants to make fire
[red]. This means that the red emperor was going to
replace the Zhou and to take their position. Therefore the
unicorn was captured by a gatherer of firewood...

After the unicorn had been captured Heaven sent down a
bloodscripture and wrote at the capital gate of Lu the
following words: “Quickly create laws because the sage



Confucius is going to die and the Haus Ji of Zhou will
perish... When Zi Xia, [a student of Confucius] the next
day went to see what happened the bloodscripture flew
away becoming a red bird which transformed itself into a
white scripture...**

Red, associated with magic blood was to continue to be in
favour for centuries, as it is still today. That the mining of
mercury, which is needed for producing the read substances
cinnabar or vermilion was a very profitable business from
quite early times on, is suggested by a story to be found in the
second century B.C. Records of the Historian, an account of a
widow from Sichuan:

There was a widow of Ba by the name of Qing whose
husband’s ancestors had found mercury mines and
monopolized the profits for several generations. The
family wealth was beyond counting. This woman had the
ability to look after her enterprises, using much of her
wealth as protection so that no one molested her or them.
The first Qin emperor considered her a virtuous widow,
treated her as a protégée and caused to be built in her
honour a monument called the Tower of the Women’s
Remembrance of Mistress Qing."’

Because of evidence such as the one just quoted, it is quite
clear that red was the dominant colour in China from very
early times on.”’

Much earlier than this story was another event in which
cinnabar played an important role: There is an entry in the
Spring and Autumn Annals (670 B.C.)" which reports that the
pillars in the temple where the ancestral tablet of duke Huan
B of Lu 4 (710-693 B.C.) was enshrined were painted in
vermilion. He Xiu explains that this was done because the son
and successor of Huan was going to marry a woman from the
neighbouring state of Qi and that he wanted to show off in
front of Qi - he probably wanted to demonstrate how much
luxury he could afford.” It should be pointed out that together
with azurite cinnabar later become a word for loyalty: both
materials, do not decay. None of the other materials, which are
systematized in much later sources such as Wang Tao’s Wai
Tai bivao (dating to the year of 752 A.D.), such as malachite
for green, east and wood, arsenolite for white, west and metal,
magnetite for black, north and water and realgar for yellow, the
centre and earth seem to have played a similar role as
cinnabar.”™ Apparently, yellow became an important colour for
the statecult only at the time of the Sui dynasty at the end of
the sixth century A.D. It should also be noted that the Chinese
did, as far as our written sources are concerned, not perceive
themselves as a yellow race until very late - probably as late as
the seventeenth or eighteenth if not even the nineteenth

century.

Notes

1 C. f Paul Serruys, “Basic Problems Underlying the Process of
Identification of the Chinese Graphs of the Shang Oracular
Inscriptions”™, Bulletin of the Institute of History and Philology.
Academia Sinica (Zhongyang yuan lishi yuyan yanjiusuo jikan)
53 (1982), pp. 455-494

2 Wang Tao, “Colour Terms in Shang Oracle Bone Inscriptions”,
Bulletin of the School of Oriental and African Studies, 1996.1, pp. 63-
101. Throughout its first part this paper owes very much to Wang
Tao’s findings.

3 Wang Tao, 1996, pp. 98. Compare W. Baxter, “A look at the history of
Chinese color terminology”, Journal of the Chinese Language Teachers
Association, XVIII, 2, 1983, pp. 1-25. Compare, however Gao Hanyu
BDUE who believes that “blue”/“green” belonged to the Chinese

Critical Statements Against the Use of Colour

Finally, all ideological characterizations of colours notwith-
standing, it should be pointed out that all the attempts at
systematizing certain aspects of colours must be seen in the
right of a very strong sense among erudites of ancient China,
that the use of colours in itself was deemed a negative thing.
A remark of Confucius runs:

“Fine words and an insinuating colour are seldom
associated with true virtue.”™, a remark which is repeated
thrice in the Confucian Analects. And Laozi says:

The five colours make blind the eyes of men
The five sounds make dull the ears of men,
The five tastes make apathetic the mouth of men....

Therefore the sage ... does not act for the eye. (Laozi 12)

Warning statements against the evil influence of the five
colours for good government and public order are too nume-
rous in ancient texts to be counted. What is the reason for this
strange rhetoric? First of all, of course, many literati feared that
too much money would be spent on things which were only
superficial and not substantial. Secondly, the word for colour
itself and its Chinese character provide a clue: the word “se”
does not only mean “colour” but also “appearance”, “eros™ or
simply “sex”. Shuowen says that it is the “mood which is
expressed in the face™ because “se” is used to express
feelings of anger, joy and the like. One scholar even thinks that
the basic meaning of the pictograph has to be interpreted as
“sexual intercourse™®, and indeed, in later texts the character
very often simply means men’s desire for the opposite sex. -
Confucius said: “1 have never seen a person who loved virtue
more than sex or the beauty of women” (LY 9.18 and 15.13). It
is possible that the double meaning of the word “se” results
from the fact that since the earliest times women used coloured
cosmetics for beautifying themselves. The word for colour
could as a pars pro toto have taken the meaning of “eros™. If
this is true, then there would be small wonder that Chinese
philosophers, who often warned that a ruler who neglected the
state business because of his appetite for material goods and
sensual pleasures would eventually lead the world into ruin,
despised the use of colours altogether. This scheme could also
explain why there were so many complicated rules regulating
the use of colours. - Only with systematized and ritualized rubs
could the negative effects, which the costly luxury of colours
produced, according to the erudites be mastered.

colour system as early as during the Shang. S his “Zhongguo secai
mingwu shu ‘PEEEEHHE” ("Commentary to names and objects of
Chinese colours”, in Liuxing se #ii7fa (Fashionable Colours), 1978/4
pp. 10f and 1979/1, pp. 30-33, and 2, pp. 28-31.

4 Gao Hanyu, Liuxing se 1979/1, pp. 31, explains chi as the colour of a
big fire

5 Needham, Joseph, Science and Civilization in China (6 volumes, 41
sections, Cambridge University Press 1954-1999, ongoing), V.2, pp
157, based on Karlgren, Grammata Serica Recensa number 128,

6 Ibid. Compare Karlgren, op.cit., pp. 157, number 150.

7 Wang Tao, op.cit

8 Karlgren, Nr. 904

9 Tang Lan, Wenwu 1976, no. 5 pp. 63.

10 Wang Tao, pp. 92.

71



11 Needham V.2, based on Shuowen 10A/55b.

12 Paul Serruys, “On the System of the Pu Shou ## in the Shuo-wen
chieh-tzu #ICME", Bulletin of the Institute of History and Philology,
Academia Sinica 55 (1984), pp. 651-754, pp. 739.

13 Karlgren 707

14 Liuxing se 1979/1, pp. 31.

15 For Gao Hanyu, op.cit, pp. 31, the character for bai again shows an
aspect of fire.

16 Ulrich Unger, “Hundert, Tausend, Zehntausend und Weiteres”, Hao-ku

#Fit, 29 (1985), pp. 264-267

17 Karlgren 812 ¢, d". Needham V.2, pp. 157 says that “there is not much
doubt that the pictograph shows a plant of some kind, very possibly
indigo, with its juice being collected in a pan”. He does not, however,
give a source for this assumption which would put a very early date for
the Chinese knowledge of indigo. Gao Hanyu, op.cit. pp. 31, once
again says that the original meaning of the character qing had
something to do with fire.

18 Wang Guowei EEHE, “shi wu BH”, in Guantang jilin W34k, in
Wang Guowei yishu + 843815, Shanghai 1983, vol. [, juan #% 6, pp.
13a.

19 Xu Zhongshu, in Jiagu wen jishi, ed. Li Xiaoding, Taibei 1965, 0317-
18, quoted in Wang Tao, pp. 81.

20 Qiu Xigui, Guwenzi lunji, pp. 70-74, quoted in Wang Tao, ibid.

21 Ed. Sun Yirang, Peking 1987, pp. 11811

22 Ibid., pp. 937

23 Ibid. pp. 2124

24 Shisan jing zhushu +—%31# (SSIZS, Peking, Zhonghua shuju 1980)
pp. 1742,

25 Compare for example Duke Xuan 7, SSIZS 1879A.

26 Baihu tong shuzheng ‘11MEE, (ed. Peking 1994) 4/175ff

27 Liji #Lid, SSIZS 1250A, translated by J. Legge 1, pp. 90f

28 Robin D.S. Yates, in Needham 5.6, pp. 8-9.

29 Ibid., pp. 57ff

30 Mozi chapter 68, Mozi xiangu ¥ -fRifi, Peking 1986, pp. 528ff
Translation by Yates, op.cit.

31 Hanshu 15, Peking 1962/1983, 66/2881.

R %

MR B AC SRR B I RAE AT S )

M
XFIERRIE A PR (M o Rty 4 S B A % G T L)
i BAFLEUEI. H, XRPHTSAETS L I e e
B AW RFAPR I Z AR, A —,
A, MTFAGERMRMSTIETE, HiEmEE
BT 28R, TR ZZMERE, SRR SRR
AT, EREEN S, X EANRTER. BTFEBT N
RFE — MEARERKEE — HEAF(AITT 200-600
FOPFRRA, BIREORE R, P E SOk A
FrEED T REISEE. ST ik, FEHZR P E G RARL
S, TR AOH N AT B AR e T A
Z AT SO X R RSE TR IE, R8N T
200 4E2Z AR XA TEER M SARTE AR KT Hif i
FHEETER, RedTHE. BRRNE, —&gia

72

32 Ibid, translation by Yates, pp. 281ff. Mozi, chapter 69, Mozi xiangu
15/534f.

33 Zuozhuan, SSIZS 2063B and Liji, Jiaote sheng 1455A.

34 See the chapters Yueling /14 of the Liji, Shize W of the
Huainanzi §# T, pp. 1 71f, and Liishi chungiu B %28, chapter 6.

35 Hanshu 25A/1194, Shiji 28/1358.

36 Hanshu 25A/1196, Shiyi 28/1360.

37 Hanshu 25A/1199 and Shiji 28/1364.

38 See the relevant entries in Shiji 60.

39 Lifi, Tangong 1276A.

40 Shiji 28/1366, Hanshu 25A/1200

41 Shiyi 28/1378 and Hanshu 25A/1210

42 M. Loewe, “Water, carth and fire - the symbols of the Han Dynasty.”
Nachrichten der Gesellschaft  fiir Natur- und Volkerkunde
Ostasiens/Hamburg, 125 (1979). 63-68.

43 Shiji 28/1377 and Hanshu 25A/1208.

44 Liji, Legge I1, pp. 9ff.

45 Shisanying zhushu 1477C. The explanation of Huangfu Mi is the one
accepted by Gao Hanyu, op.cit. who adds that the five “correct”
colours correspond with mineral substances whereas the intermediate
colours are organic ones.

46 Compare for example Hou Han shu zhi 30/3763f.

47 Taiping jing 109/682.

48 Shisanjing zhushu 2353A and 2354A.

49 1 follow the translation in Needham V.3 pp. 6 which is based on Nancy
Swann, Food and Money in Ancient China, pp. 431. Cf Shiji 129/3260
and Hanshu 91/3686.

50 Lao Gan 97, “Zhongguo dansha zhi yingyong ji qi tuiyan B}k
W) B ILHESE”, Bulletin of the Institute of History and Philology.
Academia Sinica 1936 (7.4), pp. 519-531,

51 Zhuang FE 23.8.

52 Shisanjing zhushu 2237B,

53 See for the systematization Needham 5.4, pp. 287.

54 Lunyu, ed. Harvard Yenching Index 1.3; 17.15 and 5.25.

55 Shuowen 9A/431B-432A.

56 Serruys, “On the Pu Shou...”, number 340, pp. 717f

TEFR . I ANZE DA B 3 R A IS T LA R R R
R

30X TSR, BB SO IR B A T —. 4
WEEEE, F—FFWR, H0OR THRERERREN,
IR EE B EABORE, TIT¥505MEame. 1L
P B B — e € R S R L, S s R 9T 2 B 0t
AR B 55— B RIBRIBLEC R B9 4 7= ORI 1
At o S JEFAR O T SRR o S €544 1R P A B S A i R
OB LML . ERHDER, BT A AEA X 2o
ERSRA, HBEE X EEARMES RIBAOAR. 4300
—HEE R PRI TS OIS, A KT,

(B PRI



R
o B A B R K Bt

HRARLERARMBELEA ERFE AR, £ 15 it
LLAE, KA SHHTHLERARARIFTER. &AL
P L. BRI ERLIEERR R ALERY. iR Ers, B
AN EBRE BRFHYE, WG EE
Vv, 5). HEWBK. LRBEL. EmEUE AR T A
¥HEE. REEBM 4 HEZERIMATERLE, FA
HERY M RBUEH E R, BEREY SNMNLE, &
A MEER AL, AT A9 BB 6 B9 BRHE
oMM . AEREE=:

1. AL PR RITSHAR LM FE AT,
2. NS, B 16 B RARTRIE ERESE, EXE R
BRRMA N TTHLEE,
3. NEHREAEFE. SMZRITHZARZR. (B2
2 8%)
FFEARSAA G, F40 o oy A i 2R A Y £
B LA lapis-lazuli)gh 2 24 M POl (& k1Y . H&a 7~
HEPE T, BhH A28 e PEXRE, HBHRemE
. PEGREGH G HEHT (azurite).
OIERRM AT R, 0%, PTHTAEFT. B /RS
FEHTHEEE, EASURMERMPHLLE, K2
IRV SR FLERER K, RRERKIHE. Hnit
IWFF B 2 3miA R %58 P P 7 SOk A R, dniRad o5
S, S rhRIERELR. RBREXMSM
XWEW, FHAE SRR 2 E T B T
i, MImHREIE 2 A9AH R
FTHEAE AP EML(ATTHT 200 4)ER(AT
15 4 )it 0 i B R B ) R H R AR S5 H0RL

VG I (L2 TG 210 Z4F R ZRATAIR 100 4F72c4)

1972 £ £ F R EWREKD D ER—SNE—E T FER
i, FAFsEss, RHREES N IEAT R IR R — ISR
LEER. RN HAEEEEA—ZPMFL BRI AW
g AT

WEERZARBENAAAE, ACEHBE
&, {HZ5 2100 HEH KRB, HRIEARKAY R
FEAH .

M E, . 96, EREmhiE. BkE
BEHTAGR, ARY. AF. WL, EYERE LT
), MISEI ), e mdhsaEE HMBCRE).

BEHAR, EHABAK, BAER ARKLE. (&
RPN S E R AR, AE-EEA. B

LN SN VR DB

PEE AR 4 L7 R 2, BRI, R, R
B, P BURGH 24 1E) B m .

BoEM TR eWMz iz b, w2582 bR b L i 4
A, ECiEEMEEEE. SUEMEER 490 £/ 5
MRARTH L MPLER, ENERCRE TARA 2
] 49 FE AR FEEL .

PSS B AT R PR, R B DB A B
E i, B2 EEM M EEARRE RES S T P EMaE
P T

BSR4 & 7 HHAD) R T BE ) S B RERAT e B i
EEemEBEAR. G, . JLEBEE. Him kP
ik E, FAEHG. HFEEZLEEEH, AFRY
7, EEAERESA. iR, B AN A B LR
Bl hE., AET. 4% (malachite). Fib. 2+, #G.
wERBaEBEL). SERO)LEIEYBEET. WS
FH. EEEIR, FRGERER)FFABUE B MR
tafh.

LHfER, HEAE. & 2ehE.

SO R A IR i (A U6 7 R 12 ) AR S
i i 2 % B (7 HE4D).

R 7 e EER E R, 7 L. FEMEEEE A
BEkT, ERNEE, MBEER EEREHE. E
K. HEHR. EEKRERT AEEARY. AT, A5S,
fEE . BRAGEK 7 HERF Y, naad
NREMER, EERHR.

s A MA R B E(7-12 D)

BB B2 Wi B L S B AL LR %S
L, [, FAEABEREF AR, oL s E R
TR AR EARNER, P —T2EREE . 5 G HN
& B ARV (R BT 4, RE LR A, HEie
EH. WSS R FAGHITREBS. £ 12 SRR b0
%5k, EEEH T Az EE(MiCa).

BEm L HE A, ma., &, B%h, Far
EEV,1,2,4a,b), RBUREESHETRORE, 40
@A, R EEX R, SEEARTHEG, Ei
SR, LB AR BB, HENAEMREN %

73



W

TG (13-14 {12y i 14 i

TCEBCAFE T RIEGR, (8304 5 0 UK 0 3 i A
K, MEEE R, AR BRI 2R T RR B E Y
AR 545 A

HHR T EA L GRIFZE, FrAM B ER SRk
DR AR B R

PortA—ia e B, HEHEWE, TmdEL
RIGERE, KAZCNEE .

UK AR B W B ARG, R, BN
50 FRE 70 FRER K DK R E LGS, 96 1A, F-RK
pORE G E ST

=B A EREE, ZR WIS, B
EOES A B AR, e B Ll E e, BREw
TSR RIR, HRBEE R BOR .

Jiang Caipin

Painting Technique in Ancient China

The author of this paper (see colour plate V), who has not only
copied from frescoes in ancient Chinese Dunhuang caves and
Yangle Palace but has also visited many European museums and
churches, holds that ancient Chinese and Europeans were syn-
chronical in the development of painting. There were similarities
in their painting techniques and the pigments they used. This pa-
per explains the history and characteristics of the development
of ancient Chinese painting and also offers a comparison with
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historical European painting (till 15" century). The following
two historical stages will be explained:
(1) Pigment used in China and Europe before Christ
China: Period from Zhou to Han Dynasties
Europe: Period of Ancient Greece and Rome
(2) The Middle Ages
China: Period from Han to Ming Dynasties
Europe: Period from the Middle Ages to the 17" century.



Petra Rosch

Colour Schemes on Wooden Guanyin Sculptures of the 11th to 13th Centuries,
with Special Reference to the Amsterdam Guanyin and its Cut Gold-foil

Application on a Polychrome Ground

Fine threads of gold-foil are a special mode of surface decora-
tion, and up to now have been considered typical for Japanese
Buddhist works of art.' On numerous sculptures and paintings in
Japan a decoration with thinly cut gold-foil, called ‘cut gold’
(Japan: kirikane), adorns the skirts and scarfs of holy beings in
the Buddhist world.

In China these geometric patterns, made from extremely thin
gold threads, do not seem to have been very common and are
rarely found nowadays, even though gold-foil applications, gen-
erally called *applied gold-foil” (Chinese: figjin), are known at
least since the 6" century dynasty. Until now it has been assumed
that this skillful surface decoration had its origins in China, but
reached its highest refinement in Japan. However, because of the
scarcity of known material, the circumstances of the Chinese cut
gold-foil decorations have so far not been properly investigated.

With the help of new material which has become available
through closer examination and the restoration of Chinese
wooden sculptures of the Song, Liao and Jin dynasties in West-
ern Museums, not only the assumption that kirikane originated
from China can now be confirmed, but furthermore the close re-
lationship between Japanese decoration techniques and their
Chinese predecessors can now be established as well. As Japan
offers a well-studied and adequate range of examples of
kirikane, 1 will refer to Japanese sculptures to illuminate the
Chinese development of cut gold-foil applications.

After a short introduction, I will consider some technical
questions. To examine the relationship between Chinese and
Japanese cut gold-foil decorations, it will be necessary to take a
short look at the development of cut gold-foil in both countries.
In the second part of the paper, the emphasis will be laid on the
Water-Moon Guanyin, kept in the Rijksmuseum in Amsterdam,
which shows a complex surface decoration with cut gold-foil.

Today, most of the wooden sculptures of the 11th, 12th and
13th centuries no longer show the original polychromy, because
of more recent redecorations. Many of them have, however, pre-
served coats of paint which are datable to the Ming dynasty.”
They now appear in an overall golden colour, with additional re-
lief or pastiglio patterns on their skirts and scarfs. A short com-
parison of the front and back of the Guanyin sculpture in the Art
Institute of Chicago (fig. 1) shows the different colour schemes:
a completely golden surface on the front and a more colourful
and varied rendering on the back (fig. 2), which probably re-
flects the original decoration of the 11th to 13th century.’

A similar situation can be observed on the Amsterdam
Guanyin (fig. 3 and colour plate VI, 2), where the golden Ming
period surface decoration was removed in the 1940s, to reveal a
more realistic surface decoration underneath.® Hopefully, many
more original surface decorations of this period will come to
light in the future through close examination and restoration of
these sculptures. In any case, from what is known today we can
safely assume that all sculptures of the Song to Jin dynasties —
including the Amsterdam Guanyin — were originally decorated
in a more ‘realistic’ and more colourful rendering.

Cut gold-foil was obviously an important component of this
realistic conception. To proceed further, it is necessary at this
point to focus briefly on the meaning and on some technical as-
pects of cut gold-foil applications.

Gold-foil was applied on Buddhist sculptures and paintings in
order to give them a precious appearance. Gold itself was not
seen as mere decoration, but as a gift to Buddha. Thus the deco-
ration of Buddhist works of art with gold and silver was a way
of expressing ones devotion to Buddha. Gold or silver paint was
conceived as more precious than ink or paint , and in turn cut
gold-foil was more precious than painted gold and thus ex-
pressed greater devotion.’

Gold-foil applications on sculptures most probably represent
gold-thread embroidery or designs rendered in colour or gold-
foil imprints on textiles. They most likely imitated not only
Chinese textiles, but also those influenced by Central Asian
clothes. In the future it needs to be considered how far cut gold-
foil patterns did in fact refer to textiles, and where they devel-
oped their own effects, through, for example, straight lines and
sharp angles.’

Technically, Japanese kirikane or cut gold-foil decorations
need a careful preparation of the material. Three layers of thin
gold-foil leaves are joined together through heating (fig. 4).
Thus the foil becomes thicker and does not tear as easily. Next,
a sharp bamboo knife is used to cut threads of gold-foil up to
3mm width. With glue made out of seaweed and a brush to pick
them up, the gold threads are applied to a coloured surface or an
unpainted wooden ground. While carefully applying the threads
to the surface, the patterns, consisting of bent-lines or geometri-
cal schemes, are developed.’

In the following section of the paper I will trace the develop-
ment of cut gold-foil decoration in China and Japan. Cut gold-
foil decorations existed in China prior to the Song dynasty, and
influenced Japanese works of art. The origins of gold-foil appli-
cations on sculptures go back at least to the Northern Qi dynasty
(550-577), as examples from recent excavations in Shandong
province, Qingzhou, have shown."

One of the earliest examples of cut gold-foil decorations
representing textile patterns can be seen on the clothes of
Bodhisattvas in Dunhuang. Until now, the art of cut gold-
foil decorations in Dunhuang has not been analysed in
detail, but recent research into patterns on the dresses of
the Bodhisattvas in Dunhuang demonstrates conclusively
that cut gold-foil was used in various ways from at least the
Sui dynasty onward.” These patterns included designs of
applied cut gold-foil which are very similar to the ecarly kiri-
kane patterns found in Japan. In the Sui dynasty cave No. 427
bands of rhomboid patterns of cut gold-foil (fig. 5) are
interspersed between fields of coloured patterns. Although
these early Chinese cut gold-foil patterns do appear a bit crude,
they make apparent that the technique of imitating golden textile
patterns on sculptures was already well-known in China at
the time.
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Fig. 1: Guanyin, 11th-13th century, front; Art Institute of Chicago
(Photo: author).
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Another Chinese example showing early Chinese cut gold-
foil decorations is the marble sculpture of Da Anguo si at
Xi'an, consisting of a marble base and a Buddha, now in the
Shaanxi History Museum (fig. 6). This time it is not textiles
which are imitated; instead, the edges of the lotus throne are
highlighted with lines of cut gold-foil, and the lotos-leaves
decorated with flowers made out of tiny cut gold-foil rhomboids
(fig.7).

In the following examples it should become clear that the Chi-
nese patterns were the inspiration for Japanese works of art, as
Japanese sculptures show comparable patterns of tiny lozen ge-
shaped pieces of gold-foil which are combined with threads of
cut gold-foil. One of the earlier gold-thread decorations still pre-
served today can be seen on the trousers of Bishamonten from
the 9th century (colour plate VI, 1) in the former Ordination Hall
(J: Kaidanin) at Todaiji Temple in Nara from the 9th century. On
a green ground we see a geometric pattern of cut gold-foil
threads, with flower-motives of lozenge-shaped pieces inbe-
tween. Motif and technique are not only comparable to the Da
Anguo Si marble base, but also to the patterns we have just
looked at on Bodhisattvas® dress in Dunhuang. This cross-refer-
ence confirms that already at this early stage cut gold-foil pat-
terns on Japanese sculptures were inspired by Chinese works of
art. To sum up so far, the early patterns in cut gold-foil in Japan,
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as well as in China, consisted of simple geometric patterns of
fine lines and rhomboid shapes.

For Japanese kirikane decorations it is generally accepted that
the simpler patterns gradually developed into more complicated
forms, which in this case means that simple patterns of a few
lines grew into dense, net-like patterns. The development of
more complicated motifs began in the 11th century, but during
the 12th and 13th century the art of kirikane decorations had
reached its peak. As the technique was by then fully understood
and mastered, thin threads of gold-foil could be used more
freely. From that time on, bent lines were en vogue, forming mo-
tifs like clouds or waves, and many flower and leaf patterns or
complex geometric patterns appeared.'’

This summit of achievement in the 12th and 13th century
clearly coincides with new influences in carving styles and dec-
orations from China. Japanese Buddhist sculptures not only bear
influences from China in their carving, but also show surface
decorations and patterns of cut gold-foil which are obviously in-
fluenced from China.'' The sitting Kannon (C: Guanyin) of the
[2th and 13th century kept at the Senytji Temple in Kybto is just
one example which clearly records this connection; with its
grape-leaf garlands of cut gold-foil on its knees and coat, it
recalls features which appear in Japan with the beginning of the
Kamakura period (fig.8). Patterns on Kaikei sculptures appear
to be modern for the time and had not previously been used in
Japan in this way. Kaikei is a sculptor whose style is said to have
been influenced by Chinese art of the period."” Grape-leaf de-
sign on the borders of the Kaikei‘st Amitébha’s dress show up in
a new variation during this period, as well as a complex hemp-
leaf pattern, which covers, for example, wide areas of this sculp-
tures attire (fig.9). The complex geometric, net-like patterns and
the more natural ones with complicated bent-lines had their ori-
gin in Song China, too, an observation, which will be supported
by the following Chinese examples.

Fig. 2: Guanyin, 11th-13th century, back; Art Institute of Chicago
(Photo: author).
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Fig. 3: Guanyin, 11-13th century, front; Amsterdam, Rijksmuseum.
3. W, 11-13 42, IR, FUMSETRRT 2 R MIE.

Fig. 4: Three layers of thin gold-foil leaves are joined together through
heating (Repro from: YOSHITAKA).

4. B 3 RE BN —ERORE: LFEFH).

Until recently very few Chinese sculptures which could con-
firm the hypothesis that the patterns of 11th and 12th century
decorations were influenced by Chinese sculptures have been
found. The examples of Chinese sculptures to be presented next
will demonstrate that the variety and complexity of Chinese cut
gold-foil-patterns was more than capable of inspiring the refined
patterns seen on Japanese sculptures. Due to improved photog-
raphy and recent restorations, or the removal of later coatings, it
has become possible to thoroughly document Chinese wooden

Fig. 5: Bodhisattvas, two examples of garment decoration; Dunhuang
(Repro from: YOSHITAKA).
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sculptures with cut gold-foil decorations. The richest example in
this respect is the Water-Moon-Guanyin of the Rijksmuseum in
Amsterdam. Fine geometrical and bent-line patterns in complex
arrangements can be appreciated on this sculpture, and with it
we can gain an impression of how high-quality pieces were dec-
orated in China during the Song to Jin dynasties.

The sculpture of the Water/Moon Guanyin in the Rijksmuse-
um, Amsterdam, dated to the 11th/13th centuries, was one of the
first Chinese works of art on which a cut gold-foil decoration
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Fig. 8. Kannon, 12th/13th century, detail of the left knee, floral spandrel
decoration; Seny(ji Temple, Kydto.
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Fig. 9. Buddha Amitabha, Shunj6do, Taodaiji, 1208, detail of the gar-

» ment, hemp-leaf-decoration.
Fig. 6: Da Anguosi-Buddha, marble; Shaanxi History Museum (Repro P
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Fig. 7: Da Anguosi-Buddha, detail of marble base; Shaanxi History Mu-
seum.
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Fig. 10. Guanyin, detail around the knee; Amsterdam, Rijksmuseum (Photo: Rijksmuseum).
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comparable to Japanese examples was found (comp. fig. 3 and
colour plate VI,4). The sculpture of ‘Guanyin sitting in Royal
Ease’ has already been discussed by Dietrich Seckel, Heidelberg
University. He praises the sculpture not only for its refined style,
but especially for its well-preserved cut gold-leaf applications. "

The gold-foil-decoration on the skirt was discovered in the
1940s when the sculpture received a surface treatment. During a
second investigation conducted in 1998, a more detailed picture
of the paint layers could be achieved and close-up shots of the
cut gold-foil decoration could be taken; these allow us now to
get a clearer impression of the patterns on the skirt. The dhoti or
skirt of this sculpture offers three different, complex cut gold-
foil applications, all consisting of extremely thin threads of
gold-foil on a bright red coloured ground.

The area of the knees (fig. 10) is separated from the rest of the
skirt through five wavy lines of cut gold-foil. Here, the impres-
sion is of a net of stars covering the area. The pattern was prob-
ably developed geometrically according to a checquered board;
this can be seen best in a drawing made by Eri Sayoko, one of

Fig. 11. Geometrical pattern development (Repro from: YOSHITAKA).
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the few kirikane masters in Japan today (fig. 11)."* A compari-
sion makes clear that the pattern on the Amsterdam Guanyin can
be described as a hemp-leaf pattern, very much comparable to
the Japanese examples discussed above.

But the Amsterdam Guanyin is not the only Chinese sculpture
with such an application known today. This kind of cut gold-foil
pattern was obviously quite common in China. It can be seen
too, for example, on the sleeves of a sculpture of Weituo Tian,
the protector of relics and books (colour plate VI,3). This sculp-
ture, dated to the Southern Song dynasty (1127-1278), is kept
today in Choéryuji Tempel in Gifu province. It is generally ac-
cepted that it was brought there from China in the 12th century."
In another variation, the hemp-leaf pattern is interspersed with
small cross-shaped flowers.

Another sculpture, also dating to the 12th century or earlier,
also comes from the southern part of China. In the Provincial
Museum at Hangzhou a little clay sculpture, about 40-50 cm
high, is on display. It can be roughly dated to the 10th to 12th
century and is assumed to come from Baixiangta Pagoda, west



of Wenzhou City, in the southern part of Zhejiang province (fig.
12). Iniits lap, on a red coloured ground, it shows a hemp-leaf cut
gold-foil pattern, very much comparable to the one we’ve en-
countered on the Amsterdam Guanyin (fig. 13).

The above-mentioned three examples of hemp-leaf pattern
clearly show that this kind of cut gold-foil pattern was prolific in
China from at least the 12th century onwards.

The largest area of the skirt of the Amsterdam Guanyin is cov-
ered by a net-like pattern of connected hexagonal shapes (fig. 14
and colourplate VI,4). Again, this is a pattern quite common on
Japanese sculptures since the early Kamakura period (colour-
plate VL,5). An interesting fact worth noting here is that the
hexagonal pattern on the Amsterdam Guanyin’s skirt is obvious-
ly not only just laid over the red coloured ground. It would ap-
pear as well that the green clouds and phoenixes or cranes,
which also decorate the skirt, are covered by the cut gold-foil
pattern too. This seems unusual in comparision with Japanese
examples, which always differentiate clearly between poly-
chrome patterns and a cut gold-foil decoration on the ground
layer. As could first be stated as a result of a recent analysis by
Aleth Lorne, the cut gold-foil decoration of the Amsterdam
Guanyin could also be a later over-decoration, applied after the
first coating of a red ground colour with interspersed clouds and
phoenixes.'®

Another pattern belonging to the Amsterdam Guanyin’s cut
gold-foil decoration can be seen on a wide band or border along
the edge of the skirt (fig. 15). As far as one can judge from the
detail photograph, it consists of spade-like leaves set one beside
the other. The pattern seems not to be one of any geometric con-
sistency, but made instead of freely-set, bent or curved lines. The
distribution of lines is not very dense, standing rather in the tra-
dition of naturally distributed grape-leaf garlands known from
Japanese sculptures at the beginning of the Kamakura period,
like the above mentioned Buddha Amitibha from Kaikei or the
Kannon from Senytiji temple.

Non geometrical, bent-line patterns do not only turn up on the
Amsterdam Guanyin, but also on other Chinese sculptures data-
ble to the 12th century and earlier. On the already mentioned
Weituo Tian, for example, we find next to the hemp-leaf pattern
a decoration of wave or cloud-like cut gold-foil application
(comp.colourplate V1.3). Furthermore, [ would like to consider
the small sculpture sitting in ‘royal-ease’ which came up for sale
in the Eskenazy summer exhibition of 1990 and was published
in the catalogue (fig. 16 and 17): as can be deduced from the de-
tail, while the arrangement of single threads of gold-foil is like
an arm of a hemp-leaf-pattern, the lines next to it suggest that
this was part of a more complex motif, perhaps flowers, as can
be seen on the coat of Amida’s dress. That flower and leaf motifs
out of cut gold-leaf were used on Chinese sculptures as well is
demonstrated in a further example. On the skirt of a nearly life-
size sculpture of a sitting Guanyin cut gold-foil decoration has
come to light under a Ming dynasty coating (fig. 18). The piece
was exhibited in a Deydier sales exhibition in 1996 and is now
in a private collection in Taiwan. The detail (fig. 19) clearly
shows the naturally rendered leaves of a flower, belonging to a
pattern which obviously covered a larger part of the skirt, as the
pattern seems to continue adjacent to the flower. The distribut ion
of flower leaves even seems comparable to the grape-leaf pattern
shown already on the Japanese sculpture of Choryuji in Gifu
province, where flowers were organized in a border-like band.

From what we have seen of Chinese cut gold-foil decorations
on the Amsterdam Guanyin and on other examples it is obvious

Fig. 12. Sitting Guanyin, 10th/12th century; Hangzhou Province Museum.
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that complex net-like and geometric patterns as well as bent-
line, flower-leafpatterns were firmly established by the 12th cen-
tury and could thus have influenced the Japanese Kamakura pat-
terns. The covering of the dresses with a system of cut gold-foil
patterns, as could be observed on the skirt of the Amsterdam
Guanyin, is also very similar to Japanese examples.

In conclusion cut gold-foil decoration had its origin in China
and influenced the Japanese patterns at least twice, in the 7th/8th
centuries and in the late 12th/13th centuries. Decorations with
complex patterns of cut gold-foil were no isolated phenomenon,
but frequently employed on Chinese sculptures in a highly
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Fig. 13. Sitting Guanyin, 10th/12th century; detail of the skirt:
Hangzhou Province Museum.

P13, At 10/12 S RS HNATIT A .

Fig. 16. Eskenazi Guanyin.
B 16. BATTEAFTIE .

Fig. 17. Eskenazi Guanyin, detail of the skirt.
B 17. RETTEAFRE, R,

Fig. 14. Guanyin, detail of the skirt; Amsterdam, Rijksmuseum.
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Fig. 15, Guanyin, detail of the border of the skirt.
B 15 W&, BARbEE.
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skilled manner. The cut gold-foil designs discovered on Chinese
sculptures during recent years are in quality and variation com-
parable to Japanese pieces. Further research and technical ex-
amination of sculptures kept in the collections of museums or
still in sifu in Chinese temples will be necessary in order to sup-
port and develop these observations.
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Sylvie Colinart and Sandrine Pagés-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
palette” consisted mainly of natural minerals whose ores were
widespread in Ancient Egypt (Colinart, et 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
scientific 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 Antiquities (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 em-
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 from the chapel Elephantine, which
dates from the reign of Thutmose IIT (1479-1425BC, Louvre,
B69), and on coffins. In the latter case. the sheets of gold either
covered the entire coffin (coffin of King Antef, 17th dynasty,
1650-1550BC, Louvre, E3019/N712) or were found only in
flesh areas or in certain ornaments (coffin of Mesre, 18th dy-
nasty, Louvre, N2673; coffin of Tamoutnefret, late New King-
dom, 1186-1069BC, 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 Saqgara where it would seem to be-
long to the original polychromy (Louvre, E27157).

The pigments encountered most often on polychromed ob-
jects from 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 defined precisely.
They usually consist of clay with variable amounts of such iron
oxides as goethite (a-FeO*OH) and limonite (FeO'nH,0).

Our analyses revealed some less familiar minerals among
the yellow pigments. These anhydrous hydroxyl iron sulphates
belong to the jarosite group of minerals (Colinart, 1998), which
in turn form part of the alunite group. Their colour varies
from light to brownish yellow. The best known among them,
encountered on some objects, are the yellow components
jarosite, KFe;(SO,).(OH),, identified by Le Fur in Middle King-
dom pigments in Karnak (Le Fur, 1994), and natrojarosite,
NaFe;(S0,),(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, fig. 1). An example is found in the mastaba of
Akhethetep from Saqqara (5th dynasty, 2500-2350BC, Louvre,
E10958; colour plate VII, fig. 2). Backscattered 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, fig. 3).

Scanning electronic microscope analysis indicates that the
composition of these sulphates is more complex than that of
jarosite and natrojarosite. Their SEM-EDSX spectra show the
presence of much sulphur and iron, associated with potassium in
jarosite and with sodium in natrojarosite. 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 Akhethetep. Another phenomenon may be ob-
served on the coffin of Henem from Asyut (Middle Kingdom,
Louvre, AF9757): the partial substitution of iron by aluminium,
giving the mineral a different hue. The yellow decoration inside
the coffin contains little aluminium, whereas that outside shows
approximately 50% 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 of alterations in iron oxides
or pyrite caused by dry climatic conditions (Wallert, 1995), the
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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 (Schiegl et 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 backscattered 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, E15591).

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.

86

Egyptian 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 are
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 unexpec-
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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 def; ine
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 (Pagés-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 cuprorivaite
(CaCuSi;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 and a shoulder at 18800 cm™. The colour
of Egyptian blue derives from the presence of Cu”" in a square-
plane environment in the crystalline cuprorivaite. It results
from a mixture of compounds containing copper, calcium, sil-
ica and 1% flux around the cuprorivaite 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 parawollastonite (CaSiO;) with 2% copper,
residual silica (quartz and/or tridymite or cristobalite) and fir-
ing residues, embedded in a silicated amorphous phase. At
950°C and with up to 7% flux, tridymite replaces quartz.
Cristobalite appears at higher levels. Tridymite and cristo-
balite 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 Cu®' 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 parawollastonite (fig. 2), unlike
with iron-bearing wollastonites.

Our research thus shows that, although Egyptian blue and
Egyptian green are provided from the same components and are
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.
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Detlef Knipping

Le Jupiter olympien and the Rediscovery of Polychromy in Antique Sculpture:
Quatremeére de Quincy between Empirical Research and Aesthetic Ideals

In an article published in 1827 in the New Monthly Magazine
Stendhal, later to achieve fame with his novel Le Rouge et le
noir, reported on a meeting of the Académie des Inscriptions et
Belles Lettres. At one point he remarks that ‘le grand M. Qua-
tremére de Quincy fit son apparition. C’est le plus ennuyeux de
tous les membres de I’Institut.”’ This low opinion of the archae-
ologist and art theorist no doubt resulted from Quatremére de
Quincy’s championing of the Classicists in their often heated
aesthetic dispute with the Romantics, a cause to which he was
able to lend powerful support as an important official of the
Académie des Beaux-Arts. Pace Stendhal, Quatremere is among
the most interesting and original archaeologists of his time, not
least by reason of his pioneering research of the polychromy of
Antique sculpture, in particular that of Ancient Greece.

Born into a respected merchant family in Paris in 1755, Qua-
tremére studied sculpture in Guillaume Coustou’s Paris studio,
but broke off his training when the death of his mother in 1776
left him in the fortunate position of receiving a small pension.’
This enabled Quatremére to visit Rome to study the sculpture of
Antiquity (colour plate VII, fig. 1).* He did not return to France
until 1785. The following year a tract he had written on the in-
fluence of Egyptian art on that of Ancient Greece won him the
Prix de Caylus and, during the first years of the Revolution, he
was appointed to a number of influential political posts due to
his energetic support in the battle for artists’ rights. In 1794,
however, he was denounced and arrested, yet, after being creat-
ed a member of the Académie des Inscriptions et Belles Lettres
in 1804, he re-entered the public arena as a loyal follower of the
monarchy during Napoleon’s Hundred Days rule in 1814-15. In-
undated with offices and honours, Quatremére became Royal
Censor, a member of the Legion of Honour, Inspector of Public
Arts and Monuments, a member of the Conseil Honoraire des
Musées prés de la Maison du Roi, editor of the Journal des Sa-
vants, Professor of Archaeology at the Bibliothéque du Roi and,
for the second time, Deputy for the Département of Paris. His
most important post, however, was that of Permanent Secretary
of the Académie des Beaux-Arts in Paris, a position he held
without interruption from 1816 to 1839 (fig. 1). This key office
made Quatremére the most influential and the most hated cul-
tural personality in France, for it enabled him, a pugnacious ar-
chaeologist and Classicist, to control artistic activity in the coun-
try for over two decades.

Quatremére’s significance in the present context is as the au-
thor of Le Jupiter olympien, ou L'Art de la sculpture antique
considéré sous un nouveau point de vue (The Olympic Jupiter,
or The Art of Antique Sculpture Considered from a New Point of
View), which he published in 1815 and dedicated to Napoleon
as the Emperor’s ‘very humble and loyal subject’. This volume,
its title concealing almost as much as it reveals, contains noth-
ing less than the first history of polychromy in Antique sculp-
ture, with the emphasis, natural at the time, on Greece. Discus-
sions of colour in Antiquity rarely fail to mention Le Jupiter
olympien, so it comes as something of a surprise to discover that
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Fig. 1. Julien Léopold Boilly, A. Ch. Quatremére de Quincy, 1820; litho-
graph; Bibliothéque Nationale, Paris.
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its methodology and place in the historiography of the subject
have never been studied in detail.

In Les Mots et les choses: Une Archéologie des sciences hu-
maines (The Order of Things: An Archaeology of Human Sci-
ences) the historian and philosopher Michel Foucault used dis-
ciplines as various as biology, linguistics and economics to draw
attention to a rupture in the intellectual life of the eighteenth
century. Caused by a lack of confidence in the possibilities of
pure knowledge and the feasibility of depicting the world in lin-
guistic terms, this rupture gave rise to two different movements
— positivism, a continuation of eighteenth-century empiricism in
a more radical form, and idealism, an attempt to revive meta-
physical interpretations of the world.” Quatremére’s position be-
tween these two poles is ambiguous, the result of his own role as
both an archaeologist and a theorist.
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His history of coloured Antique sculpture, the product of over
thirty years’ work, represented an attempt to enrich Classical ar-
chaeology by an entirely new topic of study, which, in turn,
would revolutionize the discipline as a whole. It thus formed
part of a wave of new sciences and specialist subjects that began
in the second half of the eighteenth century and continued into
the first decades of the nineteenth.” Archaeology itself had been
given an impressive foundation by Johann Joachim Winckel-
mann’s Geschichte der Kunst des Altertums (History of the Art
of Antiquity) of 1764, which tried to place the study of Antique
art on a scientific footing.” Quatremére noted in Le Jupiter
olympien that, together with the Antique works of art that he
himself had seen in Rome and Naples, it was Winckelmann’s
writings that had awakened his passion for the sculpture of An-
tiquity® and he paid tribute to the German’s importance as the
founder of modern archaeology: ‘Winckelmann donna une
grande impulsion a I’étude de I’antiquité...par la seule concep-
tion synthétique de son ouvrage’.” Quatremére, too, aimed at a
‘synthetic conception’, a study that united countless individual
observations in a single overall picture. If he wished to equal
Winckelmann’s achievement he would need to modify, even de-
construct, both the latter’s findings and the work of Winckel-
mann’s French counterpart, the Comte de Caylus, to whom Qua-
tremére, as a recipient of the prestigious Prix de Caylus, indi-
rectly owed his academic career.

The present-day reader will be surprised by the programmat-
ic single-mindedness and confidence with which Quatremére
set about re-inventing the discipline of Classical archacology. To
use the terminology of the philosopher of science Thomas
S. Kuhn, he sought deliberately to introduce a shift of para-
digms, an approach that can be studied in exemplary fashion in
his work. Kuhn showed that crises occur again and again in ‘nor-
mal’ science, which is defined by certain paradigms and ex-
hausts itself in the ‘determination of significant facts, matching
of facts with theory, and articulation of theory’."” Inexplicable
anomalies lead to uncertainty in a discipline and to the need for
new explanatory models. These cannot gain acceptance among
specialists, however, until they have been promoted to the extent
that new paradigms are created.'' In Quatremeére’s day and field
the unsettling anomalies were Antique sculptures that showed
traces of colouring and that were made of materials of various
colours, for they did not accord with the accepted view that
sculpture in Antiquity had been monochrome. Propagation and
establishment of the new paradigm necessarily entailed the
downfall of the proponents of current orthodoxy. In his work of
1815 Quatremére did not hesitate, therefore, to follow his praise
of Winckelmann by excusing the German'’s failings: ‘Winckel-
mann n’avait pu embrasser, ni peut-étre soupgonner tous les
points de sa circonférence.’'” Quatremére then delivers the
crushing blow: ‘le nouvel historiographe de I’art antique [i.e.
Winckelmann] n’avait pas pénétré fort avant de la connaissance
des divisions que comporta jadis le domaine de la sculpture...il
navait jété qu’un coup-d’ceil incertain, et répandu que de faibles
lumiéres sur ce qui constitua les diverses maniéres, les dif-
férentes sortes de travail des productions de I’art, les diversités
de gout, d’effet, de composition, et de génie propres a chaque
genre d’ouvrage.’"”

Quatremere’s criticism was not without justification. In
Geschichte des Altertums Winckelmann mentions Greek clay
figures that were painted red and figures that were partly gilded;
sculptures made of gold and ivory or constructed from wood for
the torso and marble for the head, hands and feet; figures that
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were clothed and, finally, a statue of Diana found at Hercula-
neum that had painted hair and garments. Yet he either dated
these pieces to the early period of Greek sculpture or simply de-
clared them to be exceptions that proved the monochromatic
rule, thus failing to recognize their true significance." For him
and his contemporaries, sculptures of white marble were both
the rule and the ideal in mature Greek art, for, as Winckelmann
argued in his characteristically sensuous vein: ‘Da nun die
weisse Farbe diejenige ist, welche die mehrsten Lichtstrahlen
zurtickschickt, folglich sich empfindlicher macht, so wird auch
ein schoner Korper desto schoner sein, je weisser er ist.”'* In
Mémoires de |'Académie des Inscriptions et Belles Lettres and
Récueil des Antiquités the Comte de Caylus, who was important
to Winckelmann by reason of his comparative approach to
Antique art, also mentioned sculptures bearing remains of poly-
chromy or made of different-coloured materials, but he consid-
ered these pieces peripheral and, even more strongly than
Winckelmann, rejected them as aberrations of Antique taste. Of
the statue of the Parthenon Athena, which has survived in liter-
ary descriptions only, Caylus writes: ‘Cette statue de Minerve
présente encore une difficulté, elle était d’or et d'yvoire, et elle
avait  ses pieds un serpent et un sphinx de bronze. Quel alliage
de couleurs et de matiéres!”'®

Behind this rejection of coloured Antique sculpture lay the
Neoclassical theory of art, which enjoyed general acceptance at
the time. According to this view, a strict division existed between
sculpture and painting: the former was defined by form, which,
like the ‘dessin’, the drawing or line in painting, was alone ca-
pable of reflecting the genius involved in the act of creation and,
above all, the idea of a work of art. Fully conscious of these at-
titudes, Quatremére presented himself as the bringer of enlight-
enment who would overturn ideas and scholarship based on
prejudice. Confidently, he wrote: ‘Je me flatte...a étendre ce
nouveau domaine de 'antiquité, et & détruire des préventions
dont quelques-unes me paraissent avoir leur source dans le dé-
faut absolu d’observation, et dans I'ignorance méme des faits.”'”
As a dispassionate observer, Quatremére found the causes of
this ignorance not only in the Neoclassical theory of art, but al-
so in contemporary artistic practice: not only did polychrome
Antique sculpture contradict orthodox opinion; sculptors of his
own day created works only in white marble and thus set the seal
on aesthetic convention. This prevented archaeologists, strongly
influenced by artistic theory and practice, from recognizing that
Antique sculpture had been coloured: *Car...la connaissance [de
Iart polychrome] n’a manqué jusqu'ici 4 I’histoire de I"antiqui-
t¢, que parce que les artistes n’ont jamais dirigés par la pratique
de la sculpture moderne, vers la recherche de I’art des assem-
blages ou les ouvrages a compartiment.’"* Quatremeére here voic-
es the relativist opinion, astonishing for the time, that thinking is
determined by experience gained during a particular time.

It was this very knowledge of historical determinants that en-
abled Quatremére to break through the vicious circle of theory
and artistic practice. Exaggerating, one might even claim that it
was only the type of historical consciousness developed in the
aftermath of the Enlightenment and the French Revolution that
permitted the phenomenon of coloured Antique sculpture to be
accepted and appreciated.”” A crucial part of this consciousness
consisted in recognizing the difference between one’s own times
and Antiquity. Quatremére expresses this with exceptional clar-
ity when he says ‘le monde ancien...venait se mettre en parallele
avec le monde moderne’™ or speaks of the ‘vide immense, que
le temps et la destruction ont laissé entre les anciens et nous’.”!
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Fig. 2. The Acropolis, Athens, with the Parthenon, 447-438/32 Bc; view from the north-west.
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This historical awareness of difference culminates in Qua-
tremére’s much quoted saying (which is often misunderstood as
pure empiricism): ‘Il faut se persuader que les anciens em-
ployérent les arts tout autrement que les modernes.’” Antique art
was so different because, Quatremére held, it came to being in a
different social context. Hence, art can be understood, and
should be judged, only with reference to its time and to the oth-
er conditions under which it arose: ‘On doit donc...pour bien
juger, rapprocher ’espéce de gout qui fut particulier a ces ou-
vrages, du genre des causes qui les produisirent et des effets
qu’on en exigeait. Il ne faut pas isoler les monuments des opin-
ions, des sentiments, des affections avec lesquels ils étaient
nés.’ These thoughts lead to a statement that would seem to an-
ticipate the tenets of the famous nineteenth-century German his-
torian Leopold von Ranke: ‘Il faut..juger seulement en elles-
mémes, des choses.””

This remarkably dispassionate, historical view of Antiquity
had its roots in France in the ‘querelle des anciens et modernes’
(dispute between the Ancients and the Moderns) sparked off
during a session of the Académie Frangaise on 27 January 1687
by a poem of Charles Perrault’s in which, contending that the age
of Louis XIV equalled that of Emperor Augustus of Rome, he
wrote: ‘[Les anciens] sont grands, il est vrai, mais hommes
comme nous.”™ In its early eighteenth-century continuation as a
quarrel between Homer’s admirers and detractors, this dispute
finally led to the ‘historicization’ of both Antique and contem-

porary literature and to a ‘relativization” of both Antique and
modern models.” These attitudes inform the second part of
Winckelmann's Geschichte der Kunst des Altertums, in which
the history of art is connected with historical and political events
to produce a survey of the familiar growth—flowering—decay
type,”’ a cyclical biological model to which Quatremére also re-
mained true. Quatremére could scarcely have adopted such a de-
tached view of history, however, had he not experienced at first
hand, as a participant in the French Revolution, the speed with
which the world can adapt to altered political and social circum-
stances.

Returning to the subject of polychromy, we note that three in-
explicable anomalies gave rise to Quatremere’s revolutionary re-
vision of notions of Antique art: references to coloured sculpture
by the Ancient writers Pausanias and Pliny the Elder; reports by
travellers of new discoveries in Athens; and the observations that
Quatremére himself had made at the excavations of Hercula-
neum and Pompeii, in various Italian museums, particularly in
Rome, and in the Musée Napoléon (now the Louvre) in Paris.”
It was above all Pausanias’ mention of lost chryselephantine cult
statues by Phidias that aroused Quatremére’s interest, awakening
in him a desire to explore the phenomenon of polychrome sculp-
ture. Aware that, in order to achieve success as the brilliant
founder of a science, as a ‘second Winckelmann’, he would need
to appear as a discoverer, Quatremere placed himself in the best
possible light in Le Jupiter olympien: “En me représentant ces
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grands ouvrages de I’art, la haute célébrité dont ils jouirent, la
rénommé de leurs auteurs, je fus de plus en plus frappé, et du
silence des critiques modernes sur une si noble partie de 1’art
antique.’”

Antique mentions of lost cult images were complemented by
first reports of remains of colouring found on sculptures from
the Parthenon and the ‘Theseion” in Athens. Quatremére, who
never visited Greece, was in contact with the collector Choiseul-
Goulffier, the engineer Fougerot and the French ambassador in
Athens, Fauvel, all of whom had assisted in the removal of the
Elgin Marbles from the Parthenon in the early years of the cen-
tury and told Quatremére on several occasions that the sculp-
tures bore traces of colour (figs. 2, 3).* Further support for the
idea that the sculptural decoration of the Parthenon had origi-
nally been coloured was provided in The Antiquities of Athens
(1787) by the Englishmen James Stuart and Nicholas Revett,
who drew attention to the many holes drilled in the sculptures
for the attachment of metal reins and various attributes.’’ These,
Quatremere felt, confirmed that the traces of colouring were
original.”* From his informants’ observations on the polycromy
of the Parthenon sculptures he concluded: ‘Sans étre ce qu’on
peut appeller peinte...elle [la sculpture] avait des parties teintées
dans différentes maniéres, qui tantdt la détachaient du fond sur
lequel les couleurs étaient appliquées, tant6t indiquaient les
plans des figures par les différents tons, soit des draperies, soit
de beaucoup d’autres détails.”* In Paris Quatremére could ac-

quire for himself possible confirmation that the sculptures had
been coloured, for the Musée Napoléon possessed a fragment
from the Parthenon frieze. Since the significance of traces of
colour was not recognized, they would have been removed dur-
ing the customary cleaning, yet Quatremére vaguely remem-
bered having seen such traces when the piece was still in the
crate in which it had been transported from Athens,™ Further
evidence of Antique polychromy was provided in 1811 and 1812
by the archacologists Johan David Akerblad and ‘Eduardo’ Dod-
well, who reported remains of colouring on the ‘Theseion” in
Athens.*

Not relying solely on the polychromy of sculpture from
prominent Athenian temples, Quatremeére listed all pieces
known to him that bore traces of paint, the discoveries made in
Herculaneum and Pompeii being particularly welcome in this re-
spect. References to coloured sculpture in the writings of Antig-
uity completed his material.” Quatremére proceeded similarly
in the case of polylithic sculpture and of coloured bronze
pieces,”” amassing an impressive amount of evidence in favour
of his theory, which reversed previous ideas and judgements by
claiming that polychromed sculpture in all its various manifes-
tations, and not sculpture of white marble, was the chief form in
Antiquity: ‘On observe alors que la sculpture en pierre ne fut pas
celle qui donna jadis le ton aux travaux et au gofit des statuaires;
qu’au contraire elle le regut elle-méme des autres parties de I’art
de sculpter; de sorte que la matiére de ses propres ouvrages ...

Fig. 3. Poseidon, Apollo and Artemis from the eastern section of the Parthenon frieze, ¢. 440 Bc; Athens.
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participa plus qu’on ne pense, du goit de variété, de richesse ex-
térieure et de parure qu’expriment les mots de Sculpture Poly-
chrome.”**

Quatremére thought that the key to determining which tech-
niques were used in Antiquity to polychrome marble sculptures
was provided by a particular philological interpretation of the
well-known passage in which Pliny the Elder reports that the
sculptor Praxiteles valued especially highly those of his statues
that had been coloured by the painter Nicias: ‘Hic est Nicias, de
quo dicebat Praxiteles interrogatus quae maxime opera sua pro-
baret in marmoribus: Quibus Nicias manum admovisset. Tantum
circumlitioni eius tribuebat.”*’ The painted decoration is here de-
noted by the term ‘circumlitio’, which Quatremére’s predeces-
sors, including the Comte de Caylus and the sculptor Etienne-
Maurice Falconet, had interpreted as signifying varnish. Yet
since Nicias painted in encaustic, Quatremére concluded that
this must have been the technique employed to colour sculp-
ture.”’ Again, he supports his hypothesis by quoting other pas-
sages from Antique writings and by adducing the empirical evi-
dence of traces of paint on Antique sculptures that he himself
had examined in Rome and Paris.”’ Quatremére describes the
encaustic technique as a way ‘de colorer et de teinter les mar-
bres, sans y produire aucune épaisseur’.” He adds: ‘Ces teintes
incorporées par I’encaustique, n’ayant aucune épaisseur, et n’¢-
tant qu’une approximation du ton réel des objets, ne détruisaient
pas I’opinion d unité dans la matiére, et pouvaient semble n’étre
que le jeu des nuances d'un marbre que la nature se serait plue &
diversifier”* Time and again Quatremére insists that Antique
marble sculptures were not painted in the conventional sense but
bore only ‘teintes légéres’.** In his opinion the Parthenon and
‘Theseion’ sculptures were also tinted, in a way comparable to
the hues displayed by cameos: “sans étre de la sculpture peinte,
[ils] étaient ce que j’appelle de la sculpture polychrome, c’est-a-
dire, qu’ils jouaient quelques-unes des apparences de la pein-
ture, sans prétendre en contrefaire les effets’.* Quatremére sup-
posed the latter type of painted sculpture to have existed only
during the early period of Greek sculpture, which had thus at-
tempted to satisfy the instinctual ‘eye of a savage or child’ by
producing a complete illusion of reality.*

We now know that this monolithic view of the colouring of
Antique sculpture, which permits works from the mature phases
of Greek sculpture to be only lightly tinted rather than painted,
is false. The fact that certain especially well preserved examples
of polychromed Antique sculpture, such as the statue of Augus-
tus from Prima Porta, were unknown at the time and that suitable
methods of scientific investigation were not available no doubt
explains this error."” Even so, it is surprising that Quatremeére —
someone who otherwise always bore in mind the problems
posed by the age of the sculptures and the loss of their poly-
chromy™ — never seems to have considered the possibility that
what presented itself in his time as a light tinting could original-
ly have been a far stronger colouring. Moreover, it is striking that
not once does he describe in detail colour traces that he himself
saw, preferring instead to report on their general effect. One sus-
pects that Quatremére’s view of the polychromy of Antique
sculpture was ultimately guided by notions he entertained as a
Classical theorist of art, that the primacy of line and form and
the strict separation of painting and sculpture simply did not al-
low him to conceive of Antique sculpture as ‘painted’. He at-
tacked his predecessors as subject to preconceptions because
they had largely ignored the colouring of sculpture in Antiquity,
but one could equally well accuse Quatremére himself of preju-
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Fig. 4. Items used in reconstructing the ‘Olympic Jupiter’; coloured
lithograph from A. Ch. Quatremére de Quincy, Le Jupiter olympien,
Paris, 1815, plate XVII; Bayerische Staatsbibliothek, Munich, Res.
Arch. 218m.
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dice: he would seem to be interpreting evidence, even if less
completely so than his predecessors, in subjective terms that,
governed by specific notions of taste, represent an attempt to
bring the results of empirical study into line with a particular
theory of art. Hence, the term ‘polychromy’, coined by Qua-
tremére in 1806 as an alternative to ‘painting’,* originally
possessed Classical connotations of which we are no longer con-
scious.

The culmination of Le Jupiter olvmpien, prepared for
throughout the book, is the attempted reconstruction of famous
examples of the goldsmith’s art from Antiquity, such as the leg-
endary shield of Achilles, described by Homer and believed by
Quatremére to have actually existed, and the cult images of gold
and ivory from the time of Phidias, all known only from the writ-
ings of Antique authors.” Quatremére’s intention was not pure-
ly archaeological: his reconstruction of these works, which he
terms ‘incomparably the greatest masterpieces of Greek art’,”!
was to provide contemporary artists with a hitherto lost source
of inspiration and models.” He therefore illustrated his text lav-
ishly with hand-coloured lithographs of the pieces he had re-
constructed, turning the volume into a precious artefact.” Pride
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of place went to the ‘Olympic Jupiter’, the colossal statue of the
enthroned god that had been created for the Zeus sanctuary at
Olympia and that lent its name to Quatremeére’s study (colour
plate VIII, fig. 3). Its reconstruction was based on the brief de-
scription by Pausanias and on coins, gems and other, compara-
ble statues (fig. 4).”" Without his admitting as much, the poly-
chromy — gold reliefs on variously coloured backgrounds and so
forth — were largely the product of Quatremére’s imagination.
Revealingly, the author encourages readers to understand his re-
construction of the statue’s colouring by thinking of Raphael’s
decoration of the Vatican loggias.” Quatremére employed the
same method in reconstructing the other famous cult images,
whether it be the Parthenon Athena or Polyclitus’ renowned stat-
ue of Hera at Argos (colour plate VIII, fig. 2), both of them de-
scribed by Pausanias and Tertullian.” Such masterpicces of An-
cient Greek art form the keystone of Quatremére’s book and he
uses them to establish that Antique sculpture had always been
coloured: ‘I'éxecution de ces sortes d’ouvrages ont existé, et se
sont soutenus dans tout les siecles, et a toutes les périodes des
arts de 1’antiquité’.”” With the notion that in Antiquity coloured
sculpture was the rule, not the exception,™ Quatremére revolu-
tionized the conventional view of Antique sculpture.

Convinced that the idea of beauty itself was reflected in An-
cient Greek sculpture and needed only to be imitated by mod-
ern artists, Quatremeére saw his comprehensive survey of colour
in Antique sculpture as a contribution to contemporary art.*’
However tenuous the link between the two, he continued to
view archaeology as the servant of modern art or, as he put it:

‘nous appellons I’érudition au secours de 1’art’."’ He was natu-
rally aware that, as already noted, coloured sculpture contra-
dicted Classical ideals of art. At the end of Le Jupiter olympien
he therefore marshalled a wealth of arguments to reconcile ar-
chaeological findings with modern artistic doctrines, but his
tortuous thought processes and often purely rhetorical language
served only to make more apparent that the two were in fact ir-
reconcilable.”’ While accepting the principles of Classical the-
ories of art, Quatremére time and again pleaded for exceptions
to be made and for the theories not to be applied all too rigor-
ously. His arguments encompass aesthetic effects, as when he
claims that an affinity exists between the colour of gold and of
ivory that annuls the chromatic monotony of a sculpture — what
he calls, polemically, ‘the law of monotony’.” He agrees in
principle with the opposing view, that external lavishness ob-
scures the idea embodied in a work of art, but feels that the im-
portance of such abstract notions should not be exaggerated. In
any case, an iconology of materials exists that can enhance cer-
tain of the work’s ideas. The beauty of colour is only an addi-
tion, but it does not detract from the beauty of the sculpture.”
Further, to the argument that sculpture is governed by form and
not by colour, which in three-dimensional work can only blur
the distinction between painting and sculpture and lead to ex-
cessive illusionism, Quatremére replies that, although this opin-
ion is basically correct, the Ancients used colour not in the man-
ner of illusionistic painting but simply to tint their sculptures.”
Here he confirms indirectly the suspicion expressed above that
he interpreted empirical findings so as to bring them into har-

Fig. 5. Jean-Baptiste Clésinger, Woman Bitten by a Snake, 1847; coloured marble, Musée d’Orsay, Paris.
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mony with an existing theory of art. Having set out to legitimize
the use of coloured Antique sculpture as a model, Quatremeére
ends up by cutting the argumentational ground from under his
own feet: in the concluding section of his book he points out
that the ultimate purpose of colouring sculptures had been to
provide convincing evidence of the existence of the gods, that
art was practised in the service of religion, that it was therefore
a part of history and, as such, could be understood only by ap-
plying historical criteria.” It seems not to have occurred to him
that, in thus allowing relativism to have the last word, he de-
stroyed the very connection with modern art that he had wished
to strengthen.

I think it will have become clear that archaeology and the the-
ory of art are here incompatible. In fact, Quatremeére’s book pro-
vides an exemplary demonstration of the epoch-making rupture
between empirical study and metaphysical theory that charac-
terizes the post-French Revolution world. Not only could the
results of empirical research not be reconciled with the tenets of
an idealistic theory of art; they actually called that theory into
question, since they had shown that the Classical model differed
from conventional views of it. The contradictions become even
more glaring if one takes into account Quatremére’s theoretical
writings. In Essai sur la nature, le but et les moyens de l'imita-
tion dans les Beaux-Arts of 1823, for example, the Neoplatonic
theorist of art even went so far as to promote the total lack of
colour in sculpture, for, in encouraging imitation that consists
solely in producing a similarity to the imitated objects, it aspires
to a complete illusion, and that goes against the idea of beauty.”
The rift between Quatremére the archaeologist and Quatremeére
the theorist” has here became quite obvious. Indeed, the find-
ings of archaeology actually undermined his Neoclassical theo-
ries of art, developed as a vehement riposte to the Romantics and
their notion of the Picturesque.

Quatremére’s inconsistency, ultimately the result of the in-
creased historical and empirical awareness that marked the pur-
suit of knowledge in the second half of the eighteenth century,
caused his theories about polychrome sculpture in Antiquity to
meet with a mixed response. Staunch supporters existed along-
side opponents, among them the German art historian Friedrich
Theodor Kugler who, himself a Classicist, claimed that the An-
cients painted their sculpture in an even more restrained manner,
not including the flesh in their colour schemes.

The limitations and contradictions inherent in Quatremeére’s
approach also become apparent in the discussions of colour in
Antique architecture that were sparked off by reports of discov-
eries made in Sicily. Gripped by enthusiasm for Le Jupiter
olympien, Jacques-Ignace Hittorff, a pupil of Charles Percier
and a colleague of Frangois Belanger, used finds made during
excavations in Selinunte and Agrigento to propose that not only
sculpture had been completely painted in Antiquity but architec-
ture too,* giving visual form to his ideas in an 1851 colour lith-
ograph depicting the Temple of Empedocles at Selinunte (colour
plate VIIL, fig. 4). This was far too radical for Quatremére. How-
ever, instead of taking part himself in the heated debate that en-
sued throughout Europe, he enlisted the services of Raoul-
Rouchette in attacking Hittorff. This was a matter of consider-
able delicacy because Raoul-Rouchette, a younger colleague
who hoped to become Quatremére’s successor as Permanent
Secretary of the Académie des Beaux-Arts, had already pub-
lished an article expressing complete agreement with Hittorff’s
theories.” Despite Raoul-Rouchette’s intervention, the ghosts
that Quatremére had aroused continued to haunt him: the idea

Fig. 6. Edgar Degas, Little Dancer of Fourteen Years, 1878-81; bronze,
cotton, satin and wood; Musée d’Orsay, Paris.
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that Antique architecture had been entirely coloured gained
rapid and widespread acceptance.”

Le Jupiter olympien also had an effect on contemporary art,
although in 1815 widespread polychroming of sculptures lay
many years in the future. A major early exponent of coloured
sculpture was Jean-Baptiste Clésinger who, in Woman Bitten by
a Snake (Femme piquée par un serpent) of 1847, used the en-
caustic method of painting marble described by Quatremére
(fig. 5). Artists such as Edgar Degas (fig. 6), Gustav Klimt and
Max Klinger were to follow suit in the second half of the nine-
teenth century.”” Quatremére’s work had caused a general in-
crease in awareness of colour in three-dimensional contexts,
leading eventually to research into, and reappraisal of, coloured
sculpture in epochs other than Classical Antiquity. As late as
1866, for example, Eugéne-Emmanuel Viollet-le-Duc, the great
promoter of the Gothic Revival, explained his interest in the
polychromy of medieval sculpture by referring to the fact that
the Ancient Greeks had coloured their sculpture.”™

By proving that Antique sculpture had been coloured, Qua-
tremére’s Le Jupiter olympien revolutionized modern images of
Antiquity. | do not think it is claiming too much to say that, ulti-
mately, we owe it to Quatremére that we are discussing with
our Chinese colleagues methods of conserving Emperor Quin’s
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army of clay warriors and the history of Antique polychromy.
Yet the work of this archaeologist and theorist of art, full of
contradictions as it is, should also make us aware of how much
we are tied to the times in which we live, of how relative each of
our ideas and activities must be. Although all research and
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Vinzenz Brinkmann and Ulrike Koch-Brinkmann

Polychromy on Greek Sculpture:

The Archer on the West-pediment of the Aphaia Temple, Aegina

Antique Greek sculpture was at all times polychrome. The
sculptures were made of different materials, but their poly-
chromy always lead to a homogenous aesthetical effect. An an-
tique Greek clay figure would first of all be covered with a prim-
ing of white stucco, limestone sculptures with marble stucco, in
order to create the illusion of a marble sculpture. Whereas abun-
dant polychrome fragments and even intact paint layers are pre-
served not only on Greek terracottas' (Colour plate front cover)
but also on early Greek limestone sculpture, there are few pre-
served traces on the works of art in marble.

In the last years the polychrome paint layer of Greek marble
sculptures has been extensively examined in a research project,
largely financed by the ,Deutsche Forschungsgemeinschaft®
using foremost scientific examination methods. With the help of
technical photography, especially different shooting techniques
in ultra-violet light, but also a special side-light technique many
traces of earlier painting could be observed and documented.
Chemical analysis of the pigments and binding agents as well as
intensive microscopical analysis accompanied the documenta-
tion. For some of the figures it was possible to recover the almost
complete form and polychromy of the paint layer. These find-
ings led us to consider reconstructions of the sculptures using
moulded stone copies.

The figure of the Archer on the West-pediment of the Aphaia
Temple at Aegina, the kneeling Archer, dating from the early sn
century BC and created in Greece wears an oriental costume: a
type of pullover, close-fitting leggings and a jacket (colour plate
IX, fig. 4).

The surface of the figures on both pediments of the Aphaia
Temple show only sparse traces of red, green and blue colouring.
The use of gold-leaf on the pediment warriors has also been es-
tablished. At the time of the excavation of the Archer in 1811,
the discoverer Charles Cockerell and the architect Jakob Ignaz
Hittorff, who was very interested in questions concerning poly-
chomy, believed to have discovered the coloured shadow (ghost)
of a costume of scales. More information has not been passed
down by the excavators, whose account on the polychromy was
otherwise very keen and correct. Adolf Furtwangler, who did
further excavation work and research at the site of the sanctuary
in 1901, devoted a lot of attention to questions concerning the
polychromy of the pediment sculptures. He ventured a complete
reconstruction of both pediments from the west and east side of
the building’ (colour plate IX, fig. 2). However, only the colours
blue and red were used, because these were the only pigments
which had at that time been discovered on the originals.

Due to the lack of any traces of colour on the Archer, he re-
constructed this figure in close accordance to the so-called Per-
sian Horseman (colour plate IX, fig. 5), a fragmented marble
sculpture, which had been found on the Acropolis in Athens
shortly before the turn of the century. This sculpture has an un-
usually well preserved paint layer’ (colour plate IX, fig. 1). The
horseman wears the same type of close-fitting leggings
and jacket. A lozenge-shaped ornament is painted on the leg-

gings; the jacket it decorated with slightly displaced lanes of
scales.

The polychrome paint layer of the Persian Horseman is quite
elaborate, but the coloured ornamentation of the Archer on the
West-pediment of the Aphaia Temple exceeds all expectations.
Photographs, shot in ultra-violet light and with raking light,
made with the help of a number of colleagues® since the 1980's,
clearly show the splendor of the original sculpture.

On the ultra-violet-reflex shot of the leggings (colour
plate IX, fig. 3), one can see a type of weathering, which most
probably resulted from the different fastness of the pigments
used. The complicated ornamentation, which originally decorat-
ed the complete leggings can be seen on this weather-worn area
on the photograph: interlaced lozenge-stripes with lancet-
shaped tips, which are again filled with small lozenges.

Using side-light, one can see a far more intense weathering on
the sleeves, due to mechanical abrasion. This proves that leg-
gings and upper garment were differentiated by their ornamen-
tation. The sleeves of the ,,pullover* were covered with lozenges,
with every second lozenge-strip again filled with small
lozenges.

The findings on the jacket of the Archer are spectacular. The
hem was trimmed with a sumptuous ribbon. Painted animal
pairs, face to face in combat position covered the main areas of
the jacket. Again using side-light, the rear region of a griffon can
be cleary seen. The preparatory work that the artist did on the
marble surface is of exquisite precision: using a metal graver
each feather quil was individually grooved to form a tensioned
swoop. Remarkable is that the lowest, that is the smallest feath-
er quil is just 1 to 2 mm wide. This type of love to detail sur-
prises, on account of the fact, that the figure is positioned at least
12 meters above the viewer.

Due to the different weathering of the individual coloured ar-
eas, which can be seen using raking-light as well as in ultra vio-
let light, it is possible with high certainty to determine certain
pigments. This procedure can be confirmed in the comparison
with late archaic Greek sculptures, which show definite traces of
polychromy. One of the best preserved examples to compare is
the above mentioned Persian Horseman from the Acropolis in
Athens. Here one can observe creative features in general, typical
for Greek sculpture around 500 BC: colours are always applied
with the greatest possible contrast. This enhances the recognis-
ability of the elaborate ornamentation. The choice of pigments is
also canonical: for blue and green the copper-carbonate azurite
and malachite are used, for red a natural cinnabar or red ochre.
The brown and yellow tones were produced by using ochre.

Our reconstruction, which was realised on a marble mould
copy considers all observations and possibilitics concerning the
analogy (colour plate IX, fig. 6). Natural pigments, similar to
those found in Antiquity were used.’ For the outer side of the
Archer’s bow gold-leaf was applied. The naked skin was painted
with haematite, a pigment, which was last discovered on the
colossal kouros of Samos.”
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Notes

| Brinkmann, Vinzenz: Farbigkeit der Terrakotten, in: Hauch des
Prometheus. Meisterwerke in Ton (Hrsg. FW. Hamdorf, 1996) pp.
25 ff. See also Brinkmann, Vinzenz: La polychromie de la sculpture
archaique en marbre, Pact 17 (1987) pp. 35 ff.

2 Furtwiingler, Adolf: Aegina. Das Heiligtum der Aphaia (1906) p.
301.

iMEe F#-HimsEe

Martini, W.: Die archaische Plastik der Griechen (1990), p. 53.
Special thanks to Mrs. Doris Lauenstein-Senff.

Red = cinnabar / blue = azurite / green = malachite / yellow ochre
and brown ochre.

6 Kyrieleis, H. / Kienast, H. / Neumann, G.: Der grosse Kuros von
Samos, Samos X (1996) pp. 23 ff, footnote 61.
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The Dyeing of Textiles in the Warring States’ Time

The earliest find of textiles in China, dated around 2700 BC is
from the Qianshanyang excavation site in the ZheJiang
province. But the textile findings which are astonishing in both
weaving technique and ornamentation were produced in the
Warring States Period (475-221 BC). By this time figured
gauges, self-patterned monochrome “damasks” and multi-
coloured clothes in warp faced compound were highly spe-
cialised. From their rich colours and splendid ornaments we
can imagine the fashion of clothes at the time. The dyeing of
textiles was not popular in those days. Even the ancient
philosophers, after observing the dyeing activity transferred
the dyeing phenomenon from the material to an intellectual
sphere, for example: “the textile is sturdy white, so it does not
become black by dyeing with iron-bearing mud” of “dyeing

with green, it becomes green, dyeing with yellow, it becomes
yellow™.

This paper will focus on the used colorants and the dyeing of
textiles. The excavation reports from tombs of the Warring
States Period and written sources before the Han-Dynasty (206
BC - 220 AD) are the base.

Before explaining degumming and dyeing, the fashionable
colours for textiles will be listed together with their original tra-
ditional terms to give a survey of the then used colorants. The
used methods for the colouring of the textiles will be discussed:
the first one relates to the application of pigments on the textiles,
the second is the dyeing with dyestuffs of plant origin and mor-
dents which will also be described. Finally several arrangements
of colours on textiles will be shown. See colour plate X.
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Gao Hanyu and Kim Yinglan

Techniques to Protect Textile and Embroidery Relics

The textile and embroidered relics excavated from the ruins and
tombs all over China are varied and often coloured. Most of
them are broken fragments and some have been seriously dam-
aged due to their long stay underground. Effective protective
methods and techniques have to be adopted to protect these valu-
able relics from further decay, aging and fading and to maintain
their texture, colour and patterns.

The first thing to do when conserving textiles is to examine
the dyeing conditions of the raw textile fibre material, then ster-
ilise the material and finally clean the surface to remove the dirt.

Alkaline disinfectant needs to be used to clean flax and cotton
fabrics of plant fibres while acid disinfectant needs to be used to
clean silk and wool of animal fibres. 50 - 60° C is the right tem-
perature for high-temperature disinfection while 0 - 15° C is
suggested for low-temperature treatment. Whether to use a dry-
cleaning or wet-cleaning technique must be determined by the

condition of the unearthed woven and embroidered fabrics. Be-
fore washing, nylon racks and washing grooves should be pre-
pared and a small sample test should be made before deciding
on the cleaning agent. A priority is to keep the texture and the
colour intact.

The cleaned textile fragments should be repaired and rein-
forced by using measures such as silk-screen strengthening,
glass clip holding, etc. Large pieces of clothings are to be kept
separately and sealed off. The best temperature for silk and satin
storage is 18 - 20° C and the suitable relative humidity is 65 %.

To protect the colour of textiles and embroideries an organic
glass of methacrylate ester in the right thickness should be set up
to keep out ultraviolet light, which causes fading. In the mean-
time, an effective anti-oxidisation ultraviolet absorbent may be
sprayed on the fabrics or the protective glass to protect the
colour of the exhibits.
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Fig. 1. Light dark red silk gauze, 1987 found in the ruins of Qingtai
village (3500 BC), in Xingyang, Henan.
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Fig. 2. Spectrum of five lights and ten colours.
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Tab. 2. Colours from the silk-yarns in the embroideries of the early Qin
Dynasty.
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g WE, SRE, AR LA, IEEMEEAE
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AR/ % 4% & RAEPHAL Z A L IR VA
= SR FE R
LR 28 Ebr YO, 4 7
7B P SAN YR, 7 6
%k +# YOs 3 8
%% s Yo, 4 5
Hhitk HER YO, 4 5
R 5 AT 804 B8 7 YR, 4 2
2E7 A YR; 3 4
2 3 YR, 2 8
S5 P AN YR, 7 5
ek % YR, 4 2
R SE T S 5 Rer YR, 7 6
2 A RO, 6 5
“hk bR RO, 6 5
INEETELU 2L T8 YO, 5 7
265 45 YR, 4 2
EEE7 LT YR, 6 3
ik 35 YR, 4 2
TFERLS 72k iz RO 4 3
2L T YO, 5 7
GE& [ RO 4 3
H& KL RO, 8 6
R B8 T YO, 5 7
2451 Bk YR, 4 2
Gk Wiz YR, 4 2
A. B. C. D, E® 4k B YR, 4 7
REEHLE BE LD YR, é 5
(it T3 YR, 5 7
ek bz YR, 4 2
JIRCIES G ] 85 bz YR, 4 2
B +# YR, 5 7
25 Her YR, 6 5
G W YR, 4 7]
PN YIS0 72 HLL YR, 6 5
724 23 RO, 5 4

Tab. 3. Colours of the yarns.
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Fig. 3a, b. Silk painting (details), Western Han (206 BC-24 AD), 1972 excavated in grave No. | at Mawangdui near Changsha, Hunan
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Tab. 4. Powder X-ray diffraction from cinnabar, silk No. 460-1.
B 4.460 - 1 KEFFH ERAFE X FRATHREEE.

4. E2Z 460-1 LRABR SHARE X SHETSRE LK E

AR 460-1 JCHAF G R4 66 50k AN R A BR B AL R i
W 2R MREERE d@) | ABRE 1. )| REEE dA) HIRBREE (1. )
1 3.62 5 3.59 5 HIGHE: 40 TR
2 3.36 100 3.359 100 RIGHH: 20 Z %
3 3.16 26 3.165 28 HMEE: 1204
4 2.87 97 2.863 94 HMTEE: 5°-60°
5 2.37 6 2.375 9 (20°)
6 2.07 26 2,074 26
7 2.03 9 2.026 12
8 1.98 23 1.98 29
9 1.90 4 1.90 3
10 1.767 15 1.765 21
11 1.735 15 1.735 27
12 1.682 15 1.679 25
13 1.586 5 1.583 5
14 1.564 5 1.562 6
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Tab. 5. Powder X-ray diffraction from Pbs and Hgs of silk-brocade No. 461.
B 5. 461 L2405 ERYK GEUR X ST A0 R I .

% 5. 461 FRIREBUR SR, BARIRELER RTS8 B o

H: vss BoR vs thik ms K IR s G m w5 mw K5 vw 1
i35 461-HUK .8k A itk
(ASTM5-0592) (ASTM Kk 6-0256)
e | SEEEE d@) | AEXEREE (1/1.)| BEREE dA) | AXEREE (1)) SEEEE dA)  [HRSGRE 1. )
I 3.43 Vs 3.429 84
2 3.35 m 3.359 100
3 3.16 w 3.165 28
4 2.95 vVs 2.969 100
5 2.86 m 2.863 94
6 2.10 s 2.099 57 2.074 26
7 1.98 W 1.980 29
8 1.79 ms 1.790 35
9 1.71 mw 1.714 16
10 1.49 W 1.484 10
11 1.36 W 1.362 10
12 1.33 m 1.327 17
13 1.21 W 1.212 10
14 1.14 W 1.1424 6
15 1.05 vw 1.0489 3
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Tab. 6. Powder X-ray diffraction of the white pigment from the silk-brocade No. 461.

F 6. 461 2240 i GBI X AT 90 B i

% 6.461 LHRGBRS B = AR ERARMNTHREE LR &

W% B 5461 (A 00 B EHASTM £ 7-32)
F5 A ERE d(A) AARTREE (1. ) Auif [E]RE d(A) AARTIREE (V1. )
1 4.98 m 5.02 55
2 4.46 ] 4.48 55
4.46 65
3 3.51 m 3.500 44
4 3.36 Vs 3.351 >100
5 3.23 m 3.208 47
6 3.01 m 2.999 47
7 2.88 m 2.871 35
8 2.80 w 2.803 22
9 2.59 w 2.589 50
10 2.56 m 2.562 90
11 2.46 w 2.458 19
12 2.01 | m 2.010 75
13 1.65 w 1.653 17
14 1.50 w 1.499 40
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The Dye Colours and Culture on Clothing in Early Qin

In the early Qin Dynasty woven and embroidered clothes were
dyed by using such techniques as dye application, dip-dyeing,
mordant dyeing, printing, etc. Great headway was made in the
technology. The 5500-year-old light crimson silk gauze un-
earthed from the ruins of the Qingtai Village of Henan Province
is a good example of the dyed fabrics in China. Of the three
colours (red, yellow and black) in the Painted-Pottery Culture,
the most individualistic colour used by the primitive tribes on
their utensils was amber.

Over three thousand years ago in the Bronze Culture of the
Xia and the Shang Dynasties, people began to recognise the 5
colours of mineral dyes (green, red, yellow, white, black). The 5
colours originate from the five colours, which are shown in the
colour combination of the inscriptions on bones and tortoise
shells at that time. Ground dye powders such as cinnabar, azu-
rite, stone yellow, black stone, lead white etc. were used to dye
fabrics into brilliant clothes. The fact that people of the Yin Dy-

nasty cherished white shows that they worshipped the sun and
regarded white as auspicious.

The Official Robes of the Zhou Dynasty stipulate that colour
is one of the indications of rank and nobility. The court had 5 dif-
ferent craftsmen (Hua, Hui, Zhong, Kuang and Huang) in charge
of making coloured silk robes. Plant dyes like madder, blue
grass, jasmine, purple grass etc. developed quickly. The then
used techniques such as dip-dyeing, resistdyeing and mordant
dyeing expanded the spectrum. The five principal colours and
their tints advocated by the scholars of Yin and Yang during the
Warring States Period not only refer to the 5 colours (blue, red,
yellow, white and black) but also refer to the 10 tints (green,
crimson, blueish green, violet, Liu Yellow, yuan, reddish black,
light yellow, grey and greenish black), hence the Chinese idiom
“five colours and ten tints” which means brilliantly colourful.
People in the Zhou Dynasty adored red colour and regarded
“red” as noble, which is testified by lots of unearthed embroi-
deries of the Spring and Autumn Period. See colour plate XI.
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The Five Colours in Polychrome Silks with Cloud Pattern from Han Dynasty to

Wei Period

Based on the analysis of all available specimens of polychrome
silks with cloud pattern from the Han dynasty to the Wei
period (actually, from the 1* to the 4" century AD), an interest-
ing phenomenon was found. Almost every piece of silk was
composed of five colours, namely dark blue, green, yellow, red
and white. This also applied to polychrome silks with 1:2, 1:3
and 1:4 warp-faced compound structure. In addition, Han dy-
nasty documents contain references to wushe jin (silks with
five colours) and wushe yunjin (silks with cloud pattern in five
colours). This suggests that the five colours on polychrome
silks have a special relationship to the wuxing (five materials,
which are metal, wood, water, fire and earth) and wufang (five
directions or locations, which are east, west, south, north
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and the centre) in Chinese philosophy because each direction
and each kind of material is also associated with a special
colour,

One important example which strongly supports this hypoth-
esis is a polychrome silk recently discovered in Xinjiang. It
bears an inscription of Chinese characters, wuxing chu dong-
fang li zhongguo zhu nanqiang (it is favouable time for the cen-
tral country to conquer the southern Qiang tribe when the five
planets appear together in the east). This piece consists of warps
with five different colours, each symbolising one of the wuxing
(five planets): jin (Venus), mu (Jupiter), shui (Mercury), huo
(Mars), and tu (Saturn), which have the same names as the wux-
ing (five materials) in Chinese. See colour plate XII.



Birgitt Borkopp

Late Antique and Early Medieval Textiles and Costume
and their Representations in Various Media

Whenever men and women are represented in the pictorial arts
— especially whenever their official rank or function is empha-
sized — their clothes and accessories are an important part of the
portrait. As comparatively few textiles and costumes are pre-
served from late antique and early medieval centuries, their re-
productions in sculpture, paintings and other media may be con-
sidered as important documents, allowing us to visualize the
richness of a material culture that would otherwise be lost. Not
in all periods, however, do the pictorial documents mirror the
decorative details of the reality, in which they were created, with
the same degree of accuracy. Their testimony must, therefore, be
checked against the evidence of surviving costume or textile
fragments for a fair account of their credibility.

In a brief sketch — and more cannot be given here — it is not
possible to give a detailed account of surviving documents and
to follow closely the parallels and contrasts between textiles and

their pictorial counterparts. Instead, several examples will be
presented that demonstrate greater or lesser correspondence
between textiles and their representations, indicating chances
and risks of a method that might take the one as evidence for the
other.

A recent study, published by Prof. Dr. Andreas Schmidt-Col-
inet', followed in detail the parallels between sculpture and tex-
tiles excavated in Palmyra and succeeded in proving that indeed
the representations of costume and textiles have their foundation
in the fabrics traded and used in the area.

The oasis of Palmyra was, from the 2" century BC until the 3"
century AD, an important commercial centre trading silk and
wool, spices, glass and ceramics between East and West. Re-
maining politically independent from Rome as well as from
[ran, it entertained economically profitable relationships with
both ruling powers and practically controlled the exchange of

Fig. 1. Lid of a sarcophagus, found in temple tomb no. 176, Palmyra (photo after A. Schmidt-Colinet, ed., Palmyra, Antike Welt 26/1995, fig. 50).
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Fig. 2. Silver dish with simourgh, London, British Museum, inv.-no.
BM 135913.
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Fig. 3. Tag-i-Bostan, relief representing a horseman, detail of garment
(photo after K. Erdmann, Die Kunst Irans zur Zeit der Sasaniden, Mainz
1969, fig. 97).

B 3. B (Taq-i-Bostan), FHERI —(WF, KERDBORA
K. B8 (FEEEEHZAY , ERK 1969 4, @ 97),

luxury goods between the Mediterranean and the eastern centres
of Persia, India and China. Its inhabitants acquired considerable
wealth that allowed them to wear costly costumes and to indulge
in lavish decorations of their houses and tombs. In the latter, a
number of portraits have been preserved that represent their pa-
trons dressed in sumptuous garments decorated with elaborate
patterns and finished with ornamental bands’. Roman and ori-
ental traditions, together with indications of rank and status, in-
fluenced the choice of dress; consequently the deceased might
be clad in a Roman toga or in the Sasanian costume consisting
of caftan and trousers respectively, in accordance with the image
they wished to convey. Roman-style garments were decorated
with clavi and ornamental borders, their patterns consisting of a
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variety of floriated tendrils or roundels filled with geometrical-
ly stylized flowers. The decoration of the oriental costume was
more elaborate: Seams and hems seem to have been covered
with braids showing intricate compositions of garlands and flo-
ral rosettes, or having geometrical motifs woven into the borders
of the fabrics. Textiles used for mats and cushions were repre-
sented with a decorative grid system, the squares filled with star-
shaped rosettes (fig. 1).

Silk and wool textiles found during excavations in Palmyra
proved that these sculptures may indeed be considered as fairly
exact representations of the actual textiles used: Woollen cloth
with geometrical patterns in bold, contrasting colours (colour
plate XIII, fig.1), tapestry-woven bands and roundels for the
decoration of Roman-style tunics, intricate floral borders adorn-
ing the seams of the oriental caftans (colour plate XIII, fig. 2)
and Chinese silks, probably used as decorative applications,
were all identified in the necropolis of the oasis’. Their evidence
allows the study of the sculpture as documentary material for the
actual costume and decorative detail. It should be mentioned,
however, that colour schemes and tactile qualities can be in-
ferred only from the textile finds.

As a second example, textiles and their representations from
Sasanian Persia are examined: Long after the art of silk weaving
had been mastered in China, first efforts to follow its example
were undertaken by its western neighbours in the 3™ and 4" cen-
turies A.D., and by the 5" and 6" centuries there was quite an im-
portant silk production in what is now Iran, then the realm of the
Parthians and their Sasanian successors. The Sasanians devel-
oped a very rich tradition in various arts and techniques (stone
sculpture, metalwork and silk weaving featuring prominently
among them) that were to have an enormous influence on their
neighbours for centuries to come. And in these arts again we
find remarkable parallels in the decorative elements, regardless
of the material or technique used, and — more to our point — an
exact rendering of textile patterns and ornaments in the pictori-
al representations of costumes.

Aligned pearl roundels enclosing animals or fabulous crea-
tures belong to the staple motifs of Sasanian art, decorating ar-
chitecture, sculpture, metalwork and textiles alike’. A particular
composition, representing a simourgh (a fabulous beast made up
of the head and body of a wolf, the claws of a lion, feathered
wings and the tail of a peacock) is known from a stucco relief
serving as an architectural decoration’, a silver-gilt dish® (fig. 2),
a jug of the same material’, and from the decoration of the caf-
tan worn by a horseman in the famous relief of Tag-i-Bostan®
(fig. 3). The actual fabric of this garment has not been preserved,
but there are quite a number of fragments surviving from silks
woven in Sogdia in the 8" and the beginning of the 9" century
closely following the Sasanian model’ (colour plate XIII, fig. 3).
In other garments represented in the Tag-i-Bostan reliefs we can
identify textile patterns featuring pheasants, peacocks and
ducks, some in roundels, some without such an individual
frame'”. All the motifs are known from existing Sasanian and
Sogdian silk weavings''. Here again, we may take the pictorial
representations as reliable sources for a study of the contempo-
rary textile decoration.

We must realize, however, that the evidence of the pictures is
not always as reliable as the examples given above seem to
suggest. A closer look at medieval documents revealed that
sculpture, painting and book illumination sometimes at best just
hint at the textiles and costumes worn and cannot be trusted as
an exact description of material, decoration or usage.



After its impressive beginnings in China and Persia, the art of
silk weaving moved farther west, reaching a new climax in
Byzantium. From the 8" until the 11" century, we can follow the
development of large-scale medallion patterns, heraldic animals
of huge proportions in solemn procession, smaller motifs in geo-
metrical arrangement and monochrome incised patterns with
floral motifs set into ogival grids (colour plate XIII, fig. 4) re-
spectively'”. In the contemporary representations of emperors
and court officials, holy fathers or saints, we cannot identify any
of these decorations. In costumes and furnishings, rendered with
care in both wall painting and book illumination, fabrics are al-
most always given as unpatterned monochromes. If they do
show a pattern, we cannot grasp more than an allusion to one of
the compositions we know (fig. 8), and in the very rare cases
where we recognize a known motif, the established dates for the
actual textile and its representation are centuries apart'*. For
Byzantium, it would not be possible to develop a thesaurus of
textile patterns from the evidence of their representations in the
pictorial arts.

Together with the documents from Palmyra and Sasanian Per-
sia, this last example should be kept in mind as a warning: the
pictorial sources may have a life and style of their own, and they
may not have been meant to serve as a thesaurus of a reality lost
ever since.

Notes

I Andreas Schmidt-Colinet (ed.), Palmyra. Kulturbegegnung im
Grenzbereich (Antike Welt. Zeitschrift fiir Archiologie und Kul-
turgeschichte, Jg. 26, Sondernummer 1995) with detailed analyses
of textiles and their representations by A. Schmidt-Colinet, Khaled
al-As’ad and Annemarie Stauffer. Zu den Textilien seither auch: A.
Schmidt-Colinet, A. Stauffer, Kh. Al-As’ad, Die Textilien aus
Palmyra, Mainz 2000.

2 Schmidt-Colinet (ed.), Palmyra, op. cit., pp. 40-42 and figs. 48-51;
pp. 44-52 and figs. 64-79.

3 Schmidt-Colinet (ed.), Palmyra, op. cit., pp. 57-71 and the resp.
figs.

Fig. 4. Menologion Basileios” 11., Rome, Biblioteca Apostolica Vaticana, Cod. gr. 1613.
B o4 BRERCHOREYERH. 85, HENEFEEAE, Cod gr 1613.
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4 Cf. Splendeur des Sassanides. L'empire perse entre Rome et la
Chine (224-642). Catalogue de l'exposition aux Musées royaux
d’Art et d"Histoire, Bruxelles 1993.

5 London, British Museum, inv.-no. BM 135913 (ill. in: Cat. Splendeur
des Sassanides, op. cit., no. 11, with reference to related plaques).

6 London, British Museum, inv.-no. BM 124095 (ill. in: Cat. Splen-
deur des Sassanides, op. cit., no. 71).

7 St. Petersburg, Hermitage Museum, inv.-no. S-61 (ill. in: Cat. Splen-
deur des Sassanides, op. cit., no. 96).

8 Kurt Erdmann, Die Kunst Irans zur Zeit der Sasaniden, Mainz 1969,
fig. 97.

9 The most prominent example is the fabric of the caftan from Mos¢e-
vaja Balka (ill. in: Cat. Von China nach Byzanz, Munich 1996, no. 1).
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10 Cf. Splendeur des Sassanides, op. cit., figs. 98-101.

11 Cf. Entlang der Seidenstrasse. Frithmittelalterliche Kunst zwischen
Persien und China (Riggisberger Berichte 6), Riggisberg 1998.

12 Cf. Leonie von Wilckens, Die textilen Kiinste von der Spitantike
bis um 1500, Munich 1991, pp. 50-63. — Rom & Byzanz.
Schatzkammerstiicke aus bayerischen Sammlungen. Katalog zur
Ausstellung im Bayerischen Nationalmuseum, Munich 1998, nos.
65-73.

13 Cf. Birgitt Borkopp, Perlen, Rosetten und Bliitenranken. Zur Orna-
mentik byzantinischer Seidengewebe, in: Lithostroton. Studien
zur byzantinischen Kunst und Geschichte. Festschrift fiir Marcell
Restle, Stuttgart 2000, p. 33.
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FHE I Colour plate [

| 1-001 a. /95
I: Cracks and flacks of polychromed terracotta, arisen in open room after excavation. - 2: Polychromed face of a terracotta in pit No. 3. The poly-

chrome was painted with brush. — 3: Polychromed robe of a terracotta in pit No. 2. The terracotta was at first undercoated with putty, then with
lacquer. — 4: A few samples with polychromy, after treatment with PEG and eletronic-beam.
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Colour plate II EE I
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oK, FEENVLEBIKRE, R )%, 3 BN
F-003/96 £ PEG200 Z#EALHH, MELARHRS. 4 BH F-
005a £ PEG200 ZA0FE, W4E DAGRRTS. 50 BRH F-002/96
ZRP AR, WAENGEIRS. 6 Ml F-006/96 £ {4
R, PERAGEERGS. 7 B§H F-008/96 {4 b B AT
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FHE 1 Colour plate I1I

A8 1A

1: The lacquer layer with polychromy of the terracotta shrank drastically during the drying process and has peeled off from the terracotta. — 2: The
lacquer undercoat shrank through loss of water, leading to the breaking off of the whole polychromed layers (lacquer undercoat and pigment lay-
ers). — 3: The phase of the sample F-003/96, two years after treatment with PEG200, step by step. — 4: The phase of the sample F-005a, two years
after treatment with PEG200, step by step. — 5: The phase of the sample F-002/96, two years after conservation treatment. — 6: The phase of the sam-
ple F-006/96, two years after conservation treatment. — 7: Sample F-008/96, before conservation treatment. &: Sample F-008/96, after conservation
treatment. — 9: Sample F-007/98, four months after treatment. — 10: Sample F-003/98, four months after treatment, after optimised method. — 11:
Sample F-012/98, four months after treatment, after optimised method. — 12: Sample F-013/98, four months after treatment, after optimised method.
— 13: Polychromed samples of the terracotta army of Qin Shihuang, after treatment, soaked first with monomer, then consolidated with electronic-
beam. The result was good.

8: WK F-008/96 {RiH4bM 5. 9: P§H F-007/98 Z {74 4b3E, WA HEHRES. 10: K F-003/98 £ R4 f5 AR5
AR, U ABHORES. 11: B K F-012/98 45 LS R A8, P A ERPRES. 12: F R F-013/98 SE Gyt
HEEAE, A BRRE. 13 REFKERE, 8FREEB) B ERPZEMIEE R . 28] TEAN R B




Colour plate TV P v

1: Lintong, pit No. 2, fragment 005/2000. Green collar with red ties;
malachite and cinnabar. — 2: Lintong, pit No. 3, fragment 002/1996:
malachite. — 3: Lintong, pit. No. 2, fragment 009/1998: Mixture of han-
purple and azurite. — 4: Lintong, pit No. 2, fragment 009/1998, violet
collar with red ties: han-purple and azurite, cinnabar. — 5-7: Lintong,
Terracotta-museum, reconstruction of the original polychromy. 5, 7:
Pink = mixture of caolin, cinnabar red and brown ironoxide; Red:
cinnnabar; Green: malachite. — 6: Red-brown = cinnabar and red-brown
ironoxide; Red: cinnabar. (Drawings: Bayerisches Landesamt fiir
Denkmalpflege, Catharina Bldnsdorf, 2000; Photos: Bayerisches
Landesamt fiir Denkmalpflege, Catharina Blinsdorf and Cristina
Thieme.)

Ad
1: fEE#(—S50), F§H 005/2000: SRA4K4, 447 FLEAMAKR; 2: WS4, W
F002/1996: FLEEA; 3 I —E40), B9 )+ 009/1998: IUERIATHHIRES: 4 I
SH0), Bl 009/1998: FARH, 414 WEMAGH, KUY BNXHRE, Geig
RFEE) 57 IWERME; REELER. 5.7 B6, dElL. SPHnas5kan
FULERE: 4 Ry, 6 FLER: 6 Al ROMARGEMEIE:; aao: %
(R BNRE, ez, 2000).
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Colour plate V

1: Mural painting, Tang Dynasty; Mogao grotto, Dunhuang. — 2: Mural
asty; Mogao grotto, Dunhuang. — 3: Ming-Statue,

painting, Tang Dyn
azurite, with goldleaf, detail. —

Wofosi temple in Xiangshan, Beijing;
4. a, b: Two Bodhisattvas, mural painting, Tang Dynasty; Mogao grotto
Dunhuang. — 5: Jiang Caiping, Old banana, traditional mineral pigment,

170 x 96 cm.

1 BUERE RO RE ), 2: BUSSIE R EAE; 3: Jtn
FIEMEFAREER, A6, EEH, B 4.a.b.: H
X 96cm, HRHi

VS




Colour plate VI

Al

1: Bishamonten, Kaidan’in, detail of trousers; Todaiji, Nara, 9th centu-
ry (Repro from: HITAKA). — 2: Guanyin, 11th-13th centruies, front;
Amsterdam, Rijksmuseum. — 3: Weituo Tian, Southern Song dynasty
(1127-1278), detail of the sleeve with hemp-leafdecoration; Chéryuji
temple, Gifu province (Repro from: YosHita 4: Guanyin, detail of
leg and skirt; Amsterdam, Rijksmuseum. — 5: T6ji Kannon, 1232, detail
of upper garment, (Repro from: YOSHITAKA)

1 BT, R

2: W, 11-13 g, IET v

f, R, WREMEMOHFEE, wHaE
(Choryuji)(MLH: XZFEAFH); 4 W&, KBRFEFHEE; Mg
W R R 50 FRIFWE, 1232, FARJFH(Choryuji)(H
BH: XEHH).




Colour plate VII

2: Cross section of a woman’s carnation sampled from the Akhethetep s
mastaba (Louvre E 10958): 1-stone, 2-ground layer made of calcium

sulphate, 3-yellow layer composed of pigments from the “jarosite min-
erals group”, 4-copper chloride and calcium sulphate, © LRMF, S. Col-
inart.

1: Inside of Henem’s coffin: the yellow pattern is painted with pigments ~ 3: Backscattered electron image of a part of the same cross section
from the “jarosite minerals group” (Louvre AF 9757), © S. Joigneau,  revealing the shapes and their heterogeneous size of the mineral grains,
M. Louis. O LRME, S. Colinart.

4: Pigments cakes stored in the Department of Egyptian Antiquities of the Louvre Museum. The turquoise colour
belong to the Egyptian green. © LRMEF, D. Vigears, 4V

I; AR R B WA
B R R f- e einew
Hrw B L (S FE
AF 9757), ©S. #hiFL/EH,
M. B&5); 2: Pl sabfZe
A2 = b P B 1A LR
HME(SFE E 10958): 1-
Ak, 2- JKEBmRm4
i, 3- HEEhe ek
LA 4R R B L, 4-
AL AL F5, OLRME,
S. BHAIgy; 3: AR L
— AN 4 2 6] S R
AR R T HA A hLY
ARIFANFIEAR, OLRMF,
S. BLFlgh; 40 SR EEY
T8 e By T K B A B9kt
h, A EETRE
4. ©OLRMF, D. 4.
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Colour plate VIII

Al 3A

1: Attributed to Jacques-Louis David, 4. Ch. Quatremére de Quincy, 1779; oil on canvas; private collection. — 2: Reconstruction of the Hera statue
at Argos; coloured lithograph from A. Ch. Quatremére de Quincy, Le Jupiter olympien, Paris, 1815, plate XX; Bayerische Staatsbibliothek, Munich,
Res. Arch. 218m. —3: Reconstruction of the ‘Olympic Jupiter’; coloured lithograph from A. Ch. Quatremére de Quincy, Le Jupiter olympien, Paris,
1815, endpaper; Bayerische Staatsbibliothek, Munich, Res. Arch. 218m. — 4: Reconstruction of the Temple of Empedocles at Selinunte: colour lith-

ograph from Jacques-Ignace Hittorff, Restitution du Temple d’Empédocle a Sélinonte, Paris, 1851, plate II; Bayerische Staatsbibliothek, Munich,
2 Arch. 128°.

I: SEERTRE: SR - 78 - K04, 1779 4F, EifGuhE, FABGE. 2:/3: BAKUCHTASR e IRR / FIRK
WM h SR, RRAEAE/R - 78 - 3KTS: CBUMKICHTROARIEAFEY |, B2, 1815 48, HT / MR XX, ¥aiiim, HeR
EARFIEMNEZKE H1H, Res.Arch.218m . 4: ZEFLAFA B Z UM MUBIE R E>, A6k CERIL 0 B v
JEEOEED | R, 1851 4F, EIAR 11, e R EAH W NE K E 51, 2 Arch. 128°,

V2
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L 1IX

1: Greek terracotta figure, height 19.4 cm,
c. 260 BC, Staatliche Antikensammlungen
Munich (NI 727). — 2: Colour reconstruction
of the West pediment of the Aphaia Temple
(from: A. Furtwingler, Aegina. Das Heilig-
tum der Aphaia [1906], plate 104). —
3: Archer from the West pediment of the
Aphaia Temple (WXI), detail of the right hip
and the right thigh, ultra-violet reflex shot. -
4: Marble figure of an Archer (“Paris™) from
the West pediment of the Aphaia Temple in
Aegina (WXI), height 97 cm, c. 490 BC,
Glyptothek Munich. — 5: Detail of fig.
3: Archer (WXI). — 6: Marble mould copy of
the Archer from the West pediment of the
Aphaia Temple (WXI), photo of the colour
reconstruction (ochre tones not yet applied).

1 ZMEMGE, = 19.4 JEX, ANICH

3: [T EE p 7 PG 1 = AR
FEHFWXD, AHMG
LS, 4SRRI
Lii

4: M 25 & o HE T #f )ik 79
mlL S & F R ARE
ByWXI), # 97 [EXK, 4
ANTCHI 490 4, FRBEA
it % RSB 1E .

5 FE 2 WEH: SEF
(WXI).

6: iy 3 W7 4o G o AL B S
WEMAEKRERHR
(WXD), BaEFENITHE
0, (W Ghata e, R

Colour plate IX

260 4F, SRBETHAMNE D LZARKBIEMN 727). 2: FETHENT=AHRNOEE
HEREORE A T GREBS. FEELHE) , 1906 4, K 104),
V3

6V
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Colour plate X

YA X
1: Tiger in black and red ch Warring States (475 BC-221 BC), em-
broidery with patterns of on, phoenix and tiger, excavated from
grave No. 1 of Mashan in Jiangling, Hubei. — 2: Tiger in black and grey
check, Warring States (475 BC-22 E), e oidery with patterns of
dragon, phoenix and tiger, excavated trom grave No.]l of Mashan in
Jiangling, Hubei. — 3: With cinnabar dyed clod, Western Zhou Dynasty
(about 11th century BC-771 BC), excavated from graves of Earl Yu. —
4: A strip of silk with patters of hunting, Warrlnb States (475 BC-221
BC), excavated from grave No. 1 of Mashan in Jiangling, Hubei. —
5: Mirror cloth, tough silk, with stripe in black and yellow check (bro-
cade), Warring States (475 BC-221 BC), excavated from grave No. | of
Mashan in Jiangling, Hubei.?




Colour plate XI

A

FANS |

1: Embroidered silk quilt with pattern of coiling dragons and flying phoenix (detail), Warring States (475-221 BC); excavated in 1982 from grave
No. 1 at Mashan in Jiangling, Hubei. — 2: Embroidered silk robe edge, with pattern of coiling phoenix and tow dragons (detail), Warring States (475-
221 BC); excavated in 1982 from grave No. 1 at Mashan in Jiangling, Hubei. — 3: Embroidered silk robe (so called Longevity Embroidery, d
Western Han (206 BC-24 AD); excavated in 1972 from grave No. 1 at Mawangdui, near Changsha, Hunan. — 4: Embroidered silk robe (so mlkd
Riding Clouds Embroidery, detail), Western Han (206 BC-24 AD); excavated in 1972 from grave No.l at Mawangdui, near Changsha, Hunan. — 5:
Silk gauze robe with printed and painted pattern (detail), Western Han (206 BC-24 AD); excavated in 1972 from grave No. 1 at Mawangdui, near

Changsha, Hunan.

I LS —S R LA R KRB FER (AE); 2: : ﬁhil e Fi'] I"L )‘L*Bﬁui*’?‘f’fﬁ' Z (Fi): 3:

WS L REFGHRME (R, 4 KUBEE SN
#l ().
V2




Colour plate XII

% %— *k
Al 2>

1: Five directions (wufang: north; south, east, west and middle). Five
Elements (wuxing: metal, wood, water, fire and earth) and five colours
(wucai: blue, yellow, red, white and black). — 2: Brocade with inscrip-
tion ,,chang bao zi sun* (Preserve a flourishing growth of descendants),
Han Dynasty, excavated in Loulan, Xinjiang. — 3: Brocade, Han
Dynasty. —4: Brocade with inscription ,,wu xing chu dong fang li zhong
guo* (appearance of the Five Stars in the East is favourable to China),
Wei and Jin Dynasty (220-420); excavated in Niya ruins, Minfeng
county, Xinjiang.
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Colour plate XIII

1: Details of sculpture and woollen
textile, found in tombs no. 186 and
46, Palmyra (photos after A. Schmidt-
Colinet, ed., Palmyra, Antike Welt
26/1995, fig. 69 and 70).

2: Fragment of a tapestry-woven tex-
tile, found in the tomb of Kitot,
Palmyra (photo after A. Schmidt-Col-
inet, ed., Palmyra, Antike Welt
26/1995, fig. 94).

3: Tag-i-Bostan, relief representing a
horseman, detail of garment (photo
after K. Erdmann, Die Kunst Irans zur
Zeit der Sasaniden, Mainz 1969, fig.
97).

4: Caftan found in Moscevaja Balka,
weft-faced compound twill with
simourgh pattern, detail; St. Peters-
burg, State Hermitage, inv.-no. Kz
6584. Chasuble of the archbishop
Willigis  (reg. 975-1011), mono-
chrome weft-faced compound twill,
detail; Munich, Bayerisches National-
museum, inv.-no. T 11/170.

1: BEZIFESYE BB, fEERARL 186 SH1 46
BHEEZHE A BERF-BRIN: BRI, BGY
HLHERY  26/1995, B 69 F1 70); 2: IEHLWHEE
8, FEERKRALEICEZE A, HEERF-BIAIA:
ERKRL, 8 GHHHERY 26/1995, @ 94); 3: 1
FERIEE E R F AR L /REKM, HHEER
B/ B, R 4 K ERERIET(975-1011
TERDE 71, BENRAEE, R, KeRe
RH WM EEE, RS TI1/170 .
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Colour plate XIV

4 A
1: Lacquer box in the shape of a mandarin duck with scenes of dance
and music. Warring States. Excavated from the grave of Marquis Yi of
the Feudal State of Zeng in the district town of Suizhou, Province of
Hubei. — 2: Bowl with two handles in the shape of a butterfly, painted.
Warring States. Excavated from grave No. 2 in Wangshan near the dis-
trict town of Jiangling, Province of Hubei. — 3: Decoration on the black
ground of a lacquer coffin, detail. Han. Excavated from grave No. 1 in
Mawangdui near Changsha, Province of Hunan. — 4: Lacquer ware with
gold leaf or gold powder. Qing Dynasty.

¢
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Colour plate XV

1:Amulet Bes (for description see text). — 2: The octagonal Freer Gallery stick (diameter 8.5
mm). — 3: Microscopic picture of single crystals of Chinese Blue, Ba-CuSi,0,,. — 4: Microscop-
ic photograph of the pigment layer of sample I of the Terracotta Army. These pigments are Chi-
nese Purple and Cinnabar. Reprint with permission from Thieme, 1995. — 5: From left to right:
Barium-Copper-Oxalate, BaCu(C,0,); product of the reaction of Chinese Purple with oxalic
acid; mixture of Chinese Blue and Purple; Chinese Purple. — 6: Photograph of the cylindrical seal
(for description see text). — 7, 8: Growth of lichens. The central ring was mixed with Egyptian
Blue (above) and Chinese Blue (below). No growth is seen in the central areas confirming the
fungicidal effect of these pigments.

1: Amulet Bes. B8 F (BB LR4); 20 % HE/RKEBHRONAEFR(ERN 85
mm); 3: HEEKERENEEGBMN, BaCuSi0; 4 EDH—SHBHEZEN
B, SRy RERAD. ERSFEANF, 1995; 5 NEEAL: ER
41, BaCu(C,0.),; FEESHEMRNASY; FEEMEGREY; +EIEK, i
Hiee: 6 EAHEERAGEHLRE); 78 RMEK. PBSRERECEE)RM
HEE(FE)ES. BORKLER, IELXLHHAANAEEDGE.
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Colour plate XVI

Al A2

1: Buddhist statues, polychromed clay, Tang Dynasty, Dunhuang, cave 460. The figure on the left
was damaged, it shows its wood brace and splendid achnatherum. — 2: Buddha, polychromed clay,
Northern Wei (386-534), Dunhuang, cave 254. The upper limbs are broken. You can see the inner
stone body. — 3: Bodhisattva, polychromed clay, Dunhuang, cave 45 (Tang Dynasty). Rich poly-
chromy and gilded parts on the dress. —4: Buddha, polychromed clay, Northern Liang (397-439),
Dunhuang, cave 275. Thrifty and simple polychrome. — 5: Bodhisattva, polychromed clay, Tang
Dynasty, Dunhuang. On the altar in cave 205. The minium is changed. — 6: Buddhist statues, poly-
chromed clay, Dunhuang, cave 335. The figures were painted in Qing Dynasty.

1: S50 R 45 460 & FE 1t
Y, EMPREHR
W, BRI AR
R
2: R EP2s4RILE
Vems, LWz,
% A A A

3. FEESAsSER R
W2 E IR A Lt
SHETED S,

4: BEiE A 275 R AL B
ife] b, R £ (R AN B
%;
5: RS0\l E
£, WAE% L HEA
i,

6: B AP I3SE Y,
HEREYMELYE
.,
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FHE XV

1: Painted decora-
tion, Gate of Martial
Spirit (Shenwumen),
Forbidden City, Bei-
jing. — 2: Painted
decoration with
dragon and phoenix
pattern at ceiling,
Palace of Longevity
and Good Health
(Shoukanggong),
Forbidden City, Bei-
jing. — 3: Painted
decoration, two
dragons playing with
a pearl, Hall of Plea-
surable Old Age
(Leshougong), For-
bidden City, Beijing.
— 4: Painted decora-
tion, Meridian Gate
(Wumen), Forbidden
City, Beijing. — 5:
Caisson ceiling with
golden dragon, Hall
of Imperial Suprem-
acy (Huangjidian),
Forbidden City, Bei-
jing. 6: Painted
ceiling with round
cranes, Palace of
Great Happiness
(Jingfugong), For-
bidden City, Beijing.
— 7: Painted ceiling
with frontal dragons,
Hall of Preserving
Harmony (Baohedi-
an), Forbidden City,
Beijing.

1: Ml 2:

#7 B E R K E:

Colour plate XVII




Colour plate XVIII

A8

8: Painted ceiling, mantra with six characters, Buddha niche, Hall of
Comprehensive Correspondence (Xianruoguan), Forbidden City, Bei-
jing. — 9: Painted decoration with haiman pattern (cloud, flowers and
plants), Study of Jiangxue (Jiangxuexuan), Forbidden City, Beijing. —
10: Painted ceiling with haiman pattern (Chinese wistaria), Study of
Tiredness with Diligence (Juanginzhai), Forbidden City, Beijing. — 11:
Painted decoration, Hall of Mental Cultivation (Yangxindian), Forbid-
den City, Beijing. — 12: Painted decoration, Palace of Gathering Excel-
lence (Chuxiugong), Forbidden City, Beijing. — 13: Painted decoration,
Study of rinsing of fragrant (Shufangzhai), Forbidden City, Beijing. 14:
Painted decoration, Study of rinsing of fragrant (Shufangzhai), Forbid-
den City, Beijing.

8: BAHEBEANFHSKE 9: FERYE; 10 GEhFH
PLBEZHIRRIE 11: FHRYE, 12: MFEYE; 13: %55
R, 14. BI5FRE.

FHE XV
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¥ HE XIX Colour plate XIX

A9 20V

15: Vase, painted pottery, Neolithic Age. -
16: Guardian Warrior, painted earthenware,
covered with gold leaf, Sui Dynasty. -
17: Court Maid, painted clay, Qing Dynasty. —
18: Avalokitesvara, wood, Ming Dynasty.
19: Arhat, painted clay, Ming Dynasty. —
20: Buddha, painted clay, Tibet, Qing Dynasty.
— 21: Avalokitesvara, stone, Eastern Wei (534-
550), painted in Song Dynasty.

15: Fia et maE; 16 FEEPM
&R+H; 17 wREELAL; 18 B
A BE & e, 19: BABETN
@: 20: WAQHL ORI OER; 210 dE
A B S RN ).
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Qiao Shiguang

Qi-Lacquer — Technique and Art

The lacquering, the art of lacquer means the technology of ap-
plying lacquer. It is a traditional Chinese art.

The lacquer also called big lacquer, raw lacquer and rhus lac-
quer, is a natural paint derived from the varnish tree. It is not on-
ly water-proof and antiseptic but also lustrous. In China, it began
to be used six or seven thousand years ago to protect and beau-
tify articles and utensils, for example the wood raw lacquer bowl
unearthed from the 3™ level of Mudu Culture in Yuyaohe of Zhe-
jiang Province. The black lacquer mug and the black lacquer jar,
both made of pottery and unearthed in Wujiang of Jiangsu
Province, are relics from the Liangzhu Culture about 4 or 5 thou-
sand years ago.

The liquid lacquer may be applied not only to wood and pot-
tery but to metal, leather and bamboo as well. In addition, it can
be combined with linen to form multi-layered patterns by taking
advantage of the lacquer’s adhesiveness and the linen’s tensile
force. Using this method, which was called “Jia” in ancient
times and is used on lacquer sculpture works, any pattern you
wish to have, can be formed.

The lacquering work falls into many varieties and the coating
methods are also diversified including coating and painting, in-
laying, carving and filling, polishing and painting, embossed
sculpture, carved lacquering, etc.

(1) Coating and painting refers to the method in which lacquer
is blended with pigments, gold or silver to then be applied by
brush as a coating or as designs and pictures.

(2) Inlaying refers to the method of inlaying shells, jade or met-
al onto the surfaces by using the adhesiveness of the lacquer.

(3) Carving and filling refers to the methods by which decora-
tive patterns are first carved by a needle or a knife on the sur-
faces and then filled in with gold , silver or colour lacquer.

(4) Polishing and painting refers to the method of first applying
colour lacquer (including gold and silver) layer by layer, then
polishing the surface and grinding patterns with water-proof
abrasive paper or grinding stones.

(5) Embossed sculpture refers to the method of using lacquer or
the mixture of lacquer and fillings to project the patterns.

(6) Carved lacquering refers to the method of carving which is
done after dozens or even hundreds of lacquer coatings are
completed.

The diversified coating and lacquering methods produce both

lacquer wares of practical use and artistic works of painting and

sculpture. It is a comprehensive art form, which uses various
materials and combines practical art with pure art. It is not only
traditional but also promising in its developing prospects.

See colour plate XTV.
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Hans-Georg Wiedemann* and Heinz Berke**

Chemical and Physical Investigations of Egyptian and Chinese Blue and Purple

* Mettler-Toledo GmbH, CH-8603 Schwerzenbach
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Introduction

The production of Egyptian Blue can be traced back from earli-
er than 3000 B. C. up until approximately 300 A. D. One of the
earliest documentation of Egyptian Blue is found on the Tablets
of an olive oil container, which certifies the quality of the oil
blessed by the Godess Iset (pre-dynastic). Another proof for the
carly use of Egyptian Blue is the Mastaba of the vesir of Mere-
ruka (2300 B. C., Saqquara). This and other samples are shown
in Table | and represent a selection of identified Egyptian Blue
up to the Greek-Roman period.

A contemporary artist, E. Arpagaus, has studied mineral
colours and pigments of Egypt and surrounding areas (Arpa-
gaus, 1996) showing the variety of different colours, which were
prevalent in nature. The presented blue pigment has however
been artificially produced in the manner of the Egyptians,

In ancient times continents and countries were connected by
famous trade routes; the link between the Western World and an-
cient China was established via the Silk Road. Aside from its
economic function this adventurous and risky route played an
outstanding role in the distribution and exchange of ideas and
technologies between East and West. The relatively constant
composition of Egyptian Blue over the period of the Old King-
dom up to the Ptolemaic and Greek-Roman time (Table 2) indi-
cates that the information about the production of coloured pig-
ments never got lost. For blue pigments this is attributed to the
fact that they had a prominent role in religious rites and every-
day life. States adjoining the Silk Road were challenged by the
tradition of blue production and its use in manufactured Egypt-
ian goods to either obtain it by trade or to produce it themselves.
This background was apparently a major driving force for the
expansion of artificial blue and even other pigments.

The change in location and the need for further improvements
of artificial pigments induced new technological developments,
which generated similar advanced materials such as strontium
and barium copper silicates as in the Iraqi and Iranian samples
of Brick Nimrud (British Museum London) the Sistrum Hasanlu
and the Goblet Hasanlu, Iran (both Metropolitan Museum New
York) and barium in Chinese artefacts represented by the blue
and purple octahedral sticks and samples of the Terracotta Army,
all compiled in Table 1.

The Chinese samples are attributed to the Warring States,
Quin and Han period 600 B. C. till approximately 200 A. D.. As
we will see in the later context they contain man-made blue and
purple pigments called Chinese Blue and Purple, sometimes al-
so denoted as Han Blue and Purple (Fitzhugh, 1992). They were
used in colouring applications and they refer to destinct, but
very related chemical compounds. Only Egyptian and Chinese
Blue are found as minerals in nature (Cuprorivaite, Effen-
bergerite (Giester, 1994)). They are, however, so rare that any
utilization of these minerals by ancient civilizations can be
excluded. It should be mentioned at this point that the only
mineral pigment used by earlier civilizations, which naturally
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appeared blue and did not demand chemical transformation or
processing, was lapis lazuli (Reinen, 1999). Its scarcity in nature
caused it to become highly esteemed, at least in the western
hemisphere. Presumably as a consequence of the general scarce-
ness, the blue has been attributed divine character in some civi-
lizations, such as the Egyptian.

In general colour has played a major role in the development
of civilizations and has acquired important cultural functions as
one of the essential ways of human self-expression and affecta-
tion. Colours produce aesthetic stimulation, which is reflected in
art forms. All this emphasizes the outstanding role of colour in
human development, and colouring substances in the form of
pigments have thus always been used by mankind as they be-
came available.

Apparently motivated by the lack of natural blue minerals and
mankind’s intrinsic desire for colours, people were driven to in-
vent blue pigments. It is may be worth mentioning that among
those invented Blues there is also the Indigo based Maya Blue,
which had wide-spread application within Indian cultures (José-
Yacaman, 1996). Any of the mentioned man-made blue pig-
ments but also Chinese Purple required sophisticated chemical
and technological developments, which could only be mastered
in a sound cultural and technological environment. In the fol-
lowing article we will see that the chemistry behind these man-
made pigments is quite complicated. Ancient chemical achieve-
ments could not be based on atomic or molecular grounds.
Therefore any progress was established by long and tedious
processes of empirical probing.

Investigated Original Samples of Egyptian Blue,
Chinese Blue and Purple

The investigated ancient samples of Egyptian Blue and Chinese
Blue and Purple are summarized in Table 1. The Egyptian sam-
ples cover a span of almost 3000 years starting with Blue from
the 6th Dynasty of the Old Kingdom to the Roman time.

The oldest sample stems from the Mastaba of Mereruka in
Saqqara, Egypt. Mereruka was vesir to King Teti, reaching the
Mastaba from his tomb through a fictive door to receive the dai-
ly sacrifice from his relatives, who prepared the altar (Wiede-
mann, 1997b). The second sample originates from the tomb of
General Antef, Middle Kingdom, 11th Dynasty. General Intef
reported to Mentuhotep IT as the commander of the troops. He
belonged to the most important courtiers, which is also ex-
pressed by the location of his tomb in close vicinity to the fu-
neral temple of his King in Thebes. The next three samples stud-
ied came from the New Kingdom period. Blue from the crown
of the famous bust of Nefertete ( Agyptisches Museum der
Staatlichen Museen Berlin, Germany) and Blue of the Talatat
Stones of the Temple of her husband Echnaton (Amarna. Egypt).
The cylindrical seal, which is also dated to the New Kingdom
and whose orgin falls into a very productive period for artisans,



Time Name Colour PL RS  X-Ray EDX |
2345-2181 B.C. Mastaba of Mereruka EB + ¥ ¥ s
2133-1991 B.C. Tomb Intef EB - + + -
1340 B.C. Bust of Nofretete, blue of crown EB - + - +
1353 B.C. Echnaton temple, blue of Talatat EB - i - +
1300 B.C. HGW, Cylinder Seal, Thebes EB -+ - +
13th — 7th Century B.C. Brick Nimrud, Iraq EB + + + B
712-332 B.C. HB, Amulet Bes EB + + = -
500 B.C. Ba-bird, Soul EB - + + +
3rd Century B.C. Mummy cartonage EB + + + +

1st Century B.C. Ptah Sokaris Osiris Fig., Munich EB - + . +
Roman time Mummy coffin, Cairo EB - + % +
Han Dynasty Stick Freer Gallery, Washington CP + + + +
Han Dynasty Stick Royal Ontario Museum CP - + - -
Han Dynasty Stick 4069 Oestas. Mus.,Sweden CB/CP + + + +
Han Dynasty Stick 4070 Oestas. Mus.,Sweden CP % + + +
Qin Dynasty Sample [, Terracotta Army Ccp - + - *
Qin Dynasty Sample II, Terracotta Army CP - + - +

Appendix (substances not investigated by us)

Time Name Colour PL RS X-Ray EDX
9th Century B.C. Sistrum Hasanlu, Iran* EB? - = + ¢
9th Century B.C. Goblet Hasanlu, Iran* EB? - - + +

EB = Egyptian blue, CP = Chinese purple, EB? contains probably SrCuSi 0,
PL = Photoluminescence, RS = Raman Spectroscopy, *Metropolitan Museum of Arts, New York

Table 1. Egyptian, Mesopotamian and Chinese samples investigated by different physical methods.

# 1. FARRYEAEIE R ERAEKIENHEFRFAOPA.

is the property of one of the authors (fig. 1). It has been de-
scribed in detail elsewhere (Wiedemann, 1997a). The sample of
Brick Nimrud comes from Mesopotamia and is dated to the 13th
— 7th century B. C. Today it is the property of the British Muse-
um, London.

The Late Egyptian Period is documented by several other
samples. Amulet Bes was protecting those who wore it by the
powers of the dwarfish God Bes. It is dated to the 24th Dynasty
and is the property of one of the authors (colour plate XV, fig. 1).
The wooden falcon figure Ba-bird (Kestner Museum, Hannover,
Germany) contains blue areas, from which a sample was
studied. Ba-bird from approximately 500 B. C. symbolized a
protection god at burial ceremonies (Wiedemann, 1997b).
The figure Ptah-Sokaris-Osiris from the 1st century B. C. stems
originally from Memphis, Egypt. It is now property of the
Staatliche Sammlung Agyptischer Kunst, Munich, Germany
(AS 19). It served as a container for corpses. A sample of
the Blue was taken (Wiedemann, 1997b). The samples of the
mummy cartonage and the mummy coffin represent Egyptian
Blue from Ptolemaic and Roman times. Their present locations
are unknown.

Four of the six originally investigated samples of Chinese
Blue and Purple (Table 1) were taken from original Blue or Pur-
ple sticks of octagonal shapes. It is thought that these sticks were
trade items. They were used as pigment bases in paints and ap-
plied by grinding. The general phenomenology of the Freer

Gallery sample has been described ecarlier by FitzHugh
(FitzHugh, 1983; FitzHugh, 1992). The photograph of a slice of
the Freer Gallery sample (colour plate XV, fig. 2) shows its
purplish blue colour and the representative size of such sticks.

The Royal Ontario Museum Sample stick came from a blue
octagonal stick said to have come from Jincun near Luoyang,
China (FitzHugh, 1992). It is reported to be made of mainly blue
particles with scattered purple ones. The two samples of sticks
from the Museum of Far Eastern Antiquities in Stockholm, K
4069 (Blue) and K 4070 (Purple) are described as worn and
porous materials (FitzHugh, 1992), from which powdery mater-
ial was taken for investigation. The stick samples were recently
discussed (Berke, 2000).

Distinct samples from different parts of the Terracotta Army
(sample I and IT), were investigated as cross sections of the pig-
ment layer. Earlier investigation showed the presence of Chinese
Purple and other pigment materials (Herm, 1995; Thieme,
1995). Application of Raman spectroscopy and electron mi-
croscopy with EDX were expected to confirm these results, but
also to deliver further information on the nature of the pigment
content. Colour plate XV, fig. 3 shows the microscopic photo-
graph of one of the studied cross sections (sample I) containing
a crystallite of Chinese Purple.

All the samples were compared to pure Egyptian Blue and
Chinese Blue and Purple or their mixtures, obtained by contem-
porary independent synthesis (among others Bayer, 1991).
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Chemistry of Egyptian and Chinese Blue and
Chinese Purple

Compositions and Structures

Egyptian and Chinese Blue are calcium and barium copper sili-
cates with the compositions CaCuSi;O,, and BaCuSi,0,, (Fin-
ger, 1989: Fitzhugh, 1983; Fitzhugh, 1992) respectively. They
thus differ in the replacement of calcium with barium. Their
chemical relationship is so close that crystals of both com-
pounds adopt exactly the same habitus (Pabst, 1959; Chase,
1971; Bayer, 1976) and on the microscopic scale they are
isostructural. Their structures consist of puckered infinite sili-
cate layers composed of (SiO), silicate squares, which are con-
densed together via oxygen bridges and thus form a two-dimen-
sional network of connected (Si0), and (SiO); rings. Each sili-
con atom bears a terminal oxygen group, which can either con-
tribute to binding of Cu*' or Ca*'/Ba*'. As sketched in fig. 4 four
oxygen atoms from a silicon atom of four adjacent (SiO), rings
accommodate a copper ion in square planar arrangement. The
calcium or barium ions are employed in a similar fashion, how-
ever in an alternating way, with the coppers they twice pick four
oxygens from two adjacent layers for binding and in this man-
ner, they ‘glue’ the layers together.

7

}_' F{‘_/lc

e

Fig. 1. Schematic representation of the puckering of a 8i,0,,* layer in
Ca, BaCuSi,0,, induced by Cu™ coordination. Every other open square
is filled by Cu™". The non-filled squares are occupied by Ca®* or Ba®™
connecting the layers. The structure of Egyptian Blue was determined
by Pabst (Pabst, 1959) and redetermined by Bensch (Bensch, 1995). The
structure of Chinese Blue was studied by Finger (Finger, 1989).

[E] 1. Etl CIJI?E[:{_\‘!EIL"EE{J Ca, BaCuSi.an"'J%ﬁE?’EE(J?T?Hu ﬁ
R—AHOf R Co™ 7, TR hER R AL
Ca™'sk Ba™ (. kS BERYL5H e BT 745 (Pabst, 1959)M 5,
A jife(Bensch, 1995)HHTHE . = HE A5 44 eh 2R 48 BF 58 (Finger,
1989).

In CaCuSi,0,, and BaCuSi,O,, the copper ions are thus in a
very similar oxygen atom environment. Since the pigment prop-
erties, e. g. the blue colour, are merely related to the copper ions
(chromophore), both compounds have almost the same colour
properties. The structure of Egyptian Blue was first unraveled
quite some time ago (Pabst, 1959; Bensch, 1995), while that of

156

Chinese Blue has been elucidated more recently (Finger, 1989).
It is a frequent observation, that layered structural frameworks
with preferred spatial orientations of the chromophores give rise
to pleo- or dichroism. Two or more different colours (dichroism
or pleochroism) can be seen in different orientations of the
crystal faces when irradiated with (white) light. Egyptian Blue
does show pleochroism (Bayer, 1976) and due to the close
structural resemblance of Egyptian and Chinese Blue, we can as-
sume that Chinese Blue is also pleochroic. When grinding is ap-
plied to solid matter, particle size, crystal shape and crystal face
distributions are changed and subsequently the overall colour ap-
pearance may concomitantly be altered. While large platelets of
Egyptian or Chinese Blue appear light blue (colour plate XV,
fig. 3), when grinding is applied, both pigments becomes more
bluish. This is illustrated in photographs of powders of the
Chinese pigments (colour plate XV, fig. 5).

Chinese Purple’s composition is BaCuSi,O, It formally
contains two equivalents of quartz (SiO,) less than Chinese Blue.
It should be mentioned at this point that an analogous ‘Egyptian
Purple’ with the formula CaCuSi,O; could to date not be pre-
pared. Chinese Purple may be viewed as a reaction intermediate
(so-called kinetic product) while producing Chinese Blue. Even
though Chinese Purple also consists of layers in its microscopic
structure (fig. 7a and 7b), these layers differ signifantly in their
basic structural motifs from that of Egyptian and Chinese Blue.

There is no other extended silicate framework like that of the
Blues. The silicate condensation process is stopped at the (SiO),
four ring stage generating a patchwork of isolated Si,0,,* four-
ring units infinitely connected by Cu-Cu bonded moieties to
build-up a Cu,S8i,0,,* layered structure (Janczak, 1992). Like in
Chinese Blue the barium ions are located between the layers and
hold these together by coordinative contacts. Figure 7b also
shows a piece of a [Cu,Si,0,," ]~ layer as taken from a single-
crystal X-ray structure of Chinese purple.

The extraordinary and very unique feature of this structure is
tighed up to the copper-copper bond, which was overlooked in
the earliest structural determination of Finger et al (Finger,
1989). This inner core of the structure of Chinese Purple is thus
related to the dimer of prototypical copper acetate, Cu,(ac-
etate);, which also contains a bridged Cu-Cu unit, where the
bridging functions are provided by the acetate ions. Early Chi-

Fig. 2a. Schematic representation of the structure of Chinese Purple
with the principle arrangement in layers of Ba>* and Cu,Si,0,,*"
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nese chemists were thus, to our knowledge, the first humans to
prepared a chemical compound containing a metal-metal bond.
This peculiar finding is even more important in view of the
chemical fact, that in compounds other than in metals, metal-
metal bonds still have nowadays the flair of curiosities.

It is important to note that in Chinese Blue and Purple the cop-
per ions are rigidly fixed in the structural framework. As a con-
sequence of that, they can effectively absorb and emit light: the
latter is effective, when excited by light with short wavelengths
inducing fluorescence (Ajo, 2000). Layered structures such as
Chinese Purple are also expected to display pleochroic features
similar to those of Egyptian and Chinese Blue. On grinding,
Chinese Purple changes it’s colour tone from more bluish to
more purplish (colour plate XV, fig. 5).

Stability Properties of Egyptian and Chinese Blue and
Chinese Purple

The thermal and chemical stabilities of Egyptian and Chinese
Blue on the one hand and Chinese Purple on the other are strik-
ingly different. This can be related to two structural factors:

(a) contrary to Egyptian and Chinese Blue the silicate frame-
work of Chinese Purple consists of relatively small Si,0,,*
units connected by only weak coordinative bonds to copper
and barium

(b) Chinese Purple contains a chemically labile Cu~Cu bond

The more silica-rich Egyptian and Chinese Blue are more SiO»-
like with a higher degree of condensation in the silicate frame-
work. Melting, which requires breakage of the silicate layers in-
to smaller molecular units, is thus only possible at elevated tem-
peratures. This was confirmed by an isothermal heat treatment
of corresponding Chinese samples at 1200 °C for four hours.
Pure Chinese Purple melted to a viscous, black green glass,

whereas Chinese Blue only showed increased sintering. X-ray
investigation of these samples quenched from 1200 °C proved
that the former was amorphous and vitreous, while the latter was
unchanged BaCuSi,O,,. BaCuSi,O,, actually starts to decom-
pose at 1170 °C under loss of O,. It can however be reoxidized
completely at 1060 °C. (Wiedemann, 1997b; Bayer 1976). The
thermal decomposition of Chinese Purple is expected to take
place according to the following equation

3 BaCuSi,0, —* BaCuSi,0,, + 2 BaSiO, + 2 CuO

Barium and copper meta-silicates are formed first, the former
has even been detected in experiments under melt conditions
(Bayer, 1991). At temperatures above approximately 1000 °C
the potential decomposition product CuSiO; (dehydrated diop-
tase) is known not to be stable and to liberate tenorite and quartz
(Kiseleva, 1993), the latter may subsequently be consumed by
Chinese Purple to generate Chinese Blue. Under conditions of
above 1050 °C the copper(IT) oxide content of these compounds
could furthermore turn into copper(I) oxide and oxygen:

2 CuO — Cu,0+ 1120,

Prolonged firing of Chinese Purple thus results in additional for-
mation of Chinese Blue, colourless barium meta silicate and red
cuprite (Cu,0). Powdered mixtures of these constituents would
actually generate a more reddish appearance of the Chinese Pur-
ple, the more the higher the cuprite content is. All of these com-
ponents have been identified in samples of Chinese Purple made
by independent synthesis, and which underwent prolonged ther-
mal treatment.

What both, the Egyptians and the Chinese could not know,
was the reactivity of their pigments in the presence in chemical
or biological agents. In acids a striking difference in the chemi-
cal stability of Chinese Purple and Chinese Blue was observed
(Pabst 1959; FitzHugh 1983) and could be confirmed by our
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own experiments. Egyptian and Chinese Blue are stable in dilute
acids, whereas Chinese purple, BaCuSi,O, rapidly fades and
decomposes. The same effect is observed when these pigments
are exposed to an aqueous solution of oxalic acid. As products
Ba- and Ca-oxalates could be identified by EDX, X-ray diffrac-
tion and simultaneous thermogravimetry / mass spectrometry
investigations (Lamprecht, 1997). This is an important finding
with respect to conservation procedures, since it demonstrates
that in the deterioration of works of art, lichens, which excrete
oxalates or even oxalic acid, may play a relevant role (Seaward,
1989).

In turn, it has been shown in previous investigations on
coloured Egyptian papyri, that spores and fungi did not exist
in areas where Egyptian Blue was used as a pigment. These
findings were confirmed by further studies of different papyri.
This can be explained by the fact that copper is a strong fungi-
cide, which was proven by experiments with limestone covered
by lichens. No further growth occurred in areas where the
lichens were removed and which was subsequently painted
with Egyptian Blue (Wiedemann, 1996; Lamprecht, 1997)
(colour plate XV, fig. 7, 8)).

It is interesting to note that the production of blue bread is
mentioned in documents of the 18th dynasty (1500 B.C.) in an-
cient Egypt (Sethe, 1961). Since the Egyptians produced air-
dried bread for emergency situations, it may be that they had
some knowledge about the conservation effect of Egyptian Blue.
As shown in figure 8 Chinese Blue has similar fungicidal prop-
erties. Chinese Purple, however, deteriorates under the influence
of oxalate producing lichens and leaves light blue residues be-
hind. Chemical reactions of Chinese Purple with oxalic acid
produced a double salt BaCu(C,0,), of light blue colour (colour
plate XV, fig. 7,8). It is therefore probable that the light blue
colour of the trousers of some Terracotta Warriors (Ledderose,
1992) may not be the original colour, but rather the transformed
Chinese Purple, which occured under the influence of oxalate
excreting lichens.

Synthesis of Egyptian Blue

Preparation of Egyptian Blue has been carried out by our group
and others. In our search for optimal conditions for the prepara-
tion, various techniques have been reported. The synthesis of
Egyptian Blue was mostly in powdery form as a pigment, but al-
so as a compact body. The effect of the firing temperature and of
the atmosphere on its formation and stability has been demon-
strated elsewhere (Bayer, 1976). The effect of various fluxes on
the development of the tone of blue colour has been confirmed
by microscopical light studies. Compact bodies were produced
either directly from mixtures of the raw material or from presyn-
thesized Egyptian Blue by heating the dry-pressed powders at
900 °C in air. This proved that, in the raw material samples, the
flux (Na,CO;) migrates and is concentrated in the surface,
whereas the flux-free interior remains greenish and practically
does not react. On the other hand the compact bodies made from
presynthesized Egyptian Blue powder are less intensively
coloured, but blue throughout. The morphology of the surface of
the compact bodies reveal CaCuSi,0,, crystals embedded in the
flux materials. Single crystals of Egyptian blue could be pre-
pared by long-time annealing (100 h, 880 °C) of a borax-flux
containing mixtures of the raw materials. Based on the results of
synthetic experiments, it seems probable that the fine-textured
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Egyptian blue objects, e.g. cylinder seals, were made by a two-
stage firing cycle in oxidizing atmosphere. A single firing at
900 °C of bodies formed directly from the raw material mixture
leads to fragile structures. This is due to the migration of alkali
flux to the surface, forming a coarser-textured surface layer of
Egyptian Blue, but leaving the bulk unreacted and greenish
coloured. Therefore, the preferred method would be first to syn-
thesize the Egyptian blue pigment, then the finely ground mate-
rial can be used for forming the objects with addition of an or-
ganic binder (e.g. gelatine or wax) in order to get sufficient
strength. For improved sintering at 900 — 950 °C it is of advan-
tage to add some flux or even better to add glass powder. These
additions form a grain boundary melt, which enhances the lig-
uid phase sintering. The objects should not be heated higher than
1000 °C, since above this temperature Egyptian Blue decom-
poses irreversibly to tridymite and glass.

Synthesis of Chinese Blue and Purple

Detailed studies on the chemical composition, as well as of the
phase diagram of this Ba-Cu silicate-system revealed that there
exist — in contrary to the mentioned Egyptian Blue, CaCuSi,0,,
— at least four stoichiometric ternary phases (Finger, 1989; Ma-
linovskij, 1984; Tsukada, 1999):

BaCuSi,0,, (blue), BaCuSi,O,, (purple), BaCu,Si,0, (blue),
Ba,CuSi,0; (lightblue).

This seems to be of considerable advantage for the Egyptian
manufacturer, but certainly caused difficulties to those Chinese
manufacturers trying to synthesize pure tones. On the other
hand it was an advantage for those Chinese painters, who
wished to vary their tone of colour from blue to purple in mix-
tures (colour plate XV, fig. 5).

The Chinese applied the Egyptian Blue analogue BaCuSi,0,,
and the purple phase BaCuSi,0O,. These phases differ in colour
strength and tone, e. g. the Chinese painter was able to enlarge
the spectrum of his blue colour palette by using or admixing one
or the other purplish or bluish phase. Of course the choice was
limited with respect to the skills in fabricating pure phases.

The synthesis of the pure phases is not direct: depending on
the raw materials used, their ratio, the addition of fluxes and of
course the temperature, atmosphere and reaction time different
products, but usually a mixture of compounds is obtained. Since
the Chinese civilization was very adept at functionalizing natur-
al minerals, it seems of special interest, which resources for bar-
ium were used: Barite, BaSO,, is found in a variety of deposits
all over China, or Witherite, BaCO,, which is much rarer and
sometimes associated with barite. As will be shown the choice
between these minerals can be quite relevant for the products ob-
tained by the available techniques. It is very likely that copper-
sulfides were used together with barite and silica sand or
quartzite. Thus, one can assume that the copper minerals for the
fabrication of the blue and purple BaCu-silicate pigments e.g.
used in the Mogao Grottoes were collected in deposits of the
Gansu province, e.g. near Lanzhou, Gulang or Jiayuguan (Glo-
ria, 1985). Our experimental studies focused on the effect of the
barium mineral used. As copper source tenorite, CuQ, was used,
since any copper sulfide is oxidized to CuO well below the tem-
perature where the reaction starts (Bayer, 1992). The parent ma-
terials BaSO,, BaCO,, CuO, Cu,S, SiO, were homogeneously



mixed and slightly compacted. Heating times at the various tem-
peratures were usually 20 hours. The identification of the crys-
talline reaction products was done by X-ray diffraction. The in-
fluence of fluxes such as NaCl, Na,CO; and PbO (found in var-
ious pigments) were studied. Additional investigations were
concerned with the thermochemical reactivity of the various
pigment samples. Previous studies on BaCuSi,0,, blue con-
firmed that there is a distinct effect not only of the temperature
used but also of the Ba-compound and of the fluxes added on the
colour tone of this pigment (Bayer, 1976).

Mixtures of BaCO,, CuO and quartz powder were prepared
with different, stoichiometric ratios (1/1/2, 1/1/4, 1/2/2 and
2/1/2). The mixtures were filled in porcelain crucibles, slightly
compacted and heated at 900, 1000 and 1100 °C in air. To some
of these mixtures 3 % Na,CO; or 5 % PbO or 10 % NaCl were
added as a flux. TG/DTA runs of 1/1/2 and 1/1/4 mixtures
showed that, owing to the presence of SiO,, the decomposition
of BaCO; already starts below its phase transition at around 800
°C (Wiedemann, 1986; Wiedemann, 1992). The decomposition
to BaO+CO, proceeds faster above this temperature and is com-
plete at about 950 °C. The solid state reaction to Ba-Cu-silicates
probably starts around 900 °C. Depending on the BaO/Cu0O/
SiO,-ratio partial melting and reduction of Cu*' to Cu'" occurs
at temperatures above 1050 °C. The purple compound
BaCuSi,0, is formed as the primary Ba-Cu-silicate, also in mix-
tures with the stoichiometry 1/1/4. It is thermally less stable than
BaCuSi;0,, and melts with decomposition around 1100 °C.

As mentioned above, the addition of fluxes have a definite ef-
fect on the formation and the colour of the pigment. Pure Ba-
CuSi;0,, can be synthesized by adding fluxes such as Na,CO; or
borax. The addition of more than 5 % Na,CO, and heating above
1000 °C resulted in the melting of the purple BaCuSi,O, com-
pound to a glass. However, the fluxes may also cause side reac-
tions. Addition of NaCl causes volatilisation of some copper as
CuCl, and disproportionation to CuO in the cooler zone of the
furnace. In starting mixtures where BaCO; is present as the bar-
ium source, the addition of Na,SO, causes the intermediate for-
mation of BaSO, due to the displacement reaction BaCO; +
Na,SO, — BaSO, + Na,CO; in the temperature range of 600 to
800 °C, (Bayer, 1987). Fluxes such as Na,CO;, PbO or borax did
not cause problems. Since many original Chinese Purple pig-
ments contained a high proportion of lead oxide, this oxide was
also tried as a flux. It was found to be very effective in the for-
mation of both Chinese Purple and Chinese Blue already at
900 °C. However, additions of more than 5% PbO led to partial
melting and glass formation above 1000 °C (Wiedemann, 1997a
and b).

In addition to their function as flux, lead additives can activate
BaSO,. In the presence of lead oxide (or carbonate) a dismuta-
tion reaction with barite can be envisaged, which leads to equi-
librium formation of lead sulfate

PbO + BaSO, = BaO + PbSO,

Since pure lead sulfate decomposes at around 1000 °C to PbSO,
* 2 PbO (Malinowski, 1996), much lower than BaSO,, which de-
composes at 1560 °C, it can be anticipated that the BaO will be
withdrawn from the equilibrium by the Chinese Blue or Purple
formation, while the PbO part will be reintroduced into the
barite decomposition process. Thus, lead additives can also take
over the function as a catalyst for the decomposition of BaSO; at
comparatively low temperatures, which is a decisive circum-

stance especially for the preparation of the thermally less stable
Chinese Purple.

When copper sulphide minerals are used as starting material,
their oxidation leads to the evolution of SO,, which reacts with
BaCO; to BaSO,. Compared to a parent mixture of identical sto-
ichiometry where CuO is used instead of e.g. Cu,S distinct
changes of the colour tone of the product are observed. In both
cases, however, Chinese Purple (1/1/2) and Chinese Blue
(1/1/4), as well as mixtures of both can be identified by X-ray
diffraction. Obviously the presence of BaSO, changes the syn-
thesis pathway of the different phases: BaSO, has a higher ther-
mal stability and starts to decompose under the reaction condi-
tions only slowly above 950 °C. As thermogravimetric measure-
ments proved a large amount of BaSO, dues not react even after
heating for 20 hours at 1100 °C. Therefore the ratio between the
reaction products BaCuSi,0, and BaCuSi,O,, and hence also
the colour tone differs from that of corresponding mixtures us-
ing BaCO; as barium source (Wiedemann, 1997b). The slower
decomposition rate of BaSO, mobilising only small amounts of
BaO obviously favours the primary formation of the silica-rich
Chinese Blue, BaCuSi,0,,. Even for 1/1/2 starting mixtures and
at 1100 °C. BaCuSi,0,, continues to persist besides Chinese
Purple, BaCuSi,O,. This is in contrast to the corresponding
starting mixtures containing BaCO;, where the formation of
Chinese Purple is strongly favoured and where reactions gener-
ally start at lower temperatures.

The fact that we have the possibility to investigate blue copper
pigments as testimonial on the technological skills of ancient
Egyptian and Chinese manufacturers also accounts for the
chemical stability of these synthetic and simultancously aesthet-
ic products. It could be shown that the silica-rich phases Egypt-
jan Blue, CaCuSi;0,, and Chinese Blue, BaCuSi,0,, adopt anal-
ogous structural frameworks. As the X-ray diffraction confirms,
there is also a SrCuSi,0,, analogue, which seems to be present
in certain archeological samples (Sistrum and Goblet Hasanlu,
Iran of Table 1).

Physical Investigations of Ancient Egyptian Blue,
Chinese Blue and Purple Samples

Methods of Characterization for Ancient Pigments

Ancient pigment samples often appear as heterogeneous mix-
tures and due to this varying contents of the pigment are present
in coloured materials. Apart from this, the pigments themselves
may have differing compositions based on the fact that they
might consist of more than one similar, but distinguishable
chemical species. Quite often the origins of this are complicated
phase diagrams of such materials, which make it difficult to de-
fine appropriate conditions in the synthesis of a peculiar species.
Accurate analyses of multicomponent heterogeneous mixtures
constitute challenging problems in chemistry, especially in view
of the fact that the analyses are expected to be carried out in a
nondestructive fashion applying samples in the milli- or micro-
gram range.

In recent years however, physicists and chemists have devel-
oped an arsenal of very powerful, sophisticated methods for the
detailed investigation of ancient materials. In particular minia-
turization, utilization of new physical effects and advanced com-
puterization have contributed to an enormously improved situa-
tion, which allows us to obtain satisfying information on the na-
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ture of such mixtures. Important applicable methods typical of
the analysis of compact and powdery samples are:

A) Thermal analysis

Most widely used in this area are thermogravimetry (TG) and
differential thermal analysis (DTA) with its frequently used
branches of differential thermal gravimetry (DTG) or differen-
tial scaning calorimetry (DSC), which allow characterization of
materials through thier physical and chemical behaviour under
the influence of temperature.

B) Scanning Electron Microscopy (SEM) and Energy
Dispersive X-ray analysis (EDX)

Applied to ancient samples SEM is superior for their surface
characterization and studies of their macroscopic fine structure
(e. g. texture, surface appearence and composition etc.). EDX is
used in combination with electron microscopy and provides rea-
sonable estimates of elemental compositions in the surface
regime of materials.

C) Powder X-ray diffraction

A useful method to determine and identify single components in
heterogeneous mixtures by their characteristic powder X-ray
diffraction patterns.

D) IR and Raman spectroscopy

Raman and IR spectroscopy are (sometimes complementary)
vibrational spectroscopy methods. Dealing with solid samples
Raman spectroscopy is superior to IR spectroscopy. Usually it is
applied in combination with a microscope and allows easy iden-
tification of mixtures of phases according to the vibrational pat-
terns of the atoms in the microscopic structures of unique com-
ponents.

E) UV/Vis spectroscopy and laser induced photoluminescence
(PL)

Both methods support the characterization of chromophores of
pigments or dyes.

In the following section the described methods are applied to
a selection of samples of Table 1.

A) Thermal analysis of Egyptian and Chinese Blue and Purple

In conjunction with Egyptian Blue and Chinese Blue and Purple
preparations TG or DTA methods have been used for the pursuit
of the solid state reaction courses. Figure 9 shows in an exem-
plary way the TG curve for the formation of Egyptian Blue from
Malachite (Wiedemann, 1986).

First we see the decomposition of Malachite between 300 and
400 °C to produce CuO. At approximately 550 — 740 °C CaO
and CuO react with SiO, in the presence of the flux to generate
CaCuSi 0, Egyptian Blue. Similarly, the solid state reaction
between azurite, calcium carbonate and sand also leads to
Egyptian Blue.

The synthesis of Chinese Blue was similarily studied
by TG and DTG in fig. 10 starting from BaCO,, quartz and
CuO.
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Fig. 3. TG curve for the reaction of Malachite, CaCO; and SiO, to form
Egyptian Blue, CaCuSi,0,,. The reaction starts with the decomposition
of Malachite. With beginning decomposition of CaCO;, the formation
of CaCuSi,0,, sets on. This process is finished somewhat above 700 °C.
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Fig. 4. TG (above) and DTG Curves (below) of the reaction of BaCOs,
CuO and 4 Si0; to afford BaCuSi,0,,. The reaction starts at approxi-
mately 650 °C to form BaO. At around 800 °C the formation of Ba-
CuSi,0,, sets in and is over at around 900 °C.
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DSC reveals that quartz ist the least reactive component in
mixtures of starting materials. Therefore, the decrease of the
quartz peak at 572°C (phase transition a-quartz — fB-quartz)
may be used as a criterion for the completeness of such reactions.

Actually, very few of the ancient Egyptian Blue materials
were completely free of residual quartz. Most of them contained
varying amounts of unreacted quartz, in spite of their bright



colour appearance. For example, in figure 11 DSC curves of a
contemporary Egyptian Blue and ancient Egyptian Blues of
Table 1 are shown, which demonstrate by their quartz peak (and
partly by their calcium carbonate peak), residual contents of
these starting materials, which would even allow quantification
(Wiedemann, 2001).

Synthetic Egypiian blue (1328)
16,850 mg

Blue brick, Nimrud (500 B.C.)
5.185 mg
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Fig. 5. DTA curves for selected Egyptian Blue samples as designated.
The left peaks correspond to the quartz transitions (see text) and the
right ones to the decompositions of CaCO.
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Thermal analysis investigations of contemporary synthesized
Chinese Blue lead to very similar conclusions as for Egyptian
Blue (Wiedemann 1997 a and b), e. g. that residual quartz contents
are expected to be traceable even in ancient samples. Whether this
conclusion is valid for Chinese Purple, as well, is unclear. A re-
spective study was attempted on the ancient Chinese Purple Freer
Gallery stick which by Raman spectroscopy was claimed to con-
tain some Si0,. However, the assignment of the Raman band of
quartz is ambiguous, since in the range of 460 cm ' it may be ob-
scured by the presence of a weak band of Chinese Purple appear-
ing at approximately the same wave-number. DSC measurements
did not reveal a quartz peak. This may be attributed to the possi-
bility that there is indeed no quartz present. An alternative inter-
pretation could be based on the relatively high reactivity of Ba-
CuSi,04: At the given temperature the excess quartz reacts further
with Chinese Purple to give Chinese Blue in an almost ther-
moneutral fashion according to the equation:

BaCqu;Oﬁ + 2 vao:l _'B(ICHSE,,O;fJ

Thus, Egyptian and Chinese Blue samples may be analyzed by
DSC for residual quartz contents (also for CaCO; and perhaps
even for BaCO,). However, when applying DSC for excess
quartz studies of Chinese Purple, it is not clear yet, whether re-
liable conclusions can be drawn.

B) Scanning Electron Microscopy (SEM) and Energy Disper-
sive X-ray analysis (EDX) of samples of Egyptian Blue and
Chinese Blue and Purple

In this section it will be demonstrated that the combined tech-
niques of SEM and EDX applied to the Egyptian and Chinese

samples such as indicated in Table | are very benificial for the
elucidation of surface structures of pigments and their elemen-
tal compositions. Figure 12 clearly shows two electron micro-
graphs of two samples of the crown of Nefertete and of stick
4070, which reveal a platelet-like microcrystalline structure of
the Egyptian Blue and the Chinese Purple content.

Table 2 and 3 contain valuable EDX microsonde type applica-
tions for the determination of the elemental composition of an-
cient pigment surfaces. A statistical approach was used with
measurements at different surface locations in order to average
local deviations. Interpretation of these values lead to the fol-
lowing conclusions:

The investigated Egyptian Blue samples show grossly con-
stant composition over time, which is surprising, especially in
view of the great period of time which their origins span. Re-
garding the average values of all samples, in comparison with
the theoretical composition of Egyptian Blue CaCuSi,0,,, the
ideal values for calcium and copper were usually underscored by
the Egyptian producers, while the amounts of silicon were al-
ways too high. This is confirmed by the results of the thermoan-
alytical studies (vide supra) and of the Raman investigations

Fig. 6. SEM photographs of sample crown of Nefertete (above) and
Stick 4070 (below) revealing crystallinity and the platelet-like structure
of both samples.

] 6. Crown of Nefertete #E(_I-&)FI Stickd070 £E( T Bl
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Time Period Composition, [%)] weight Objects
Ca Cu Si
2575-2134 B.C. Old Kingdom 15.2 213 63.0 Mereruka, Saqq. Egypt
2040-1640 B.C. Middle Kingdom 14.9 21.5 63.8 Tomb Intef, Egypt
1340 B.C. New Kingdom 17.4 30.2 52.3 Nefertete, Berlin, Germany
1353 B.C. New Kingdom 24,0 22.5 53.5 Echnaton Temple, Blue of Talatat
712-332 B.C. Late Period 13.6 28.1 583 Bes Amulet, Egypt
332B.C.-395A.D. Greek-Roman 18.4 225 59.2 Mummy Coffin
13th-7th Cent. B.C. Mesopotamia 8.2 13.0 73.0 Brick Nimrud, Iraq
16.0 22.7 60.4 Average of all samples
18.6 29.4 52.0 Egyptian Blue, theoretical
Table 2. Composition of Egyptian Blue samples from different periods.
7% 2. A[a) o g B AR A A4
Sample Ca Ba Cu Si Pb S
Freer Gallery 2:5/(3.5) 35.3(13.0) 5.6 (4.7) 37.7 (64.8) 11.4 (3.4) 2.0(2.3)
Stick 4069 3.1(6.2) 31.6 (18.2) 13.2 (16.6) 15.8 (44.5) 35.4(13.7) -
Stick 4070 1.0 (1.7) 36.5(17.0) 15.6 (15.7) 25.9 (58.9) 20.7 (6.4) -
a Not analyzed due to a too high amount of lead

Table 3. Compositions of chinese stick samples with respect to major constituents [weight or atom % (in brackets)] from EDX. Other elements of

minor amounts add up to 100 %.

# 3. BERAH X EHEIOC TR P EBREREN RS, WEFEAS(ERERFETESLESHN)]. MEAOME

TLE, &tk 100 %.

(vide infra), which in several samples show the presence of
residual quartz. The “cleanest” Egyptian Blue is contained in the
sample of the Nefertete bust, which is in all constituents quite
close to the theoretical values. The greatest deflection is given
by the Mesopotamian Brick Nimrud, which deviates by more
than 10 % in calcium and more than 16 % in copper. Intrestingly
it shows a high amount of quartz. An interpretation of this ob-
servation would be that the brick presumably was designed as a
sophisticated construction material, which required specialized
material properties and consequently a different chemical com-
position.

Deviations from the ideal compositions of Egyptian Blue may
in general arise from inclusions of the flux material, starting ma-
terials or furthermore from influences of the matrix, in which the
pigments were embedded. Quite often this is seen by the ap-
pearance of additional elements in the compositional analysis.
For instance the samples of the Nefertete bust contains the met-
al ions of Na, K, Mg, Al, Fe and Ti and the non-metal elements
S and Cl as minor constituents. Similarly, the Talatat and the Bes
samples have traces of K, Mg, Al, Fe and S, Cl and Al, Fe and S,
Cl. The Ptah Sokaris sample consists additionally of zinc, be-
sides traces of K, Ti, Fe and CI. The zinc content is also found in
certain Raman bands not identified in other Egyptian Blue sam-
ples. Zinc is therefore a unique companion of ancient Egyptian
Blue samples. Its origin and possible function is yet unclear. It
should be noted in this context that tin has been frequently found
in original samples of Egyptian Blue (Jaksch, 1983).

The ancient Chinese samples analysed by EDX do not show
clear-cut atomic ratios with respect to BaCuSi,0,, or BaCuSi,0,
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(Table 3). The Ba/Cu atomic ratios are however approximately
1:1. Quite counterintuitively, stick 4069, which consists of an
approximate 1:1 mixture of Chinese Blue and Purple with sili-
ca-rich Chinese Blue (see also powder X-ray studies) possesses
less Si atomic content than stick 4070. This contradiction can
only be reconciled with the assumption that stick 4070 addition-
ally contains quartz or other quartz-rich compounds.

The sticks also contain non-Purple or Blue constituents
in greater quantities. As already noted in earlier research
(FitzHugh, 1992), they are often mixtures of compounds and al-
so consist of calcium in quantities > 1 % and great amounts of
lead. While calcium with its relatively low content can safely be
identified as an unintended ingredient accompanying starting
materials from sand, Barytes or Witherite, the lead content is of
chemical relevance and was added as an essential ingredient to
all the ancient Chinese pigment preparations (vide supra). The
amount of lead in stick 4069 is especially high, even exceeding
30 % in weight (Table 3).

Minor constituents of the sticks are: Freer Gallery stick: Na,
K, Al, Fe, Cd and S, ClI; stick 4069: Al, Fe, Cd: stick 4070: Al,
Fe. It should be noted that stick 4069 presumably also contains
sulphur, which could not be analyzed by EDX due to overlap
with a too intense lead X-ray emission. Quite remarkable are the
cadmium contents of the Freer Gallery stick and of stick 4069.
Because of the uniqueness of this element in the blue and purple
pigment content, its presence may point to a common mineral or
even synthetic origin, The nature and function of the chloride
content of the Freer Gallery stick is still puzzling. It was sup-
posedly introduced as NaCl or KCI. The accompanying amounts



Fig. 7. SEM of the Freer Gallery stick comparing the surface mor-
phologies of the fringe (above) and the centre area (below).
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Fig. 8. Schematic plot of the profile of the atomic content of Ba, Cu, Pb,
S and Si in the slice of the Freer Gallery stick.
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of aluminium are presumably in all samples of impure quartz as
a starting material, which was very likely used in the synthesis
as crude sand.

From the Freer Gallery stick the octagonal plate, shown in
colour plate XV, fig. 2, was investigated in greater detail. It
reveals a porous but otherwise hard and compact surface. It can
be divided into a darker central core and a lighter fringe section.
Magnifications of these areas by SEM show qualitatively no
difference in the heterogeneous microcrystalline surface mor-
phology of the core and the fringe areas. Both sections have ob-
viously darker pigment areas and lighter inclusions (fig. 13).

Based on the areal dependent EDX analysis a schematic pro-
file of the major elemental constituents can be established
(fig. 14).

In absolute measures the silicon content is very high, it even
increases drastically from the outside to the inside of the sample.
Similarly, but to a much lower extent the amount of sulphur in-
creases, while the other elements of significance like Ba, Cu and
Pb conversely decrease in this direction. Lead even reaches al-
most zero atomic content in the center. From the DSC measure-
ments (vide supra) it seemed likely that there is no free Si0, in
this sample. The high silicon value can thus only be interpreted
in terms of the presence of silicates (presumably mainly glassy
Ba-silicates). Furthermore, it can safely be anticipated that sul-
phur appears as sulphates. Lead and barium sulfate should thus
meet to a noticable extent on the transition of the outer to the in-
ner part (PbSO,) and in the center area (BaSOy). The “outside™
lead is assumed to appear primarily as PbO (as confirmed by
Raman spectroscopy). Finally it should be noted that the atomic
copper content of this sample is quite low. In ideal Chinese Pur-
ple it is expected to be 25 % considering the cationic ingredients
alone. Thus, in total copper not even half of the Ba content is
reached. Nevertheless, as we will later see, only Chinese Purple
was definitely identified by Raman spectroscopy, so that the
“excess” barium is not expected to be engaged in the formation
of other barium-copper-silicate phases, such as Ba,CuSi,0,.

The amount of lead decreasing from outside to inside may be
interpreted in terms of a specific preparation process for this
stick. It may be assumed that, before reaction, the lead (as PbO
or PbCO;) covered the reactants as a crust. (See also FitzHugh,
1992). At higher reaction temperatures the lead starts to pene-
trate the inner parts of the stick by diffusion. However, the lead
did not apparently fully reach the center to the extent required
for completion of the chemical processes. In the presence of
lead, the described catalytic decomposition (vide supra) of the
presumed major starting constituent BaSO, is expected to be
promoted producing Chinese Purple and volatile sulphur com-
pounds. With this in mind the lead gradient would then also
explain the sulfur profile increasing from outside to inside (see
fig. 14). Not shown in the diagram is the minor constituent
chloride, which appears only in the central area to a detectable
extent. All the given observations make it reasonable to assume
that the inner section consists more of non-purple compounds,
while the fringe area shows more of Chinese Purple. Contrary to
the generally lighter appearance of the fringe section, Chinese
Purple is apparently to a greater extent associated with the lead.

Judging from EDX studies, the Terracotta Army, samples I
and II, indeed consists of the Chinese Blue and Purple con-
stituents Ba, Cu and Si. As in the earlier investigations (Herm,
1995: Thieme, 1995) a relatively high Pb content was noticed
(fig. 15). This could be related to its function as a synthetic ad-
ditive. but could also point to its role as a pigment component in
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form of PbO or PbCO; in mixture with Chinese Purple. Sample
Il contains, besides Chinese Purple, cinnabar, phosphorite or ap-
atite and ilmenite, FeTiO;, representing red, white and brown
colouring tones. The ilmenite and the phosphorus compounds
were found as isolated pieces on the mm scale and could there-
fore be studied separately by EDX without a disturbing back-
ground. The EDX analysis revealed almost exactly the atomic
ratios expected for FeTiO; and Cay(PO,)..

In particular, it is worth mentioning that the EDX analysis of
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Fig. 9. EDX of sample I of the Terracotta Army displaying the major
constituents Ba, Cu, Si and Pb and minor quantities of other elements as
impurities.
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sample II demonstrated that it apparently not only possesses a
‘spread out’ lead content, but also consists in significant
amounts of lead in areas where Chinese Purple is located. This
may allow us to conclude that lead compounds were also added
in the preparations of Chinese Purple samples.

C) X-ray powder diffraction studies on original samples con-
taining Egyptian and Chinese Blue and Chinese Purple

X-ray powder diffraction studies have been commonly used to
identify major microcrystalline components in heterogenous
mixtures. In original pigment samples this normally holds for
the pigment content. Figure 16 shows powder diffraction pat-
terns of Egyptian Blue (Cuprorivaite), Chinese Blue (Effen-
bergerite) and synthetic Chinese Purple drawn out of the Blues
schematically as stick diagrammes. To some extent the patterns
of the Blues resemble each other because of their structural re-
lationships.
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Several Egyptian Blue samples in Table 1 have been analysed
and consist of prevailingly CaCuSi,O,, according to the pres-
ence of the respective major Egyptian Blue reflections of Figure
16. Impurities could only be identified properly when they were
contained as major constituents. This was the case for the strong
quartz content of Brick Nimrud.

The Chinese samples, the Freer Gallery stick, stick 4069 and
stick 4070 were analyzed by X-ray powder diffraction, as well.
The pigment component of the Freer Gallery stick and of stick
4070 was Chinese Purple. Chinese Blue was not found to be pre-
sent within detection limit. However, from the powder diffrac-
tion analysis of stick 4069, it could be derived that it consists of
an approximately 1:1 mixture of Chinese Blue and Purple. The
Freer Gallery stick shows the greatest amounts of impurities,
They were identified as BaSO,, PbSO, and BaCO;. Several re-
maining reflections of this quite heterogeneous mixture could
not be assigned, but are assumed to belong to certain crystalline
areas of silicates.

The powder diffractogramme of stick 4069 contained minor
reflections for BaSO, and PbSO,, while that of stick 4070
displayed additional reflections for PbCO, (see fig. 17). A few
reflections in each of the samples could not be designated.

D) Micro-Raman spectroscopy of original samples containing
Egyptian and Chinese Blue and Chinese Purple

Micro-Raman spectroscopy can advantageously be used for the
identification of pigments in heterogeneous mixtures like paints
and paint applications. Concerning Barium-copper-silicates it pre-
viously has been applied only in the case of Chinese Purple (Fin-
ger 1989, see also McKeown, 1997). Our Raman studies on vari-
ous ancient samples (indicated in Table 1) and reference samples
brought about well-defined conclusions. In the spectral range of
1200 — 100 cm™" Egyptian Blue and Chinese Blue samples show
two very strong Raman emissions between 1080 and 1090 cm™
and 1100 cm™', respectively, and around 430 cm ! for both types of
species. In an exemplary way the Raman spectra of the Crown of
Nefertete and the Amulet Bes are shown in figure 18.

The Chinese Blue bands at around 1100 cm ™" are thus of little
higher energy than the corresponding ones of Egyptian Blue, a
fact which could be used for their distinction. The two major
bands of the corresponding strontium blue SrCuSi,0,, would
appear at 1090 and 425 cm' very close to those of Egyptian
Blue. In all the Egyptian Blue samples indicated in Table 1, we
were thus able to identify Egyptian Blue by Raman spec-
troscopy. Major and dominant contents of impurities could be
detected only in a few samples. For sample Ptah-Sokaris-Osiris,
which consists of Zn according to EDX, this presumably is indi-
cated by a very strong Raman band at 745 cm™'. This band could,
however, not yet be attributed to a certain chemical species. The
Raman band of quartz (460 to 470 cm') is especially strong in
certain spots of the spectrum of Brick Nimrud and otherwise
seen in the samples Ba-bird indicating medium amounts. In all
the other Egyptian Blue samples there is only a very weak re-
spective band. Unfortunately, the major Raman emission for Ca-
CO; (1088 cm™) overlaps with the 1080 — 1090 ¢m ™' band of
Egyptian Blue so that the limestone content of original samples
cannot easily be analysed. In agreement with the EDX results for
sulphur, the Raman spectra of several Egyptian Blue samples re-
vealed the presence of very small amounts of CaS0O, (Mastaba
of Mereruka, Tomb Intef, Bust of Nefertete, Amulet Bes, Mum-
my cartonage, Mummy coffin and Cylinder Seal, Thebes).



Fig. 10. Stick representations of the Pow-
der X-ray Diffractogrammes of Egyptian
Blue, CaCuSi 0, (Cuprorivaite), Chinese
Blue, BaCuSi,0,, (Effenbergerite) and
Chinese Purple, BaCuSi,O;. Only the
more intense reflections are given.
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Fig. 11. Stick representation of the Pow-
der X-ray Diffractogramme of Stick 4070.
Lines not designated belong to Chinese
Purple. o refers to major lines of PbCO;.
*Not assigned.
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Fig. 12. Raman spectra of original samples of Egyptian Blue (Excitation Laser 514 nm). Left the spectrum of the blue from the crown of Nefertete.
Right the spectrum of the Amulet Bes. Both samples display primarily Egyptian Blue.
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From the Chinese samples, stick 4069 contains Chinese Blue,
which however is is mixed with Chinese Purple (see fig. 19).
This confirms the result of the powder X-ray studies.

Spectra of Chinese Purple samples revealed, as finger-print
patterns, two strong bands at around 590 cm™ and 514 cm™'. A
band at 990 cm ' could also be identified, but in contrast to the
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Fig. 13. Raman spectra of stick K 4069 at two different spots (Excita-
tion Laser 514 nm). The spectrum above corresponds to Chinese Purple,
the spectrum below to Chinese Blue with some impurity of quartz
(464 cm™).
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blue pigments this band at higher wave-numbers is only of medi-
um intensity. Chinese Blue and Chinese Purple are thus easily
distinguishable by Raman spectroscopy.

In all Chinese samples the following potential impurities were
checked, which might originate from the minerals used, the
added flux or chemical transformations occuring during synthe-
sis: CuO, Cu,0, azurite, BaCO;, BaSO,, PbCO;, PbCO;- 2 PbO,
PbSO,, CdO and SiO,. Several Chinese samples presumably
show a Raman emission for quartz, which varies in relative in-
tensity from sample to sample. However, identification of the
Raman band of minor amounts of quartz in mixtures with Chi-
nese Purple is obscured by the fact that Chinese Purple also pos-
sesses an emission of medium to weak intensity in this region.
In the Raman spectrum of the Chinese sample, the Royal On-
tario Museum stick, no definite conclusions on impurities could
be drawn due to the low quality of the spectrum caused by an in-
sufficient amount of sample. Stick 4069 showed quartz, howev-
er no spectrum of isolated spots showing BaSO, and BaCO, ex-
pected from the powder X-ray results could be found. Stick 4070
unambigously showed the presence of PbCOs.

As in the case of the EDX analysis, the slice of the Freer
Gallery stick was investigated in greater detail by Raman spec-
troscopy. Table 4 shows the results of the Raman study at 12 dif-
ferent spots following an approximate order from outside to in-
side. In general the given collection of spectra makes clear that
this stick is a very heterogeneous mixture, since several other
components have been detected besides Chinese Purple.

Several bands were assigned to crystalline or glassy silicate
phases. Other attributable phases were CaCO;, BaCO,, BaSO,,
PbSO, PbO and perhaps SiO,. They are in full agreement with
the elemental contents analyzed by EDX. Apparently due to
some arbitrariness in the choice of the measured spots and the
heterogeneity of the sample, an accurate areal dependence like
that of the EDX analysis could not be established.

It is however clear that, due to the various residual con-
stituents, it can be concluded that the stoichiometry of the start-
ing materials did not match that of Chinese Purple. An insuffi-
cient copper content leads to production of several non purple
constituents. Presumably the bands around 940 and 421 ¢cm ' ac-
count for glassy phases with polysilicate (SiO;>) units and the
bands at 914 cm' for disilicate (Si,0,") (Frantz, 1995). Due to
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Fig. 14. Raman spectrum of sample I
g of the Terracotta Army (Excitation Laser
514 nm) displaying the spectrum of
Chinese Purple with some impurity of
PbCO;.
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1085 CaCo,
1059 | (1059) | 1057 | 1060 | 1060 | 1060 | 1057 | 1056 BaCO,
986 | 988 | 984 985 985 CP/BaSO, |
965 | 966 | 965 967 | 966 | 966 |967 | 966 |966 | PbSO,
939 | 945 941 939 941 | Si0. (glass)
915 | (915) 914 | 914 $i,0.*
7571 | 754 |754 |75 |75 |53 |75 [ 750 752 | PbSO, L|
637 CaCo; |
588 | 587 | 588 | 586 |58 | 587 | 588 | 587 | 587 588 | 586 | CP
516 | 514 |518 |515 |514 |516 |516 |516 |S518 516 | 516 | CP
469 | 466 | 466 | (466) | (466) | 466 | 468 | 465 464 | 466 | CP/SIO,
418 421 419 421 421 SiO;™ (glass)
391 CaCo,
356 356 | 351 |352 |353 |353 |354 |351 |356 |351 CP
276|278 | 280 274 274 274 275 | CP/PbO
243 ?
185 185 | 184 | 198 187 | 191 186 | CP
148 | 142 | 148 PbO

Table 4. Raman data of various spots (column) of sample Freer Gallery stick with assignments. CP = Chinese Purple. Weak bands in brackets;

7 = not assigned.
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the great stoichiometric excess of SiO, (see also EDX analysis)
glass formation seems to be very plausible and indeed the rela-
tively hard general nature of the disc speaks for a relatively high
amount of glassy phases. It is maybe quite amusing to see that
an early German patent from 1900 describes the preparation of
glassy highly coloured barium-copper-silicates for use as pig-
ments (Le Chatelier, 1900). This historic discovery was certain-
ly made without knowledge of the existence of Chinese Blue and
Purple and may simply reflect need for artificial colouring
matter.

The Terracotta Army samples I and II consist of Chinese Pur-
ple as indicated by the appearences of the major Raman bands
for this compound (fig. 20).

A relatively high PbCO; or PbO content was noted. This could
be related to their function as synthetic additives, but could also
point to their role as colouring components. For sample I and I
cinnabar could be traced as indicated also by EDX. I and II also
showed substantial quantities of matrix constituents, such as
quartz. This is assumed to be a natural circumstance associated
with their use in paints. It should, however, be noted that none of
both samples showed the presence of Chinese Blue. Sample |
possessed considerable amounts azurite crystallites (major
Raman band at 402 cm'), which apparently stood for the blue
colouring tone in the pigment layer. In contrast to the sticks, the
Terracotta Army samples represent mixtures of actual paints,
which are naturally more heterogeneous. Their a priori hetero-
geneity, however, makes it sometimes difficult to decide whether
a specific component is to be attributed to a mineral or chemical
origin or whether it was related to a colouring function.

E) UV/Vis and Photoluminescence spectroscopy (PL) of
Egyptian Blue and Chinese Blue and Purple

As mentioned before, Chinese Blue and Purple contain cop-
per(+1I) ions as effective chromophores. The electronic struc-
tures of chromophore models of Chinese Blue and Purple have
been calculated by us in order to trace any difference in the ab-
sorption spectra expected for Chinese Blue and Purple (Density
Functional Calculations). In an ideal square planar silicate lig-
and environment as in Chinese Blue, the copper ion should give
rise to only one visible absorption in the orange, which is seen
as the complementary blue colour (compare with the UV/vis
spectrum of Egyptian Blue (Ford, 1979)). For Chinese Purple,
however, two visible electronic transitions are expected to ap-
pear. One causes an absorption in the orange with a blue com-
plementary colour very much as predicted for Chinese Blue. The
other transition occurs in the green, which then appears purple
with its complementary counterpart. Both electronic transitions
indeed arise from the Cu-Cu bonding in this compound. The
experimental verifications of these predictions are yet to be
established.

Photoluminescence spectroscopy is to a certain extent a com-
plementary method to UV/Vis spectroscopy. For instance, when
irradiated by a green laser beam Chinese Blue and Purple very
effectively transform this light into fluorescent infrared light be-
tween 800 — 1100 nm (Ajo, 2000). This means that when sun
light shines on Chinese Blue and Purple, they not only give rise
to a blue or purple colour perception, but additionally emit heat
radiation. Whether or not this latter circumstance may have an
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effect on human perception is not clear, and has to our knowl-
edge not yet been investigated. The luminescence spectra of syn-
thetic samples of Chinese Blue and Purple reveal that the fluo-
rescent light of both is emitted as a characteristic double band
pattern, where the shorter wavelength band appears as a less in-
tense shoulder for Chinese Purple, while for Chinese Blue they
have about the same intensity. The emission maxima of both
compounds appear at somewhat different wavelength: 945 and
995 nm for Chinese Purple and 930 and 970 nm for Chinese
Blue. The similarity of these emission bands with respect to their
positions, and, to a certain degree, also to their intensities indi-
cate that it is the copper(+II) ions that gives rise to lumines-
cence. Unfortunately, this observation makes it impossible to
use luminescence to identify and distinguish Chinese Blue and
Purple in complex mixtures of both components.

Conclusions Drawn from the Chemical and Physical Inves-
tigations of Egyptian Blue and Chinese Blue and Purple

Our investigations gave clear evidence that the ancient Egyptian
samples of Table 1 are all based on the chemical compound
CaCuSi 0, which is commonly denoted as Egyptian Blue.
The samples of Table 2, investigated for their compositions
normally deviate from the theoretical values. They show mix-
tures originating from their production process or from the fact
that they were paint applications. A gross trend of constant
compositions of the blue pigments can be recognized over a pe-
riod of approximately 3000 years. This naturally required a sta-
ble route of transmission, that is, a reliable mechanism for the
handing-down of the manufacturing recipe, which apparently
could only be provided in the environment of a highly developed
civilization.

Egyptian Blue was produced from quite abundant minerals.
Only the copper component needed to be made available from
mining sites. Copper mining was quite common at the time. It
played a major role in the Egyptian civilization and also in pre-
vious human developments. The general situation of the re-
sources did not impose restrictions on the spread of the use of
Egyptian Blue. However, because of difficulties connected to
the sintering-type solid state synthesis and the fact that Egyptian
Blue cannot be processed by casting, technological restrictions
emerged. Besides the general requirement that the minerals used
for Egyptian Blue preparation required pretreatments like grind-
ing and compacting, the production of compact blue bodies de-
manded specific sophisticated developments involving multi-
stage processes. The physical and chemical conditions for suc-
cessful production of Egyptian Blue were not too difficult and
could usually be established with ease, such as the optimal tem-
perature for the reaction, the temperature control and the main-
tainance of the reaction temperature over a longer period of
time. Based on these circumstances the Egyptian pigment could
be produced with satisfying quality over a great span of time.

For the Chinese pigments the general situation seems some-
what different. First of all it seems quite plausible that the pro-
duction of Chinese Blue and Purple was based on the knowledge
of the production of Egyptian Blue. Chemically the blue com-
pounds resemble each other quite closely, and differ in the chem-
ically minor variation of the replacement of calcium with bari-
um. Such a variation is be anticipated for ancient craftsmen, who
were involved in purely empirical testing and did not have
knowledge of atomic views and the Periodic Table of Elements.
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Nevertheless, it cannot be ruled out that the chemical deve-
lopments for Chinese Blue and Purple occured independently
without any relationship to those of Egyptian Blue. This has to
be stressed especially in view of the fact that there is no histori-
cal documentation concerning the ancient production methods
of Chinese Blue and Purple in China. However, there are the two
ancient artefacts, the Goblet and the Sistrum Hasanlu from Iran,
which prove the spreading of the man-made Blue into regions
considerably east of Egypt. Secondly, it is indicated by these
artefacts that chemical variations of Egyptian Blue occured by
modifying CaCuSi, Oy, into at least partly the strontium deriva-
tive SrCu8Si,0,. Both these facts provide further support for the
hypothesis that the preparation of Egyptian Blue may have also
become the basis for the development of ancient Chinese blue
and purple pigments. The transmission of knowledge along the
Silk Road, which also passed through Iran and which is antici-
pated to have been used as a trade route as early as least 1000 B.
C. To the present date we have to assume that Chinese Blue and
Purple appeared no earlier than the Warring States period and
that for this reason, these Chinese pigments are ‘younger’ than
Egyptian Blue. They emereged in historic times when the Silk
Road was in full operation as a trade path and concomitant with
this as a potential path for the exchange of ideas.

Even if they were based on the knowledge of Egyptian Blue,
development of Chinese Blue and Purple faced several difficul-
ties. Firstly there was the mineral problem, that barium minerals
are much rarer than those of calcium. Barite (BaSO,) or
Witherite (BaCO,) display the prominent property of being
heavy, which makes them recognizable in nature and perhaps be-
cause of this characteristic they caught the interest of eager hu-
man beings. In China barium minerals are not rare and thus it
seems plausible that they were utilized. The other necessary in-
gredients for Chinese Blue and Purple production were abun-
dant; SiO, used as quartzite or sand and copper as copper sul-
phide, malachite or azurite. Therefore, we can hypothesize about
the actual synthetic procedure. The use of barite demanded the
addition of lead salts, such as lead carbonate or lead oxides. As
we have seen, lead salts promote the decomposition of the quite
stable barite and can also act as a flux additive. With the given
combination of ingredients Chinese Blue and Purple could then
have been obtained by a sintering-type process at temperatures
between 900 and 1000 °C. It should be noted that this tempera-
ture is about 150 — 200 °C higher than that required for the pro-
duction of Egyptian Blue. In the technically highly developed
China of the Qin and Han time the achievement of such temper-
atures seemed to be no principal problem (Wagner; 1996). How-
ever, the severer synthetic conditions with respect to Egyptian
Blue required more intense provisions concerning the construc-
tion of firing devices etc. Applying appropriate temperature con-
ditions would have permitted a typical batch of Chinese Purple
to have been finished within 10 — 24 hours, while the production
of Chinese Blue presumably must have taken twice as long. It
seems to be somewhat of a technological problem how these rel-
atively high temperatures could have been maintained for a
longer period of time within narrow limits. In order to obtain ac-
ceptable product results, the temperature control had to be quite
accurate, presumably + —50 °C for Chinese Purple. Efficient
temperature controlling devices were to our knowledge not
known in the Qin and Han period or earlier. Therefore, the ac-
complishment of a steady temperature level had to be a matter of
empirical testing and the production had to be supervised by ex-
perienced personnel. Manufacturing of the thermally less sensi-



tive Chinese Blue would not have required such strict control.
This compound could even have been brought to melt at least for
a short period of time.

For Chinese Purple it was not possible to obtain a homoge-
neous melt and it therefore had to be produced by a sintering or
pseudo-sintering process. By doing so, relatively dense compact
bodies like the described sticks were efficiently obtainable,
since the sintering temperature is only about 100 — 150 °C from
the potential melting point of the pure compound.

As previously indicated, Chinese Blue and Chinese Purple
could have been produced as unique components or as mixtures
controlled by the addition of appropriate amounts of Si0, and by
applying appropriate temperatures and reaction times. If mix-
tures of both were the desired product, this could however have
been achieved easiest by grinding the pure components togeth-
er. In this way it was possible for Chinese painters to have all
tones from blue to purple available. It is evident that the sticks of
Purple and Blue were essential components of coloration mix-
tures of paintings and sculptures, as the Purple was used in the
case of the analysed samples of the Terracotta Army. As men-
tioned before it is probable that the sticks were trade items. Their
use thus required that pigment particles were ground from the
sticks and added to the paint or colouring mixtures.

Relating back to the physical studies of the original Chinese
samples, these made clear that, except for stick 4070, all of them
contained considerable amounts of impurities. Highly conta-
minated is the Freer Gallery stick which witnesses incomplete
chemical reaction and by a Cu:Ba ratio even considerably be-
low 1, the additional formation of presumably glassy silicate
components. These observations point out that the sticks were
not of optimum pigment quality. Nevertheless, the overall ap-
pearance of the sticks seemed to be satisfactory with regard to
their colouration properties.

In view of the fact that the preparation of Chinese Blue and
Purple are still nowadays sometimes not easy to tackle, the in-
vention of Chinese Blue and Purple may be considered a fine
chemical and technological achievement. It is indeed an out-
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Fig. 1. The distribution of lacquer trees in China.
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Shang Zongyan, Zhang Jizu and Li Rujuan

The Chinese Lacquer Tree and its Use

China is a country with the greatest lacquer tree population in
the world and its output of raw lacquer accounts for over 80 %
of world production. The raw lacquer, a quality natural paint, has
been eulogised as “the king of paints”. The history of using lac-
quer in China may date back to very ancient times. The legend
goes that when the monarch Yao in the Patriarchal Clan Society
was in power, he had wood cut, shaped and lacquer applied to its
surface to make cooking utensils. Later Yao abdicated and hand-
ed over the crown to Shun, who inherited the lacquer wares and
used them as sacrificial utensils. As Han Feizi (a philosopher in
the Warring States Period) wrote in his book Shiguo, the utensils

R, ZFHEZ: BWAZFZ, WER(STHE)EH
., SitRER.
BRTGER M, HAICR.

were “lacquer black outside and decorated with pictures inside™.
There have been many records in the classics about lacquer trees
as to their place of origin, the plantation and management, the
collection of lacquer, the taxation, etc. Lacquer trees are to be
found approximately between 25° to 41°46° North Latitude and
95930 to 125°20" East Longitude, covering 21 provinges (cities
and autonomous regions) such as Shaanxi, Sichuan, Hubei,
Guizhou, Yunnan, Hunan, Henan, etc. Of these places, Shaanxi
is number one in the output of raw lacquer and its output of raw
lacquer is one third of the total in China.
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Fig. 1. The altar, left side, Funhuang, cave 205, a Bodhisattva, Tang Dynastyy, its polychromo was changed. X-ray diffraction spectrum of the brown
black pigment sample (from the right armpit of the Bodhisattva), mainly PbO..
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Fig. 2. Cave 334, Dunhuang, X-ray diffraction spectrum of the red pigment (from the lotus petal of the chief Buddha which in the Qing Dynasty

was painted again), the main composition is Pb;O,+HgS.
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Li Zuixiong

Coloured Clay Sculptures and their Protection at Mo Kao Grotto at Dunhuang

In the 492 caves of the Mo Kao Grotto at Dunhuang more than
2,500 clay sculptures, from Beiliang (4" century AD) to the
Yuan Dynasty (14" century AD), covering 11 dynasties in all
are kept.

The technology of making these coloured clay sculptures falls
into two categories. The first kind of technology is for those medi-
um-sized and small sculptures. One ties elders and reeds around
the complete wooden framework to form man-like structures,
whose height reaches 20-30 meters. Instead of wooden frames,
stone bases are left when caves are dug. On the bases holes are cut
to put in stakes on which rough and coarse grass clay is applied.
The application of fine clay completes the sculptures.

All the clay sculptures of Mo Kao Grotto are coloured, but
their colours vary from dynasty to dynasty. In the Sixteen States
Period and the Northern Wei Dynasty, the colours were simple,
ranging from earth red, mineral green, azurite, white to black. In
the Sui and Tang Dynasties, the colours became bright and bril-
liant with many sculptures inlayed with gold. Especially at the
zenith of Tang Dynasty, minium (Pb,0,) was used extensively.
The skin colour of the sculptures became dark brown or dark
coffee due to the big change of minium. In the Five Dynasties

Period and the Song Dynasty the colours tended to be light and
elegant. In the Qing Dynasty, the sculptures were remoulded and
repainted with gypsum as the white pigment, ultramarine as the
blue pigment and cinnabar as the red pigment.

Due to centuries of dampness, changes of temperature, rain-
fall, rock percolation, the activity of soluble salt in the rock body
and between rock layers, and other natural factors, the coloured
sculptures have extensively suffered showing fading, colour
change, cracking of the pigment layer, alkaline pulverisation,
broken limbs and collapse caused by the decaying wooden
frames, the dropping of clay caused by the weathering of stone
bases, etc.

To protect and repair the sculptures we have taken measures
such as setting up and reinforcing the collapsed figures, replac-
ing or repairing the wooden frames , strengthening the weath-
ered stone bases, repairing the pulverised pigment layers,
thickening the cave roofs to prevent leakage and other environ-
mental improvements. With the environmental monitor and
analysis, we have control over the number of visitors in the caves
so as to avoid the impact of CO, and moisture on the sculptures,
See colour plate XV1.
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Fig. 1. Female Attendant with Tall Coil, painted earthenware, Tang
Dynasty.
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Fig. 2. Vase, painted pottery, Western Han.
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Fig. 3. Consolidation of a painted clay head, Tang Dynasty, with infil-

tration.
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The Polychrome Works in the Palace Museum and their Preservation

The polychrome art works in the Imperial Palace of Beijing
cover a wide range of exhibits and fall into four categories: i.e.
painting on architectural elements, wall paintings, polychrome
sculptures and colouring on utensils. They do not include
calligraphy, porcelain or lacquer ware or painted and dyed arti-
cles.

The examples of colouring on architectural elements are ex-
tensive, rich in content and great in variety; they include paint-
ed ceilings, sunken panels, screen doors and spear shields. They
are to be found not only on construction elements, wood boards
and walls but also on paper, silk and gauze and their pigments,
coating, materials, technology and functions vary over the cen-
turies.

The second category of wall paintings are few in number.
They include a religious fresco of the Yuan Dynasty brought to
Beijing from Xinghua Temple in Jishan County of Shanxi
Province and a fresco of the Qing Dynasty, which is a product of
the cultural exchange between China and the West. The last two
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categories are extensive, including coloured pottery of the New
Stone Age and various art works of the Han, the Sui, the Tang,
the Song, the Yuan, the Ming, the Qing as well as modern ex-
amples.

Polychrome art work is most fragile and most difficult to pre-
serve, especially those pieces located outdoors. The traditional
preservation technology is to repair or restore the works by us-
ing the same materials and techniques as were originally used.
Today, in order to maintain the original look of the art objects,
we try to use scientific methods: for example (1) controlling the
environment to help protect the relics: (2) using a surface pro-
tection technique of polymer chemical materials on coloured
surfaces: (3) using polymer chemical materials to reinforce the
fresco in order to stop pulverisation and the falling off of the
paint layers; (4) taking off frescoes by using adhesive gauze or
using the traditional method of taking off calligraphic works of
art and then transporting the damaged wall paintings to a safer
place. See colour plates XVII-XIX.
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