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Preface

During the course of development of the con-
servation division of the National Gallery of
Art, scientific research has gained an impor-
tant role. The scientific research department
was established with the initial goal of assist-
ing conservators with analytical support. As
analytical services to conservation treatment
became routine, conservation scientists ex-
panded their activities to study the materials
and construction of works of art, producing
technical and scientific studies about the
Gallery's collections or works on loan.

For the conservators and other staff mem-
bers motivated to learn more about the ob-
jects they work with, their research, in some
cases, has been conducted as an extension of
their regular responsibilities. Additionally,
both conservation scientists and conservators
are increasingly incorporating their knowl-
edge of art history into the methodology of
their investigations.

The essays in this volume address a range
of subjects that have been under recent study
by the conservation division. Barbara H.
Berrie and Suzanne Quillen Lomax collabo-
rated to apprise conservators of the properties
of azo pigments, which are widely used in
artists' materials and commercial applica-
tions. Of interest to both specialists and the
museum visitor is Mary Bustin's investiga-
tion of the frame elements and construction
of a trecento altarpiece by Agnolo Gaddi, as

well as Penelope Edmonds' discussion of the
conservation of a Renaissance polychrome
and gilt terra-cotta relief. Lisha Deming
Glinsman's report on the results of x-ray flu-
orescence analysis highlights a unique pat-
tern in Matteo de7 Fasti's casting materials of
portrait medals. The painterly techniques of
Kazimir Malevich are discussed by Ann
Hoenigswald, and those of Jan Steen are pre-
sented by Michael Palmer and E. Melanie
Gifford.

Although the publication of research re-
sults may be routine in many other fields,
the role of author is relatively new to many
conservators. As the part played by conserva-
tion in the museum environment grows and
matures, conservators and conservation sci-
entists increasingly will make their research
available to a wider audience through publi-
cations such as this.

ROSS M. MERRILL
Chief of Conservation, National Gallery of Art
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B A R B A R A H. B E R R I E and S U Z A N N E Q U I L L E N L O M A X

Azo Pigments: Their History, Synthesis,
Properties, and Use in Artists' Materials

i

i. Selected masstone
azo pigment color chips
Dominion Colour, Inc.,
Atlanta, Georgia

n this century synthetic organic pigments
have dominated the colorant market. Thou-
sands of such pigments have been prepared,
some designed for specific applications, and
it has been estimated that by 1971 synthetic
organic pigments occupied a 49 percent mar-
ket share of artists' pigments.1 About 80 per-
cent of the manufactured pigments are azos,2

those that contain the azo linkage (—N=N—).
Representatives of azo dyes and pigments

appear throughout the color spectrum, al-
though most are red, orange, or yellow (fig. i).
They are used as pigments in printing inks
(both flexographic and gravure), paints (archi-
tectural, automotive, general industrial, and
artists7), plastics, rubber, textiles, crayons,3

and colored chalks.
Understanding the properties of these col-

orants is important in choosing the most
appropriate techniques for conservation, exhi-
bition, and preservation of works of art, since
the stability and light sensitivity of these
materials must be considered.

A great deal of information concerning
azo pigments exists in the chemical and
industrial literature, but it is not readily
available to conservators. The aim of this
essay is to present a summary of this infor-
mation, with an emphasis on pigments used
in artists' materials. (See appendix i for a
glossary of terms.) Since contemporary artists
use a wide range of products not limited to
traditional or even nontraditional artists7

materials, general information on azo pig-
ments and dyes is included; however, our
focus is primarily on the azo pigments that
are more widely used and are employed in
manufacturing artists' materials.

Azo pigments containing one —N=N—
group are called monoazo pigments, while
those with two azo linkages are called disazo
pigments. Pigments with three azos are
properly called trisazo, and those with four
are tetraazo compounds, although some-
times both are called disazos. Structural
studies have shown that some solid state azo
pigments exist exclusively in a ketohydra-
zone form;4 however, they are convention-
ally represented by the azo form.

The classical azo pigments, which have
provided bright colors at low cost, are charac-
terized by relatively poor lightfastness or sta-
bility to heat and solvents. High-performance
azo pigments have been introduced since
1960 to meet the demands of more stringent
applications. However, the possible presence
of classical azo pigments, many of which are
used today, on numerous works of art should
be taken into account when considering
their conservation and exhibition. A descrip-
tion and discussion of the general synthesis
of the azo pigments and their properties with
respect to their structural similarities and
differences follow. In addition, a brief history
of the subclasses of azos and notes on their
uses and permanence are given.

9



Terminology and Nomenclature

Azo colors were first developed for dyeing
(fig. 2). They were sometimes called ice col-
ors because ice was used during their synthe-
sis to keep the reaction mixture cold. Azo
dyes, which are prepared from primary aro-
matic amines such as aniline, were also
known as aniline colors. Compounds from
coal tar were used in the manufacture of
azos, so they were sometimes called coal-tar
colors. Investigation of the chemical struc-
tures of these materials has led to the gen-
eral term "azo" pigments, now in use.

As pigments are introduced to commerce,
they are assigned a Colour Index5 generic
name and number as well as a five-digit
Colour Index number. The Colour Index
generic name relates to the application of
the colorant; for example, P stands for pig-
ment, along with a description of the hue,
such as Y for yellow or R for red.6 A sequen-
tial number, referred to as the generic num-
ber in the Colour Index, is also assigned to
each colorant. For example, Hansa Yellow G is
assigned the generic name and number PYi,
while Orthonitroaniline Orange is assigned
the name and number POi.

The Colour Index number indicates the
chemical classification of the pigment or
dye, as series of numbers have been assigned
to particular colorants that are chemically
related. Monoazo pigments and dyes have
Colour Index numbers between nooo and
19999, while disazo colorants have Colour
Index numbers between 20000 and 29999.
Colour Index numbers between 30000 and
34999, and 35000 and 36999, have been
assigned to trisazo and polyazo colorants,
respectively.

The trade name of a pigment sometimes
bears reference to its class, property, or color,
but often it is an arbitrary name given by the
discoverer or the manufacturer.7 In this
essay, brand names or trade names of pig-
ments have been capitalized; many of these
products have registered trademarks or copy-
rights. The letter or letters that may follow
the name usually refer to the shade, with the
number of letters indicating the degree of
that shade. Sometimes, however, the letters
refer to the composition of a dye or its class;
for example, D stands for direct dye, and F
for fastness. A list of Colour Index generic
names corresponding to manufacturers' names

2. Silk swatches, five of
which are colored with azo
dyes:

no. 7, bright crimson, with
Violamine A 2 R (Meister,
Lucius, and Bruning)

no. 10, crimson, with Azo-
Rubine S (Actien. Anilin.
Fabrik. Berlin)

no. 13, dark crimson, with
Bordeaux S. (Actien. Anilin.
Fabrik. Berlin)

no. 14, rose scarlet, with
Brilliant Croceine M O O
(L. Cassella and Co.)

no. 15, scarlet, with Crystal
Scarlet 6R (L. Cassella
and Co.)

no. 16, scarlet, is dyed with
the nonazo dye, Ponceau
4RB (Actien. Anilin. Fabrik.
Berlin)
From George H. Hurst, Silk Dyeing,
Printing, and Finishing (London,
1892), pi. 2

can be found in the Colour Index.&

Commercial products, including artists'
materials, are often described by vague
terms, such as "azo yellow" or "gamboge
hue." It is usually possible to discover the
precise identity of the colorants from the

3. Sample tube of
Grumbacher Red. The azo
pigment in the oil paint is
Naphthol AS-D (PRi 12) and
is labeled to indicate that
the paint conforms to ASTM
standards for quality and
lightfastness

IO B E R R I E and LOMAX



4. General synthesis of azo
compounds for Lithol
Rubine: (a) diazotization,
(b) coupling, and (c) lake
formation

tube and from technical sheets provided by
artists' materials suppliers (fig. 3). Current
requirements for conformance to American
Society for Testing and Materials (ASTM)
protocols require the common name of a pig-
ment to be prominently included on the
front of the tube, which, in our example, is
NaphtholAS-D, PRii2.

A comparative lightfastness rating of the
products is generally given in the techni-
cal literature. If a paint bears the Colour
Index numbers on the tube, it is possible
to locate the properties of the material in
the Colour Index or in handbooks such as
Steven L. Saitzyk's Art Hardware, Michael
Wilcox's Wilcox Guide to the Best Water-
color Paints, and Mark David Gottsegen's
Painter's Handbook.9

General Synthesis of Azo Pigments

Azo pigments are formed by a two-step reac-
tion referred to as diazotization and coupling.10

An example of the diazotization and coupling
reactions is shown in figure 4 for the synthe-
sis of the red pigment Lithol Rubine. The first
step, diazotization, is the reaction of a pri-
mary aromatic amine with nitrous acid to

form a diazonium salt. The amine is dis-
solved or suspended in dilute mineral acid,
and sodium nitrite is added. The diazonium
salt is formed at low temperatures to prevent
its decomposition. The second step, coupling,
occurs by the reaction of the unisolated dia-
zonium salt with the coupling component.
Changing the coupling component produces
different subclasses of azo pigments that are
generally known by the chemical identity of
the coupling agent. Coupling components
include arylides of acetoacetic acid, 3-hydroxy-
2-naphthoic acid or its arylide, 2,-naphthol,
benzimidazoles, and pyrazolones. The sub-
classes of the azo pigments are described.

Brief History of Azo Pigments and Dyes

Synthetic organic colorants, dyes, and pig-
ments have been produced for nearly 150
years.11 August Wilhelm Hofmann, some-
times called the father of the dye industry,
was the first to obtain and identify the aro-
matic amine aniline from coal tar in about
i843.12 Aniline was the most frequently used
starting amine in the synthesis of azo com-
pounds. In 1858, Johann Peter Griess discov-
ered the way to form a diazonium salt from
the amine, and in 1870, August Kekule and a
colleague named Hidegh were the first to
investigate the reactions between diazonium
salts and so-called coupling agents that give
rise to azo colorants.13 William Henry Perkin's
serendipitous synthesis of Mauve (mauveine)
in 1856 had already led to the development
of numerous organic dyes for the textile
industry. Lakes of these dyes were the first
synthetic organic pigments. Soon after, it was
found that insoluble salts of azo dyes pro-
vided a wide range of suitable pigments.

The first azo pigment, tartrazine yellow,
PYioo, which is still used in artists' paints,
was patented in i884.14 p-naphthol azo pig-
ments were first introduced from 1895 to
1911, and they are still in production. The
first Hansa yellow, PYi, was patented in
1909, and the first diarylide was synthesized
in 1911. Because their importation from Ger-
many was forbidden during World War I,
American manufacturers began to study azo
dyes in depth. Benzimidazolone pigments
were first prepared in 1960, the same year that
the class of disazo condensation pigments
was introduced to the United States. Azo
pigments have become the largest class of

BERRIE and LOMAX II



Table i
Applications of Azo Pigments

Crayons,
Automotive Architectural Artists' Pencils, Other

Azo Class

Pyrazolones

Naphthol reds

(3-naphthols

Arylide (Hansa) yellows

Diary lides

Nickel-azo yellow

Disazo condensation pigments

Benzimidazolones

Plastics

0

•

•
0

•
0

•

•

Rubber

•
0

•
0

•
0

0

0

Finishes

0

•
0

0

0

•

•

•

Paints Paints Chalk

• • 0

• 0 0

• 0 •

• • •
• • o
0 • O

0 0 0
0 • •

Textiles

•
0

0

0

0

•

•
0

Printing Inks

0

0

•

•

•
0

•
0

Coatings

•

•

•
0

0

0

•
0

• Frequently used
0 Less commonly used

synthetic organic pigments because of their
ease of preparation and wide range of colors.

General Properties

Within the broad category of azo pigments
are subclasses identified by the chemical
character of the coupling moiety. By chang-
ing the coupling component, many subclasses
have been created; within each subclass,
adding or changing substituents produces
many pigments. There is a great deal of vari-
ability in chemical and physical properties
among the classes, and even within a sub-
class pigments can have significantly differ-
ent properties. However, in general, pigments
that are in the same subclass have similar
trends and consistencies in behavior. Corres-
ponding to the order of discussion that fol-
lows, table i lists azo pigment subclasses
and their most common uses and applica-
tions. Table 2 lists the Colour Index name
and number for azo pigments that are known
to have been used in artists' materials. Table
3 lists some properties of various classes of
azo pigments. The heat stability, lightfast-
ness, weatherfastness, and migration of azo
pigments have been discussed elsewhere15

and are only summarized here.

Physical Properties

Azo pigments are formed by precipitation,
designed to produce submicron crystallites.

R. B. McKay16 has estimated from transmis-
sion electron micrographs the sizes of crys-
tals of PYi, PY4, PRs, and PRin. The first
three of these pigments consist of short rods
ranging from 0.19 to 0.34 micrometers, while
long PRii2 crystals are plates with lengths
ranging from 0.21 to 0.25 micrometers.

The crystalline material that forms after
the coupling reaction can be modified in sev-
eral ways during and after the reaction process
for ease of use. These modifications may alter
the brightness, shade, and color strength of the
pigments,- thus pigments that have the same
chemical composition can have different col-
ors, making it difficult to identify azo colors
solely on the basis of their appearance. The
hiding power and tinting strength of pig-
ments are related to particle size as well as
refractive index. For example, the arylide yel-
low PY/4 is available in a variety of grades,
which have surface areas from 12 to 70 m2g1.
The grades with a high surface area have a
higher tinctorial strength and transparency
than low surface area grades, which have a
redder undertone and are also more lightfast.
(In general, however, properties such as fast-
ness are related more to the chemistry of the
material than to its particle size.)

In addition to being dependent on particle
size, the appearance of a pigment depends on
tautomerization between an azo form and a
hydrazone form. The different forms have dif-
ferent colors, tinctorial strengths, and proper-

12 B E R R I E and LOMAX



Table 2
Azo Pigments Frequently Found in Traditional Artists' Paints, by Colour Index (1971) Name and Number

Pyrazolone CI No.

POI3 2IIIO

PYIOO 19140

Naphthol CI No.

PO38 12367

PRI 12070

PR2 I23IO

PR5 12490

PR7 12420

PR8 12335

PR9 12460

PRI2 12385

PRI4 12380

PRI7 12390

PRi8 12350

PR22 12315

PR23 12355

PR3I 12360

PRII2 I237O

PRH9 12469

PRI46 12485

PRI7O 12475

PRI87 12468

PRI88 12467

p-Naphthol CINo.

PO2 I206O

PO5 12075

POI7 15510

PR3 I2I20

PR4 12085

PR6 12090

PR48 15865

PR49 15630

PR52 15860

PR53 15585
PR57 15850

PR6,0 16105

Arylide
(Hansa) CINo.

POI 11725
PYI II680

PY3 11710
PY4 11665

PY5 11660

PY9 11720

PY65 11740

PY73 11738

PY74 11741

PY75 11770

PY97 11767

PY98 11727

Diarylide CINo.

PYI2 21090

PYI3 2IIIO

PYI4 21095

PYI7 21105

PY55 21096

PY8i 21127

PY83 21108

Nickel-Azo
Yellow CI No.

PGIO 12775

Benzimidazolone CI No.

PBr25 12510

PO36 11780

po6o 11782

PO62 H775

PRI7I 12512

PRI75 12513

PRI76 12515

PYI5I 13980

PYI53 48545

PYI54 11781

PYI75 11784

Note: Shading indicates pigment groups

Sources: 1995 Annual Book of ASTM Standards, vol. 6.02 (1995); D. A. Crown, The Forensic Examination of Paints and Pigments
(Springfield, 111., 1968); Mark David Gottsegen, The Painter's Handbook (New York, 1993); Willi Herbst and Klaus Hunger, Industrial
Organic Pigments: Production, Properties, and Applications (Weinheim, Germany, 1993); Naoka Sonoda, Jean-Paul Rioux, and Alain Rene
Duval, "Identification des materiaux synthetiques dans les peintures modernes, Part 2: Pigments organique et matiere picturale," Studies in
Conservation 24 (1993); Society of Dyers and Colourists, Colour Index, 3d ed. (Bradford, England, 1971); Gerhard Talsky and Maja Ristic-
Solajic, "Higher Resolution/Higher Order Derivative Spectrophotometry for Identification and Estimation of Synthetic Organic Pigments in
Artists' Paints," Analytica Chimica Acta 196 (1987); Michael Wilcox, The Wilcox Guide to the Best Watercolor Paints (Perth, Australia,
1991); Winsor and Newton technical literature

ties. In general, the ketohydrazone form of an
azo pigment is cooler in tone and has a higher
tinctorial strength than the azo form.17

The surface characteristics of azo pigments
play a large role in the quality of the paint
owing to the interaction between the pigment
and the vehicle and solvent. Azos are used
with a number of vehicles, including oils,
latex, alkyds, acrylics, and gums. To improve
the product, azo pigments can be coated with
rosin during the manufacturing process to give
them a softer texture. The coated pigment has
smaller and more controlled particle sizes,
resulting in improved color strength and trans-
parency,- it is also more easily dispersed in
the medium. Rosin coating is commonly used
for the laked azo pigments such as Lithol red,
Red Lake C, and Lithol Rubine types. Amines

can be also used to coat azo pigments. Arylide
yellow pigments that have been treated with
amines are used in air-drying paints. Amine-
treated benzidine yellows are mostly used in
toluene-based rotogravure.

Lightfastness and Weatherfastness

Lightfastness refers to the ability of a pig-
ment and binder system to retain its color
when exposed to light; unfortunately, the
presence or absence of an ultraviolet compo-
nent in this light is not always specified.
Weatherfastness is the tendency of the sys-
tem to withstand the chemical and physical
factors inherent in outdoor exposure.18 Both
are system properties of the paint and depend
on the type of pigment and the binder used.

B E R R I E and LOMAX 13



Nonetheless, it is possible to discuss the
lightfastness of pigments in a comparative
way. In general, the lightfastness of azos is
better at masstone than in tints. For a spe-
cific series of pigments, there is a correlation
between the lightfastness and weatherfast-
ness and the substitution pattern on the aro-
matic rings of the components.19

The first azo dyes and pigments to be syn-
thesized had brilliant colors but were notori-
ously fugitive. There was so much concern
about the instability of the newly discovered
synthetic dyes and pigments that many
painting manuals advised artists to eschew
all synthetic organic pigments. More stable
organic pigments have been continuously
introduced, however, and many improved azo
pigments that are extremely stable to both
light and heat have been devised, although
few rival the qualities of quinacridones and
phthalocyanines.

Lightfastness is a surprisingly difficult
property to quantify. A small change in a pig-
ment's chemical constitution, such as chang-
ing a substituent, can have a significant effect
on the lightfastness. However, even chemi-
cally identical pigments can behave differ-
ently owing to different particle sizes, dilu-
tion with white pigments, and variations in
binding medium. To address these issues, the
ASTM subcommittee on artists' materials
has written specifications designed to allow
comparative evaluation of products. Standard
04303 specifies three test methods for deter-
mining lightfastness of pigments and paints
(see appendix 2). The paints are prepared and
exposed to light following one of the method-
ologies given in 04303* A relative lightfast-
ness for the pigment-binder system is ob-
tained by measuring the color changes after
exposure to light. The values range from /
(excellent) to V (very poor) according to the
numerical value of the change in color,
expressed in CIE L*a*b units. To conform to
ASTM standards, the labels of artists' mate-
rials should specify the lightfastness numeri-
cal rating as determined by testing according
to Standard 04303:

Rating I II III IV V
AE*ab AE<4 4<AE<8 8<AE<i6 i6<AE<24 AE>24
CIE L*a*b

Table 3 includes data on the relative fast-
ness of the classes of azo pigments. The

lightfastness data are presented using the
Blue Wool scale (1-8), which is the method
used by the Colour Index. Eight Blue Wool
references are produced in both Europe and
the United States. Although these controls
were initially used for natural aging, the cur-
rent standards specify xenon arc irradiation.
In addition to ASTM 04303, several ASTM
specifications have been adopted to assess
the stability of artists' paints, including
ASTM 04302-93 (for oil, resin-oil, and alkyd
paints), ASTM 5098-94 (acrylic emulsion
paints), ASTM 05067-93 (watercolors), and
ASTM 05724-96 (gouache paints). The pig-
ment tests utilize both natural and artificial
light sources. Appendix 2 summarizes these
testing protocols.

Solvent and Migration Fastness

Solvent fastness refers to the extent to which
a pigment tolerates a solvent, and it is depen-
dent on the pigment-binder system. In gen-
eral, increasing the molecular weight of an
azo pigment improves its solvent fastness,-
this property is clearly demonstrated by com-
parison of the solvent fastness of chemically
related monoarylide and diarylide pigments.
Substituent groups such as amide, nitro, and
chloro may decrease the solubility of azo pig-
ments in organic solvents. Conversely, sub-
stituents such as long-chain alkyl, alkoxy, or
alkylamino or sulfonic acid groups increase
the solubility of azo pigments in organic sol-
vents.20 The ionic character of lakes or metal
complexes increases the solvent and migra-
tion fastness of azos. Understanding solvent
fastness of paints made with azo pigments is
very important for conservators to consider
when choosing solvents for removing coat-
ings from works of art or cleaning uncoated
objects (see Implications for Conservation,
below).

Toxicity

Most azo pigments are nontoxic. Some of
them, for example tartrazine yellow, have
been designated for use as food and dye col-
orants, and many are safe enough to be used
in cosmetics. Concern has been expressed,
however, about the relationship of diarylides
to the known carcinogen benzidine. The Occu-
pational Safety and Health Administration
now classifies the salts of 3,3'-dichlorobenzi-
dine as cancer suspect agents.21 No carcino-

14 B E R R I E and LOMAX



Table 3
General Properties of the Classes of Azo Pigments

Azo Class

Pyrazolones

Naphthol reds

(3-naphthols

Di- and ortho-
nitroanilines

Para red

Chlorinated para red

Toluidine red

Lithol reds

BON pigments

Red Lake C and
Clarion red

Arylide (Hansa) yellows

Diarylide oranges

Diarylide yellows

Nickel-azo yellow

Disazo condensation
pigments

Benzimidazolones

Solvent Resistancea

Ethanol

4

4-5

2

1-2

I

2-3

2-3

4

4

3

4-5

4
i

4

4-5

Cello-
solve

i-3
n.a.

2

2

I

I

2-3

4

1-2

3

4

3-4
n.a.

4

3-4

Xylene

i

2-4

2

1-2

I

2

3-4

4

5

3
2-4

2-4

5

3

4-5

Heat
Stability

°C

to 150

to 1 60

to 150

tO 120

Good

to 150

to 150

to 130

to 150

to 150

to 150

to 150

Good

to 180

> 200

Lightfastness

Blue Wool
Standardb

6

6

6

3
6

5-6

4-5
6

4
6

2

4

8

6

8

Compatibility3

Water

5

4-5

4

4

5

5

5

5

5

5

4-5

5

5

5

5

Linseed
Oil

n.a.

3

4-5

2-3

4-5

4-5

3-4

4

4-5

4

5

5

5

4

5

Sodium
Carbonate,

5%

4-5

4-5

4-5

4-5

4-5

5

3

3

4-5

4
2

4-5

4-5

5

5

Hydrochloric
Acid, 5%

4-5

4-5

4-5

4-5

4-5

5

4

3

5

5

4

5

5

5
n.a.

Sources: Society of Dyers and Colourists, Colour Index, 3d ed. (Bradford, England, 1971), vols. 3 and 5
n.a.=data not available
a. Evaluated on a scale where poor=i and excellent=s
b. Blue Wool is the standard used in the Colour Index: excellent=8, very good=6, and good=4

genicity was reported, however, for certain
diarylides in a two-year oral-feeding study on
rats and mice.22 Para red is known to be
weakly mutagenic when activated by a
mixed-function microsomal system.23

Nontoxic artists' materials will carry the
Seal of the Art and Creative Materials Insti-
tute (formerly the Art and Craft Materials
Institute, Inc.) on the product.24 The Approved
Product (AP) and Certified Product (CP)
seals certify that the materials have been
reviewed by a toxicologist and found not to
be harmful, based on ASTM specification
04236 (Standard Practice for Labeling Art
Materials for Chronic Health Hazard).

Implications for Conservation

Azo pigments have been widely available
since the 19205 and still are used as ingredi-
ents in artists' materials, in addition to

many other applications. Conservators of
contemporary art are well aware of the enor-
mous differences in caring for and treating
these objects compared to traditional works
of art. Much of their knowledge, however, is
based on empirical observation and there is
little concrete, readily accessible informa-
tion on the properties of modern paint sys-
tems. A difficulty for the conservator is that
artists may have used products that were not
designed to be long lasting. It is especially
important, therefore, for conservators to try
to identify the occurrences of azo pigments,
because a work that contains them could be
damaged by usual and customary treatment
procedures or even by displaying it.

Some azo pigments are sensitive to sol-
vents that conservators consider "mild," such
as xylene, and the effects of solvents on pig-
ments may be overlooked. The effect of water
on azo pigments is usually slight, although
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conservators have noted that some modern
paints are sensitive to water; when they are,
it is often because the medium is sensitive
to water. One azo pigment, tartrazine yel-
low, commonly found in watercolors and oil
paints, is water soluble.

Azo pigments are found in a variety of
materials used by artists, including paints,
wax crayons, colored pencils, chalk, plastics,
printing inks, and paper. As more stable azos
have been developed, they are more frequently
encountered in artists' materials. Many col-
lections contain objects such as costumes,
magazines, and posters that may contain less
lightfast azo pigments. When planning con-
servation and exhibition strategies, conser-
vators need to be aware that these pigments
may be present in a variety of media.

As properties vary substantially among
the different classes of azo pigments and
somewhat within each class, it is useful to
know which azo pigment is found on a given
work of art. A knowledge of the time period
of the work may be helpful to establish which
pigments might have been used. Ideally, the
pigments would be identified via chemical
analysis before treatment or exhibition, al-
though identification can be very difficult.

As a class of chemical compounds, azo pig-
ments exhibit a wide range of lightfastness.
Monoarylide yellows have better lightfast-
ness than diarylides. Frangoise Flieder and
Martine Maraval found that the light stabil-
ity of yellow inks used in four-color printing,
which included a study of the diarylides
PYi2 and PYi3, was less than satisfactory.25

The lightfastness of p-naphthol and Naphtol
AS26 pigments is not as good as that of
the monoarylides. Toners of p-naphthols are
generally less lightfast than the p-naphthols
themselves. However, benzimidazolones and
disazo condensation pigments usually have
very good lightfastness.

Data from the relative lightfastness of
several classes of pigments in specific media
have been compiled by Joy Turner Luke.27

According to ASTM specifications, a number
of azo pigments that were or are used in
artists' materials fall below the standards,
including the class para reds PRi, PRzj., and
PR6; Toluidine red PR3; metallized monoazo
reds PR48, PR49, PR52, PR53, PRsy, and
PR6o; naphthol reds PR2, PR22, PR23, and
PR3i; Pyrazolone orange POi3; tartrazine
yellow PYioo; and diarylide yellow PYss.

Other pigments that have not been specifi-
cally tested in artists' materials may also have
inadequate lightfastness and fade on expo-
sure in gallery lighting.

The solubility of many azo pigments may
be problematic for conservators. The relative
resistance of azo pigments to various solvents
is given in table 3. Since the solvent fastness
of a paint is dependent on the whole paint
system, and not its separate ingredients, it is
difficult for the conservator to plan cleaning
strategies. There is greater potential for bleed
in works of art on paper and objects made
with plastics because pigments with small
particles are used for these applications. The
arylide yellows, which include the Hansa yel-
lows that are frequently used in artists' paints,
are soluble in a variety of organic solvents,
except aliphatic hydrocarbons. The solvent
resistance of p-naphthol and Naphtol AS
pigments is poor; however, toners of these
pigments are generally less sensitive. Diaryl-
ides bleed less than monoarylides due to their
higher molecular weight. Benzimidazolones
possess high solvent fastness, while disazo
condensation pigments are usually fast to
alcohols and hydrocarbons, but they may
bleed in ketones and esters. POi3, pyrazolone
orange, which is used in artists' paints, is
extremely sensitive to xylene. In general, azo
pigments are more sensitive to alkali than to
acid. Conservators need to consider alkali
sensitivity when cleaning paintings with
ammonia or resin soap mixtures, as well as
when wetting works of art on paper that
have an alkaline reserve or treating paper
with an alkali. Further specific examples of
the properties of individual pigments in
works of art will be found in the descriptions
of subclasses of azos that follow.

Description of Subclasses of Azo Pigments

The following discussion introduces the var-
ious subclasses of azo pigments, character-
ized by the chemical identity of the coupling
component, and provides a brief description
of the properties of each class. We have cho-
sen to follow the classifications used by
Peter Lewis, Willi Herbst and Klaus Hunger,
and Robert M. Christie,28 who are considered
major reference sources. The subclasses are
given in the general order of introduction
and/or production of the first member of
their class: pyrazolones, naphthol reds, p-
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5. General structure of
pyrazolones: (a) monoazo,
and (b) disazo

naphthols, arylides, diarylides, nickel-azo
yellow, disazo condensation pigments, and
benzimidazolones.

Pyrazolone Pigments

Tartrazine lake, PYioo, is one of the earliest
synthetic organic pigments. It is the barium
lake of tartrazine, Acid Yellow 2,3. It was
patented in 1884 and is still used in artists'

Yellow 5). In 1900, the high price of the bar-
ium lake of sodium tartrazine discouraged
its use in favor of less expensive alternatives.29

Other pyrazolones were developed as early
as 1910, but commercial application did not
occur for almost twenty years.30 Pyrazolone
pigments are derived by condensation of an
amine with a pyrazolone derivative. They
may also be synthesized by an alternate path
involving reduction of the diazo intermedi-
ate to a hydrazine followed by ring-closure of
the condensation product to yield the pyra-
zolone. Figure 5 shows the general structures
of (a) the monoazo and (b) the disazo pyra-
zolones. Disazo pyrazolones are also used in
artists' materials and include POi3 (see fig.
i), PO34, PR37, PR38, PR4i, andPRin.31

There are many pyrazolone pigments, but
few find commercial use today; they have
been used for architectural finishes, artists'

Their general properties were described by
Leonard Shapiro,32 who indicated that the
only pyrazolone colors still in production are
PY6o, POi3, PO34, PR38, and PR4i.

The pyrazolone pigments are redder than
azo pigments derived from acetoacetary-
lamide coupling agents but have similar
fastness properties. Pigment Chrome Yellow,
also a pyrazolone, is widely used (it is ob-
tained from o-toluidine and 3-methyl-1-
phenyl-pyrazolone). Despite one of its com-
mon names, diarylide orange, POi3 (also
known as benzidine orange and pyrazolone
orange), may be classed as a pyrazolone pig-
ment. This pigment, discovered in i9io,33

finds wide usage in artists' paints, as do the
Hansa yellow pyrazolones (such as PYio).
Hansa Yellow R is the most widely used
monoazo pyrazolone (it is obtained from
2,5-dichloroaniline and 3-methyl-i-phenyl-5-
pyrazolone).

POi3 has fair lightfastness, while PO34
(sometimes also referred to as diary lide
orange, another orange pyrazolone) has good
lightfastness. Both pigments have reasonable
solvent fastness in many applications,- how-
ever, the solubility of POi3 in xylene may
be problematic for conservators.34 The light-
fastness of tartrazine is about equal to that
of diary lide yellows. Although it is not sol-
vent resistant and is even sensitive to water,
its heat resistance and high transparency
make it useful in metal coatings and nitro-
cellulose lacquers.35

Whitaker determined the single crystal
structure of PYio.36 The compound was shown
to have the hydrazone structure, ending
debate on the structure from the infrared and
ultraviolet spectra.37 The molecule exists as
the hydrazone tautomer rather than pyra-
zolone. Spectroscopic evidence can be inter-
preted as showing that the pyrazolone azo
dyes are actually hydrazones, containing the
N—N=C group.

Naphthol Reds

The naphthol reds are a class of about eighty
2-hydroxy-3-naphtharylide azo pigments. The
basic structure of this group is shown in fig-
ure 6. The group is also called the Naphtol
AS pigments. In 1985, these pigments repre-
sented about 6 percent of all organic reds
manufactured.38

To improve lightfastness, a chloro or nitro
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group is generally found on the diazonium
salt, and a methyl or methoxy group on the
naphtharylide coupling component.39 Some
naphthol reds contain an amide or sulfon-
amide group on the diazo component to pro-
vide stability. The addition of an amide group
on the diazo-derived portion adds solvent
resistance and heat stability.40 Lightfastness
is improved when intramolecular hydrogen
bonding can occur. Important members of
this class include the reds PR2, PRs, PRy,
PR9, PRio, PRi4, PRis, PRi?, PR^i (see fig.
i), PR23, PR3i, PRii2 (see fig. 3), PRi46,
PRi47, PRiyo, PRi84, PRiSy, PRi88, and
PR2IO,41 and the oranges PO24 and POs8.

The first naphthol reds were patented as
Grela Reds in 19n.42 The method for their
formation was developed by Schopf in i892.43

The coupling component of these pigments
is 2-hydroxy-3-naphthoic acid, known as
Naphtol AS. Due to their high cost, these
pigments were not commercially successful
until the 19305, when they were produced by
IG Farben. A series of naphthol reds, called
American Naphthol Reds, was introduced to
the United States in the 19405. The first sul-
fonamide substituted p-naphthol, PRs, known
as Permanent Carmine FB or Naphthol Red
ITR, was introduced just before World War II.

PRiyo, PRiSy, and PRi88 are especially
solvent and heat resistant, due to the pres-
ence of additional amide groups in the diazo
component. Generally, the naphthols are more
lightfast and solventfast than the pigments
in the toluidine and BON red subclasses, but
they are not as lightfast as the nonazo
quinacridones or perylenes. As a class, naph-
thols are extremely resistant to acids, alka-
lis, and soaps.44 They possess high tinting
strength and are relatively inexpensive. The
naphthols are used as pigments for plastics,
automotive finishes, architectural paints, and,
to a lesser extent, in colored chalk, pencils,

crayons, watercolors, artists' paints, and print-
ing inks.45 PRiyo, which is one of the most
important naphthol reds in terms of produc-
tion volume, has very good lightfastness and
is a brilliant color. It was developed in the
19605 and exists in two forms that have dif-
ferent colors. PRi88 is a yellowish red shade
that also has excellent fastness properties and
is used in paints and wax crayons. PR/, while
possessing good lightfastness, is not resistant
to solvents. PR 112, a bright yellowish red
pigment patented in 1939, is used extensively,
including in artists' colors. PR22, a yellow-
ish red, is used in paints, including artists'

red pigment also used in artists' colors, as is
PO38, which has a yellowish red color.46

p-Naphthol Pigments

The p-naphthol azos are a series of red pig-
ments representing about one-half of all syn-
thetic red pigments.47 They are one of the
oldest groups of synthetic colorants. The P-
naphthols can be divided into two groups—
pigments, and salts or lakes. The pigments
are based on the coupling of a substituted
aniline with p-naphthol. The position and
number of auxochromic substituents deter-
mine the shade of the pigment. These pig-
ments are generally used in latex paints and
paint for outdoor posters and for coloring
some plastics. One of the reds examined from
Mark Rothko7s (1903-1970) Untitled (Har-
vard Mural) (Rothko number 6006.60), 1961,
in the collection of the National Gallery of
Art (fig. 7), was identified by solution spec-
trophotometry48 as a p-naphthol pigment.

The second group, the salts or lakes, con-
tain a sulfonate or carboxyl group, allowing
for formation of metal salts. They are pre-
pared by metallization of the diazo product.
The coupling component can either be p-
naphthol or a substituted p-naphthol. Struc-
tures of representative members of these two
groups are shown in figure 8.

p-Naphthol Pigment Group
This group includes dinitroaniline and ortho-
nitroaniline oranges, Para red, chlorinated para
reds, and Toluidine red.

Dinitroaniline and orthonitroaniline oranges.
Dinitroaniline orange, POs, an intense orange
pigment first patented in I9O9,49 is prepared

6. General structure of
naphthol reds

l8 B E R R I E and LOMAX

colors, and colored pencils. PRi46 is a bluish



7. Mark Rothko, Untitled
(Harvard Mural) (Rothko
number 6006.60), 1961, oil
and mixed media on canvas.
Three samples were taken
from the left edge of the
painting
National Gallery of Art,
Washington, 1986.43.168, Gift of
The Mark Rothko Foundation

by coupling diazotized 2,4-dinitroaniline with
p-naphthol. POs is used in about 30 percent
of applications of synthetic orange pigments.50

It has good lightfastness in masstone, but, as
is common for the azo pigments, its light-
fastness is much poorer in tints. It also tends
to darken and is only moderately bleed resis-
tant. PO5 is used especially for textile print-
ing, in architectural paints and printing inks,
and for coloring plastics and rubber. It can be

found mixed with inorganic pigments, for
example, molybdate orange.51 POs is also used
as a colorant in artists' paints.

Orthonitroaniline orange, PO2, is a cou-
pling product of p-naphthol with the diazo-
nium salt produced from orthonitroaniline.
The pigment was first prepared in 1895 but
was not introduced to the United States until
the 1940s.52 This pigment is used in crayons,
artists' colors, colored paper coatings, and
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water-based inks. It has poor bleed resistance
and is not recommended as a paint due to
poor fastness to light and solvents.53

Para red. Para red, PRi, is an intense, bluish
red pigment. It is the coupling product of
P-naphthol with the diazonium salt of 4-nitro-
aniline. Prepared in 1895, it was the first azo
red synthesized. Although it has good chem-
ical resistance, its lightfastness and bleed
and heat resistance are poor. Production of
PR i is very low today due to its poor light-
fastness, although it is sometimes used to
tone iron oxide-based paints. In the past,
PR i was extensively used for industrial and
machinery finishes.

Chlorinated para reds. The chlorinated para
reds are PR4 (chlorinated para red) and PR6
(parachlor red). They are isomers, differing
only in the position of the nitro and chloro
substituents. PR4 is formed by a coupling of
the diazonium salt of 2-chloro-4-nitroaniline
with p-naphthol, while PR6 is the coupling
product of the diazonium salt of 4-chloro-2-
nitroaniline with p-naphthol. Parachlor red
was discovered in 1906, and a year later chlo-
rinated para red was first prepared.54 Both
have poor bleed resistance. PR6 has better
lightfastness, although both pigments have
poor lightfastness in tints. PR4 and PR6 are
used in latex paints and in paints for outdoor
signs.55 PR4 has been used in wax crayons,
colored pencils, and artists' colors.56

Toluidine red. Toluidine red, PR3 (see fig. i),
once one of the most widely used red pig-
ments, is the coupling product of the dia-
zonium salt of 2-nitro-4-toluidine with
P-naphthol. It was first synthesized in 1905.
Because it has poor tint lightfastness, the
current production of PR3 is now less than
one-half of the amount that was produced at
the height of its popularity in the late
1970S.57 PR3 is used in the coatings indus-
try58 and has been used to color wax crayons,
pastels, and watercolors. It is very sensitive
to organic solvents, especially esters and
ketones, but is resistant to alkalis, soaps,
and acids. A bluer-toned pigment can be
obtained by using 2-nitro-4-anisidine as an
accessory amine in the diazotization.

p-Naphthol Salts and Lakes Group
The second group of p-naphthol pigments
includes Lithol red, BON pigments that
include Lithol Rubine, Permanent Red 26,
Lithol Maroon, Red 2G, Yellow BON Maroon
and BON Maroon, Red Lake C and Clarion
red, and Pigment Scarlet.59

Lithol reds. The lithol reds, PR49 (see fig. i),
include the sodium, barium, calcium, and
strontium salts of the azo compound formed
from coupling 2-naphthylamine-i-sulfonic
acid with p-naphthol. These pigments were
discovered in i899.60 The barium and cal-
cium salts are now the most common; they
are widely used in the United States but less
frequently in Europe.61 The barium salt is
lighter and more yellow than the calcium
salt. The pigments can be coated with rosin
in manufacturing, a process that improves
wettability and gives a smaller particle size.
The resinated calcium salt has a bright
maroon shade.

The lithols are characterized by relatively
poor lightfastness, inadequate for artists'

salt, they are bleed resistant. They are among
the least expensive of the organic reds and
find use as pigments in inks, wax crayons, and
chalk. Lithol red was used by Mark Rothko
in Harvard University7s Harvard Murals and
is fugitive.62

BON pigments. The BON pigments (reds and
maroons) were given the name because of
the use of BON (3-hydroxy-2-naphthoic acid)

8. Structures of (a) Para red,
and (b) Permanent red 2,B
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as the coupling component of various diazo-
tized amines bearing salt-forming groups.
BON was first synthesized in 1887 by Schmitt
and Burkart, and, from 1893, it has been used
as a coupling component.63 The most common
metal salts are calcium, barium, or manganese.
Five of the most frequently used pigments of
this class are Lithol Rubine, PRsy (see fig. i);

Permanent Red 26, PR48; Red 2G, PR52
(also known as BON Lake Red C); Yellow
BON Maroon, PR55; and BON Maroon, PR63.
These pigments are used primarily in ink
formulations, although some are also used in
exterior coatings, plastics, and artists' water-
colors and chalks.

Lithol Rubine is a salt of the diazo formed
from coupling 2-amino-5-methylbenzenesul-
fonic acid with BON. The pigment exists as
a dimer.64 It was first synthesized in 1903 by
Gley and Siebert at AGFA,65 and although it
has poor lightfastness, it has good bleed resis-
tance. Lithol Rubine is a dark blue-red pig-
ment and is used primarily in printing inks.66

It is the most important magenta printing
ink pigment.

Permanent Red 26 is the metal salt of the
diazo produced from i-amino-3-chloro-4-
methylbenzenesulfonic acid (26 acid) with
BON. The barium salt is a clean, yellow hue,
while the calcium salt has a bluer hue.67 The
manganese salt has the best lightfastness;
the other salts have only fair lightfastness.68

The Permanent Reds were first synthesized
in the 19208 and are more expensive com-
pared to other similar reds. The calcium salt
of PR48 was adopted by Gravure Technical
Association in the United States for the
standard process red.69

Red 2G, also known as BON Lake Red, is
the manganese or calcium salt of the diazo
produced from i-amino-4-chloro-3-methyl-
benzenesulfonic acid with BON. The maroon
manganese salt has superior lightfastness to
the calcium salt and is suitable for exterior
coating applications in full strength.70 How-
ever, the lightfastness is not as good in tints,
and in nonprotective media, such as gouache,
it is extremely poor. BON Lake Red was first
produced in i9io,71 although it was not com-
monly used until the 19505.

Yellow BON Maroon is the manganese
salt of the diazo resulting from coupling of 4-
chloroanthranilic acid with BON. It is suffi-
ciently lightfast to be used for automotive

applications. BON Maroon is the salt of the
diazo product of 2-naphthylamine-i-sulfonic
acid with BON. The pigment was first pre-
pared in 1906 and patented a year later. The
manganese salt is the most important of the
metal salts, although the calcium salt is also
prepared.

Red Lake C and Clarion red. Red Lake C,
PR53 (fig. i), is a yellowish red salt prepared
by metallization of the azo pigment formed
by coupling of 2-amino-5-chloro-4-methyl-
benzenesulfonic acid with p-naphthol. The
barium salt is the most common. Red Lake
C was discovered by K. Schirmacker and pro-
duced in 1902 by the German chemical com-
pany Meister, Lucas, and Bruning.72 Clarion
red (PO46) is a homologue of Red Lake C,
with the methyl group being replaced by an
ethyl group. It possesses poor light and sol-
vent fastness.73 These pigments and other
members of the p-naphthol group are used in
artists' watercolors and chalks.

Pigment Scarlet. Pigment Scarlet (PR6o) is a
true lake, where alumina (A12O3) is used as a
substrate for the barium salt of the diazo
produced from 2-aminobenzoic acid and 2-
naphthol-3,6-disulfonic acid. It is a blue-red
pigment with moderate lightfastness and ther-
mal resistance.74 The pigment is employed
extensively in the coloration of plastics and
cellulosics and in printing inks.

Arylide (Hansa) Yellows

Arylide yellows frequently appear in artists'

are, known as Hansa yellows. However, Hansa
is the trade name that the German company
Hoechst gave its arylide yellows when they
were first introduced, and although it is not
correct to call arylide yellows "Hansas,77 many
manufacturers continue to do so. Other terms
used for these pigments are acetoacetarylide,
monoarylide, and acetoacetarylamide.75 The
ASTM subcommittee refers to these pigments
as arylides. All these names have been found
on artists' tube paints.

Arylide yellows are generally monoazo
pigments, which derive from aniline-based
diazonium salts and acetoacetarylide coupling
components, although there are some named
exceptions. PYi, also known as Hansa Yellow
G (see fig. i), was the first arylide yellow and
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was patented in 1909 by Hoechst and com-
mercially introduced in 1915.76 PY3, known
as Hansa Yellow zoG, was introduced in
1928.77 These two pigments have been used
to a great extent in artists' paints and are
still in use. Half of all arylide yellows have
been introduced in the past twenty years. By
varying the substituents on the aromatic
rings, other members of the class have been
devised, although none has yet rivaled PYi
in importance.

The general structure of arylide yellows is
shown in figure 9. Most arylides in commer-
cial use contain an ortho nitro group on the
aromatic ring deriving from aniline to improve
their lightfastness. In addition to PYi and
PY3, other arylide yellows include PY2, PY4,
PY5/ PY6, PY9, PY65, PY73, PY74, PY/5,
PY97, PY98, and PYn6. In measure of vol-
ume produced, the two most popular arylide
yellows in the United States are PY/3 and
PY/4, while PYi and PY3 remain the most
popular arylide yellows in Europe.78 The
arylide yellows PYi, PY3, PY4, PYs, PY9,
PY6s, PY73, PY/4, PY/5, and PY98 are used
in artists' tube paints.

Arylide yellows have been found to be
reasonably lightfast even in exterior applica-
tions.79 A nine-month Florida weathering test
suggested that arylide yellows are equal in
lightfastness to chrome yellows.80 The light-
fastness decreases when the pigments are
used as tints. Arylide yellows are resistant to
water, oil, acids, and bases, making them
suitable for many paint media. These pig-
ments are not bleed resistant, and they are
only heat stable to i5O°C.81 Some arylide yel-
lows have high solubility in many organic
solvents, which can lead to a recrystalliza-
tion of the pigment that may cause a change
in color.82 Arylide yellows are used in print-
ing inks and both architectural and artists'

because solubility gives them a tendency to
migrate.

Arylide pigments PY/3 and PYy4 are sig-
nificantly more lightfast than PYi or PY3 in
addition to other improvements. PY/4 has
especially high color intensity.84 PY97,
which was introduced in the United States
in the late 195os,85 also has good lightfast-
ness86 and better solvent resistance compared
to other pigments in the series; it is utilized
in decorative paints. PYn6 also has improved

9. General structure of
arylide (Hansa) yellows

solvent resistance, heat stability, and light-
fastness compared to the monoarylide yel-
lows that were developed earlier.87

Diarylides

Diarylides have been known since 19n,88

but they were not widely used until almost
twenty-five years later. At that time, they
were sold as pigments for rubber under the
trade names Vulcan Fast Yellows and Oranges.
Diarylides are an important class of azo pig-
ments and now account for approximately
80 percent of all yellow pigments.89 They are
primarily used in printing inks, where twenty-
five thousand metric tons were used in I989.90

Diarylides have approximately twice the
tinting strength of monoarylides and show
improved bleed resistance and thermal sta-
bility due to their higher molecular weight.
The lightfastness of the diarylides is insuffi-
cient, however, for many applications, such
as paints and plastics, especially in exterior
applications.

Diarylides are formed by the coupling
of tetraazotized benzidines with acetoac-
etarylides. They are disazo compounds with
a backbone structure based on 3,3'-dichloro-
benzidine.91 The general structure of these
compounds is shown in figure 10. PYi 6,
which is also classified as a diarylide, has a
slightly different structure.92

Many of the other diarylides have been
produced for their specific color or because of
economic factors. The most common diarylide
yellows include PYi2 (also known as Benzi-

10. General structure of a
diarylide compound
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11. Structure of nickel-azo
yellow, PGio

dine Yellow AAA, for acetoacetoanilide), PYi3
(Permanent Yellow GR or AAMX Yellow),
PYi4 (known as Benzidine Yellow AAOT, for
acetoacetorthotoluidine), PYiy (also known
as Benzidine Yellow AAOA, for acetoace-
torthoanisidine), and PY83 (HR Yellow) (see
fig. i). The diarylide oranges include POi4,
POi5, and POi6 (dianisidine orange).

PYi2 is a very frequently used organic pig-
ment, accounting for 60 percent by weight
of all applications of synthetic yellow pig-
ments.93 It is important because of its shade,
intense color strength, and relatively low
cost.94 In addition, PYi2 does not sublime,
which makes it useful for applications involv-
ing heat, such as in sterilized food contain-
ers. PYi4 is second in importance and is
slightly greener and slightly more lightfast
compared to PYi2. PYi3 has a higher tinting
strength than PYi2 due to its smaller par-
ticle size.95 Because of its high cost, use of
PYis is limited in commercial applications.
PYiy is a greenish yellow diarylide.96 PY83,
also known as Permanent Yellow HR, is
more nonbleeding and lightfast than other
diarylide yellows.97 It was introduced in 1958
by Hoechst98 and is a reddish yellow pigment
used in plastics, printing, and artists' col-
ors.99 The only commercially important orange
diarylide pigment is POi6.

Flieder and Maraval examined the stability
of the four inks, including the yellows PYi2
and PYi3, used in four-color printing.100 The
inks were placed on the paper via the offset
process, and their stability was tested. Moist
heat aging did not have a large effect, but the
yellows were especially sensitive to light
compared to the other colors tested.

Asymmetric diarylides constitute a newer
group of diarylide pigments. The most widely
used asymmetric diarylides are PYio6, PYii4,

PYi26, and PYi2y.101 They are not, however,
found in artists' paints. The so-called mixed
coupling that produces the asymmetric
diarylides leads to modified color properties.
The performance of the mixed couple does
not always equal the sum of the characteris-
tics of the individually coupled products.102

Asymmetric diarylides have better lightfast-
ness and improved heat stability compared
to a diarylide such as PYi2.103 In addition,
the average particle size is smaller, increas-
ing the tinting strength. These "improved
performance77 diarylides were first synthe-
sized in I963.104

Nickel-Azo Yellow

Nickel-azo yellow, PGio, is the single mem-
ber of its class. It is a metallized monoazo
pigment derived from 4-choroaniline and
2,4-dihydroxyquinoline with the structure
shown in figure n. The pigment was devel-
oped in 1940 by Woodward and Kvalnes and
was patented in I946.105 At first, its high
price limited its use, but its good properties,
such as excellent lightfastness in tints and
masstone, low bleed, transparency, and low
toxicity, have made it a widely used pigment
despite its cost. It is used in artists' materi-
als, automotive paints, and textile dyeing. In
artists' paints the pigment is often mixed with
blue to provide greens. A special property of
nickel-azo yellow makes it retain its place in
artists' paints (that is, it is difficult for man-
ufacturers to replicate its properties). When
it is diluted with white, it changes tone; other
products do not.

Disazo Condensation Pigments

Disazo condensation pigments form a class
of more than ten thousand pigments that
are prepared by the condensation of two
equivalents of an acid chloride substituted
p-naphthol-based monoazo with a diamine.106

They were initially synthesized in Europe,107

where they became available in 1957, and
introduced in 1960 to the United States. There
are yellow, orange, brown, red, and violet
pigments in this class. The general struc-
tures for representatives of this class are
shown in figure 12.

The aromatic rings are usually substi-
tuted with chloro, methyl, methoxy, or ester
groups. Common representatives of this class
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include the yellows PY93, PY94, PYps, PYi28;

the oranges PO3i and POss; the reds PRi39,
PRi40, PRi4i, PRi42, PRi43, PRi44, PRi6s,
PRi66, PR2I4, PRily, PR2i8, PR22O, PR22I,
PR242, and PR248; and the brown PBr23.

The high molecular weight of the disazo
condensation products, frequently ranging
between 750 and 1500, decreases their solu-
bility and increases their lightfastness.108

Many disazo condensation pigments are
used for printing inks and paints as well as
occasionally for coloring plastics. PBr23, a
reddish brown pigment, is used in architec-
tural paints and wood stains.109 PR2I4 and
PR242 are used in high-quality industrial
finishes.110

Benzimidazolones

Benzimidazolone pigments are monoazos that
contain the benzimidazolone moiety as part of
the coupling component. There are two gen-
eral groups, shown in figure 13: (a) the ace-
toacetylarylamide types called Hansa yellow
type, and (b) Naphtol AS types. The benzimi-
dazolones contain structural similarities to
the Hansa and naphthol subgroups but are
classed as benzimidazolones because they
possess the functionality given above. The
structure has been investigated using x-ray
powder diffraction.111

The first benzimidazolone pigment was
patented in the United States in i96o.112 As
the benzimidazolone ring of the coupling
component imparts significant lightfastness,
a number of pigments have been synthesized
to provide a broad color range for this sub-
class. The acetoacetylarylamides cover the
color range from greenish yellow to orange,
whereas the Naphtol AS types are red,
carmine, violet, and brown. This class of azo
pigments includes the yellows PYi2o, PYi5i,
PYI54, PYis6, PYi75, PYiSo, PYiSi, and
PYi94; the oranges PO36, PO6o, and PO62;
the reds PRi7i, PRi75, PRiSs, and PR2o8;
the brown PBr25; and the violet PV32.

Benzimidazolone pigments have out-
standing bleed resistance, lightfastness, and
moderate heat resistance.113 In fact, the light-
fastness of some benzimidazolones approaches
that of quinacridones and phthalocyanines.114

Benzimidazolones also possess high heat sta-
bility (usually to 26o°C, although some mem-
bers of this class are stable only to 2oo°C);

some are among the most heat stable organic

12. General structure of
disazo condensation
pigments: (a) yellow series,
and (b) brown, red, and
violet series

pigments. Benzimidazolones are used in
artists' paints, for coloring plastics, in auto-
motive coatings, and in colored pencils and
wood stains.

PYi54, introduced in the mid-1970s, is
the most lightfast and weather-resistant yel-
low benzimidazolone. It is a greenish yellow
and is used in artists' oil colors.115 PO62 is a
highly opaque brilliant yellowish orange pig-
ment, while PO36 and PO6o, which are
orange benzimidazolones, are extremely
lightfast and stable. PRiSs, a polymorphic
pigment, is the most important of the red
benzimidazolones, and PV32 is an extremely
durable violet benzimidazolone. PBr25, a
reddish brown pigment with good heat sta-
bility, is used in artists' oil paints and water-
colors.116 PRi75, PRiSs, and PR2O8 are used
in printing applications.117

Methods of Analysis

Analysis of azo pigments is often difficult due
to the presence of large amounts of fillers
and extenders. The high tinting strength of
azos means that they are often present in
much smaller quantities than filler materials
such as barium sulfate or calcium carbonate.
In general, a sample removed for organic pig-
ment analysis from a work of art needs to be
larger than one removed for mineral pigment
identification. As conservation scientists
become more familiar with the chromato-
graphic and spectroscopic properties of azo
pigments, it is becoming easier to character-
ize them. Until recently, most analyses of
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13. General structure of two
groups of benzimidazolones:
(a) acetoacetylarylamide, and
(b) Naphtol AS

these pigments have been on bulk samples,-
but now more investigators are identifying
these materials in works of art.

Many analytical techniques have been
used for the identification and characteriza-
tion of azo pigments. Raman microscopy and
spectroscopy118 have been used to examine
azo pigments including Orange II (Acid
Orange 7) and Para red, PRi. R. Davey and
co-workers using Raman microscopy identi-
fied a Hansa yellow in ink on a 1948 litho-
graph by the British artist Victor Pasmore (b.
I9o8).119 Many azo pigments are soluble and
can be characterized using solution spec-
trophotometry. Fred W. Billmeyer Jr. and co-
workers used this technique to identify
colorants found in artists' tube paints. This
technique was also used for the identifica-
tion of pigments in artists' tube paints dat-
ing from 1977 to 1980.12° Higher resolution-
higher order derivative spectrophotometry
was used to examine twenty-two pigments
common in artists' paints, including eleven
azo pigments.121 Using this method of analy-
sis, the authors were able to differentiate
between the structurally similar arylide yel-

lows PYi and PY3, a difficult distinction.
Visible spectroscopy was used to identify the
fugitive pigment on Mark Rothko7s Harvard
Murals (Harvard University) as Lithol red.122

For the soluble azo pigments, spot tests can
indicate the presence of an azo in a pigment.
A spot test has been reported for the identifi-
cation of nickel-azo yellow.123

Procedures for identifying an unknown
material with high-performance liquid chro-
matography (HPLC) were developed by J. W.
Wegener and co-workers, who were able to
identify several azo pigments in cosmet-
ics.124 Thin-layer chromatography (TLC) has
been used to examine pigments, including
azos.125 TLC in combination with derivative
spectrophotometry has been used to identify
the organic pigments used by several Eastern
European artists, including Nadeza Petrovic
and Milan Konjovic.126 In this study, the sol-
ubility of samples from artists' commercial
paints were examined in increasingly polar
solvents, leading to classification into pig-
ment groups that were then examined by
thin-layer chromatography. Pyrolysis gas chro-
matography has also been used to character-
ize many azo pigments.127 The pyrograms of
the azo pigments are distinct; in fact, it is
possible to obtain information regarding the
subclass of an azo pigment from the reten-
tion time of the principal peak alone.

Fourier transform infrared spectroscopy
(FTIR) has been used to identify azo pig-
ments in various works by the Canadian artist
Alfred Pellan (1906-1988).128 Pigments iden-
tified with this technique include chlorinated
para red, Toluidine red, Hansa Yellow G,
Hansa Yellow loG, Para red PRi, and POis
(a diarylide yellow). Analysis by infrared
spectroscopy is often difficult due to inter-
ferences from fillers. It is sometimes possi-
ble to remove these fillers by centrifugation.

Most azo pigments are crystalline, so it is
theoretically possible to identify them using
x-ray powder diffraction (XRD) methods.
This method does not usually distinguish
variants (such as chloro derivatives), but it
does provide data to determine the subclass
of azo pigment. Analysis of azo pigments by
XRD is often complicated by the presence of
fillers and extenders. It is usually possible to
remove these filler pigments by dissolving
the sample in an appropriate organic solvent
followed by centrifugation. Alternatively, the
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14- Barnett Newman,
Dionysius, 1949, oil on
canvas
National Gallery of Art,
Washington, Gift of Annalee
Newman

authors have found that the solution can be
passed through a small silica gel column to
remove the inorganic fillers. It is sometimes
possible to carry out analyses such as XRD
in the presence of these extender pigments,

as the resulting diffraction pattern is the
sum of the individual patterns.

Data for powder diffraction patterns of
more than fifty azo pigments have been pub-
lished in the JCPDS International Centre for
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Diffraction Data, which gives a compilation
of diffraction data.129 The XRD patterns of
some diarylide pigments have been pub-
lished,130 and A. Whitaker131 has used XRD
to examine polymorphism of several azo pig-
ments. Crystallographic data have also been
compiled on various other azo pigments,
including Para Red PRi132 and PYio.133

Michael Palmer identified by its diffraction
pattern Hansa Yellow loG, PY3, mixed with
titanium dioxide, in a small sample from the
yellow component of the green paint in
Dionysius (1949) (fig. 14) by Barnett Newman
(1905-1970).134

Three samples from Mark Rothko's
Untitled (Harvard Mural) (Rothko number
6006.60) (fig. 7), all from the left edge, were
investigated. The samples were three differ-
ent hues of red and can be described as
maroon, purple, and bright red. The bright
red was identified by XRD as a cadmium red.
XRD patterns of the red components of the
maroon and purple paints were obscured by
the barium sulfate filler. The maroon paint
was further characterized using solubility tests
according to Billmeyer and co-workers.135

The solubility of the sample in carbon tetra-
chloride and methanol indicated the pres-
ence of a p-naphthol pigment. Red crystals
that had recrystallized from a mixture of car-
bon tetrachloride and methanol were exam-
ined using XRD. The pattern obtained could
not be further identified, although the pres-
ence of Lithol red was ruled out by compari-
son to the XRD patterns of the calcium and
barium salts of that azo pigment. Addition-
ally, the pattern did not match those for
standard samples of PR3 or PR6. The purple
sample was not characterized due to the small
sample size. This example illustrates the dif-
ficulties that still exist in fully characteriz-
ing azo pigments in works of art. As our
experience and knowledge increase, these dif-
ficulties will lessen.

are employed in coloring plastics and in
printing inks, materials that are also found
in contemporary works of art.

Many azo pigments are sensitive to light.
Most are less light sensitive when used at
masstone than when diluted with white pig-
ments such as titanium dioxide. Azos are
also frequently sensitive to solvents such as
xylene, used by conservators, but only a few,
including tartrazine yellow, PYioo, are sen-
sitive to water. This property has important
consequences regarding the use of solvents
for cleaning works of art that contain azo
pigments. Generally, the more sensitive mate-
rials are less expensive and are used in media
such as chalks, crayons, and inexpensive
lines of watercolors. These less stable mate-
rials are also used for coloring paper.

Identification of the pigments in museum
objects is important, as the light and solvent
fastness properties can vary among the dif-
ferent subclasses of azos. Knowledge about
these pigments and their properties ought to
play a critical role in decisions involving
exhibition and cleaning. Several analytical
methods, discussed earlier, are available to
characterize the azo pigments that may be
found on a museum object. Azo pigments
have such small particle sizes and similar
optical properties that optical microscopy is
less useful for their identification.

This review has introduced the general
properties of the subclasses of azo pigments
and their most usual applications. Conserva-
tors can use this information to infer which
azo pigment subclasses might be present and
thus plan appropriate exhibition conditions
and treatment strategies. Although it is diffi-
cult to fully characterize azo pigments, the
information here offers help in the treatment
and preservation of the diverse objects in
which they have been used.

Summary

Azo pigments constitute the largest class of
synthetic organic pigments. Thousands have
been introduced in the twentieth century,
tailored to various applications based on
their color and properties, and a number of
them have been used in traditional artists'
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APPENDIX 1

Glossary of Technical Terms

amide: an organic compound that contains
O=C—NH2 substituent.

amine, primary: a compound containing an
NH2 group.

aromatic ring: an unsaturated six-carbon ring
with delocalized electrons; sometimes
referred to as a benzene ring.

arylide: a compound formed by the reaction
of an aniline moiety with an organic acid,
forming an aryl amide. These arylides can be
used as coupling components, forming azo
compounds such as the arylide yellows or
naphthol reds.

auxochrome: secondary functional groups
that modify the color of a pigment.

azo: a dye or pigment having an —N=N—
group as a chromophore, produced by diazo-
tization and coupling reactions.

bleed: the migration of a pigment from its
application medium. The composition of the
binder as well as the solvent or solvents used
for application are important in assessing the
bleed tendency of a pigment.

chromophore: a characteristic arrangement
of atoms that imparts color to a compound.

coupling component: an organic molecule
that combines with a diazonium salt to form
an azo pigment.

D43 02-93: ASTM procedure Standard
Specification for Artists' Oil, Resin- Oil,
and Alkyd Paints. A specification that estab-
lishes requirements for composition, physi-
cal properties, performance, and labeling of
these paints. Provides list of suitable pigments
based on lightfastness.

D43°3~93a: ASTM procedure Standard Test
Methods for Lightfastness of Pigments Used
in Artists' Paints. A description of three test
methods consisting of exposure to light (nat-
ural or simulated sunlight) filtered through
glass. The methods are: exposure under glass
to the sun, exposure to irradiance from artifi-
cial daylight fluorescent lamps, and exposure
in xenon-arc lightfastness apparatus.

05067-93: ASTM procedure Standard
Specification for Artists' Water color Paints.
A specification that establishes requirements
for composition, physical properties, perfor-
mance, and labeling of artists' watercolors.
Provides list of suitable pigments based on
lightfastness.

0509^-94: ASTM procedure Standard
Specification for Artists' Acrylic Emulsion
Paints. A specification that establishes
requirements for composition, physical prop-
erties, performance, and labeling of artists'
acrylic paints. Provides list of suitable pig-
ments based on lightfastness.

05724-95: ASTM procedure Standard
Specification for Gouache Paints. A specifi-
cation that establishes requirements for com-
position, physical properties, performance,
and labeling of gouache paints. Provides list
of suitable pigments based on lightfastness.
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diazotization: the process of reacting a pri-
mary aromatic amine with nitrous acid in
the presence of a mineral acid to produce a
diazonium salt.

disazo: compound with two azo linkages.
Distinct from a diazo compound,
Ar—N=N—X (Ar=aromatic ring, X=halogen
or nitrate).

hydrazine: an organic compound with the
N—N link in it.

ketohydrazone: the structural tautomer of
a hydroxy azo pigment. Azo pigments with
hydroxy groups adjacent to the azo exist
exclusively in the ketohydrazone form in
the solid state:

lake: a pigment consisting of an organic dye
complexed with an inorganic ion, often A13+.

lightfastness: the ability of a pigment and
binder system to retain its initial color when
exposed to daylight. Lightfastness is depen-
dent upon the vehicle, the pigment volume
concentration, the thickness of the paint,
and any additives.

polymorphism: the existence of a substance
in two or more forms, which have differing
physical and possibly different chemical
properties.

solvent resistance: the extent to which a
given pigment tolerates solvent, generally
organic solvents, although water is also con-
sidered a solvent. The solvent resistance of a
pigment depends on the method of proces-
sing as well as its medium. Substituents such
as long chain alkyl, alkoxy, alkylamino, or
sulfonic acid tend to increase solubility. Sub-
stituents that decrease solubility include
carbonamide, nitro, and chloro groups.

sulfonamide: an SOJNRJ substituent.

substituent group: a functional group that
replaces a hydrogen atom in an organic mol-
ecule. In general, R denotes an organic sub-
stituent, while X and Y denote all other
groups.

tautomerization: a form of isomerization in
which the structures, called tautomers, are
related by movement of a hydrogen atom.

weather fastness: the tendency of the pig-
ment and binder system to withstand the
chemical and physical factors inherent in
outdoor exposure, including sunlight, tem-
perature fluctuations, condensation, rain,
and salts.
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APPENDIX 2

Brief Summary of American Society for
Testing and Materials Methods

Standard Test Methods for Lightfastness
of Pigments Used in Artists' Paints—
04303-933

This test is designed to indicate the approxi-
mate color changes in artists' pigments that
can be expected over time through indoor
exposure. The color changes produced by accel-
erated aging through high exposure to light
do not necessarily duplicate the changes that
occur through natural aging, but the relative
rates of change should be comparable.

The three test methods are exposure under
glass to sun, exposure to irradiance from arti-
ficial daylight fluorescent lamps, and expo-
sure in a xenon-arc apparatus.

Color is measured, including specular
reflectance, and the change in color after
exposure is calculated by the L*a*b differ-
ence method to give the change in color dif-
ference units. Based on the change in color,
pigments are assigned a lightfastness grade
(given below) determined by the size of the
average color change.

Lightfastness I—AE*abs < 4.0

Lightfastness II—4.0 < AE*abs < 8.0

Lightfastness III—8.0 < AE*abs < 16.0

Lightfastness IV—16.0 < AE*abs < 24.0

Lightfastness V—24.0 < AE*abs

Standard Specification for Artists' Oil,
Resin-Oil, and Alkyd Paints—04302-93

This specification establishes requirements
for the composition, physical properties, per-
formance of artists' paints, including pigment
identification, lightfastness, and drying time.
This specification lists some of the pigments
that meet the specifications; many azo pig-
ments are included. Naphthol red does not
meet the specifications, although certain other
naphthols do.

This specification requires that the ingre-
dients of a paint be listed, and, if a paint is
colored by a substituted pigment, the word
"hue" must be added to the name.

Standard Specification for Artists'
Watercolor Paints—05067-93

This specification establishes requirements for
the composition, performance, vehicle, light-
fastness, and labeling of watercolors.

Standard Specification for Artists' Acrylic
Emulsion Paints—05098-94

This specification stipulates the requirements
for performance, composition, and labeling
of emulsion paints designed for artists' use.
The performance criteria include lightfast-
ness, bleed, drying time, and consistency.
Composition requirements address the pig-
ments, vehicle, and additives.

Standard Specification for Gouache
Paints—05724-95

This specification stipulates the requirements
for composition, physical properties, perfor-
mance, and labeling of gouache paints. The
specification includes pigments, vehicles, and
additives and lists some pigments meeting
lightfastness requirements.
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M A R Y B U S T I N

Recalling the Past:
Evidence for the Original Construction of
Madonna Enthroned with Saints and Angels
by Agnolo Gaddi

it is rare to find an intact Florentine altar- piece of the trecento in its original setting.
The few that remain create flamboyant dis-
plays with their painted images surrounded
by three-dimensional golden colonnades and
spires. These architectonic constructions com-
plement their ecclesiastical settings. Their
shapes echo motifs within the building, while
their gilded surfaces respond to diurnal shifts
in the intensity and direction of light—both
natural and artificial—to produce a range of
visual stimuli throughout the working day
of the church (fig. i). Sadly, many altarpieces
are now in completely different surround-
ings.1 By removing an altarpiece from its set-
ting, the interactions among image, frame,
and architectural environment are lost, and
the altarpiece functions on a different level.

Furthermore, despite the intimate linking
of painting support with frame prior to ges-
soing, gilding, and painting, it is common to
find that an altarpiece has been disassembled
into individual paintings, often losing impor-
tant frame components in the process.2 In
consequence, the internal spatial relation-
ships created by the artist between painted
and sculpted areas are no longer apparent.

Madonna Enthroned with Saints and An-
gels by Agnolo Gaddi (fig. 2)3 (hereafter referred
to as Madonna Enthroned) is an example of
an altarpiece transformed through disassem-
bly and relocation to a different environment.4

Its original setting is unknown, but the scale
of Madonna Enthroned suggests that it was

painted for a side altar; the triptych currently
measures 204 by 240.4 by 12 centimeters.5 It
is in very good condition, but several key
features are missing. While components that
were fixed to the support before painting took
place are still present, the majority of the
gilded accessories whose attachment marked
the culmination of the commission are lost.
The most important of these are the predella
box on which the altarpiece stood and the
pilasters that supported it on either side.

Technical evidence of the construction
process, including the carpenter's notations
discovered during the recent conservation
treatment, held implications for the redis-
play of the altarpiece.6 Since a frame's shape
and proportion were commonly established
at the design stage and, as a result, often influ-
enced the very composition of the painted
areas/ recovery of key frame components
can bring an altarpiece one step closer to its
original appearance. Some changes, however,
are irreversible, notably the loss in mirror-
like qualities of the gilding. It is difficult to
recreate some of the visual effects because of
the dissimilarities between an art museum
setting and a chapel.

As part of this study, reference was made
to contemporaneous altarpieces. Despite the
integral role that the frame plays in the con-
ception of an altarpiece, there is little pub-
lished comparative technical evidence con-
cerning the intricacies of construction styles
and techniques. The lack of information may
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i. View of the apse, Santa
Croce, Florence. Center:
Rinuccini polyptych, 1379;
left: Madonna and Child
with Four Saints, 1372, both
by Giovanni del Biondo
Photograph: Scala/Art Resource,
New York

2. Agnolo Gaddi, Madonna
Enthroned with Saints and
Angels, c. 1380/1390,
tempera on wood panel (after
conservation treatment,
1992, before attachment of
new framework)
National Gallery of Art,
Washington, Andrew W. Mellon
Collection

reflect the rarity of complete altarpieces.
Previous studies of individual panel paint-
ings have drawn on technical information to
match families of panels from dismembered
altarpieces. Emphasis was placed on match-
ing features of the supports, wood grain,
marks left by a saw or chisel, or the attach-
ment of battens on the reverse to establish
links between paintings. Technical evidence
was used to identify the original means of
presentation of a painting within a frame-
work and thereby illuminate relationships
between the painting and its original site,
and vice versa. Multidisciplinary studies of
the altarpiece in relation to its setting, litur-
gical significance, iconography, patronage,
design and materials, and methods of paint-
ing have intensified during the past thirty
years. Coupling the historical research with
physical evidence should make it possible
eventually to resolve outstanding structural
questions during the restoration of altar-
pieces. In this study, to identify the-style of
the framing elements missing from Madonna
Enthroned, other altarpieces were examined

in situ and the evidence was compared with
published studies and photographs. Where
possible, reference was made to original source
material to ensure that primary evidence
alone was used, rather than secondary char-
acteristics from schemes of later modern-
ization or restoration. It was also necessary
to focus on original sections of altarpieces,
knowing that other parts had been changed.8

Evidence of original altarpiece designs
is found in painted images. The Stefaneschi
altarpiece (fig. 3) is a prime example. This al-
tarpiece, painted by Giotto (c. 1266-1337) in
1320, is now displayed in a simple modern
framework that contrasts with the elaborate
altarpiece depicted in the painting. The pope
is shown with his hands covered in a white
cloth offering the altarpiece in miniature to
Saint Peter.9 The painted triptych describes
the original format in detail, showing spires
and pinnacles. Owing to its portrayal in three-
quarter view, it is possible to discern the rel-
ative proportions and depth of the altarpiece
as a whole.

The possibility of artistic license, however,
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cannot be overlooked. An altarpiece depicted
in a cycle of frescoes in the Capella Castellani,
Santa Croce, Florence, contains minimal in-
formation. In the scene from the Story of the
Bad Debtor (the Deceitful Creditor and the
Jew), the artist painted a half-length panel of
Saint Nicholas in a simple triangular-topped
altarpiece with inscription board, positioned
on top of the altar. It forms an essential part
of the composition, yet contains little detail.

Construction Elements of Madonna
Enthroned

Madonna Enthroned is an example of con-
struction typical of the late fourteenth cen-
tury. The solid format has a practical sig-
nificance as the painting was large, heavy, and
meant to be balanced on top of an altar, not
hung on a wall. For internal strength, the con-
struction relies upon thick, solid base panels
that run the length and breadth of this sec-
tion of the altarpiece. Each base panel is
linked to its neighbors by battens that brace
the whole structure. The framework is super-
imposed onto these panels in layers and as
such has no independent strength. It can
be divided into two types: framework fixed
before painting, and frame ornaments attached
after the painting was completed.

Painting Support and Engaged Frame

It is likely that the support was not built by
the artist but by a specialist carpenter.10

Precedents for such a division of labor may
be found in several contracts of the period
including a letter dated 7 September 1342!?),
in which Agnolo's father, Taddeo Gaddi,
agreed to paint a panel made by a carpen-
ter.11 In addition, the artist who designed the
wooden support was not necessarily the
same as the one who painted the image. The
time between manufacture of the support
and selection of the artist could be lengthy—
four years in the case of an altarpiece com-
missioned by the nuns of Santa Felicita in
Florence.12 Even a timely commission could
attract separate artists for each stage of the
process, as occurred with the large project for
San Pier Maggiore, which employed Niccolo
di Pietro Gerini for the design and Jacopo di
Cione (fl. 1365-1398) as the painter.13 A few
extant documents relating to Agnolo Gaddi
record his work as a designer. In 1383, Gaddi

was paid for designs of sculpture for the
Loggia dei Lanzi, Florence,14 later executed
by Jacopo di Piero Guidi, while in 1387 he
provided designs for the Duomo in Florence.
It is rare to find a drawing associated with a
contract, but Filippo Lippi (c. 1406-1469), in
a letter of 20 July 1457, sketched a triptych
complete with ornaments around the perime-
ter.15 The lack of documents relating to
Madonna Enthroned leaves the question of
who designed the support unanswered.

The existing support panels of Madonna
Enthroned were built with two varieties of
wood. Poplar (Populus sp.) was used for the
bulk, flat planes, and simple molding, while
lime (Tilia sp., also known as linden or bass-

3. Giotto di Bondone, detail
of Stefaneschi altarpiece,
1320, tempera on panel
Pinacoteca, Vatican Museums,
Rome; photograph: Scala/Art
Resource, New York
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4. Diagram of the
construction of Madonna
Enthroned showing grain
orientation (arrows) and
applied elements. Also
shown are a side view of
the base, frame, and dentil
molding on panel C (right
panel), and a detail profile
of the dentil molding

5. Madonna Enthroned,
reverse, photographed in
raking light, composite.
The battens are nineteenth-
century additions that were
screwed in the channels cut
for the two original battens.
The three grooves cut at
the center are not original
but relate to a later form of
support. The uneven surface
of the wood was created
when the tree was sawn into
planks. The passage of the
saw remains visible

wood) was used for the carved and bentwood
pieces, which include the capitals and ogee
molding around the arches.16 Poplar was
used extensively for paintings at this time.17

Both white poplar (Populus alba L.) and black

poplar (Populus nigra L.) were available. The
black poplar may grow to a height of 30-35
meters, while the white poplar reaches a
height of about 18-25 meters. Both varieties
reach an average diameter of 0.9 to 1.2
meters.18 The support panels for this altar-
piece are 80 centimeters wide and were
assembled from wide planks, which would
have been among the largest available. They
would have been cut from as near the pith as
possible, making them the best tangential
sections. Lime may grow 40 meters high
with a diameter of up to 1.2 meters. It has a
straight, fine, uniform grain, making it suit-
able for carving and moderate bending.

The three main support panels range from
4.0 to 4.5 centimeters thick. The frame sup-
plies an additional thickness of 2.7 to 2.9
centimeters for the upper flat layer and 2.3
centimeters for the dentil molding. The
pedestals at the base are 12 centimeters deep
(fig. 4). This bulk ensured that the painting,
although top heavy, had sufficient internal
strength for independent display at the back
of the altar. Any evidence of installation is
not apparent on the reverse of Madonna
Enthroned, but examples of display tech-
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niques illustrated in other paintings show
altarpieces supported by buttresses or, as is
more likely for Gaddi's more modest altar-
piece, by metal struts linking the altarpiece to
the floor or wall behind.19 The reverse of the
triptych (fig. 5) was neither decorated nor
finished to any degree after the assembly
stage, providing evidence that it was never
intended to be viewed once the altarpiece
had been installed.

The three panel sections were assembled
from wide planks of rough-sawn poplar. The
presence of knots visible on the x-radiographs
(fig. 6) and the annular ring pattern indicate
that each plank is a tangential cut. The left
panel (A) and the center panel (B) are each a
composite of a wide central plank flanked on

both sides by narrow strips to make a panel
of 80 centimeters in width. The right panel (C)
is 80.4 centimeters wide and is constructed
from two planks of equal width. Since the x-
radiographs reveal a repetition of the pattern
of knots across the painting, it is tempting to
equate the wood with four planks taken
from around the heartwood of the same tree.

The assembly followed basic design prin-
ciples that balanced a need to accommodate
the inevitable movement of the wood with a
desire to minimize the work involved in
carving the complicated design elements.
Assembly of the structure was systematic.
Emphasis on preparation of the key features
at the expense of hidden areas indicates a fast,
sparing workmanship with an economy of
labor expended on the reverse. The base pan-
els were assembled with butt joins. Thin, reg-
ular glue lines are visible on the x-radiograph.
Analysis of glue found between the frame-
work and the base panel established that
casein with a bulking agent was employed.20

The thickness of the glue line at the join sug-
gests that casein was also used there. While
the front of each panel was planed, the reverse
was left rough. It bears the independent saw
marks of the first hewing made prior to
assembly. No attempt was made to equalize
these levels (see fig. 5). An exposed section
of wood on the front on the left shoulder

6. Madonna Enthroned:
(a) x-radiograph composite
of panel B, and (b) detail of
x-radiograph
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y. Madonna Enthroned,
detail, panel B, showing
dribbles of gesso, applied
while the panels were lying
flat, that ran across the
left edge. The drips have a
polished surface. Similar
features are present on the
outer edges of panels A
andC

of panel B reveals a barely smooth surface,
in accord with Cennini's description: "The
flat of the ancona must never be too much
smoothed down."21 Sufficient tooth in the
wood was needed to provide a key for subse-
quent layers of preparation.

The shape of the upper portion of the pan-
els was defined and cut, and then horizontal
grooves were carved into the reverse to
receive two battens, located at shoulder and
foot (see fig. 5), which were to be added later.
The purpose of the battens was manifold.
Nailed but not glued—unlike other cross-
grain joins—they were a means of linking
individual units to make one large object.
They established the relationship of the pan-
els to one another and locked them into posi-
tion. By preventing twisting of the structure,
they added structural stability to a complex
multicomponent assemblage intended for
placement on top of an altar. In the single,
rigid unit format thus created, handling,

maneuvering, and installation of the altar-
piece were simplified.

The three panels were fixed to the battens
with nails. While the original battens are
now missing, remnants of the nails are visi-
ble in the x-radiograph as long, fat tails. They
are by far the largest of the nails used in the
altarpiece. They lie at regular intervals,
located in the center of each panel and at
each edge. Since some of the nails are miss-
ing and those remaining do not have pro-
nounced heads, it appears that the battens
were nailed onto the three panels after the
panels were primed and presumably after the
decoration was completed. Given the size of
the panels, it is logical that the artist would
prime, gild, and paint each panel individu-
ally before assembly. Certainly the three pan-
els were not tightly abutted at the moment
the gesso was applied since trails of gesso
were discovered on the sides of each section.
While the drips could have flowed into a gap,
under the circumstances it is likely that the
gesso would have adhered to both wood
surfaces and subsequently sheared as the
wood warped on aging. The drips present on
Madonna Enthroned have smooth surfaces
that were probably polished to a flattened
form when they were pressed against another
surface after drying (fig. 7).

This evidence of possible assembly
sequence raises the question of the distance
that the altarpiece had to travel between
artist's studio and church. Transportation
was undoubtedly easier with the altarpiece
in small sections, ready to be assembled on
site. Precedents for this method date from
the early decades of the fourteenth century.
The polyptych that Ugolino di Nerio (fl.
I29O-C. 1339) created for the high altar of
Santa Croce, Florence, in the late 13208,
which measured 419.2 centimeters wide,
was transported to Florence in eight sections
roughly measuring from 246 by 57 centime-
ters to 300 by 79 centimeters each and
including a predella box that was 435.8 cen-
timeters long.22 Assembly was simplified by
a series of interlocking battens built into the
system before travel and locked in position
on arrival by pegs.23 Documentation of the
export of altarpieces was kept by the Pratese
merchant Francesco di Marco Datini, with
whom Agnolo Gaddi had strong ties (Agnolo's
brother, Zanobi, ran the Venetian branch of
Datini's business). Datini appears to have
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dealt in a range of sizes of altarpieces from
the small domestic variety to larger-scale
pieces. In one letter dated 9 July 1392, he
specified the care of two boxes containing an
altarpiece due to be transported by ship,
instructing his officers in Pisa to handle
them gently.24

An alternative for the artist was to work
on site as Taddeo Gaddi and his assistants
did when completing the altarpiece for
San Giovanni Fuorcivitas, Pistoia, c. 1353.
Although the altarpiece was not unusually
large, an area in the church was cordoned off
for the duration of the painting so the artist
and his assistants had space to work.25

Attachment of battens from the reverse
was risky. If the nails were too long, they
would pierce the paint layers on the front.
This may have occurred with Madonna
Enthroned, as the nail behind the Madonna's
face has disrupted overlying paint. All the
other nails were positioned behind areas cov-
ered by the upper framework (see fig. 6).26

To determine the size and position of the
framework for the altarpiece, Gaddi's carpen-
ter subdivided the base panel into areas to be
painted and those to be covered by the frame
by scoring ruled lines directly into the sur-
face of the wood with a stylus.27

Score lines are visible (fig. 8) on exposed
surfaces of the base panel—on panel B,
where the upper framework is delaminating
from the base, and at the shoulders, where
the overlying wood has been depleted by
woodworm. Score lines can also be seen on
the x-radiograph (see fig. 6) as faint white
lines with soft, rounded edges, in contrast to
lines known to be scored into the gesso or
paint, which present a harsher profile. Only
the lines filled with gesso are visible on the
x-radiograph. The network of lines lying

8. Madonna Enthroned,
detail, right shoulder of
panel B, showing ruled
divisions marking the
position of the small pilaster
that would cover the gap
between panels B and C and
the width of the dentil
molding running around it.
Originally this area would
have been covered by the
upper layers of framework

9. Diagram of panel B,
Madonna Enthroned,
showing division of the base
into zones by ruled lines
scored into the wood
surface. This part of the
network is visible on the
x-radiograph (see fig. 6). More
divisions exist behind the
framework. Arrows indicate
pinholes left by a compass
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io. Diagram of Madonna
Enthroned, showing the
altarpiece divided into
approximate segments using
the i:V2 ratio. From this
method of geometric
division, an estimation of its
original size can be made

between wood layers is not detectable by
x-radiography.

At the shoulders where precise measure-
ments could be taken directly from the wood,
it was found that the carpenter had marked
divisions 4.5 centimeters wide, approximately
i crazia (4.86 centimeters),28 which were fur-
ther subdivided (fig. 9). These divisions cor-
respond to the width of the lowest point of
the arch overframe and the width of the cap-
itals and columns (the latter was duplicated
by the artist after gessoing). The correspon-
dence suggests that the carpenter subdivided
the panel to establish the size of the columns
and capitals that were to be carved. He drew
the outline of the many layers of framing
onto the picture base: the width of the dentil
molding is indicated, even though it was sep-
arated from the base panel by an intermedi-
ate layer of wood.

The double vertical line at the center of

panel B (see fig. 9) may be linked to adjust-
ments made to the height of the altarpiece.
An additional length of wood 1.7 centime-
ters wide was nailed onto the right incline of
the base panel, behind the framework. This
wood strip infills a gap that was left behind
the engaged frame and appears to be correct-
ing a mistake in an earlier calculation,
although the vertical lines shift the center
point of the panel 1.25 centimeters to the
left rather than to the right, as might be
expected. The line is bisected by horizontal
lines set at the shoulder and at the lowest
point of the frame (see fig. 8). On this lower
line, pinholes left by the points of compasses
are visible (see figs. 6b and 9). From these
points the shape of the arch was devised.29

Four points are visible on the right and two
on the left on panel B. The reason for so
many marks is unclear unless they were part
of the method used to indicate the width of
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the ogee molding around the arch. This
method is consistent with incisions that
mark the width of the dentil molding run-
ning around the top edge.

The score marks illustrate that a method
of geometric division of the wooden surface
was applied. By taking the current measure-
ments of the panels, it is possible to estimate
the original dimensions of the altarpiece,
although the measurements are not perfect
multiples of the Florentine unit of measure-
ment, the braccio. The center panel is 3.5
braccio a panno high; the shoulder of panel
A is 2 braccio a panno from the inscription
board; and the current width of the altar-
piece is 4 braccio a panno, 2.5 crazie. If the
panel is subdivided into rectangles, it may be
seen that the proportions generally conform
to the i:A/2 ratio, or the relationship of the
side of a square to its diagonal (fig. 10). This
system was published by Matthaus Roriczer
in 1486 but had been known at least since
the time of Vitruvius (first century B.C.).30 If
the width of one panel of Madonna
Enthroned (80 centimeters) is divided in half
(40 centimeters), the ratio of this measure-
ment to the height of an arch (28 centime-
ters) is 1:^/2. If the system is applied further,
and extrapolated beyond the current bound-
ary of the painting, the resulting estimated
original height of the entire altarpiece is 252
centimeters. This height would accommo-
date a deep predella box, approximately 36.5
centimeters in height, and an acanthus bud
antefix on the center panel.

Fabrication of the Engaged Framework

The framework was prefabricated before it
was attached to the base panels. Each frame
section was constructed from two lengths of
poplar oriented so that the grain runs paral-
lel to the outer diagonal edges (fig. n; see
also fig. 4). This construction formed a smooth
outer edge, a feature also seen in Coronation
of the Virgin, 1390 (Courtauld Institute,
London), by Lorenzo Monaco (c. 1370-14227
1425).31 By positioning the join across the
quatrefoil, the carpenter simplified fabrica-
tion of the lunette. A basic roundel was cut
in three sections. It was then joined at nar-
row points in the frame. Movement at the
joins was anticipated, as is seen in the care-
ful preparation of the area before the gesso
was applied and in the cross pinning of the

butt joins with nails in the panel A lunette
(fig. 12). Later tracery within the roundel was
cut in four sections and affixed to the base
panel with pins. No sample could be taken
for wood analysis from this area, but it is
likely that the finer-grained wood, lime, was
used, owing to the deep carving required.
The ogee molding around the arch (made of
lime) was attached over a rabbet cut along

ii. Madonna Enthroned,
detail, panel C, showing the
join in the framework on the
edge. Seen from the reverse,
the join is sandwiched
between the base panel and
the upper dentil molding

12. Madonna Enthroned,
x-radiograph of the lunette
on panel A. Large nails
secure the frame to the base
panel. The carved molding
is pinned with short
headless nails at the
center of each section

44 BUSTIN



13. Madonna Enthroned,
detail, panel B, showing
the top of the arch. When
a section of the ogee
molding was removed for
repair during conservation
treatment, nail holes from
the area of attachment
were visible. The inside of
the rabbet is gessoed and
partially covered with bole.
The degree of smoothness
of the wood left by the
carpenter in readiness for
coating with layers of cloth
and gesso became evident
when the bare wood of the
framework was exposed

the forward edge of the frame (fig. 13). This
rabbeting created a groove probably intended
for the insertion of a wooden tracery32 simi-
lar to the scalloping depicted in Niccolo di
Pietro Gerini's fresco Madonna and Child,
1390, in the Duomo, Prato, on the Monte
Oliveto altarpiece by Lorenzo Monaco,33 and
in the Rinuccini polyptych by Giovanni del
Biondo (fl. c. 1350-1400) (fig. i). The frame of
Madonna Enthroned was finished with pre-
carved dentil strip molding (made of poplar)
arranged around the upper perimeter and
linked with mitered joins; placement of the
crenellations at the joins is haphazard.

On panel B the trefoil was created differ-
ently from the other lunettes. It was carved
out of the body of the frame so that it would
lie in a solitary plane. The grain of the
frame, which is continuous across the tre-
foil, can be seen in the x-radiograph of the
area (fig. 6a). Thus the frame has three flat
painted planes: the lowest (farthest from the
viewer) depicts the Madonna and Child,
saints, and Annunciation; the middle depicts
Christ in Benediction; and the upper (closest
to the viewer) contains the seraphim.

As mentioned, there is evidence that the

frame structure had been prefabricated before
attachment to the base panel. In the gap
between the base and the frame of panel B,
one long nail holding the molding in place
has not pierced the base panel; instead, it
lies flat against the reverse of the frame.
Either the nail was deflected by the second
layer of wood or it had been hammered flat
behind the frame. The latter would imply
that the frame had been assembled into a
single component prior to attachment to the
base. If the framework had been assembled
on top of the base panel, it would have been
logical to anchor the upper layers of wood
directly to the base with nails driven straight
down. But they were not. Instead, the long,
large-head nails were driven at an angle
across the joins in the frame from each side,
indicating that the major sections were linked
in advance.

Only a few nails were used to attach the
framing to the base panel. The principal
means of attachment was casein glue, which
was found spread liberally between the base
and frame on panel B in a glue line that is,
on average, i millimeter thick. The use of
nails to augment the glue may be seen as a
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precaution intended to counteract opposing
forces concentrated at joins where the grain
runs in different directions, whether at end-
to-side as in the frame or at overlays of wood
where the frame and main panel overlap.
Over time—as the panel warped and the glue
line failed—the nails have maintained the
bond between the separate layers.

Preparation of the Support for Painting

After the carpenter had secured the framing
to the base panels, the main structure, along
with the pilasters and predella box, would
have been passed to the artist for decoration.
For Madonna Enthroned, the finishing ele-
ments of the frame that were due to be
attached to the triptych after painting were
probably also delivered at this time.34

Descriptions of the components of an altar-
piece are sometimes found in contracts. In
1346, the company of Gesu Pellegrino at
Santa Maria Novella ordered three parts of a
retable: tavola (panel), predella, and columns,
which cost five florins.35 In II Libro dell'Arte,
ornaments are described as an integral part
of the altarpiece to be decorated by the artist.
In his preparations of the wood, Cennini
included "wooden figures, or leaves'7 in addi-
tion to the "flats" to be checked for flaws
before priming. And, later, in a description of
the application of parchment size to the bare
wood, he wrote, "Apply this size to your
ancona, over foliage ornaments, canopies,
little columns, or any sort of work which
you have to gesso/'36 The carving of the two
original capitals situated between the saints
in panels A and C have a rough finish. A loss
of the gold and gesso from the capital on
panel C exposed a coarse, faceted surface
(fig. 14). Evidently the coating of gesso had
served to refine the carving, thus producing
the final smooth profile. Because the artist
traced the ornament shapes onto the panel,
we know these ornaments were made before
the painting of the panel commenced. The
artist used one capital, a spiral column, and
its foot to mark out the area of the picture
plane intended to be covered by the frame
prior to starting the underdrawing.

When the wood was prepared for paint-
ing, three procedures were carried out: nails,
which had been countersunk, were covered
with plugs of putty that are more cream-
colored than the gesso,- knots were filled, for

14. Madonna Enthroned,
detail, panel C, showing
original capital between
saints (during treatment)

example in the area behind the face of the
uppermost right angel on panel B; and
uneven and weak sections of the wood were
faced with fibers, probably of flax or hemp.
The fibers, which were laid in bunches over
knots, across joins, and at the boundaries
of both picture plane and pastiglia-bearing
framework (fig. 6), have blunt-cut ends and
measure approximately 50 millimeters in
length.37 By lying across the irregular grain,
these fibers would help to diffuse local con-
centrations of stress. This system was not
entirely effective at the knots. The angel's
face in the top right corner of panel B has
been scarred by movement of the underlying
support.38 The reason for reinforcement of
the panel edges is unclear unless the fibers
were intended to dissipate shock from the
attachment of columns. The columns were
secured with nails hammered through the
gesso and paint layers or through the gaps
between the panels.

Strips of finely woven cloth, "old linen
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cloth, white threaded/'39 were laid on top of
the fibers in strips, fully covering all of the
picture planes, including the lunettes, and
roughly over sections of the frame where
pastiglia was to be modeled. A small corner
of the cloth was visible in a damaged area on
the edge of panel C. It was still flexible and
had considerable strength for its age.40 The
role of the cloth strips appears to have been
different from that of the fibers,- each strip
acts as an anchor for the thick gesso rather
than as an agent to suppress movement of
the wood.

Two distinct varieties of gesso are present;
the lower layer is more coarse than the
upper layer.41 The difference in texture was
apparent when observed under low magnifi-
cation in areas of damage below the capitals
where three thin, skim layers of fine gesso
(gesso sottile) had sheared away from a
coarser layer (gesso grosso). The final surface
of the gesso is smooth, although slight rip-
ples are apparent in raking light near the
junction of flat and frame where the path of
the knives used to smooth and shape the
planes is visible. The gesso covered all for-
ward surfaces. Application had to be carried
out while the panels were lying flat, since
the gesso sottile was so thin and liquid that
it ran freely and dribbled down the sides in
trails (see fig. y).42

To complete the preparatory layers,
pastiglia forms were modeled on top of the
smoothed surface in liquid gesso toned with
an admixture of bole. This pink tinge made
the modeling material more visible as the
artist built successive layers into three-
dimensional forms with successive applica-
tions of gesso.43 (For further discussion of
Gaddi's application of paint and the surface
coating on Madonna Enthroned, see the
appendix.)

Gilding

The various planes of the altarpiece were
gilded, from the flat plane behind the figures
to modeled pediments and carved ornaments.
The highly reflective surfaces were critical
to the lighting schemes. It is likely that when
designing the image and surface texture and
forms the artist considered the ambient light-
ing conditions in the church, including both
the natural light that shifted during the day

and the effect of candlelight. In variable light-
ing conditions, the reaction to light of the
highly reflective multifaceted surface of a
painting will vary according to fluctuating
display conditions, the time of day, and neigh-
boring artifacts—a fact presumably considered
by an artist when modeling forms in paint
and when building three-dimensional features
(fig. i). In his discussion of the optimum light-
ing conditions for drawing or copying in
churches, Cennino Cennini made a point of
exhorting the reader to follow "the lighting
whichever side it comes from, apply your relief
and shadow according to this system. . . . And
if the light shines from one window larger
than the others in these places, always fol-
low the dominant lighting; and make it your
careful duty to analyze it, and follow it
through/7 Later, Cennini discussed the spec-
tral response of his surfaces when tooling
flat gold. The gold surface was to be "as even
as a mirror/7 Correctly burnished, it becomes
"almost dark from its own brilliance."
Stamping the surface made it lighter, and, by
adjusting the pressure of the punch tool and
the density of the punchmarks, gradations
were obtainable.44 The manipulation of the
surface to make it react to light was not
restricted to the image but also extended to
the frame, which—in the late trecento, as
exhibited by Madonna Enthroned—could be
a densely modeled and tooled region of gold.
The frame ornaments took the idea a step
further with columns carved in the round
into spirals and organic finials, all of which
were gilded and burnished.

Gold leaf was expensive and often war-
ranted a clause in a contract stipulating that
only the best materials were to be used and
that the use of gold leaf (along with the
expensive pigment ultramarine) would be at
additional cost to the patron. Cennini speci-
fied that to be certain of the quality of the
gold, the artist should obtain it from a good
goldbeater. One of Agnolo Gaddi's suppliers
is known from the financial accounts of his
work on the frescoes in the Capella della
Sacra Cintola, Duomo, Prato. It was a large
commission, for which he was paid 535
florins plus the cost of gold leaf,45 tin, and blue
pigments.46 Even when working in Prato,
Gaddi sent his assistants to Florence to pur-
chase gold leaf from "Maffio, battiloro" (gold-
beater).47 The best gold, Cennini wrote, is
"rippling and mat, like goat parchment." The
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three thicknesses that Cennini mentioned
had specific applications. "Gold for the flat
wants to be rather dull. . . . On moldings or
foliage ornaments you will make out better
with thinner gold; but for the delicate orna-
ments of the embellishment with mordants
it ought to be very thin gold, and cobweb-
like/748 To economize, Gaddi applied gilding
only to the areas that would be visible when
all the framing was present and the painting
was mounted on the altar. The upper edge of
the sill was also left ungilded, even though
the neighboring areas of the brocade floor
and the inscription board bear gold.

Gilding on Madonna Enthroned does not
cover the full face of the picture plane. There
is a border of exposed, ungilded bole to the
left and right of each panel (see fig. 2). These
areas were covered by the original framing
ornaments. Undecorated edges of panels are
frequently found in contemporaneous altar-
pieces,- for example, the area behind the capi-
tals is bare on Trinity with Saints Romuald
and John the Evangelist by Nardo di Cione
(fl. 1343/1346^. 1365/1366) and on altar-
piece panels depicting Mary Magdalene,
Saint Nicholas of Bari, Saint John, and Saint
George, 1425, by Gentile da Fabriano (c. 1370-
I427),49 in which areas destined to be cov-
ered by capitals and columns or pilasters are
left ungilded. In Coronation of the Virgin,
1402, by Lorenzo di Niccolo (fl. fifteenth cen-
tury) in the Chiesa di San Domenico, Cortona,
the edges of bare gesso were used as a test
area for colors; red brush strokes lie to the left
of Saint John the Baptist's head.so This cer-
tainty that the edge would not be visible in
Coronation of the Virgin may be explained
by the style of columns. A pilaster lies
behind the spirals, and therefore the area is
completely masked. In contrast, in Madonna
Enthroned the panel edge area was coated
with bole. This coating suggests that the
area would have been partially visible, mak-
ing it necessary to tone the white gesso to
prevent it from being espied between the
columns.

Within the images on Madonna Enthroned,
in keeping with the technique of the period,
the gilded areas are discrete entities. Unless
the gold was meant to be visible or had a
practical role in creating a particular effect,
it was not applied to areas intended to be
painted. This practice was, however, less an
economic measure than a recognition of the

specular nature of a gilded surface, which
could be manipulated to provide a contrast
to the effects of matte white gesso.

Evidence for the Missing Ornamentation

Gaddi used the frame to augment his picto-
rial illusion. Since the frame was to cover
part of the image, it was necessary to estab-
lish the extent to which it impinged upon
the pictorial space. Using the frame orna-
ments that were to be affixed to the panel
after it had been painted, Gaddi marked out
their intended location on the gesso. This
step enabled him to take their eventual pres-
ence into consideration as he laid out the
composition, with the result that the image
employs the physical depth of the arched
colonnade in place of illusory depth; angels
were deliberately drawn, for example, so that
they knelt behind the columns. The infor-
mation was also used to save the artist
effort. Where a halo would be covered by a
column, the gilder left the punched design
incomplete knowing that it would eventu-
ally be hidden. In panel B the angel on the
lower right is truncated by the edge of the
panel. If complete, its robe would fall behind
the triple columns with only glimpses of
color perceptible through the bars. This
design plan is also seen in the upper left and
right angels' wings, which disappear behind
the arch, as does Saint Andrew's cross in
panel A. The arch and columns had been
established as architectural elements through
which the tableau is viewed.

The artist took the columns fitted with
capitals and bases and placed them over the
left and right edges of panel C. He then ran a
stylus around the forms and down the spiral,
leaving a broken incised line in the gesso
(fig. 15a). A row of arcs resulted from tracing
around the columns. From this, it appears
that an estimate of the amount of frame
overlap on the panel was taken. Accordingly,
on panels A and B, reserved areas at the
edges are marked with a ruled line for the
column and with angular steps for the base
and capitals. Inscribed in the gesso and later
infilled partially with bole and gold leaf, the
arcs describe the shape of a spiral column
surmounted by a capital supported on a base.
These marks lie toward the edge of the
gilded ground in direct line with the edge of
the upper framework and the first step of the

48 BUSTIN



15- Madonna Enthroned: (a)
schematic diagram of lines
inscribed into the gesso and
subsequently covered by
bole and gold leaf; (b) detail,
panel C, showing gilding and
incised line near the bottom
of the sleeve. The ripples in
the tracing relate to a ridge
running down the spiral
column

base. The arcs bear slightly different charac-
teristics that can be related to S- and Z-
twists, indicating that the artist alternated
the spirals. The position of the S- and Z-
twists, if extrapolated across to the center
panel, results in twists running downward
toward the Madonna and Child, S to the left,
Z to the right. Gaddi was not consistent with
this format in other paintings, however, as
can be seen in his frescoes, for example in
his rendering of Saint Lawrence in the
Capella Castellani, Santa Croce, Florence,
where S- and Z-twists are painted at random.
In Madonna Enthroned, the incised design
on the left of panel C (fig. isb) is more
detailed than that on the right to the extent
that it describes the full length including
leaf shapes on the capitals and ridges on the
twists. In contrast, the lines on the right side
of panel C define the top of the capital and
the central section of the column. If these
features are compared to the painted
columns of the throne, the leaves correlate
with the pendulate curves of the Corinthian
capital and the ridges with the ribbons of
molding running around the spirals. A simi-
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lar style of column is seen frequently in
Florentine paintings. It was used throughout
Lorenzo di Niccolo's Coronation of the
Virgin in the Chiesa di San Domenico in
Cortona.

The column style used in Madonna
Enthroned is also featured in Agnolo Gaddi's
frescoes in the Capella Castellani, Santa
Croce, in which saints are depicted in archi-
tectural settings. Each saint is standing below
a fictive stone canopy with finials that rise
to the same level as the antefix that crowns
the apex of the loggia. Saint Louis of Toulouse
stands below an arched canopy decorated
with a looped trellis. A rectangular pilaster
runs alongside a spiral column and changes
into a finial as it rises above the capital.
Similarly, Saint Lawrence stands on his grid-
iron beneath a canopy. Each vertical post of
his shelter has an accompanying spiral col-
umn with encircling capital. The pointed
arch above the saint contains the scrolled-
leaf crockets with a bud stretching out in the
form of a cross at the apex. In style, the
existing frame of Madonna Enthroned makes
a direct reference to the painted image of the
Madonna's triangular-topped throne with its
stone spiral columns and finials (fig. 16). The
capitals on the throne are close pictorial rep-
resentations of the two remaining original
capitals placed between the saints on panels
A and C.

Reconstructing the Missing Frame
Ornaments

Columns, pilasters, predella, and probably
finials are missing froma Madonna Enthroned.
It has been possible to ascertain the shape of
some of these by examining structural clues
on the altarpiece. The pedestals that lie
between each panel along the present base of
the altarpiece originally supported columns
(fig. 17). When, aligning the frame, score
marks, and pedestal, it became clear that a
single column would need to be unusually
wide to cover the gap between the panels,
even taking into consideration the effects of
warping of the altarpiece over time. The
width of the gap is governed by the moldings
running along the inscription board and
around the pedestals. Mitered ends of adja-
cent sections of these moldings meet snugly.
The inscription board and moldings with their
horizontal alignment of grain have more or

16. Madonna Enthroned,
detail, panel B (during
treatment)

less maintained their original conformation.
Only slight bending has been imposed by the
warping of the main support panels to which
the overlays of wood are firmly attached
with long nails. Originally, the relationship
between the panels would probably have
been as close as the moldings, but as the
panels warped, the gap had increased in size.
An estimate of the original gap between the
panels was therefore assumed from the cur-
rent position of the moldings.

To produce the slender, delicate quality of
columns used in contemporary altarpieces, a
cluster formation would have been necessary.
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17. Madonna Enthroned,
detail, showing pedestals
of panels B and C (after
treatment)

18. Spinello Aretino, Niccolo
di Piero (also called Niccolo
di Pietro Gerini), Lorenzo di
Niccolo, Coronation of the
Virgin with Saints Felicita,
Andrew, John the Baptist,
Peter, Giocomo, and
Benedetto, 1401, tempera
on panel
Galleria dell'Accademia, Florence;
photograph: Alinari/Art Resource,
New York

Thus, considering the double-stepped pedestal
design, it is likely that a triple set of columns
existed at the central joins and a double set
at the edges. Capitals and feet would have
been fused in a style similar to that seen on

Niccolo di Pietro Gerini's Coronation of the
Virgin with Saints (fig. i8).51

Evidence for the pilasters is limited. The
outer pedestals in Madonna Enthroned are
truncated. Wood at the outer edge of the
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altarpiece was not intended to be visible: it
remains unprimed; dribbles of gesso run across
the bare wood. It is certain that another ele-
ment of the altarpiece had existed at the
outer edges of panels A and C because drib-
bles of gesso in these locations have been
compressed between two surfaces (see fig. 7).
Spiral columns would have been positioned
in a corner created between the flat surface
of the panel and a projecting pilaster, now
missing, that abutted the front of the panel.
The pedestal and upper framework are
slightly inset from the edges of the outer
panels to accommodate the inner edge of the
missing pilaster (fig. 19). Molding would have
been continuous across the outer pedestals
and the pilasters, as can be seen from the
angle of the miters. Instead of projecting
sideways to meet molding turning toward the
back of the panel, the miter is reversed to
meet a plane that projected forward at a 90-
degree angle to the pedestal (note pedestal on
panel C in fig. 17). This miter indicates that
the missing pilasters were set square to the
altarpiece and not on the diagonal. No rem-
nants of adhesive or nail holes related to the
pilasters are visible, suggesting that the bat-
tens were used as attachment points. It is
known that horizontal bars could have pro-
truded to the left and right of the three main
panels: the grooves cut to hold the battens
extend the full width of panels A and C (fig.
5). Pilasters could have been nailed to these
extensions from the reverse.

At their most elaborate, pilasters formed
buttresses that were anchored at floor level,52

as is the case in the Rinuccini polyptych by
Giovanni del Biondo (see fig. i). They were a
major means of support for the top-heavy
constructions. For Madonna Enthroned they
were probably less extensive, although it is
likely that they had highly decorated sur-
faces of richly gilded pastiglia. The existing
framework on Madonna Enthroned is embel-
lished with gilded fruit and flower designs
that closely follow the motif visible in pho-
tographic documentation of the altarpiece
attributed to Agnolo Gaddi of the Madonna
and Child with Saints Lawrence and Philip
in the Oratorio di S. Caterina d7Alessandria,
Antella, near Florence (fig. 2o).53

The area above the capitals on Madonna
Enthroned was covered by short frame sec-
tions. It is possible that these ornaments
were similar in style to the rectangular blocks

19. Madonna Enthroned,
detail, frame of panel C
(before treatment), showing
an inset, which fills the
space originally occupied by
a pilaster. The diagonal join
is original, but the space at
the far left and right of the
upper framework was
infilled with rectangular
lengths of wood during an
earlier restoration

20. Photograph published in
1908 of Spinello Aretino
(later attributed to Agnolo
Gaddi), Madonna and Child
with Saints Lawrence and
Philip, n.d.
Oratorio di S. Caterina d'Alessandria,
Antella (before removal of the
pilasters and part of the framework);
photograph: Alinari/Art Resource,
New York
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21. Diagram of hypothetical
original format of Madonna
Enthroned

attached to Giovanni del Biondo's polyptych
Madonna and Child with Four Saints, 1372,
originally in the Capella Tosinghi e Spinelli,
Santa Croce, Florence (fig. i). On Madonna
Enthroned, their purpose was to hide the gaps
between the three panels and the pilasters
and to continue the line of decoration estab-
lished by the spiral columns. Clues of the
original design of these elements may be
gleaned from the dentil molding that runs
around the perimeter of the main panels. It
probably formed a continuous ribbon around
these small additional frame elements. Each
end of the dentil and ogee molding has been
mitered indicating that at the junctions of
the two frame sections the missing orna-
mentation had a rectangular profile. It is pos-
sible that the ornaments were not simple
rectangles but were carved in more elaborate
shapes. At each location is a series of inci-
sions lying in the gesso similar to those
made around the spiral columns on the pan-
els below. The lines are slightly curved, indi-
cating that miniature spiral columns may
have been used. However, a precedent for

such ornamentation in this region has not
been found in other altarpieces of the period.

In continuation of this theme, the pilaster-
like forms may have extended upward to
form finials beyond the boundary of the pan-
els, as seen, for example, in Lippo Vanni's (fl.
after i34i-d. 1375) fresco painting of a
polyptych in the Convento di San Francesco,
Siena, c. 1360, that has a forest of spires. The
finials on Madonna Enthroned may have
reached the same height as the decorative
antefix attached to the apex of each panel
(fig. 21). Within the tip of each panel there is
a hole in which the ornaments were pegged:
a dowel made of poplar was discovered in the
hole in panel A. The dowel—which was
roughly shaped into a point—was the means
of attachment for a decorative ornament that
probably resembled the acanthus bud depicted
on the Madonna's painted throne (fig. 16).
Evidence for the attachment of crockets was
less clear because, although there are nail
holes along the upper edges of each panel,
these may relate to a later addition of fret-
work. All the frame ornaments were nailed
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onto the altarpiece after painting had been
completed. The columns were fixed with
large, long-tailed nails driven into the gap
between the panels: wood at the edges is
bruised in the shape of elongated triangular
nail profiles (fig. 22). The artist made an
attempt to disguise the presence of the fix-
ings: when attaching the capitals to panels A
and C, nails were hidden in the deepest hol-
lows of the carving. Other paintings display
the method of attachment in a more overt
manner. On Lorenzo Monaco's Madonna of
Humility with Four Saints, 1404 (Museo
della Collegiata, Empoli), pilasters with a
simple rectangular profile are secured with
large-headed nails hammered through from
the front, a technique also visible in Luca di
Tomme's (documented 1356-1390) Madonna
and Child with Bishop and Saints John the
Baptist, Gregory, and Francis, c. 1366-1373
(Pinacoteca Nazionale, Siena).54

There is no technical evidence of the pre-
della on Madonna Enthroned. At the scale of
this altarpiece, the predella could have been
formed out of an extension of the base panel,
in a scheme similar to that seen in an early
photograph of the center panel of Gaddi's
polyptych Madonna and Child with Angels
and Saints Benedict and Peter, John the
Baptist and Miniato, I375.55 Or it may have
been constructed separately as a box struc-
ture,56 as, for example, in The Vision of Saint
Bernard with Saints Benedict, John the Evan-
gelist, Quinto, and Galgano by the Master of
the Capella Rinuccini (fig. 23).57 A similar
format may also be seen in Bicci di Lorenzo's
(1373-1452) Madonna and Child with Saints,
Saint Ippolito polyptych, Bibbiena, Arrezo,58

or in the spectacular polyptych by Lorenzo
di Niccolo in San Domenico, Cortona.59

New Ornaments for the Redisplay of the
Altarpiece

If, in the future, the missing predella is iden-
tified, it would provide more structural
information about the original appearance of
the altarpiece. For the present, to recapture
the three-dimensional quality of the original
appearance of the triptych, replacement frame
ornaments were made as part of the recent
restoration treatment. It became apparent
during this investigation that the restoration
should be restricted to items of known dimen-
sion and style and that the new frame sections

22. Madonna Enthroned,
detail, edge of panel B,
showing triangular
indentation left by a nail
that marks the point of
attachment for the original
triple capital. The nail sat in
the gap between the panels

23. Master of the Capella
Rinuccini, Apparition of
the Virgin to Saint Bernard
(The Vision of Saint Bernard
with Saints Benedict, John
the Evangelist, Quinto, and
Galgano), 1368, tempera
on panel
Galleria dell'Accademia, Florence;
photograph: Alinari/Art Resource,
New York
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24- The new frame
ornaments for Madonna
Enthroned (before
distressing)

25. Reflection of the columns
in the gold field on Madonna
Enthroned, panel C, before
distressing of the new gold
to match the aged surface of
the painting

not hamper the interpretation of elements
that once existed beyond the present bound-
ary of the altarpiece. Only those sections that
projected forward of the image and appeared
to lie within the perimeter of the painting
were re-created. Their size, proportion, and
design were governed by the construction
marks left on the painting by the carpenter
and the artist, and by the differential aging
of the surfaces. On panel A, the gilding on
the left-hand side had a discolored, tar-
nished, undulating pattern related to the spi-
ral column that had once existed in this
area; the pattern was also detected under the
arch. The explanation for this phenomenon
is unclear, except that both areas would have
been more shaded than the remainder of the
gilding.

The frame elements that projected past
the perimeter of the painting remain more
hypothetical in shape, size, and decoration,
especially the pilasters, which could have
had highly ornate surfaces. The new frame
elements were added to link the images and to
suggest a continuity beyond the boundaries

of the panels with the intention of empha-
sizing what remains of the framework with-
out insisting that the image is complete.

New sections of the frame were carved
and linked together with dowels (fig. 24)
using the original capitals as prototypes.60 To
replicate the original surfaces, the ornaments
were decorated with bole over gesso and then
water gilded. Double thickness gold was
required to obtain a match with the paint-
ing.61 Originally, the gold in the painting and
frame had a highly reflective surface resem-
bling gold plate. When the spiral columns
were attached (fig. 25)—and before the new
gilding was toned to match the aged original—
it was observed that the columns were re-
flected in the flat gold of the original, giving
the impression of a continuation of spirals
into the space occupied by the saints, a
replica of the common architectural device
of capitals and columns grouped around a
pilaster.62 This effect was muted by the nat-
ural aging of the gold surface.

When the replica columns were inserted,
spatial characteristics within the composi-

BUSTIN 55



26. Agnolo Gaddi, Madonna
Enthroned with Saints and
Angels (after conservation
treatment)

tion became more apparent (fig. 26). A visual
rhythm was created between the angels and
spirals. The artist had alternated figure and
twist to increase the illusion of depth within
the pictorial space. The series commences
with the three-dimensional columns of the
framework and culminates with the pillars
on the throne. By considering the altarpiece
as a three-dimensional structure, an artist
could blur the division between actual and
invented space. Gaddi used architectural
devices of the framework to enhance the
illusion of space within his images.

The reintegration of frame ornaments on
Madonna Enthroned was possible because
the greater part of the original framework
remained: molding profiles, nail holes, stepped
bases, and inscription board, in addition to
the guidelines left by the carpenter and
artist. A minimum amount of new frame
was added to recapture the space without
overwhelming the original with conjecture.
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APPENDIX

Gaddi's Application of Paint and the
Surface Coating on Madonna Enthroned

Although the focus of this essay has been pri-
marily on the construction process and frame
elements, certain aspects of Gaddi's applica-
tion of paint, the media he used, and the
painting's surface coating are noteworthy.

The Application of Paint

Agnolo Gaddi taught Cennino Cennini for
twelve years; therefore, it might be expected
that the master's techniques would be
described in the pupil's book.1 While a full
comparison between the altarpiece and trea-
tise is not within the scope of this essay,2 a
few anomalies noted during conservation
treatment of Madonna Enthroned are of
interest, particularly the artist's handling of
paint coupled with manipulation of under-
colors. And while the punchwork and tool-
ing of the gilded surfaces are not covered
here, it is also of interest that two punches
used by Taddeo Gaddi on his Madonna and
Child of 1334 (Gemaldegalerie, Berlin) were
used fifty years later by his son, Agnolo, on
Madonna Enthroned.3

Agnolo Gaddi had a fast, confident man-
ner of painting that captured subtle depths
in the normally opaque egg tempera paint.
He paid considerable attention to the color
and absorbancy of the surface underlying his
final image. When starting to paint, he delin-
eated his figures and geometric shapes by

incising the basic forms into the gesso before
painting. After gilding, all the gold that
trailed over this line was removed, occasion-
ally scarring the gesso in the process (fig. i).
Superfluous gold leaf does not appear to have
been removed as a measure to ensure a good
bond between subsequent paint layers and
the substrate. Elsewhere adhesion has not
proved problematic. The paint adheres well
to the gold leaf in the brocades regardless of
whether the artist used vermilion bound
with glue size, as in the brocade carpet, or
lead white bound with egg, as in Saint
Catherine's dress.4 It is more likely that the
irregular squares of leaf were removed due to
the artist's predilection for transparent paint
coupled with a grasp of the influence of
underlying substrates and colors on final
hues. Any variations in the underlayer would
be visible in the final image. Paint laid over
the highly reflective surface of gold leaf has
an appearance different from that laid over
matte white gesso. It appears darker and
more transparent and will tend to sit on the
surface of the gold, unlike paint applied over
gesso, which is absorbed. By scraping the

i. Madonna Enthroned,
detail, panel B (during
treatment), showing angel
in lower right photographed
in raking light. The surface
of the gesso was heavily
scarred by the knife when
excess gold was removed
prior to painting
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2. Madonna Enthroned,
detail, panel B, showing drips
of green paint decorating the
throne. Glimpses of the red
undercolor are visible

3. Madonna Enthroned,
detail, panel C (after
cleaning), showing shoulder
area of Saint Bernard. Large
brushstrokes are visible.
The thickness of the paint
varies across the area,
creating a lively but intense
appearance

4. Madonna Enthroned,
detail, panel A (after
cleaning), showing folds
of Saint Benedict's habit.
The dark base colors have
been overlaid by tight,
short strokes of egg tempera
in the highlights. The deep
shadows have not been
worked up

gold away, the artist could paint directly on
the white gesso. Elsewhere Gaddi manipu-
lated underlayers to enhance the range of
hues in his palette and to retain the depth
of color without loss of freshness: the green
border of the throne is tempered with an
underlayer of vermilion, while the intensity
of ultramarine in the Madonna's cloak is cre-

ated by a double underlayer of dark gray fol-
lowed by azurite.

Methods of paint application vary accord-
ing to the substrate. Where paint was applied
directly to bare gesso, the marks have an
immediacy resulting from the use of large
brushes and fast, almost notational strokes.
The absorbent ground soaked up the paint,
thus capturing the nuances of each brush-
stroke, while avoiding the drips and pools of
paint created when a well-loaded brush
passed over a previously coated area as it did,
for example, in the green paint applied over
vermilion on the throne (fig. 2). The fine,
hatched strokes commonly ascribed to egg
tempera exist only where paint was applied
in layers over an undercolor. A smaller brush
was necessary for fine modeling over the
low-absorbing substrate, for example for the
flesh, modeled over a typical green earth
undercolor on which the features were drawn
in verdaccio, or in the clothing of Saint
Andrew, which is painted in a necessarily
gritty mixture of lead-tin yellow and azurite.

The fast marks created by a well-loaded,
large brush represent the start of the paint-
ing process. The artist worked from dark to
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light in the manner described by Cennini.5

What Cennini did not mention was that it
was not necessary to cover all the gesso. In
Madonna Enthroned, the paint application is
so thin in places that it forms the barest
minimum of skin over the surface but left a
lively appearance that did not need further
modification (fig. 3). Where possible, Gaddi
left the natural variations in brushstrokes
visible, not seeking to control them with an
overlay of the small, fine strokes typical of
the medium. Only when working over a layer
of egg tempera did he resort to small, short
strokes, as, for example, to introduce high-
lights on the gray habits (fig. 4).

It was important that the design be visible
whether the artist painted thinly or in multi-
ple layers. In the sleeves of Saints Benedict
and Bernard, for example, underdrawing can
be seen under infrared examination. The
lines are notational. They resemble the fast
strokes of paint laid directly onto the gesso
with a pointed brush.6 Where dense paint
would hide the underdrawing, the design
was reinforced with incised lines to ensure
that the major folds of the drapery, for exam-
ple, could be followed later in the painting
process. Incised guidelines were used to
mark folds of clothing in the green cloak of
Saint Andrew and to establish geometric
shapes of furniture or objects, for example in
the throne, book, and Saint Andrew's cross.
It is apparent that where the underdrawing
could be perceived while the folds were being
painted, there was no need to strengthen the
drawing.

The blue cloaks of the Madonna and the
Virgin Annunciate are elaborate constructions.
Both are badly damaged, but the sequence of
painting can be determined from cross sec-
tions (fig. 5) and from examination of the
surface by microscopy. The artist used a dou-
ble underlayer to enhance the richness of the
appearance of natural ultramarine. This thrifty
act, cognizant of the expense of ultramarine,
was in keeping with the tight control of the
amount of gold leaf employed.7 An initial
dark gray layer was covered with a thick coat
of azurite, over which the robe was modeled
in ultramarine with red lake in the deepest
shadows. To prevent the underlayers from
being disturbed by the top coats, media were
alternated. The dark gray and the ultrama-
rine paint are sensitive to moisture,8 suggest-
ing that they were bound in size.9 The

azurite layer was not water soluble and con-
tained the air bubbles characteristic of an
emulsion. It is likely, therefore, that the azu-
rite was carried in an egg tempera. Because
the azurite layer had been severely abraded,
it was possible to see that the color had been
applied with a large brush and worked vigor-
ously over the area without regard for form.
Brushstrokes traverse the lap of the Madonna
in cross hatching to form a flat color field.
The resulting rich blue formed the basis for
washes of ultramarine over the light areas and
thick impasto for the shadows, although lit-
tle of the ultramarine pigment remains. The
shadows now resemble black encrustations
due to infiltration of aged surface coatings—
principally an oleoresinous varnish—and dirt
particles into the granular paint. In cross sec-
tions, a few particles of red lake were found
intermingled with the ultramarine. The dis-
ruption of the paint meant that it could not
be established whether these red particles
represented an additional wash of red lake on
top of the blue or an admixture with ultra-
marine to enhance the hue.10 Using the ultra-
marine over a double base coat meant that
its prized purplish blue hue could be attained
at the lowest cost. Originally the effect may
have been of a deep blue drapery moving
from a translucent greenish blue in the high-
lights to an encrusted purplish color in the
shadows.11

Little time was allowed for the paint to
dry before the artist moved to the next stage

5. Cross section of paint
from the Madonna's blue
robe (after cleaning),
Madonna Enthroned,
panel B:
1. gesso
2. dark gray of first under-

layer
3. azurite underlayer
4. thin incomplete glaze of

ultramarine
5. oil mordant
6. gold leaf
7. discolored layer in non-

drying oil
8. white drip of foreign

matter
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6. Madonna Enthroned,
detail, panel B (after
cleaning) showing angel's
face. A fine, pale gray layer
covers the paint

7. Madonna Enthroned,
detail, panel A (after
cleaning), showing Saint
Andrew's robe. A brown
speckled layer is visible
on top of the green robe

8. Glair exhibiting cracks
and bubbles. Egg white was
beaten into a foam, then
left overnight to settle. The
resulting liquid was painted
out onto glass and allowed
to dry naturally. It cracked
on drying. Photographed
at 5 ox

of painting. The paint was still wet when the
design of hemlines of the angels in pink drap-
ery in the foreground were decorated with
mordant gilding; guidelines were scored into
wet paint with a stylus to define the hem-
lines. The buff-colored oil mordant roughly
follows these guidelines.12

Surface Coating

The altarpiece has a problematic gray-speck-
led coating present over the whole of the
painted and gilded surface (fig. 6). Over the
paint, it resembles a thin veil of soft gray
that mutes the colors and reduces the tonal
range. A matte layer is visible on the gold as
a thin, blanched spotted material, while on
Saint Andrew's robe the layer appears brown
and speckled (fig. 7). Gray layers similar to

this coating on Madonna Enthroned have
been reported as the aged remains of a glair
varnish,13 although initial aging tests have
shown that egg white yellows on aging.14

Analysis was carried out to determine the
identity of the layer on Madonna Enthroned.

There were practical problems in sampling
the coating. It was so thin that it was not
possible, even under magnification, to be cer-
tain that the sample material came from the
top layer alone and did not contain the egg
tempera from the paint below. All the paint
analyzed had been found to be either egg tem-
pera or size interlayered with egg; for exam-
ple, in the brocade carpet, vermilion in
animal glue was glazed with red lake bound
in egg tempera.15 The gray coating was
imperceptible in cross sections. Samples of
the gray layer were analyzed using high-per-
formance liquid chromatography and gas
chromatography-mass spectrometry, but
results were inconclusive. All the samples
analyzed were shown to contain whole egg,
a finding suggesting that either the sample
had been contaminated by the underlying
paint or that the gray layer was not bound by
a medium to form a discrete coating on top
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of the paint. Rather, indications from the
amino acid analysis support a theory that the
gray appearance is due to ingrained dirt in
the upper surface of the paint.16

To see if the upper layer of the painting
could be characterized by examination under
high magnification, samples from the paint-
ing were viewed using the scanning electron
microscope and compared to test panels that
had been prepared using a sequence and
composition similar to the original painting.
The glair recipe followed Cennino Cennini's
instructions.17 Egg white was beaten into a
foam and left to settle overnight. The result-
ing liquid was used as the varnish (fig. 8).
While the glair on the test panels could be
seen as a highly crazed discrete layer, no
comparable layer could be perceived on top
of the original paint.18 Thus there was insuf-
ficient evidence to provide a precise identifi-
cation of the gray surface layer. As it was
insoluble, it was not removed from the sur-
face of the painting.

NOTES TO APPENDIX

1. Cennino d'Andrea Cennini, The Craftsman's Hand-
book, "II Libro dell'Arte" (c. 1390), ed. and trans.
Daniel V. Thompson Jr. (New York, 1960), 2. Cennini
stated that he was taught by Agnolo Gaddi for twelve
years and established his pedigree by tracing his artis-
tic lineage back through Taddeo Gaddi to Giotto, who
was Taddeo's godfather. Further, Cennini wrote that
he would "make note" of what he was taught by his
master, Agnolo Gaddi, and what he had tried out him-
self. The date of the treatise is c. 1390.

2. The techniques and materials of trecento painting
are extensively covered in David Bomford, Jill
Dunkerton, Dillian Gordon, and Ashok Roy, Art in
the Making: Italian Painting before 1400 (London,
1989).

3. Erling S. Skaug, Punch Marks from Giotto to Fra
Anjelico: Attribution, Chronology, and Workshop
Relations in Tuscan Panel Painting, with Particular
Consideration to Florence, c. 1330-1430, vols. 1-2
(Oslo, 1994). Skaug records six punch shapes. The
punches inherited from Taddeo Gaddo are numbers
234 and 734; see vol. 2, sees. 5.2, 8.2, and 2:91-98.
For information on Agnolo Gaddi's punches, see
1:260-264.

4. Susana M. Halpine, "An Investigation of Artists'
Materials Using Amino Acid Analysis: Introduction
of the One-Hour Extraction Method," Conservation
Research 1995, National Gallery of Art, Studies in
the History of Art, 51, Monograph Series II (Washing-
ton, 1995), 41-43-

5. Cennini 1960, 91-92.

6. Catherine Metzger, associate paintings conservator,
personal communication, National Gallery of Art,
Washington. The gray habit of Saint Bernard was exam-
ined with a Kodak 3 io-2iX thermal imager configured
to operate in the 1.5 to 2.0 micron spectral region.

7. The ultramarine used in the fresco cycle by Agnolo
Gaddi in the Capella della Sacro Cintola, Duomo,
Prato, was bought from Donate di Bonifazio, speziale,
of Florence between 1392 and 1394. On 27 October
1394 different qualities of ultramarine were purchased
simultaneously. Later, on 20 April 1395, one purchase
of azzurro fino matched the price of ultramarine
bought the previous year, while azzurro was about
a third of the price. Bomford et al. 1989, app. 4 (Poggi
1932, docs. 37 and 58, 363, 367, 368), 202.

8. The blue cloaks of both the Madonna and the Virgin
Annunciate are the most damaged areas of the paint-
ing. The upper layer of ultramarine is moisture sensi-
tive and has been severely depleted, probably as a
result of a selective washing. The entire painting is
covered with minute drips of white oil paint, which
are particularly apparent in the dark areas. It is possible
that the blue was cleaned in an attempt to remove
these blemishes. Certainly, copious amounts of mois-
ture have displaced the ultramarine, which was found
to have dribbled across the brocade carpet, displacing
the vermilion (which is also bound in size) in its
path. During a later restoration, the blue trails were
partially removed, leaving ultramarine particles in
the hollows of the punchmarks. A few of the white
drips were removed mechanically, and underneath
them ultramarine glazes were found to be intact. It
is notable that other water-soluble areas of vermilion
are undisturbed. If the whole painting had been washed
so liberally, more damage would have occurred.

To reintegrate the cloak with the remainder of the
painting, it was determined by curatorial and conser-
vation staff members that the area would be repainted
on top of the damaged areas of the original. See paint-
ing conservation department treatment reports 1988-
1994. Complete photographic records were kept.

Analysis of the white drips was undertaken and
reported by Suzanne Quillen Lomax, organic chemist,
scientific research department, see "Analysis Report,"
22 August 1990.

9. Cennini (1960, 68) recommended a size made from
the scrapings of goat or sheep parchment for temper-
ing (binding) dark blues.

10. In Cennini's (1960, 55) description of painting a
"Mantle for Our Lady" in secco, he wrote, "If you
wish to shade the folds, take a little fine lac, and a
little black, tempered with yolk of egg; and shade it
as delicately and neatly as you can, first with a little
wash then with the point; and make as few folds as
possible because ultramarine wants little association
with any other mixture."

11. For further details on the modeling of blue robes,
see Norman E. Muller, "Three Methods of Modeling
the Virgin's Mantle in Early Italian Painting," Journal
of the American Institute for Conservation 17, no. 2
(1978), 10-18.
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12. Fatty acid analysis using gas liquid chromatogra-
phy identified a drying oil. Lomax, "Analysis Report/7

22 August 1990.

13. A painting by Jacopo del Casentino, Madonna
and Child, 1300, in Saint Stefano, Pozzolatico (a
small church near Impruneta), has a gray layer. See
Alfio del Serra, "A Conversation on Painting Tech-
niques/7 Burlington Magazine 127 (1985), 4.

14. In tests carried out at the Hamilton Kerr Institute,
egg white varnish samples had become slightly yellow
after eighteen months of aging. Renate Woudhuysen-
Keller and Paul Woudhuysen-Keller, The History of
Eggwhite Varnishes, ed. Ann Massing, Hamilton
Kerr Institute Bulletin 2 (1994), 95.

15. Amino acid analysis by Susana M. Halpine, scien-
tific research department, National Gallery of Art,
Washington, "Report on Gaddi, Madonna Enthroned
with Saints and Angels," 23 January 1990.

16. Two samples were analyzed from Saint Andrew7s
robe. Egg material (yolk/white/whole) was found in
both. "There is a higher than usual amount of the
amino acid glycine, which may indicate contamina-
tion from dust or finger prints.77 Susana M. Halpine,
biochemist, "Amino Acid Analysis Report/7 5 March
1991. A fatty acid analysis using gas chromatography-
mass spectrometry identified the presence of a non-
drying oil. Lomax 1990.

17. Cennini 1960, 99-100.

18. Walter Brown, National Museum of Natural
History, Smithsonian Institution, Washington, pro-
vided scanning electron microscopy imaging of sam-
ples of azurite and lead-tin yellow egg tempera
painted-out over a gesso ground and then varnished
with glair. The test panels were allowed to dry natu-
rally and then were sampled in the same manner as
areas of the painting.
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P E N E L O P E E D M O N D S

A Technical Examination, Investigation,
and Treatment of a Fifteenth-Century
Sienese Polychrome Terra-Cotta Relief

Despite the many Madonna and Child devo-
tional reliefs surviving from fifteenth-century
Italy, few are modeled directly in terra cotta
and still fewer possess remnants of their
original polychromy. The National Gallery of
Art, Washington, has in its collection a poly-
chrome and gilt terra-cotta relief Madonna
and Child that has been attributed to the
circle of Giovanni di Turino. It is mounted
in a gilded wooden tabernacle frame that dis-
plays the painted dove of the Holy Ghost in
the roundel of the pediment. Thermolumi-
nescence tests corroborate in general terms
the date assigned to the relief based on art-
historical and stylistic evidence.1

The relief was acquired in its current frame
in 1952 by the Samuel H. Kress Foundation
and was restored by Joseph Ternbach in 1956
(fig. i).2 It had never been examined out of its
frame, however, and apart from thermolumi-
nescence conducted in 1971, it had received
little curatorial or conservation investigation.
In 1991 the Madonna and Child was taken
off display, providing the opportunity for a
full technical and scientific examination of
the materials and method of manufacture.
Comparison of the Madonna and Child to
other Italian devotional reliefs of the same
period permitted a better understanding of
the object's art-historical context. Following
investigation into that context, technical
examination of its method of manufacture,
and analysis of the paint layers, an ethical
approach was devised for its treatment.

Emergence of Fifteenth-Century Madonna
and Child Devotional Reliefs

The production of the half-length Madonna
and Child relief as a popular devotional
object is known to have been a manifesta-
tion of the prevailing climate of Mariolatry,
that is, worship of the Virgin, in Italy during
the fifteenth century. Ulrich Middeldorf
commented, "What is so puzzling is the sud-
den outbreak of this fashion, its almost total
disappearance after the lapse of a few genera-
tions, and its local circumscription/1 He
added, "A phenomenon that should interest
the economic historian is the prodigious pro-
duction of Madonna reliefs of a handy size
during the fifteenth century in Florence. The
appearance of these reliefs is virtually lim-
ited to Florence; in Siena there were some,-
elsewhere ndne except occasional pieces/'3

Such devotional representations of the
Virgin made of materials such as stucco, gesso,
carta pesta, or terra cotta were often pre-
scribed for use by women and children.4 Com-
pared to materials such as marble or bronze,
terra cotta allowed for fast, inexpensive, and
relatively easy production of Madonna and
Child compositions. These relief composi-
tions were created either by direct modeling
or by use of simple molding techniques.5

Technical examination of the National
Gallery Madonna and Child relief indicates
that various techniques were used in its fab-
rication, probably the separate molding of

67



some parts, such as faces and hands, with
modeling to create the mantle, robe, and addi-
tional decorative incised details. The relief
was then fired, painted, and gilded.

Despite the many terra-cotta Madonna
and Child reliefs extant today in private col-
lections, churches, and museums, there are
few original sources describing how they
were created.

Stylistic Influences

There are many questions about the stylistic
origin of the National Gallery Madonna and
Child. Earliest documentation of the relief's
provenance shows that it was displayed in
the Brogi Pesciolini Palace in San Gimignano
about 1921.6 Before the object was acquired by
the National Gallery of Art it had been attrib-
uted to Jacopo della Quercia (c. 1374/1375-
1438), later to Vecchietta (Lorenzo di Pietro,
1412-1480), and then to Giovanni di Turino
(1385-0. 1455), a Sienese goldsmith and bronze
caster. In 1987 the attribution was changed to
circle of Giovanni di Turino, c. 1430. Stylistic
comparisons of the National Gallery Madonna
and Child with other works by Giovanni di
Turino reveal some similarities but also pre-
sent striking differences.7

The Madonna is composed with her face
and body slightly turned to her left, away from
the viewer, and has a melancholic and unfo-
cused stare. The sympathetic address in the
wistfully inclined head has been described by
Millard Meiss as characteristic of thirteenth-
century Sienese Madonnas.8

The characteristics of the Sienese Madonna
type are exemplified by the stiffness of the
figure and the strong rhythmic curvilinear
folds of her drapery. Similarly, Sienese proto-
types may be reflected in the headdress of
the Virgin, although by the fifteenth century
this style was already widely copied by
Florentine sculptors and painters.9 She holds
the Christ Child in her left hand while her
right hand rests horizontally at his waist;
this position creates a strong, almost severe,
horizontal line by the meeting of her right
forearm with his left arm.

An important stylistic point of departure
for Sienese painters and sculptors from 1350
to 1425 was the Maesta altarpiece, 1308-1311,
by Sienese artist Duccio di Buoninsegna (c.
i26o-c. I3i9).10 The Madonna depicted in
the central panel of the Maesta (fig. 2) and

the National Gallery relief are similar in
pose and proportion. The inclined head of
the Madonna, the frontality of the Child,
and the spatial relationship between the two
figures are common features of this composi-
tion and of Sienese paintings of the trecento.
The same strong horizontal position of the
Madonna's proper right hand in the National
Gallery relief appears in the proper right
forearm of the Madonna in Duccio's Maesta,
although the Child does not reach to meet
her and is entirely different in style.

Another painted panel, the National Gallery

i. Circle of Giovanni di
Turino, Madonna and
Child, Sienese, c. 1430,
polychrome terra-cotta
relief, in frame (after
conservation treatment in
1956 and before treatment
by the author in 1993)
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2. Duccio di Buoninsegna,
detail of Madonna and Child
from central panel of Maesta
altarpiece, 1308-1311,
tempera on wood
Museo delFOpera Metropolitana,
Siena; photograph: Art Resource,
New York

3. Lippo Memmi, Madonna
and Child with Donor,
probably c. 1335, tempera
on wood
National Gallery of Art,
Washington, Andrew W. Mellon
Collection

Madonna and Child with Donor (fig. 3) by the
Sienese painter Lippo Memmi (active 1317—
1347), exhibits the same stiffness of drapery
and inclined head as the Madonna and Child
relief. Other visual similarities, such as the
meeting of the Madonna's hand with the

Christ Child's hand and his tugging of the
drapery can also be observed. What differs,
though, is the style in which the Child is ren-
dered compared to the Sienese-type Madonna.
The Child in the Madonna and Child relief
is not only large and robust but also nude;
his eyes are downcast, his right index finger
is in his mouth, and his left hand touches
the Madonna's fingers and tugs the fabric of
her mantle. These naturalistic aspects, such
as sucking a finger, pulling the Madonna's
drapery, and fat, rounded limbs are more
comparable to many reliefs from Donatello's
(c. 1385-1466) circle.11 Therefore, although
in some respects the Child embodies some
characteristics that are more mid-fifteenth-
century Florentine than Sienese, "the illogi-
cal placement of the child, without clear
support from his mother's arm or body, does
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not suit Florentine tastes for rational, clearly
understood structure/'12

The Christ Child in the Madonna and
Child attributed to Donatello (fig. 4) shows
similarities to the National Gallery Christ
Child in the forward movement of the hair,
large forehead, flattened nose, and lowered
brow, but the animation of the Madonna and
the naturalism of the folds in the drapery are
lacking in the National Gallery relief.13

The National Gallery Child also com-
pares to a putto (fig. 5) described as Tuscan,
fifteenth century, of painted stucco.14 This
Child is equally robust but is unattached to
any composition. While the two have simi-
larities such as the proper right index finger
in the mouth, the similar position of the
first two fingers of the proper left hand, the
robust anatomy, rounded, lined stomach, the
attitude of the head, and the analogous posi-
tion of the legs, there is a difference in the
circular direction of the hair of the putto
compared to the forward-moving hair of the
Child in the National Gallery relief. Thus,
the National Gallery relief exhibits a transi-
tional style with both Sienese and Florentine
characteristics.

Technical Examination

A succession of early restorations of the
National Gallery Madonna and Child ob-
scured both the remaining original and first
overpaint layers of polychrome as well as the
finer incised details in the terra cotta. Never-
theless, visual examination and x-radiography
confirmed that the terra-cotta substrate was
in good condition and that the figures had
been created in high relief with attention to
detail. In addition, analytical identification
indicated that the remaining original poly-
chromy had been painted using traditional
Italian tempera techniques.

4. Donatello, Madonna
and Child, mid-fifteenth
century, polychrome terra-
cotta relief
Museo Bardini, Florence

5. Putto seduto, Tuscan,
mid-fifteenth century, stucco
Museo Bardini, Florence
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6. Profile of Madonna and
Child (during treatment):
(a) top view, and (b) bottom
view

Construction and Modeling Process

The techniques used to construct the terra-
cotta Madonna and Child can be compared
with those for Madonna and Child, c. 1460
(not illustrated), attributed to the school of
Verrocchio (1435-1488) and discussed by

7. X-radiograph of Madonna
and Child. The dark region
in the Child's head indicates
a hollow area

Stephen Rees-Jones,15 and also compared to the
Madonna and Child attributed to Donatello
(see fig. 4) and described by Anna-Maria Giusti
and Angelo Venticonti.16

The National Gallery relief is rectangular
and measures 66.7 centimeters in length and
45.7 centimeters in breadth. The background
is a maximum of 3.8 centimeters in thick-
ness. At its point of highest relief, from the
top of the Child's head to the reverse, the
relief measures 14 centimeters (fig. 6).

The edges, varying in thickness between 3
and 3.8 centimeters, are flat and squared, sug-
gesting that a support may have been con-
structed, such as a flat, boxlike container or
modeling frame for its preparation. Wooden
boards were often used as supports for the
construction and modeling of terra-cotta
reliefs.17 In some instances the wooden, box-
like support was lined with sheets of paper
to separate it from the clay for ease of
removal; however, no evidence of this prac-
tice is present on the reverse of the National
Gallery Madonna and Child. At the edges are
several stepped uneven marks made by wire
used to cut the wet or leather-hard clay18 to
separate the terra cotta from the frame. The
marks are present at the lower side of the
proper left edge, at the midpoint of the top
edge, and at the proper right edge. Three
holes are also present around the edges, one
at the top and two on the proper left edge.
They were created before the clay was fired.

X-radiography revealed more details regard-
ing the method of the relief's construction,
illuminating the combination of molding and
modeling techniques used by the artist and
highlighting later changes in the remounting
of the relief. The base layer of the relief was
gradually built up with handfuls of clay
smoothed out over the wooden, boxlike sup-
port. Individual pieces of clay approximately
5 centimeters in width, used to build up the
relief, are distinguishable in x-radiographs.
The general shapes of the two figures were
then built up, concurrent with preliminary
shaping of the heads. An ovular void, approxi-
mately 8.8 by 5 by 4.5 centimeters maximum,
visible in the x-radiograph (fig. 7), indicates
that the head of the Child is hollow.19

Rees-Jones observed that during the mod-
eling of the Madonna and Child attributed
to the school of Verrocchio, the clay had been
scooped from the front down to the base in
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the head and body areas to make them hol-
low during the actual modeling process.
However, the reverse of the National Gallery
relief (fig. 8) reveals hollowed-out areas that
were scraped from behind in a vertical direc-
tion after the relief's construction. The clay
was scraped out with tools at the leather-hard
stage to reduce the weight and thickness of
the piece and to minimize the possibility of
cracking during shrinkage of the clay body
on drying and firing.

The faces of the Madonna and Child
appear to have been produced separately in
molds, like masks, and then attached to the
relief. The molded face of the Child was
attached over the premodeled and hollowed
head. Lines of closure are present, visible as
a diagonal line that runs down the side of
the Child's proper right cheek close to the
right ear. The right ear is only partly formed
due to its proximity to the background. The
crown of the Child's head is slightly flat-
tened and irregular and may have been the
point of closure.

Five indentations are present where the
top of the Child's head, just behind the crown,
meets the halo. These small, regularly placed
apertures (the remains of which can be seen
in x-radiographs), which open to the void
inside the head, were commonly added to
allow for the escape of gases during firing.

The three-dimensionality of the Child's
arms and legs and the Madonna's proper
right hand suggests that they may have been
fabricated in piece molds. The Child's legs
are fully formed and stand in high relief,
although their underside appears rough and
unfinished. X-radiography also revealed join
lines at the Child's proper right wrist and at
the Madonna's proper right forearm, indicat-
ing that the hands may have been separately
molded and then joined to the relief. Finger
impressions of the artist can be seen in the
terra cotta: a broad shallow groove is present
under the Madonna's proper right wrist, and
another is visible on an exposed area of terra
cotta on the Madonna's proper right index
finger.

It is evident that the drapery was added as
a separate component to the form of the
Madonna. The clay appears to have been
rolled out in flat sheets and then arranged in
folds and joined over her form.

Many impressions made by modeling
tools used to delineate decorative motifs in

8. Madonna and Child,
reverse (during treatment)

the garments are present, seen as impressed
lines between the fingers and the Child's
hair and toes. They are also most apparent at
the band of the Madonna's sleeve, along the
top edge of the mantle surrounding her face,
and at the edge of the mantle resting on the
Child's thigh, where a series of Kufic charac-
ters (derived from Islamic formal decorative
inscriptions and later adapted by European
artisans)20 have been incised. It is likely that
such incised designs were created at the
leather-hard stage, when the clay was firm
and partially air-dried but still impression-
able. As modeling in the Madonna's eyes is
very subtle, it is likely that a tool was used
to delineate the iris and eyelid. The tool
used for such incised decorations may have
been a wooden modeling stick with a
rounded wedged end.21

The Structural Condition of the
Remounted Madonna and Child

The relief was roughly removed from its
original mount at some time early in its his-
tory, resulting in irregular breakage and loss
of all four corners, with the greatest loss of
terra cotta occurring at the lower proper right
corner. The upper portion of the Madonna's
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9. X-radiograph of tabernacle
frame, Madonna and Child

halo was broken tangentially across the top
where it had extended above the edge of the
relief. The high position of the Madonna's
head in the composition caused the upper
section of the halo to exceed the top edge of
the relief. It is probable that an original
upper section of the halo, supported by the
adjacent surface of the original mount, was
damaged, and it was replaced when the relief
was moved into its current frame. The halos
we see now are a composite of at least two
restorations. They were built up in gesso and
then gilded after the relief was placed into its
present frame. There is no evidence to sug-
gest that the relief has been reduced in size

to account for the missing top portion of
halo. In fact, the original fire-skin22 is still
present on all four edges on the terra cotta,
excluding the damaged corners.

Condition of the Tabernacle Frame

The current tabernacle frame (fig. 9) with an
inscription along the base23 has been described
as "Florentine in vocabulary and later in
style than the relief.//24 Burn marks at evenly
spaced intervals along the base of the frame
and soot and wax residues on the toes of the
Christ Child indicate that candles were
probably placed at the base of the piece, evi-
dence that the relief was used for devotional
purposes in its present frame.

It is believed that the frame was con-
structed to hold the relief since scribe marks
on the inside of the backing board corre-
spond to the dimensions of the terra cotta
and the liner.25 The relief was installed into
the front of the frame, and, to cradle the terra
cotta, recesses were cut into the inner side of
the backing panels in the frame. Wooden
shims were placed into the gaps between the
terra cotta and the liner and adhered with
animal glue and gesso to secure the relief in
the frame. A variety of materials were used
to compensate for the missing corners. These
materials included roughly triangular wedges
of wood secured with an animal glue and
handmade nails driven in from the front; a
carved piece of cork was also found in the
lower proper right corner (used as a fill mate-
rial because of its light weight and suitabil-
ity for carving). The corners were then filled
with gesso to match the level of the terra-
cotta surface. The upper arc of the Madonna's
halo, presumed to have been lost during the
removal from the original mount, and dam-
aged areas of the proper right corner includ-
ing the cork fill, were recreated with a
"compo-like" material that contained a large
amount of natural resin.26

Over the years numerous cracks had devel-
oped in the fill materials around the relief
due to the tendency of the relief to shift in
the frame. Movement of the relief had also
caused a large diagonal crack to develop at
the proper right lower replacement corner. A
large horizontal crack was present at the
Madonna's halo between the replaced top
section and the edge of the relief.
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Condition of the Polychromy

Overall the painted surface suffered from
extensive haphazard restoration. Four major
campaigns of intervention, or overpaintings,
were detected. These campaigns, including
partial cleaning and instances of localized
repainting and regilding, competed with one
another and resulted in a complex surface in
poor condition. Trace amounts of original
polychromy from the flesh tones, robe, and
mantle were obscured by the successive
restoration treatments.

The flesh tones of both figures had an
uneven, damaged surface. Grime and an
intractable discolored varnish over the flesh
tones created a dark appearance, reduced the
sculptural depth of the object, and obscured
delicate areas of modeling in the terra cotta.

During the third restoration the Madonna's
mantle had been disfigured with a thick,
dark brown overpaint that not only obscured
the remaining evidence of the traditional
blue color of the mantle but also obscured
the sculptural form by completely covering
incised decorations on the band on the
Madonna's sleeve and edges of the mantle.
This water-soluble brown overpaint tended
to flatten the tonality of the modeled con-
tours in the drapery. In some areas, such as
the Madonna's proper right shoulder, the
thick brown overpaint was applied directly
onto exposed surfaces of terra cotta, acting as
both a fill material and as a paint. This exten-
sive overpaint also disguised remnants of gild-
ing from earlier restorations, such as stars on
both of the Madonna's shoulders, a double
line of gilding that borders the edge of the
mantle, and embellishments on the sleeve.

During the third restoration the upper
edges of the folds on the Madonna's red robe
had also been poorly overpainted with a
thick layer of water-soluble red overpaint, or
restorer's mix. This layer obscured a superior
first overpaint layer of gesso painted with
vermilion and glazed with red lake. Flaking
and cupping paint were present throughout
the red robe and the background. Almost all
polychromy was lost on the cuff at the
Madonna's wrist. Decorative incised lines at
the band at the neck of the robe had been
obscured by red overpaint.

In 1956, during the fourth campaign, the
restorer used a strong alkaline solution in an
attempt to clean the flesh tones. This solu-

tion caused the paint in the areas of highest
relief on the figures—such as the Madonna's
face and the Child's chest and proper left
forearm—to be severely overcleaned. Any
glazes that may have been present on the sur-
face were probably damaged by the caustic
solution, resulting in a raw, blanched appear-
ance in the paint. Conversely, it appears that
many areas of dark, discolored varnish were
deliberately left on the underside of the con-
tours of the figures to imitate shadow; such
areas include the underside of the Child's legs,
proper left arm and jaw, and between the toes
and fingers. In actuality, however, these false
shadows served instead to belie and confuse
the real sculptural form of the figures. In
heavily cleaned areas the paint was brittle
and had a propensity to flake, leaving small
areas of exposed terra cotta. There were large
losses of paint and gesso on the Madonna's
proper left fingers and proper right knuckles
and on the Child's toes. Discolored varnish in
the eyes of both figures not only obscured the
delicacy of the modeling in these areas but
left them with disconcerting, vacant stares.

There was little definition between the
mantle and the background behind the fig-
ures. Evidently as the compounded results of
several restorations, the background consisted
of layers of red and green paint under the
brown overpaint, remnants of stars, a layer
of discolored oil-resin varnish, and shellac.
The entire paint surface was uneven, with
cracking and some cleavage of the paint.

The gilded corners, which were not origi-
nal, tended to distract the viewer from the
main composition. The gilded border pattern
in the background was degraded and fragile.

Examination and Analysis of Paint Layers

A full examination and analysis of the paint
layers was undertaken to distinguish the cam-
paigns of restoration, determine the presence
of any original paint, and design a suitable
treatment for the polychromy. Paint cross
sections were made to reveal the succession
of interventions (described in the appendix).27

Determining Prior Interventions

Determining the succession of layers in the
polychromy was a formidable task due to the
history of partial cleaning and local overpaints
and regilding. Each intervention is described
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based on information obtained from cross
sections and microscopic examination of the
object.

Examination of paint cross sections showed
some remnants of original polychromy to be
present, painted with tempera techniques
traditionally used in the fifteenth century.
The first overpaint layers were also painted
using tempera techniques, although they
were not applied with the care or superior
technique found in the original remnants.
The first overpaint, which coincided with
the placement of the relief in its present
frame, had flesh tones in good condition, and
a substantial amount of this first overpaint
was also detected in the robe and mantle.

In general, the quality of the materials and
techniques decreased with each subsequent
intervention. For example, the original layers
were painted on a finely prepared gesso using
a range of pigments commonly found in
tempera painting during the first half of the
fifteenth century. Covering remnants of the
original layers were the first overpaint layers
consisting of a gesso that appears to be overly
rich in medium (that is, containing much
animal glue) and painted with admixtures
of pigments that resulted in darker colors,
instead of the pure brilliant colors found in
samples of the original paint. The gold leaf
in original layers was replaced by a thick, tin-
gold laminate that was haphazardly applied.

Original Layers

The original paint layers were distinguished
from overpaints based on gesso and pigment
types, particle sizes, medium used, and loca-
tion directly on the terra-cotta substrate and
by comparison with contemporaneous prac-
tices as documented in the literature. The
original paint layers of the flesh tones, robe,
and mantle are characterized by techniques
commonly found in Italian tempera paintings
executed in the fifteenth century. A range of
pigments such as ochers, vermilion, green
earth, azurite, lead white, and carbon black
was found painted on a very fine, white cal-
cium sulfate (gesso) ground.

A technique for underpainting often found
in Italian tempera painting and described by
Cennino Cennini in his fourteenth-century
treatise II Libro dell'Arte28 as verdaccio was
used for shadows in the flesh tones (see cross
section A, two views). Green earth pigment

created this cool undertone for the warm flesh
tones. Visual examination also revealed the
remnants of original flesh tone layers with
traces of verdaccio at the edges of the faces
of the figures, beneath the Madonna's proper
right hand, and between the Child's toes.

The robe (see cross section B) was painted
with a red lake, which was possibly the orig-
inal glaze (the intermediate paint layer could
not be detected in the sample) over a fine
white gesso ground. Although traditionally
the glaze would be painted over an opaque
layer such as vermilion, this layer is not pres-
ent since the sample was taken from an inter-
section of two areas of color.

A sample of original paint from the man-
tle (see cross section F) was azurite, which
appeared to be very compact with few visible
impurities. The inner side of the Madonna's
mantle was originally painted with synthetic
malachite over the fine white gesso (see cross
sections B and J). The pigment was identified
using EDX as malachite (see cross section B),
but the globular particle form suggests artifi-
cial preparation by precipitation, that is, a
synthetic malachite. At the National Gallery,
London, in several fifteenth-century Italian
panel paintings a green globular pigment was
detected with an x-ray diffraction (XRD) pat-
tern identical to that of natural malachite
but morphologically consistent with the pre-
cipitated origin.2?

Traditionally, the areas such as the Kufic
border pattern in the robe at the Madonna's
neck, and the border pattern along the man-
tle over her head and at her sleeve, were likely
to have been gilded, following the incised
lines in the terra cotta. However, no gilded
layers remain in these areas as evidence of
such original embellishments.

The appearance of the original background
is not known since no physical evidence of it
remains. It may have been entirely gilded, in
keeping with the Sienese origins of the relief.
The composition of the Child's original halo
is seen in cross section D. Remnants of an
original halo, identical in construction to
that shown in cross section D, can also be
seen beneath the halo that is currently visi-
ble on the Madonna.

Dotted lines in the diagram in figure 10
show the locations of the remnants of extant
original paint. Figure na is a diagram of an
approximation of the original appearance of
the Madonna and Child.
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io. Schematic drawing
of Madonna and Child,
showing location of the
remnants of original paint

11. Schematic rendering
of successive overpaints
of Madonna and Child:
(a) approximation of the
original appearance,
(b) approximation of the
appearance of the relief
after the first overpaint,
and (c) approximation
after the second overpaint

The loss of the original background, most
of the flesh tones, and almost all of the man-
tle and robe can be attributed to natural
degradation over time and harsh cleaning
methods. In the past, it was not unusual for
flaking or damaged polychromy to be rou-
tinely scraped off and "refreshed."30

First Overpaint Layers

As mentioned, the first overpaint of the
polychromy was concurrent with the place-
ment of the relief in the frame in which it
is presently mounted. This intervention
involved major structural work, since the
terra cotta, its four corners missing after a
clumsy (or violent) removal from its original
mount, was secured in the frame with wooden
shims, large amounts of animal glue, nails,
and gesso. The gilding on the frame appears
to correspond with the polychrome and gild-
ing of the first overpaint on the terra cotta,
confirming that the current frame was
designed to hold the relief concurrent with
the first overpaint. With a few exceptions,

almost all of the original paint on the
Madonna's mantle, robe, and flesh tones of
the figures was lost or scraped off by the
time the reframing occurred. Therefore, in the
first overpaint the mantle, robe, and flesh
tones were completely repainted. Replace-
ment corners were added, the background
was gilded, and halos of the Madonna and
Child were regilded.

Areas that reveal the first overpaint layers
were characterized by a glue layer, applied to
exposed areas of terra cotta and over the
original halos, probably as an isolating layer
for the repainting. A medium-rich gesso com-
posed of coarse particles was applied over the
glue layer. Cross section C shows the area
sampled from the Madonna's red robe; E
shows the area sampled from the Child's
halo; and J shows the area sampled from the
Madonna's mantle.

A thick, nonpigmented isolating layer
composed of egg white located directly over
the medium-rich gesso was the common fea-
ture found in samples of the first overpaint
from the Madonna's robe (see cross section
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B) and her blue mantle (see cross section G).
The paint layers over the egg white isolating
layer, which are vermilion and azurite,
respectively, were bound in a medium iden-
tified as egg yolk.31

The use of egg white as an isolating layer
or sealant for the gesso on the terra-cotta
relief could have derived from Renaissance
Italian techniques used on wood, stone, and
painted caskets. Sealing gesso or plaster
grounds before painting in oil was a common
technique mentioned by Cennini.32 Giorgio
Vasari also described how an artist should
spread four or five coats of the smoothest
size over the gesso with a sponge.33 How-
ever, Cennini also mentioned the use of egg
white as an isolating varnish over a gesso
ground for "carved wood and stone/7 possi-
bly to seal the absorbent gesso ground before
painting. Further, in his discussion on the
application of tin leaf decorations and gesso
to caskets he recommended that once they
are stuck on with size, they should be var-
nished: "when it [the varnish] is dry take a
beaten egg white and rub over the varnished

part with a sponge moistened in this white,-
and then, with the other colors, hatch and
embellish the ground/'34

Since the presence of egg white is rarely
analyzed, it is not possible to say whether the
use of an egg white isolating layer on the first
overpaint polychrome for this relief is typical
of fifteenth-century techniques. It is of equal
interest that the vermilion and azurite paint
layers above the egg white layers (see cross
sections B and G) are bound in egg yolk.

As in the original polychrome layers, the
pigments of the first intervention were typ-
ical of fifteenth-century techniques. Tradi-
tional technique was employed, for example,
in a red lake glaze over a body of vermilion
(see cross section B and C), used to create bril-
liance and depth in the painted surface of the
Madonna's red robe. However, the vermilion
and glaze were applied directly over the band
of the Madonna's neck with little regard for
the incised designs in the terra cotta, thus
obscuring their detail. The flesh tones of the
first overpaint did not have the green under-
layer found in the original flesh tones.
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The mantle lining was painted with ocher
suspended in a dark brown resinous matrix,
followed by green earth pigment, giving an
olive green appearance.

The background, its original layers lost or
scraped off, was gilded during the first over-
paint campaign. Cross section I shows the
gilding on the wooden replacement at the
proper right corner of the relief from the first
overpaint. Visual examination has shown that
this gilding extended throughout the back-
ground. The Madonna and Child's original
halos were also regilded, and their construc-
tion can be seen in cross section E.

Figure nb shows an approximation of
the appearance of the relief after the first
overpaint.

Second Overpaint Layers

During the second overpaint the flesh tones
and the lining of the Madonna's mantle from
the first overpaint were coated with a thick
oil-resin varnish that subsequently became
severely discolored.35

The mantle was repainted with a double
layer of azurite, and on it the stars, composed
of a laminate of tin and gold, were applied
with a mordant (see cross section H). The
vermilion robe from the first overpaint was
not repainted.

Again, the background was either degraded
or had been scraped off by the time of the
second overpaint application. Cross section
K shows the background from the second
overpaint consisting of first and second over-
paint gesso followed by a layer of vermilion,
green earth pigment, and another layer of
green earth mixed with verdigris. The green
background was decorated with a geometri-
cal border pattern, currently visible, that was
composed of the same tin and gold laminate
present in the stars. Additional stars were
placed throughout the background, and the
incised band on the Madonna's sleeve and
the edges of her mantle were also decorated
with the tin and gold laminate. Figure nc
shows a diagram of an approximation of the
appearance of the relief after the second
overpaint.

Third Overpaint Layers

By the time of the third overpaint it is proba-
ble that the oil-resin varnish was sufficiently
discolored to give the flesh tones a mislead-

12. Madonna and Child,
photographed in 1956,
when it was acquired by the
Kress Foundation, National
Gallery of Art

ing dark, monochrome appearance. A thick
brown "restorer's mix," composed of ochers
(red and yellow iron oxides) and carbon black,
was applied to the Madonna's mantle (see
cross section H) and the background to match
the monochromatic appearance of the flesh
tones. This brown overpaint obscured exposed
areas of terra cotta, earlier layers of paint, and
remnants of stars in the background and on
the mantle. The overpaint was so thick on the
mantle that it filled delicate incised marks
that delineate the band on the Madonna's
sleeve and the girdle that hangs from the
proper right side of her waist. The restorer's
mix, applied carelessly over the Madonna's
red robe (see cross section C), was composed
of red and yellow ocher and carbon black.
When the relief was acquired by the Kress
Foundation, the restorer's mix and discolored
varnish still covered the surface (fig. 12).

Fourth Overpaint Layers

The Madonna and Child received conserva-
tion treatment in 195636 following the Kress
Foundation acquisition.
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13- Madonna and Child
(during treatment, 1993)

To reduce the dark appearance of the
relief, the restorer attempted to remove the
nearly intractable oil-resin varnish with a
strong alkaline solution, resulting in some
abrasion of the upper layer of the flesh tones
and blanching of the paint. The cleaning was
unsuccessful, and great amounts of uneven
varnish residue on the surface left the flesh
tones with a very dirty, mottled appearance.

After the partial and unsuccessful clean-
ing, losses in the mantle were disguised by
applying Prussian blue pigment mixed with
a black pigment (see cross section G). A large
area of the upper surface of the Child's halo
was removed to reveal part of the original
gilding of the halo; however, the complete
removal was never finished.

The replacement corners were cleaned to
reveal the gilding from the first overpaint on
their surfaces. It is possible that the restorer
revealed the gilding in an attempt to create
a visual differentiation between the original
terra-cotta relief and the replacement cor-
ners. A layer of shellac, possibly from the
1956 restoration, was found on the back-
ground and over the entire mantle. Figure i
shows the condition of the relief after treat-
ment in 1956.

Conservation Treatment, 1993-1994

Following art-historical research and analyti-
cal investigation, conservation treatment on
the Madonna and Child was begun in Sep-
tember 1993 and was completed in May 1994.
The aim of the treatment was to return the
polychrome relief to a legible and harmonious
state. Developing a treatment approach for the
polychromy was difficult because localized
areas of cleaning and repainting in the past—
such as the complete removal of the original
and first overpaint backgrounds—meant that
not one intact, congruent overpaint remained
on the relief. The multiple layers of paint on
the relief were the result of four campaigns
of restoration, and the few remnants of origi-
nal overpaint that still existed in protected
areas did not provide a reading of the poly-
chromy legible enough to justify the removal
of all the superseding paint layers.

The first overpaint was determined to be
the most comprehensive, since the second,
third, and fourth overpaint layers were par-
tial interventions consisting of varnishing,
localized gilding and regilding, and some

retouching. After test cleaning was conducted
on small areas of the polychromy to deter-
mine the condition and extent of the remain-
ing paint layers, and in conjunction with
examination of paint cross sections, it was
decided that the obscuring brown and red
pigment mixtures from the third overpaint
and the remnants of disfiguring oil-resin var-
nish should be removed to reveal the poly-
chromy from the first overpaint.

Before removing the relief from its frame,
flaking paint in the background of the relief
and in areas of the red robe were consoli-
dated using a 7 percent solution of gelatin in
water. The entire surface was lightly cleaned
to remove superficial dirt. The terra-cotta
relief was removed from the frame (fig. 13).

Areas of retouching on the mantle and in
the background made by the 1956 restorer
were removed. The brown overpaint was
removed from the mantle to reveal areas of
azurite from the first overpaint. Gold embell-
ishments on the band of the sleeve and two
stars, one on the Madonna's right shoulder
and one on her left shoulder, were further
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14- Madonna and Child,
detail of Child's face (before
treatment)

15. Madonna and Child,
detail of Child's face (after
treatment)

revealed. The thick red restorer's mix on the
robe was also removed to reveal a significant
amount of the vibrant red of the first over-
paint on the robe.

The discolored and uneven oil-resin var-
nish on the flesh tones and in the eyes of
both figures was cleaned, using finest grade
scalpels, under a microscope with a 180-
degree tilting head to negotiate the contours
in the sculpture. The removal of the varnish
was one of the most time-consuming aspects
of the treatment, owing to the damaged and

16. Madonna and Child,
detail of hands of the
Madonna and Child
(during cleaning)

17. Madonna and Child
(during treatment)
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18. Circle of Giovanni
di Turino, Madonna
and Child (framed, after
conservation treatment,
1994)
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fragile paint underneath the varnish. Details
of the Child's face before and after cleaning
are shown in figures 14 and 15. Figure 16
shows a detail of the hands of the Madonna
and Child during cleaning. Areas of thick
varnish in undercut portions of the toes and
back of the legs were first treated with a wax
paste containing ammonium hydroxide.37 This
paste softened the built-up areas of varnish
sufficiently to allow for their safe removal
with a scalpel.

As there was almost nothing behind the
colored background of the second overpaint
to indicate its previous appearance, this over-
paint was considered part of the object's his-
tory and, as a compromise, left intact.

Exposed areas of terra cotta on the man-
tle, robe, and small losses in the background
were first isolated with a thin layer of
Acryloid By2 resin and filled with Polyfilla
tinted with ground pigments. Figure 17 shows
the relief during treatment. The fill material
was burnished in selected areas to create a
compact fill and again isolated with a fine
layer of Acryloid 672. The robe and mantle
were then retouched using pigments bound
in Mowilith resin.38 Large, visually distract-
ing losses in the flesh tones of both subjects
were filled with Polyfilla and retouched with
pigments in Mowilith to unite the surface.

The gilding on the halos was lightly
cleaned to remove built-up grime, then var-
nished with slightly tinted blond shellac.

Top and lower proper left corners of the
relief were reconstructed using separately
cast corners composed of phenolic Micro-
balloons39 mixed in epoxy resin. This tech-
nique was chosen because the corners needed
to be strong, lightweight, easy to carve, pose

no threat of abrasion or damage to the adja-
cent terra-cotta surfaces, and be detachable
should it be necessary for the relief to be
removed from the frame in the future. The
relief was placed back into the frame, and the
three replacement corners were each held in
place with a screw into the liner and joined
with gesso to the interior liner of the frame.
Gaps at each corner were filled and retouched
to match the adjacent background surface.
The gilded border pattern was completed with
ocher pigments bound in Mowilith.

In addition to developing a more secure
mounting system, a plinth was designed and
installed, following curatorial request, in the
space between the base of the frame and the
base of the relief to support the Madonna
and Child and to correct the "floating"
appearance of the figures caused by this space.
Areas of flaking gesso on the frame were
consolidated, and the frame was cleaned to
remove built-up grime and excessively dark
areas of discolored varnish.40

In summary, the removal of the discolored
varnish, the obscuring overpaints, and the
completion of missing areas in the back-
ground make it possible for the sculptural
form of the figures in the relief, especially the
Child, to again be seen and appreciated. The
tonal depth and modeled details in the man-
tle were restored, and the traditional color
scheme of the first overpaint campaign has
been reinstated. Removal of the obscuring
brown paint and dark varnish has returned
the National Gallery Madonna and Child
(fig. 18) to a more harmonious state and
allows the viewer to once again observe the
gentle contemplative expressions that belong
to a fifteenth-century Italian devotional relief.
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Analysis of Polychrome Layers, Circle of
Giovanni di Turino, Madonna and Child

The following analyses lead the reader through
the cross sections that best represent the suc-
cessive interventions in the polychromy. The
sections are discussed according to their loca-
tion on the relief and, where possible, show
the order of intervention.

Cross Section A

Sample from the flesh tones of the Child's
proper left ear (views i and 2)

Binder analysis was limited to microchemi-
cal staining of cross section A because of the
small amount of extant original flesh paint
and its fragile nature. The sample was stained
with amido black 3 (AB3J to detect the pres-
ence of protein.

Beginning at the bottom, the layers are:
( i ) a semitransparent layer, present directly
on the terra cotta. When stained, it showed
the presence of protein and appears to be a
glue layer. The original ground layer (2) is
comprised of very white gesso, followed by a
fine layer (3) of green earth mixed with a
small amount of lead white, commonly used
in tempera painting as a verdaccio for the
flesh color. The original flesh color layer (4)
is a mixture of lead white with a small
amount of vermilion and red lake. Above the
original flesh color layer is a thin layer (5)
that fluoresces and appears to be a varnish.
Another layer of gesso (6) marks the begin-
ning of the first overpaint. It is characterized
by coarse particles and contains a greater
amount of medium compared to the original
gesso shown by the strong blue reaction
when stained with AB3 and compared to the
original gesso. There are two flesh color lay-
ers. The first (7) is composed of lead white
and vermilion, while the layer above it (8)
contains particles of red lake to create warmer
tones for the flesh color. On top of these lay-
ers is a discolored varnish (9). Analysis of the
varnish showed it to be composed of a drying
oil mixed with a small amount of diterpene
resin (such as pine resin or copal), findings
that suggest an oil-resin varnish.1

Cross Section B

Sample from the lower portion of the
Madonna's red robe where it intersects
with the green interior of the mantle

Beginning at the bottom, the layers are: ( i ) a
very fine, white original gesso composed of
calcium sulfate, confirmed by energy disper-
sive x-ray analysis (EDX) (fig. i);

2 this gesso,
the same as the original gesso seen in cross

i. Madonna and Child,
energy-dispersive
x-radiograph (EDX) of
sample in cross section B,
original ground composed
of calcium sulfate

2. Madonna and Child,
EDX of green layer in cross
section B, composed of
copper carbonate pigment

3. Madonna and Child,
EDX of ground layer in
first overpaint layer, cross
section B, composed of
calcium sulfate

EDMONDS88



D=Aspartate

E=Glutamate

OHP=Hydroxyproline

S=Serine

G=Glycine

R=Arginine

T=Threonine

Amino Acid Symbols

A=Alanine

P=Proline

NH=Ammonia

Y=Tyrosine

V=Valine

I=Isoleucine

L=Leucine

NL=Norleucine

(internal standard)

F=Phenylalanine

RE=Reagent (PITC)

K=Lysine

4. Madonna and Child,
high-performance liquid
chromatogram (HPLC)
showing the presence in
cross section C sample of
egg yolk and animal glue
in the vermilion and gesso
layers, respectively:
(a) supernatant, and
(b) precipitate

section A, has been applied directly on the
terra-cotta surface, followed by (2) a layer of
a red lake. A layer (3) of green pigment from
the interior of the Madonna's mantle is a
copper carbonate pigment (fig. 2), probably
synthetic malachite, also known as green
verditer.

The first overpaint layers begin with a
ground layer (4) composed of calcium sulfate
or gesso (fig. 3) followed by a thick nonpig-
mented layer (5) with a thickness range of
between 9 to 30 microns. This layer may
have been used as a sealant for the gesso or
as an isolating layer from the red layer above
it (6), which is composed of vermilion mixed
with a small amount of red lake. The non-
pigmented layer stained positively with
amido black 2 (not shown), indicating the

presence of egg. The red vermilion body (6)
is glazed with a red lake (7), which has
become abraded over time.

Cross Section C

Sample from the lower portion of the
Madonna's red robe

Beginning at the bottom, the first two over-
paint layers are: glue directly on the terra
cotta ( i ) , a medium-rich gesso (2), a body of
vermilion mixed with a small amount of red
lake (3), followed by a red lake glaze (4). A
sample of the vermilion layer with a portion
of gesso from the first overpaint analyzed
using high-performance liquid chromatogra-
phy (fig. 4) indicated that the binding medium
was egg yolk, with some animal glue that
can be attributed to the presence of the gesso
layer.3 The second overpaint layer, which is a
restorer's mix (5), is a thick layer composed
of red and yellow iron oxides, vermilion, and
some particles of carbon black. It is water solu-
ble and contains little or no binding medium.

Cross Section D

Sample from the original gilded layer of
the Child's halo

Beginning at the bottom, the layers are:
gesso (i), red earth bole (2), and gold leaf (3).
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Cross Section E

Sample from the upper gilded layer of the
Child's halo

Beginning at the bottom, the layers are: glue
(i), medium-rich gesso (2), red earth bole (3),
gold leaf (4), and translucent remnants of a
surface coating (5 ) .

Cross Section F

Sample from the Madonna's original blue
mantle located in a protected undercut
area beneath the proper right wrist

Beginning at the bottom, the layers are: terra
cotta (i), followed by a fine white gesso
ground (2) with the same composition as the
gesso layer found in samples from the origi-
nal flesh colors and robe (see cross sections
A and B). The pigment layer (3) was identi-
fied as azurite bound in animal glue and is
very compact with few visible impurities.



Cross Section G

Sample from the proper right edge of the
Madonna's mantle

Beginning at the bottom, the first layer of
overpaint includes a medium-rich gesso ( i )
followed by a thick (15 microns) nonpig-
mented layer (2) that appears to match the
characteristics of the thick nonpigmented
layer described in cross section B from the
Madonna's robe. This nonpigmented layer is
of an unusually great thickness, possesses a
slight fluorescence, and is curiously located
directly over the gesso of the first overpaint,
in the manner of a sealant for the gesso or an
isolating layer in preparation for the next
intervention. High-performance liquid chro-
matography (fig. 5) showed this layer to be
composed of egg white (water-soluble egg).4

A very thin layer of resin or glue that fluo-
resces (3), present over the nonpigmented
layer, is possibly a binding medium from the
pigment layer above, which is a layer of azu-
rite (4), followed by an unidentified grayish
layer that may be dirt or debris (5), and a thin
layer (6) of fine, dark particles of Prussian
blue. Prussian blue pigment was used in the
1956 restoration5 and is part of the fourth
overpainting.

Cross Section H

Sample from star on the Madonna's
proper right shoulder

This sample is from part of the second over-
painting, and the layers of this cross section
were complete down to the terra cotta but
possessed no original layers, as they had been
lost.6 The isolating glue layer on the surface
of the terra cotta signifies, as with other cross
sections, that a new intervention had begun.
Beginning at the bottom on the surface of the
terra cotta, the layers are: glue (i), followed
by a gesso (2). Above the gesso is a layer of
azurite (3) with a small amount of cuprite
particles; the lower part of the layer is finely
ground and the upper part of the layer con-
tains larger particles. A transparent layer (4)
containing iron oxide particles was applied
over the azurite and is probably a mordant for
the layer above (5), which was identified as
tin (fig. 6). Undulating and cracked, this gray-
ish white layer, now fully mineralized or cor-
roded, was once a layer of tin leaf or tin foil.

Above this mineralized tin layer is a resin
layer (6), and a layer of gold leaf (7) follows.
The tin-resin-gold layers appear to be a metal-
lic laminate, used for the stars and other dec-
orative elements in the second overpaint.
Above the gold leaf is the brown restorer's
mix (8) from the third overpaint that is com-
posed of ochers (iron oxide) and carbon black
pigment. Above this mix is a thin layer (9)
that appears to be shellac.

Cross Section I

Sample from the lower proper right
replacement corner of the relief

Beginning at the bottom, the gesso layer ( i )
corresponds to the medium-rich gesso of the
first overpainting, also present in cross sec-
tions A, B, E, and G, confirming that the first
overpainting was concurrent with the move-
ment of the relief into the present frame. A
red earth bole (2) is followed by a very light
pink layer of lead white and red lake parti-
cles (3) and a disrupted layer of gold leaf (4).
The gold leaf is followed by a densely com-
pacted light blue layer ( 5 ) consisting of azu-
rite, lead white, yellow iron oxide, traces of
vermilion, and numerous unidentified blue
particles that are small (less than i micron)
and spherical in outline. A medium-rich

5. Madonna and Child,
HPLC showing the
nonpigmented layer in
cross section G, composed
of egg white: (a) supernatant,
and (b) precipitate
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6. Madonna and Child,
EDX of second overpaint
layer, cross section H,
showing the presence of tin

dark layer of azurite (6) is followed by rem-
nants of a restorer's mix (7). The gilded por-
tion of this cross section represented by
layers i through 4 is part of the gilded back-
ground executed in the first overpainting.

Cross Section J

Sample from the inner side of the
Madonna's mantle, behind the Child's
proper left thigh

Beginning at the bottom, this sample includes
the terra-cotta substrate ( i ) that begins the
original layers, a fine gesso layer that has
become partially yellowed (2), followed by a
green layer (3) that appears to be synthetic
malachite and is also present in cross section
B. A thin, fluorescing glue layer (4) is fol-
lowed by a medium-rich ground layer (5 ) . A
glue layer and a medium-rich ground layer,
as previously noted, are common features
indicating the beginning of a first overpaint-
ing. A layer of red and yellow iron oxides
embedded in a dark brown nonfluorescing
matrix (6) is followed by a green mix (7) that
appears to contain green earth and a thin
resinous layer (8).

(4) appears to be green earth, and the second
layer ( 5 ) appears to be green earth combined
with a small amount of verdigris. Above
them is a dark resinous layer (6).

NOTES TO A P P E N D I X

1. Gas chromatographic analysis was conducted by
Suzanne Quillen Lomax, organic chemist, scientific
research department, National Gallery of Art, Wash-
ington, 21 August 1992.

2. Energy-dispersive x-ray analysis was carried out by
Melanie Feather, conservation scientist, Conservation
Analytical Laboratory, Smithsonian Institution,
Washington, 14 August 1992.

3. High-performance liquid chromatography was car-
ried out by Susana Halpine, biochemist, scientific
research department, National Gallery of Art. "Amino
Acid Analysis Report, Circle of Giovanni di Turino,
Madonna and Child, 1961.9.103," 5 August 1992.

4. Halpine 1992.

5. Joseph Ternbach, curatorial file, February 1956.

6. The layers viewed directly on the terra cotta match
other samples of second overpaint, not original or
first overpaints. Also, the glue layer on the terra
cotta means a new restoration was begun, as seen in
other cross sections from the Madonna and Child.

Cross Section K

Sample from the background near the
lower right side of the Madonna's halo

Beginning at the bottom, the layers are: ( i )
ground (gesso) present from the first over-
paint, followed by another ground (gesso)
layer (2) from the second overpaint, and (3) a
red layer comprised of vermilion, followed
by two green layers of which the first layer
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L I S H A D E M I N G G L I N S M A N

Renaissance Portrait Medals
by Matteo de' Pasti:
A Study of Their Casting Materials

A

i. Portrait medals attributed
to, or after, Matteo de' Pasti
in the collections of the
National Gallery of Art,
Washington

survey of Renaissance portrait medals in the
collections of the National Gallery of Art,
Washington, served as the impetus for this
study. Encompassing well over seven hun-
dred medals, this collection is one of the
largest and finest groups of Renaissance por-
trait medals ever assembled.1 The survey
culminated in the development of a statisti-
cal model for separating the medals into dis-
tinct alloy groups.2 Eight principal groups
were identified from a core selection of 202
cast Italian Renaissance portrait medals com-
prised of copper-based alloys that are consid-
ered authentic. The most notable group of
medals are leaded bronzes containing 10-60
percent more antimony and arsenic than is
generally present in Renaissance portrait
medals. More than half the medals in this
group are attributed or assigned to Matteo
de7 Pasti (c. 1420-1467/1468). This group of
medals by Matteo or his workshop (fig. i) is
the only group to exhibit such distinctive
characteristics. The possibility that a partic-
ular artist may have chosen to use a specific
alloy composition led to an in-depth study of
these medals.

Historical Background

The portrait medal, born in the humanist cli-
mate of early fifteenth-century Italy, devel-
oped as a means of promoting personal
recognition. Its invention in 1438 (possi-
bly following suggestions by Leone Battista

Alberti) is generally credited to Antonio di
Puccio, known as Pisanello (c. 1395-1455).
Pisanello incorporated the Renaissance ideal
of the focus on man and his unique identity
into an intimate and portable object. Usually,
portrait medals are circular. The obverse is
a relief portrayal of an individual, and the
reverse depicts a mythological or symbolic
image or a significant event identified with
the sitter. Occasionally double portrait medals
were made with both obverse and reverse
portraits. Unlike coins, medals had no cur-
rency value,- they were valued instead as com-
memorative objects. They were durable and
easily portable, and therefore popular for
exchange as tokens of patronage, power, or
friendship. Because medals were relatively
affordable—compared to sculpture or painted
portraits—they represented not only heads
of state (including their family members)
but private citizens as well. As medals are
made of long-lasting materials, they imparted
immortal qualities to their sitters.3

As production of portrait medals became
widespread in Italy, groups or schools of
medalists emerged in all the principal city-
states. Medalists frequently traveled from
city to city; thus it is difficult, if not impos-
sible, to associate a medalist with a school
or location.4 Matteo's work as a medalist is
no exception, and many unanswered ques-
tions cloud our knowledge about his career.
The period of his activity as a medalist
(1441-1467/1468) coincides with the period
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during which the portrait medal itself gained
popularity in northern Italy.5 Matteo spent
most of his career working at the Malatesta
court in Rimini, which, under the rule of
Sigismondo Pandolfo Malatesta (1417-1468),
briefly evolved into a center of learning com-
parable to other northern Italian courts.6

Like other humanist settings, the Malatesta
court in Rimini employed an array of artists:
among the most noted were Leone Battista
Alberti (c. 1404-1472), Piero della Francesca
(1410/1420-1492), Agostino di Duccio (1418-
1481?), and Matteo de' Pasti.7

Matteo de' Pasti, born into a prominent
family in Verona, was the son of a physician
and the grandson of a member of the Floren-
tine Bardi family.8 He is recorded in a Venetian
painting commission of 1441, presumably as
an illuminator for Piero de' Medici for illustra-
tions to a "Triumph of Fame" manuscript of
Petrarch. In 1444, Matteo was again employed
as an illuminator, in Verona, for Leonello
d' Este. It is believed that he moved to Rimini
in 1446, where he supervised for Sigismondo
Malatesta the work of reconstruction and dec-
oration at the church of San Francesco (called
the Tempio Malatestiano).9 Following his mar-
riage to Lisa Baldegara of Rimini sometime
between 1446 and 1449, Matteo sold his prop-
erty in Verona and became an important
member of the court circle in Rimini as well
as a close companion of Sigismondo Malatesta.

Matteo produced and signed portrait
medals of seven individuals, principally his
patron Sigismondo and Sigismondo's mistress
(and later third wife), Isotta degli Atti (14327
1433-1474). In addition, another group of eigh-
teen unsigned variants of these medals may
have been produced in Matteo's workshop.10

Sigismondo authorized many medals to
be placed in the foundations of the buildings
that he commissioned. Their purposes are
complex, but one of them was to ensure his
fame, even after his death. A considerable
number of these foundation medals (either
by or after Matteo de' Pasti) were discovered
when the buildings were bombed during
World War II. These medals have served as
the basis for Pier Giorgio Pasini's reevalua-
tion of Matteo de7 Pastes medals, shedding
new light on their sometimes problematic
chronology and style.11

Seventeen portrait medals by Matteo in
the collection of the National Gallery of Art,
along with comparative information from a

medal in a private collection, were analyzed
for this study. George Hill's corpus for Renais-
sance portrait medals, written in 1930, has
been established as the standard for catalogu-
ing these medals.12 Of these medals, eight are
portraits of Sigismondo Malatesta, six are of
Isotta degli Atti, and there is one each of
Guarino da Verona (1374-1460), Jesus Christ,
and Leone Battista Alberti. Each medal was
examined under low magnification using a
binocular microscope to study its fabrication.
In addition, the medals were analyzed using
secondary emission energy dispersive x-ray
fluorescence spectrometry (XRF) to determine
their surface alloy composition.

Method of Manufacture

All the medals examined in this study were
cast. A granular quality of their surfaces
observed under magnification suggests that
a sand or other granular material was present
in the mold (fig. 2).13 This granular surface
appearance is consistent with the generally
accepted notion that the majority of Renais-
sance medals were not cast using the lost-
wax process but were, as suggested by George
Hill, cast in two-part dry sand molds.14

Many contemporary treatises describe the
art of sand casting, including accounts by
Cennino Cennini, Benvenuto Cellini, Alessio

2. Photomicrograph, fig. 9,
obverse, showing granular
characteristics consistent
with sand casting. View
shown is upper left area
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Piemontese, and Vannoccio Biringuccio.15

Biringuccio's Pirotechnia, published in Venice
in 1540, is the first book to encompass the
complete field of metallurgy. His chapters on
the " small art of casting" enumerate the bene-
fits of sand casting on small objects as being
quick and easy:

But in order to avoid work and expense there
are shorter and easier ways to be used, both
because the things can be handled more easily
and because it is not necessary to have so
much regard for the forces of small materials.
Therefore, wishing to make a distinction for
you, I shall call this the small art of casting.
Before speaking of this, I shall tell you of sev-
eral methods of making powders [sand] for
moulding. Then I shall also tell you of the
methods of moulding in boxes and in frames,
and how the said powders are to be prepared
for casting either dry or green. Then I shall tell
you some methods that are held secret by the
masters for handling the metals in melting
and making them flow readily, so that you
may easily fill the cavities of your moulds.

Biringuccio states further that sand casting
is the preferred method when creating multi-
ple reproductions:

But if one has to make a large quantity of
works of one kind, he should for the sake of
convenience use the method with powder
because it is short and requires less time and
expense.

To produce a medal, the medalist would first
make a model from a pliable material such
as wax or clay, which Biringuccio described:

It is also customary to make a plaster capable
of being worked easily by hand in making
medallion portraits, leafwork, or scenes in bas-
relief so that they can be moulded for making
them in bronze if you wish. To do this, take
two parts of very pure white wax, one of white
lead, and a little goat's tallow, and mix them
all together.16

The model was then pressed into a soft mate-
rial that could be a compound consisting of
gesso, pumice, water, or even a fine sand
bound with glue.17 While still soft or damp,
the mold was often completed using punches
to impress any letters or design elements to
form the inscription. The letters could also
be formed of wax as part of the model. Both
obverse and reverse halves of the mold were
then dried prior to being joined (sometimes

in a flange). Openings were created to pro-
vide access for the molten metal to enter the
mold as well as to allow gases formed in the
process to escape. Molten metal was then
poured into the mold. When cool, the mold
was carefully opened to ensure that the cast
was not damaged and to preserve the mold for
another cast. Care was taken during the mold
making and casting process to produce a clean
cast to avoid the need for chasing or retouch-
ing the finished medal, which could destroy
its satiny finish. Finally, medals made from
copper alloys were usually given a lacquer or
a chemical patina to color their surface.18

The medals in this study are multiples:
more than one example exists of each. Hill
described the production of multiples in
terms of a secondary mold made from extant
originals.19 Patricia Tuttle noted that Renais-
sance authors record casting specific medals
precisely to serve as models for additional
molds.20 In either case, following the recipe
for mold making described by the Renais-
sance authors cited above, two or more medals
from a single mold could often be poured. As
Biringuccio explained: "It also served me very
well in that one, two, three, or four casts were
made without having to mould it again."21

XRF Analysis of Surface Alloy
Composition

Secondary emission energy dispersive x-ray
fluorescence spectrometry,22 which is a non-
destructive technique for determining elemen-
tal surface composition, was used to ascertain
the nature of the alloys in each medal. XRF
is a well-established analytical technique and,
because of its nondestructive capabilities,
has proven to be invaluable in the study of
art objects.23 It provides rapid, simultaneous
multielement analyses and has the added
benefit of being a quantitative technique
when analyses are compared with the appro-
priate standards. Although XRF is a surface
technique, and slight difficulties may arise
from the analysis of unprepared surfaces,24

the kind of quantitative information obtained
from the analysis is valid for the aims of this
study. The results using this methodology do
not produce a fully quantitative analysis,
such as achieved in an inductivity couples
plasma (ICP) study, which quantitates down
to the low parts per million. However, the
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Table i
Alloy Composition of Medals Attributed to, or after, Matteo de7 Pasti Using XRF Analysis of Surface

Hill nos. are from George Francis Hill, A Corpus of Italian Medals of the Renaissance before Cellini, 2 vols. (London, 1930), 1:37-43, 3J9;
2:pls. 29-35
bdl=below detection limits (approximately 500 ppm)

a. These medals are believed to be contemporaneous. George F. Hill and Graham Pollard, Renaissance Medals from the Samuel H. Kress Collection
at the National Gallery of Art (London, 1967)

b. After Matteo de7 Pasti. Hill and Pollard 1967, 17; J. Graham Pollard, "Medals/7 in The Collections of the National Gallery of Art, Systematic
Catalogue, Washington, forthcoming. In Pollard, Pasini suggests the medal is by de7 Pasti

c. Not illustrated, private collection
d. This medal is believed to have been made in an unknown Riminese workshop, which reproduced de7 Pasti original medals. Pollard (forthcoming)
e. After Matteo de7 Pasti. Probably a later work. Hill and Pollard 1967, 17

results are used to place the medals into a
number of different categories that can then
serve as a basis for further discussion.

The obverse and reverse of each medal
were examined by XRF.25 Calculations were
made for the amount of copper, tin, zinc, and
lead, as well as impurities such as iron,
nickel, silver, antimony, and arsenic.

The term "bronze" is widely accepted as a
generic, nontechnical term for art objects
composed of any copper alloy,- furthermore,
it is art-historical practice to refer to any
copper-based alloy used in the Renaissance
as a bronze. However, to categorize these
medals into distinct alloy groupings, a more
accurate definition is necessary. Technically,
bronze is understood to be an alloy of copper

and tin, sometimes with other elements in
smaller quantities present. Brass is an alloy
of primarily copper and zinc, sometimes with
other elements in smaller quantities also
present. This more precise terminology will
be used when classifying these medals by
alloy composition.

Of the seventeen medals examined (table
i), eleven are bronzes (figs. 4-14); of these,
most are leaded (containing 5 percent or more
lead) (see figs. 8-14). Five medals are brass
(fig. 3 and figs. 15-18), and one is an alloy con-
taining primarily copper and lead (fig. 19).

In contrast, of the 202 cast Renaissance
portrait medals of copper-based alloys ana-
lyzed as part of the National Gallery's sys-
tematic catalogue study (fig. 20), the majority
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Figure

No.
Bronze

4
5
6
7

Leaded bronze
8
9

10

ii
12

13

14

Medium-zinc brass
15

Low-zinc brass
3

16
17
18

Copper and lead
19

Obverse

Sigismondo Malatesta
Isotta degli Atti
Leone Battista Albert!*
Jesus Christ a

Sigismondo Malatestab
Sigismondo Malatesta
Isotta degli Atti
Isotta degli Atti
Sigismondo Malatesta
Sigismondo Malatesta
Sigismondo Malatesta
Sigismondo Malatestac

Guarino da Verona

Sigismondo Malatesta
Isotta degli Atti
Isotta degli Atti
Isotta degli Attid

Sigismondo Malatestae

Reverse

Fortitude
closed book
winged eye
tomb

San Francesco
castle of Rimini
Malatesta elephant
closed book
shield
emblem of authority
castle of Rimini
castle of Rimini

fountain

castle of Rimini
Malatesta elephant
Malatesta elephant
Malatesta elephant

no design

Diameter

8.2 cm
4.2 cm
9.3 cm
9.3 cm

4.0 cm
8.5 cm
8.5 cm
4.0 cm
4-3 cm
3.1 cm
8.1 cm
—

9.4 cm

8.3 cm
8.4 cm
8.4 cm
8.3 cm

9.1 cm

National Gallery

of Art No.

1957.14.653
1957.14.657
1957.14.648
1957.14.649

1957.14.658
1942.9.167
1957.14.651
1957.14.656
1957.14.650
I992.55.3
1957.14.654
—

1957.14.647

1957.14.652
1942.9.166
1942.9.165
1957.14.655

1957.14.659



Table i (continued)

(65 percent) are brasses. Fourteen percent are
tin bronzes and only 7 percent are leaded
bronzes, for a total of 21 percent of bronzes
of both types. One percent is unalloyed
copper, and the remaining 13 percent are
quaternary bronzes (also known as leaded
gun metals). Of the 202 Renaissance portrait
medals examined, only nineteen contain anti-
mony in greater than trace amounts (above
i percent). In addition, most of these high-
antimony medals contain significant quanti-
ties of arsenic. Of the group of nineteen
medals containing high antimony, nine are
attributed to Matteo de' Pasti. The remain-
ing ten medals have been attributed to eight
different fifteenth-century medalists from all
over Italy.26

The Significance of Alloy Composition
and Impurity Levels

During the Renaissance, copper ore was mined
and crushed under water-driven stamps and
washed to concentrate the ore. The concen-
trated ore was smelted using blast furnaces
to extract crude copper cakes from the ore.
These crude copper cakes were then refined
also using blast furnaces to purify the metal,
generally resulting in thin cakes of rosetta
copper. This now "refined" copper metal was
turned over to the coppersmith, armorer, or
foundry worker to be finished by hand. The
metallic copper produced had varying degrees
of purity depending on a variety of factors:
the original composition of the ore, the extent
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Hill

No.

178
189
161
1626

183
177
167
188
165
182
186
186

158

174
187
167
187

1900

Elements (in percentages)

Copper

77.2
83.1
79-9
86.4

75-7
80.1
80.8
79-5
76.2
79.6
78-3
74.2

85.2

89.3
88.6
88.9
89.7

86.8

Tin

14.7
10.9
9.0
8.1

12.4
7-3
7.2
6.9

5-9
54
5.0

14-3

2.4

1.4
2.9
2.1

2.1

0.6

Zinc

0.6
2.5
i.i
0.4

2.2

0.6
0.6
0.5

0.3
0.5
0.4

0-3

II. 2

6.8
7.0

6-3
5-9

0.8

Lead

1.8
0.7
3.6
3-0

6.8
6.1
5-8

10. 1

H-3
9-5
8.8
8.1

O.2

0.4

0.2

0.8
0.2

6.9

Iron

0.3
0.2

0.2

O.2

0-3

0.4

O.I

0.4

0.2

O.I

0-3
0.2

0.4

0-3

0.4

0.6

0.3

O.2

Nickel

0.8
0.4
0.5

0.3

0.9
0.5
0.5
0.4
0.6
0.5
0.5
I.O

0.3

0.3
0.2

0-3

0.5

0.4

Silver

O.2

O.2

O.2

O.I

0.2

O.I

O.I

0.2

0.2

0.2

0.2

O.I

0-3

0.2

O.2

0.2

0.2

0.2

Antimony

3-4
1.2

3-5
1-5

1-5
3.8
3-8
2.1

4-5
4.2
6.0
1.9

bdl

O.2

O.O

0.2

O.O

3-4

Arsenic

I.O

0.9
2.0

bdl

I.O

I.I

I.I

bdl

0.9

0.9

0.5

0-3

bdl

I.O

0.5
0.7
I.O

0.8



of smelting and refining the workman deemed
necessary, as well as the order in which the
copper was extracted from the melt (the first
few cakes of rosetta copper produced are gen-
erally higher in impurities).

The bronze medals by Matteo—leaded or
not—as well as the one copper and lead medal,
contain unusually high antimony impurities
(greater than i percent, see table i). All but
two of these high antimony medals also con-
tain arsenic. This variation in impurities sug-
gests that Matteo used metal refined from
two separate types of antimony-containing
copper ores for casting his portrait medals.
One copper ore used, often referred to in min-
ing terms as gray copper, is a complex mixed
copper ore body of the tetrahedrite fahlerz
type that are copper-arsenic-antimony sul-
fides such as (CuFe)12(AsSb)4S13. This gray
copper ore is indigenous to Freiberg in
Saxony (Germany), Kremnitz in Hungary
(today Kremnica in Slovakia), and mines near
Saint Austell, Cornwall (as well as mines of
North Carolina, whose ores were unavailable
during the Renaissance).27 Two medals—the
portrait of Jesus Christ (fig. 7) and the por-
trait of Isotta with the closed book reverse
(fig. n)—contain high amounts of antimony
but no arsenic,- most likely these medals
were made from metal refined from an anti-
monial copper ore composed of Cu2S+Sb2S3,
which occurs in the Harz mountain range

(Germany).28 Furthermore, although in Corn-
wall mining for tin had existed from Roman
times onward, it was not until the seven-
teenth century that Cornish tin miners began
to seriously excavate the more valuable
cupreous deposits nearby. Therefore, it is
unlikely that the copper originated from
Cornwall.29 This fact narrows the origin of
gray copper to the mines of Saxony and
Hungary and the antimonial copper to the
mines of the Harz region. All three of these
mining districts were active during the Italian
Renaissance (fig. 2i).30

Antimony expands on cooling; this unique
characteristic allows the finest details of the
mold to be preserved. It also imparts hard-
ness and a smooth finish to soft metal alloys,
making it a valuable addition to alloys con-
taining large amounts of lead.31 Arsenic in
the alloy also adds hardness to the lead in a
leaded bronze. Lead in amounts over 2 percent
is insoluble in copper and has an increased
tendency to pool, thus creating a potential
source of weakness. Of the five brass medals
examined, all are low in lead (less than i per-
cent), and none contained high levels of anti-
mony. Therefore, considering the elemental
composition of these medals, it seems likely
that Matteo was aware of the special casting
properties of alloys made from metals
obtained from these complex mixed copper
ores from Saxony and Hungary. He exploited

3. Matteo de' Fasti, obverse:
Sigismondo Pandolfo
Malatesta, Lord of Rimini;
reverse: The Castle of
Rimini, 1446, low-zinc brass
National Gallery of Art,
Washington, Samuel H. Kress
Collection
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4. Matteo de' Pasti, obverse:
Sigismondo Pandolfo
Malatesta, Lord of Rimini;
reverse: Fortitude Holding
Broken Column, 1449—1450,
bronze
National Gallery of Art,
Washington, Samuel H. Kress
Collection

5. Matteo de7 Pasti, obverse:
Isotta degli Atti of Rimini;
reverse: A Closed Book,
1454-1460, bronze
National Gallery of Art,
Washington, Samuel H. Kress
Collection

these properties, using his knowledge of the
characteristics of the metals refined from
these ores to his advantage, at least with
many of the medals cast toward the end of
his career in Rimini.

Grouping the Medals by Their Properties

Pasini believes that all the motifs for Matteo's
medals had been created by 1454; thereafter
they were continually being reworked to
achieve a more simplified design that resulted
in an increase in empty spaces and a gradual
shrinking of the inscription. For example,
the stops in the form of the heraldic four-
petaled Malatesta roses (fig. 10) are no longer
prominent, and the little round points of
inspacing have been replaced with a more
classical motif of triangular points (fig. i6).32

This continual reworking of the medal
designs makes correlating alloy composition

with style virtually impossible. In addition,
because the medals are commemorative,
little correlation can be established between
images that depict the sitter in various stages
of maturity. Several broad generalizations,
however, can be drawn by comparing the XRF
analyses data.

Leaded Bronze

As mentioned, of the seventeen medals exam-
ined that are attributed to Matteo (fig. 22),
the largest proportion (eleven) are bronzes,
and of these, seven are leaded bronze. The
Sigismondo medal with the castle of Rimini
reverse, Hill 177 (fig. 9) is almost identical in
elemental composition to the signed Isotta
medal with the Malatesta elephant reverse,
Hill 167 (fig. 10). These two medals are leaded
bronzes with closely similar impurities; their
composition suggests that they were cast at
the same time and supports Pasini's premise
that Matteo conceived these two medals to
form a pair.33 These medals are also compa-
rable in alloy composition to four others: the
Sigismondo medal with a castle of Rimini
reverse, Hill 186 (fig. 14), Sigismondo with a
[heraldic] shield reverse, Hill 165 (fig. 12), a
Sigismondo with an emblem of authority
reverse, Hill 182 (fig. 13), and the Isotta medal
with a closed book reverse, Hill 188 (fig. n).
The Sigismondo medal with the San Fran-
cesco reverse, Hill 183 (fig. 8), also belongs in
this group; even though it is currently cata-
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logued as "after Matteo,//34 it is generally
placed with those attributed to Matteo, and
Pollard has indicated that Pasini considers it
to be by Matteo.35 This medal is believed to
have been cast in 1450 when the church of
San Francesco was reconstructed by Alberti.
The reverse depicts Alberti's concept for
the facade, which was never completed.36

Another medal of Sigismondo with the cas-
tle of Rimini reverse (Hill 186; not illus-
trated, private collection) falls into the same
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6. Matteo de' Fasti, obverse:
Leone Battista Alberti;
reverse: A Winged Human
Eye, 1446/1450, bronze
National Gallery of Art,
Washington, Samuel H. Kress
Collection

7. Matteo de7 Pasti, obverse:
Jesus Christ; reverse: Christ
in the Tomb, 1446/1450,
bronze
National Gallery of Art,
Washington, Samuel H. Kress
Collection

8. After Matteo de' Pasti,
obverse: Sigismondo
Pandolfo Malatesta, Lord
of Rimini; reverse: San
Francesco at Rimini,
c. 1453-1454!?), leaded
bronze
National Gallery of Art,
Washington, Samuel H. Kress
Collection

9. Matteo de7 Pasti, obverse:
Sigismondo Pandolfo
Malatesta, Lord of Rimini;
reverse: The Castle of
Rimini, 1446, leaded bronze
National Gallery of Art,
Washington, Widener Collection

10. Matteo de7 Pasti,
obverse: Isotta degli Atti
of Rimini; reverse: The
Malatesta Elephant in a
Meadow, c. 1453, leaded
bronze
National Gallery of Art,
Washington, Samuel H. Kress
Collection

compositional group as the National Gallery
leaded bronze medals.

Bronze

Three medals are bronzes with closely simi-
lar alloys and impurities: the Sigismondo
medal with the Fortitude reverse, Hill 178
(fig. 4), the Isotta medal with the closed book
reverse, Hill 189 (fig. 5), and the signed Leone
Battista Alberti medal, Hill 161 (fig. 6). The
signed Jesus Christ medal, Hill i6ie (fig. 7),
is a bronze similar in alloy composition to
the three medals shown in figures 4, 5, and 6
except that arsenic has not been detected, and,
if it is present, it is below the detection limits
of the instrument. The Jesus Christ medal is

believed to be contemporaneous with the
Alberti medal, which has been conventionally
dated between 1446 and 1450, when Alberti
was in Rimini to oversee the reconstruction
of the church of San Francesco.37

Copper and Lead

The Sigismondo medal without a reverse
design, Hill i9oc (fig. 19), is unique compared
to the other Matteo medals, as it is neither a
bronze nor a brass but is composed primarily
of copper and lead. Nevertheless, its high
antimony content range is similar to many
of the other medals examined; this medal
has been placed as "after Matteo" and is most
likely a later work.38
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Brass

The three other Isotta medals with the Mala-
testa elephant39 reverse, Hill 187, 167, and 187
(figs. 16-18), as well as the Sigismondo medal
with the castle of Rimini reverse, Hill 174
(fig. 3), are all low-zinc brasses with similar
impurities. The portrait medal of Guarino da
Verona, Hill 158 (fig. 15), who was a scholar
and professor of the classics at the University
in Ferrara from 1430 until his death,40 is a
medium-zinc brass; if antimony and arsenic
are present, these elements are in levels below
detection limits. This medal differs signifi-
cantly in alloy composition, and its method
of fabrication—with such fine details as wrin-
kles around the sitter's eye and neck, stri-
ated texturing of the face, and delicate chase
marks—makes it the most refined of all the
National Gallery medals in this group. The
design of the medal also differs from other
Matteo medals, and the inscription contains
several types of lettering unlike other Matteo
medals in the National Gallery collection. The
G in GVARINVS and the first E in VERONENSIS
appear in Gothic majuscules, as well as the
E in MATTHEUS on the reverse. This medal,
therefore, can be presumed to represent the
product of a foundry different from those that
produced the other medals analyzed for this
study. Also, its distinctly different alloy com-
position, including impurities, and differing
design support its dating as an early work by
Matteo while he was active in Ferrara,41 and
not the more recent dating assigned to the
medal.42

11. Matteo de' Pasti,
obverse: Isotta degli Atti
of Rimini; reverse: A Closed
Book, 1446, leaded bronze
National Gallery of Art,
Washington, Samuel H. Kress
Collection

12. Matteo de; Pasti,
obverse: Sigismondo
Pandolfo Malatesta, Lord
of Rimini; reverse: Shield,
Helmet, Elephant-crest,
and Mantling, 1450-145i,
leaded bronze
National Gallery of Art,
Washington, Samuel H. Kress
Collection

13. Matteo de' Pasti,
obverse: Sigismondo
Pandolfo Malatesta, Lord
of Rimini; reverse: Emblem
of Authority, 1447, leaded
bronze
National Gallery of Art,
Washington, Gift of Lisa and
Leonard Baskin

14. Matteo de' Pasti,
obverse: Sigismondo
Pandolfo Malatesta, Lord
of Rimini; reverse: The
Castle of Rimini, 1446,
leaded bronze
National Gallery of Art,
Washington, Samuel H. Kress
Collection
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15. Matteo de' Pasti,
obverse: Guarino da Verona;
reverse: Fountain Sur-
mounted by a Nude Male
Figure, c. 1454-1455/1456,
medium-zinc brass
National Gallery of Art,
Washington, Samuel H. Kress
Collection

16. Matteo de' Pasti,
obverse: Isotta degli Atti
of Rimini; reverse: The
Malatesta Elephant,
14.4.6, low-zinc brass
National Gallery of Art,
Washington, Widener Collection

17. Matteo de' Pasti,
obverse: Isotta degli Atti
of Rimini; reverse: The
Malatesta Elephant in a
Meadow, c. 1453, low-zinc
brass
National Gallery of Art,
Washington, Widener Collection
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18. Matteo de' Fasti,
obverse: Isotta degli Atti
of Rimini; reverse: The
Malatesta Elephant,
1446, low-zinc brass
National Gallery of Art,
Washington, Samuel H. Kress
Collection

Conclusion

This study was initiated to learn more about
the unusual compositional nature of a series
of portrait medals by Matteo de' Pasti. Micro-
scopic examination revealed that all the
medals were probably sand cast. There is lit-
tle evidence of cold working on the medals,43

which may be an indication of the attention
to perfecting the mold so that few flaws
occurred in casting. The medals classified as
bronze produced by Matteo in Rimini, with
or without lead, contain unusually high anti-
mony impurities. All but two of these bronze,
high antimony medals also contain arsenic.
The one copper and lead medal examined
(considered "after Matteo") contains signifi-
cantly high levels of antimony and arsenic.
This grouping by variation in impurities sug-
gests that Matteo used metal refined from
two separate types of antimony-containing
copper ores for casting his portrait medals:
gray copper, originating from the mines of
Saxony and Hungary, and antimonial copper
from the mines of the Harz region. This study
has strengthened the belief that Matteo had
an extensive knowledge of practical metal-
lurgy, was well aware of the special casting
properties of the alloys produced from these
complex mixed copper ores, and used the
metal obtained from these ores advanta-
geously during the latter half of his career
while he was connected with the Malatesta
court in Rimini. The analysis of the medals,
using XRF techniques, has brought us a step
closer toward considering what trade routes

19. After Matteo de' Pasti,
obverse: Sigismondo
Pandolfo Malatesta, Loid
of Rimini, probably 14 5 6 (?) ;
copper and lead
National Gallery of Art,
Washington, Samuel H. Kress
Collection

20. Alloy composition of 202
cast National Gallery of Art
Italian Renaissance portrait
medals examined by XRF
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21. Renaissance mining
towns at the time of Agricola
From Bern Dibner, Agricola on
Medals (Norwalk, Conn., 1958),
Burndy Library, Dibner Institute
for the History of Science and
Technology, Massachusetts Institute
of Technology, Cambridge,
Massachusetts

22. Alloy composition of
seventeen National Gallery
of Art portrait medals by or
attributed to Matteo de'
Pasti examined by XRF

may have been used during the period Matteo
worked. It also has enabled us to speculate
about mine locations and ore preferences
that may have been cultivated by individual
Renaissance artists, based on the unique
working properties of alloys prepared from
specific sources.
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NOTES

I especially thank Daphne Barbour, associate object
conservator/ National Gallery of Art, Washington,
for her examination of the Matteo de' Pasti medals.
The insights she offered on Renaissance casting prac-
tices of these medals were invaluable. Thanks are also
due to other National Gallery staff, including Lorene
Emerson, photographer for several of the images,-
E. Rene de la Rie, head of the scientific research
department; Shelley Sturman, head of object conser-
vation,- Alison Luchs, curator of early European sculp-
ture,- and Douglas Lewis, curator of sculpture and
decorative arts, for their encouragement and support
throughout this endeavor. Last, I am indebted to Janice
Gruver, editor for the conservation division, for her
patience and diligence in reviewing this manuscript.
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A N N H O E N I G S W A L D

Kazim.ii Malevich's Paintings:
Surface and Intended Appearance

A Ithough he was a prolific writer on the phi-
losophy of art, Kazimir Malevich (1878-1935)
wrote relatively little about his painting
technique, and virtually nothing is known
about his specific choice of materials. Yet a
close examination of his paintings reveals a
remarkably sophisticated approach to mate-
rials and the painting process. In an April 1933
photograph (fig. i), Malevich is shown seated
before his Girl with a Red Staff of 1932-1933.
When compared to the painting today, the
photograph clearly suggests that the artist
continued to work and rework his canvas.

From his earliest works to those of his
final years, Malevich was keenly aware of the
expressive and formal potential of his materi-
als, and with skill, subtlety, and invention,
he exploited the properties of these materials
in a variety of ways. He wrote, "Color and
texture in painting are ends in themselves,
the very essence of painting/71

To present color and texture in their purest
form, Malevich realized it was essential to
focus on the surface of a painting. Many
artists deal with the final surface by applying
an overall varnish or by choosing to leave
their pictures unvarnished. Malevich, in con-
trast, controlled the subtlety of his paint sur-
faces at every stage of their creation. Because
of his unique handling of each stage of his
compositions, the paintings in the 1990-1991
exhibition Kazimir Malevich, 1878-1935
afforded both art historians and painting con-
servators an opportunity to learn more about

his focus on materials.2 It became evident
that Malevich's manipulation of materials to
alter and contrast the surface appearance was
of great importance to him. The choice of
pigments and selective handling of materials
as well as the decision whether or not to use
surface coatings affected the appearance of
his paintings. This concern is not unique to
Malevich, but it was easily studied because
of his known pronounced focus on the impor-
tance of surface characteristics and the well-
preserved state of so many of the paintings
examined. My observations about Malevich's
paintings are the result of simple visual
examination and the use of ultraviolet light,
infrared reflectography, x-radiography, and
x-ray fluorescence spectroscopy. Discussion
will follow in the manner in which I exam-
ined the paintings, beginning with the sup-
port and followed by the ground, paint, and
varnish or coating layers. Table i lists all the
works examined, by date (see page 125).

The Support

Although Malevich also painted on cardboard
and wood supports, I have focused primarily
on the variety of fabric supports. Of the works
in the exhibition, to which my examination
was almost exclusively limited, at least ten
to fifteen types of fabric can be identified.
For purposes of general identification, they
will be referred to as "canvas." However, the
supports ranged from commercially prepared
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canvas, seemingly identical to what was
generally used by European painters at the
beginning of the twentieth century, to can-
vas that was very coarse and rough, which
Malevich used at the end of his career. One
could legitimately question whether this

support materials, it seems he did not do so
in a consistent pattern. What remains unre-
solved is whether this variety of supports
was the result of choice or of necessity.

The availability of artists' materials in
Russia before and after the revolution remains
unclear. Contemporaneous photographs show
ample fabric was available for the enormous
revolutionary banners that virtually covered
facades of buildings. On the other hand, we
know that by the early 19205 the most basic
materials were in short supply for the aver-
age citizen.3 Yet if fabric was readily available
to glorify the revolution, it is not known
whether Malevich would have been in a posi-
tion to purchase it; conversely, if basic goods
were difficult to obtain, Malevich may or may
not have had some access to them. An indi-
cation of fabric availability for Malevich is
revealed by the fact that the 1990-1991 exhi-
bition included only one canvas that was
painted on both sides, The Woodcutter, 1912,
and Peasant Women at Church, 1911 (fig. 3).
If artists' canvas was scarce in the years pre-
ceding the revolution, it seems likely that
reuse of a canvas would have occurred more
frequently; therefore, it is more likely that
Malevich employed a range of materials by
choice rather than necessity.

The Ground (Priming)

Malevich used both primed and unprimed
canvases. Although it can be assumed that
availability occasionally dictated his choices,
his techniques show he was adept in utilizing
the properties of both types of canvas. More-
over, it is likely he realized that unprimed
absorbent fabric could produce the appear-
ance he sought to achieve on the paint sur-
face. He also made use of unprimed canvas
as a compositional device. This aspect is par-
ticularly pronounced where the unprimed
canvas itself reads as a distinct tonal and
textural area that serves to separate colors,
as it does in Suprematist Painting, 1917-1918
(cat. no. 58),4 where the unprimed fabric sep-

i. Kazimir Malevich seated
in front of Girl with a Red
Staff, 3 April 1933, Saint
Petersburg
Photograph: Nikolai Suetin

2. Kazimir Malevich, Vanity
Case, 1913, oil on wood
State Tretiakov Gallery, Moscow
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3. Kazimir Malevich,
Peasant Women at Church,
1911, oil on canvas
Stedelijk Museum, Amsterdam

4. Detail, fig. 3, showing
unprimed canvas

arates the white background from the yellow
wedge. Malevich fully exploited the nature
of an unprimed support in Vanity Case, 1913
(fig. 2), exaggerating the natural grain of the
wood panel with paint and incorporating its

texture into the overall design.
Malevich's most conspicuous use of un-

primed canvas can be found in Peasant
Women at Church (fig. 3). Significant sec-
tions of the image are delineated by the
exposed fabric (fig. 4). This technique paral-
lels Malevich's execution of large gouaches
in the same year in which the exposed paper
support similarly plays a critical visual role
in the image as a whole.

Although Malevich used unprimed canvas,
presumably to draw attention to the rustic
nature of the subjects through the simplicity
and roughness of the fabric, the majority of
his paintings were executed on primed sup-
ports. While it appears he was interested in
exploiting the absorbent qualities of unprimed
fabric, which would leach the medium from
his paints, he also used primed canvas to
achieve greater control over his materials
and the final visual appearance of his paint-
ings. It is much easier to manipulate the
range of absorption on a primed surface than
on one that is unprimed. Some of Malevich's
canvases appear to have been commercially
prepared; yet, even then, it can be observed
that he occasionally rubbed through the pro-
prietary priming or added subsequent layers
of his own. There are also instances in which
he seems to have done the priming on large
expanses of fabric before stretching them.

As with the choice of fabric, the type of
ground used was directly related to Malevich's
concern for the quality of the surface of the
painting. The more absorbent the ground
material, the more matte in appearance the
oil paint layer becomes. In contrast, the denser
(and less absorbent) the ground, the richer the
applied oil paint would appear. Malevich used
both types of ground to achieve a greater vari-
ety in his surfaces.

The ground materials were examined visu-
ally in the areas of the well-preserved tacking
margins and in exposed areas on the surfaces
of the paintings. Malevich preferred white, off-
white, or slightly grayish grounds. An excep-
tion is an unusual ground that has the appear-
ance of either a thick glue, an emulsion, or
even glue in a pulp base. It imparts a very
smooth, brown, absorbent surface that resem-
bles a board more than a fabric support. In
addition, so much of the oil is leached from
the paints that the medium takes on the
appearance of a pastel. Malevich used this
unusual ground for Peasants, c. 1928 (fig. 5)
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5. Kazimir Malevich,
Peasants, c. 1928,
oil on canvas
State Russian Museum,
Saint Petersburg

and Complex Premonition (Half Figure in a
Yellow Shirt), 1928-1932.5 It appears that he
knew this type of ground would produce the
characteristics he sought. In Peasants, in par-
ticular, Malevich allowed much of this brown-
ish ground to remain exposed, and, in addi-
tion, his underdrawing in both pencil and
brush is easily visible (fig. 6). It seems unlikely
that he intended to varnish this painting, as
its character depends on the matte quality of
the materials. However, in Complex Premo-
nition (Half Figure in a Yellow Shirt) of the
same period, he locally applied a surface
coating to the paint layers. Here he carefully
avoided the areas of exposed ground to retain
the ground's matte character and draw atten-
tion to its contrast in surfaces.

The Paint Surface

Beyond the support and ground materials the
artist's most essential tool is the paint sur-
face. All of Malevich's paintings, whether on

6. Detail, fig. 5, showing
underdrawing
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y. Detail, fig. 2, showing
textures and layers of paint

fabric or panel, appear to have been painted
with oil paint. Presumably he used commer-
cially supplied materials, but there is no docu-
mentation of his purchases. Malevich manip-
ulated his medium to achieve a far greater
range of surface effects and textures than most
of his contemporaries did. Although many
areas of his paintings were, in fact, mono-
chromatic, the paint itself became highly
modulated and animated. His methods, how-
ever, were not limited to the use of conven-
tional impasto or palette knife—the technique
used by his contemporaries. Another indica-
tion of a fascination with the contrast of tex-
tures is the fact that he even occasionally
signed his paintings by incising his name
into the wet paint.6

On occasion, Malevich controlled his brush
with such skill that he was able to manipu-
late paint sculpturally, creating planes and
volume in the paint texture itself. For exam-
ple, in the panel Vanity Case (fig. 2) he dis-
tinguished the three planes of the box by
altering the texture and layering of paint to
different degrees (fig. 7). Malevich gave form
to the box by scratching through the paint
surface to reveal lower levels of paint. He
used this technique rather than the more
traditional method of adding pigment or
manipulating tone to indicate shadows and
highlights. By using this method, the front
plane of the painting reveals relatively less
of the paint layer underneath than is seen on
the surface plane that reaches back, which
was handled with short, stippled strokes; the

top of the box was worked out in longer,
broader strokes to differentiate the planes.
Equally calculated handling is evident in
Peasant Woman with Buckets, 1912. Here it
is possible Malevich applied paint with a
short, stiff brush to create a convincing sense
of volume in the conical forms. Although
both paintings reflect skill in applying paint
to the canvas, the handling and effect he
achieved in them are very different. The sur-
face of Vanity Case (and its accompanying
two panels, Through Station. Kuntsevo and
Cow and Violin, both 1913) is deliberately
rough and crudely textured compared to the
surface of Peasant Woman with Buckets,
which has a more refined, silklike quality. In
both paintings cited above, and in many oth-
ers, this paint manipulation also enhances
the play of light on the surface of the paint-
ing. It is possible that Malevich intended
to leave these four paintings unvarnished
to highlight the brushwork. Today the var-
nished surfaces of the paintings impart a
uniformity to the surface that Malevich had
wanted to differentiate,- as a result, the effect
has been diminished.

It seems Malevich frequently leached oil
out of his paints before applying them to the
canvas, or he added driers. Again, while there
is no documentation to support this assump-
tion, visual examination and the appearance
of many of his canvases in ultraviolet light
strongly suggest such a technique. The black
paint used for the head in Suprematism.
Female Figure, c. 1928-1932 (fig. 17) may
have been leached (it is very dry and almost
granular in appearance); in addition, paint-
ings with unusually wide cracks, for exam-
ple, Sportsmen, c. 1928-1932, may have had
driers added to individual paints. It is also
possible that Malevich added medium or var-
nish to his paints as he worked. For the black
horizontal bar in Suprematist Painting, before
1927 (cat. no. 65) (fig. 13), he may have had
additional medium or varnish added to the
paint, which increased the gloss. Using this
technique, Malevich was able to model or
flatten forms merely by controlling a single
pigment. This approach is not unlike his
careful working of drawing media in Vertical
Suprematist Construction, c. 1920, in which
he manipulated the graphite pencil to alter
the blackness and line to differentiate the
two halves of the circle. This technique
became slightly more sophisticated in Verti-
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cal Construction/Suprematist, c. 1920, as he
contrasted the interior of the diamond that
was formed by the velvet quality of the
graphite with the waxy, crayon perimeter. In
Girls in the Field, c. 1928 (fig. 8), he handled
the black paint in the head of the central fig-
ure (fig. 9) in much the same way, adding
varnish to the paint applied to the lower half
of the right side of the face.

Malevich consciously manipulated paints
to produce glossy and matte effects; he also
recognized that certain paints had inherent
characteristics that could be exploited for his
purposes. Again, Girls in the Field illustrates
this technique. The head to the far left is
divided in half vertically so that the left side
is matte and the right side is glossy. Rather
than producing this effect with applied var-
nish, Malevich may have used lead white
on the left side and zinc white, which fluo-
resces strongly in ultraviolet light, on the
right side.7 While Malevich may not have
understood the chemical distinctions between
lead white, which produces a chalky mixture
when it dries, and zinc oxide white, which
produces a hard, brittle surface,8 it is likely
that he understood the characteristics of these
materials well enough to modulate an other-
wise indistinct surface.

Malevich's preoccupation with the expres-
sive potential of the paint was by no means
limited to his figurative work. As with Girls
in the Field, in his white-on-white suprema-
tist paintings of 1917 and 1918 he juxtaposed
what appears to be lead white with zinc
white. This juxtaposition, of course, empha-
sized both the contrast between a gloss and a
matte surface as well as their tonal varia-
tions. There may also be slight paint addi-
tions to the whites,9 but the major difference
in surface appearance seems to stem from
the choice of white paint rather than signifi-
cant additions of color. Additional medium
or varnish may also have been a factor in
variation of surface gloss. However, whether
it was the choice of paint or the altering of
the pigment, Malevich's focus was certainly
on surface effect. The subtlety with which he
deployed these materials is especially appar-
ent in the suprematist series: in Suprematist
Painting, 1917-1918 (cat. no. 59), he painted
the background in matte white and the forms
in glossy white paint, and in Suprematist
Painting, 1917-1918 (cat. no. 60), he did the
opposite.10 The contrast must have been very

striking when these paintings were exhibited
side by side in Moscow in I9I9.11

The rich, textural interplay of the paint sur-
faces in his white paintings demonstrates
Malevich's careful devotion to surface. It is
likely, however, that the concept of the mono-
chromatic shapes was actually formulated
during the creation of his earlier works. In
his early work, Malevich frequently painted
a white background up to drawn lines on the
ground; essentially, he was creating a white-

8. Kazimir Malevich,
Girls in the Field, c. 1928,
oil on canvas
State Russian Museum, Saint
Petersburg

9. Detail, fig. 8, showing
black paint where varnish
has been added
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on-white image. This technique is in contrast
to most artists' approach, which is to paint
in the colored forms first. In Suprematist
Painting, 1915 (cat. no. 50) (fig. 10), Malevich
allowed some ground to remain exposed, and

10. Kazimir Malevich,
Suprematist Painting, 1915,
oil on canvas (cat. no. 50)
Stedelijk Museum, Amsterdam

ii. Detail, fig. 10, showing
ground exposed

it is among the best examples of this tech-
nique. His sequence was to draw the shapes
on the white ground in pencil, paint the white
background up to the designated lines, and
subsequently paint in the colored forms. In
the area around the lower red square he left
the ground exposed on the two horizontal
bars (fig. n). Here again, the step preceding
the application of color was white-on-white.

As a skilled colorist, Malevich was able to
manipulate color by both juxtaposing and
layering tones,- he understood that the appli-
cation of color should be neither minimized
nor ignored. He was interested in the inter-
action between complementary colors, which
can be observed in his frequent juxtaposition
of red and green; conversely, he also layered
colors in a more subtle technique. This lay-
ering of color is evident as the blue paint
emerges from under the green grassy areas in
Haymaking, c. 1928 (fig. 12). Here he scratched
into the top layer of paint to reveal the lower
layer that had already dried. This layering is
also emphasized in the pail, painted in blue
over a dried red layer, which is held by the
central figure. The red undertone in the pail
is not eliminated, however; a sliver of color
peeks through at the edges, which intensifies
the blue by creating an aureole around the
pail.

The widespread presence in many of his
paintings of drying cracks (which are the
result of multilayer applications of paint
without allowing sufficient time for lower lay-
ers to dry before adding subsequent layers)
and the frequent evidence of his working into
the wet paint suggests that Malevich worked
rather quickly. His artistic process can be
followed by examining his method of pro-
ducing the straight edges on his Suprematist
works. As an early precursor to the masking-
tape method used much later by Frank Stella
(b. 1936), Malevich apparently produced a
sharp line by placing a card adjacent to the
area he wanted to delineate and then feath-
ered strokes off the card onto the canvas.
Although we presume his goal was only to
achieve a clean delineation between two
color areas, Malevich frequently created an
additional textural element, for he rarely
allowed the underlying paint to dry and
hence pulled it up when he removed the card
after applying the colors. We can speculate
whether he overlooked the relief he had cre-
ated or, instead, actually welcomed this "ac-
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12. Kazimir Malevich,
Haymaking, c. 1928,
oil on canvas
State Tretiakov Gallery, Moscow

tive" touch. Thus, in addition to his con-
scious manipulation of paint, this effect may
be identified as a kind of unconscious by-
product. Although these effects are most
pronounced in Malevich's oil paintings, they
can also be observed in his gouaches. In
these, in attempting to "white out" a change,

he often added a new stroke that strength-
ened the form. This same technique is used in
his oil paintings, but not as a remedial step. It
is a deliberate additional stroke for empha-
sis, and it results in a redefinition of forms.

Conservators and art historians in general
have debated whether pentimenti, or artists7
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13. Kazimir Malevich,
Suprematist Painting,
before 1927, oil on canvas
(cat. no. 65)
Stedelijk Museum, Amsterdam

14. Fig. 13, viewed in
transmitted light

changes, were actually meant to be seen. As
a painting ages and paint layers become in-
creasingly transparent, pentimenti frequently
emerge with greater clarity. In our examina-
tion of Malevich's paintings, x-radiographs
enabled us to observe where Malevich altered
elements or even changed entire compositions.

There is no question that in some paint-
ings the changes were intended to cover the
original image, as was the case with the head
that can be seen under the house in Red
House, c. I932,12 and which is visible only in
x-radiographs. Similarly, the initial composi-
tion beneath White Square on White, 1918,
has been revealed through x-radiographs.13

It could also be argued that Malevich may
have been intrigued by the emerging images
as he painted. In Suprematist Painting, before
1927 (cat. no. 65) (fig. 13), which reveals the
ghost of an earlier image through the trans-
parency of the white paint (fig. I4),14 and in
Suprematism, 1915 (cat. no. 54) (fig. 15), both
options present themselves. Although now
quite distinct, the changes in Suprematist
Painting (cat. no. 65) were not likely meant
to be seen. In the 1915 Suprematism (cat. no.
54), however, the cracks in the upper layers

and many of the alterations that define the
lower layers were probably visible soon after
they were painted (fig. 16), as they are typi-
cal of results that occur when a paint layer is
applied over another that has not yet fully
dried. The manner in which Malevich applied
the top layers of paint teases the eye with
the shapes or hints of color from the previ-
ous layer and actually invites the viewer to
notice the changes.

In Suprematism. Female Figure, c. 1928-
1932 (fig. 17), the drying cracks that appear
over the small, ghostlike figures on either side
of the central figure probably emerged soon
after Malevich made the changes. Through the
cracks clear indications of the colors of the
figures underneath can be seen (figs. 18, 19).
The visible impasto of the earlier image is
hardly masked; in fact, its existence implies
that the changes were not immediate. Suffi-
cient time had to have elapsed for the thick
lower paint layer to dry. Although the trans-
parency of the top layer has no doubt
increased over time, the lingering images
suggest that Malevich intended or at least
accepted their presence. He knew the changes
were visible and yet chose not to obliterate
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15. Kazimir Malevich,
Suprematism, 1915,
oil on canvas (cat. no. 54)
State Russian Museum, Saint
Petersburg

16. Detail, fig. 15, showing
the cracking in the left area
revealing colors in the
underlayer
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iy. Kazimir Malevich,
Suprematism. Female
Figure, c. 1928-1932
State Russian Museum, Saint
Petersburg

18. Schematic drawing of
fig. 17, showing locations
where color remnants and
original figures are visible
through the cracks

these images or to reintegrate the work. I
suggest, therefore, that on these paintings he
allowed the cracks to remain and the images
to emerge, even revealing the initial intent to
portray the figures in color. These pentimenti
serve both as a record of the painting process
and as a poignant reminder of the solitude of
the central figure. In this painting, Malevich
used technique as an expressive tool.

19. Detail, fig. 17, showing
original figure on the lower
right side of the central
figure

The Surface Coating

In many ways the surface coating of a paint-
ing is the most difficult area of study because
it is not always possible to differentiate an
artist-applied coating from one that was added
by someone else. The surface coating gener-
ally serves one of two functions—either to
protect the paint layer or, more frequently, to
saturate it. Malevich seems to have exploited
the second practice in an unconventional way.
Far from using a surface coating merely to
saturate colors, he manipulated the gloss-
matte relationship in his paintings by apply-
ing varnish locally. Malevich lamented the
difficulty of achieving weight on a form;15

local varnish was one means of dealing with
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this problem. Focusing on particular paint-
ings, where it appears that he carefully con-
trolled the surface coating, has enabled us to
better understand how he utilized the effects
of varnish.

Among the earliest examples of Malevich's
use of a surface coating are the gouaches
he painted during 1908 and 1909. He later
adapted the traditional gouache materials
and methods to his oil paintings. In gouache,
a medium with limited surface characteris-
tics, an artist frequently depends on the addi-
tion of a coating of water-based gum or egg
white to vary the gloss,16 a coating that, in
turn, affects the saturation and ultimately
the sense of depth and form. In Self-Portrait,
c. 1908-1909 (fig. 20), Malevich carefully rein-
forced some of the forms in the background
with a transparent coating. For example, he
articulated the shape of the body of the nude
figure on the right (fig. 21) by carefully apply-
ing the coating with fine strokes, which
highlight the nude's back. He subsequently
painted over the coating with additional
gouache to enliven the interplay of surface
and form. Clearly, he understood that the
contrast of saturated and unsaturated paint
would enhance the modeling of the form.

Such controlled manipulation of the coat-
ing is less frequently seen in oil paintings
than in gouaches because the artist has many
more opportunities to alter the gloss by exper-
imenting with the oil paints themselves. One
can add a drier, more or less medium, or var-
nish to the paint, or, conversely, leach oil out
of it. Certain pigments with varying absorp-
tive qualities can produce particular surface
characteristics. The paint layer can be coated
either locally or uniformly. Because Malevich
carefully chose his materials and his paint-
ings have received good care, his original
intent for surface appearance is still easily
recognizable.

It appears that, as a result of his experi-
ence in using gouache, Malevich frequently
chose a water-based material, possibly egg
white or more likely a gum, to coat some of
his paintings locally even while he contin-
ued to work on them.1? This practice is
apparent in Haymaking (fig. 12), where the
coating was applied over the central figure's
black hair and the blue sky was subse-
quently partially laid in over the coating.

Apparently, Malevich did not use a tradi-
tional natural resin varnish in his local appli-

20. Kazimir Malevich,
Self-Portrait, c. 1908-1909,
gouache and varnish
on paper
State Tretiakov Gallery, Moscow

21. Detail, fig. 20, showing
fine brushstrokes of a
coating highlighting the
nude's back
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22. Kazimir Malevich,
Three Female Figures,
c. 1928-1932, oil on canvas
State Russian Museum, Saint
Petersburg

23. Detail, fig. 22, showing
selectively coated areas on
the far right figure, viewed
in raking light

cations of coating. Viewed in ultraviolet light,
these paintings do not produce the character-
istic fluorescence of a resin coating, and they
have not yellowed as paintings with an aged
natural resin varnish film would have. More-
over, the paintings have a satin finish rather
than a high-gloss shine, and the presence of
small bubbles may indicate the surface ten-
sion that can build up between a water-based
material and a layer of oil paint.

Malevich juxtaposed coated and uncoated
paint surfaces. This juxtaposition can be seen
in Three Female Figures, c. 1928-1932 (fig. 22),
where he has selectively coated certain areas
(fig. 23), or in Peasant Woman, c. 1928, where
he applied a coating exclusively to the black
paint on the figure's hands and feet. He
appears to have achieved somewhat similar
effects by contrasting leached and unleached
areas of paint with coated areas, and, on occa-
sion, he may have even added extra medium
or possibly varnish to paints to increase the
gloss.

Until the late 19205 Malevich left most of
his finished paintings unvarnished. He relied
more on the character and handling of the
paint itself to differentiate the surfaces. It was
in the later figurative images that he began
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more extensively to manipulate coated and
uncoated areas and to focus on gloss-matte
relationships.

The stripes in Red Cavalry represent many
variations of surfaces. By using his under-
standing of the characteristics of each pig-
ment, Malevich alternated gloss-matte bands
without applying varnish. In Going to the
Harvest: Marfa and Vanka, c. 1928 (fig. 24),
however, he used a locally applied coating
on the figures and the background (fig. 25).
Ultraviolet light reveals that he has probably
alternated zinc white and lead white in the
largest figure: the proper left arm is painted
with zinc white (which imparts greater
inherent gloss) (fig. 26); the proper right arm
(painted with lead white) is more matte. In
the area between the arms, the back of the
larger figure is painted with lead white at the
top proper left shoulder and then moves into
an area of zinc white as it blends into the
black paint. It is noteworthy that Malevich
used both a surface coating and selected pig-
ments to achieve a variation in glossiness in
a single painting.

Although Malevich generally used coatings
to differentiate small forms and to manipu-
late the paint itself in larger areas of a paint-
ing, there are some exceptions. Girl with a
Comb in Her Hair, 1932-1933, observed with
ultraviolet light, shows fluorescence in the
face, suggesting that lead white was used for
highlights while the rest of the face is painted
with zinc white. Three Female Figures (figs.
22, 23) is also of interest because of the
artist's effective use of a coating. Here the
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24. Kazimir Malevich,
Going to the Harvest:
Marfa and Vanka, c. 1928,
oil on canvas
State Russian Museum,
Saint Petersburg

25. Detail, fig. 24, showing
three women in upper right,
viewed in raking light

26. Detail, fig. 24, showing
arms of largest figure viewed
in raking light

27. Kazimir Malevich,
Red Square (Peasant
Woman. Suprematism),
1915, oil on canvas
State Russian Museum,
Saint Petersburg

28. X-radiograph, detail of
fig. 27, showing lower left

black head on the right is coated almost
uniformly while the figure's torso is coated
only on the proper right side to flatten and
also emphasize the form. X-ray fluorescence
reveals that the same pigments were applied
on both sides of this figure.18 This finding
suggests that the tonal variation we see is
due to the carefully controlled saturation of
the coating material.

Conclusion

Despite all Malevich's preparatory sketches
and complex discourses on theory, his mature
painting method reflects a culmination of
technical experimentation that evolved over a
period of time. Nearly all the paintings in the
exhibition that I had an opportunity to exam-
ine closely had compositional alterations. The
clearest demonstration of the artist's evolved
process can be seen in Red Square (Peasant
Woman. Suprematism), 1915 (fig. 27), where
Malevich explicitly invites the viewer to
witness his development of the painting.
Although these changes are readily apparent
to the naked eye, they are further enhanced
by an x-radiograph (fig. 28), which reduces
the image to black and white and eliminates
the distraction of color. The composition was

initially conceived as a near-perfect square
with four right angles; under magnification,
pencil lines that served as underdrawing can
be seen at the lower left-hand corner, and
infrared reflectography confirms that these
lines extend around the "perfect" square.
Malevich deliberately distorted the square
by extending the top right corner. Rather than
carefully blending in the paints, he chose
the same pigment but altered his handling
of it; while the bulk of the square was
painted in stiff, long diagonal strokes, the
addition—or distortion—was produced with
softer, rounded, less directionally oriented
strokes. By calling attention to the distortion,
Malevich was clearly engaging the viewer in
the act of completing the painting.

Although Kazimir Malevich is not unique
among his contemporaries in his careful selec-
tion of materials to achieve a specific appear-
ance in his paintings, they provide a rare
opportunity to observe the artist's intent.
For many years Malevich's paintings were
exposed to limited exhibition and handling;
they remained in storage with little interven-
tion from restorers. Thus their appearance
remains closer to the artist's intent than con-
servators usually encounter.

Beyond what these paintings reveal about
Malevich and his technique, they become a
touchstone in considerations of paintings
by other artists that exhibit unusual tech-
niques. They also serve to remind us of the
conservator's responsibility for integrating
scholarship with conservation treatments
and studies.
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Understanding that an artist's choice of
materials is not random plays a crucial role
in determining conservation treatments. It is
important to recognize that the application of
varnish is inherent to an artist's technique and
that the desired appearance of a painting or a
selective matte-gloss surface is often a delib-
erate effort by the artist. Care must be taken
to preserve the artist's intention and effects.
Most important, understanding the reason for
artists' choices of materials enables us to place
their art in a much broader context.

NOTES

When the paintings for the exhibition Kazimir
Malevich, 1878-1935 began to arrive at the National
Gallery of Art, Washington, in the summer of 1990,
I was drawn to them because of my interest in early
Soviet painting. I had no idea how intrigued I would
become with the artist and his extraordinary use of
materials. My interest was encouraged by Angelica
Zander Rudenstine, consulting curator of the exhibi-
tion at the National Gallery of Art. She catalyzed
dialogue between conservators Lucy Belloli and
Charlotte Hale at the Metropolitan Museum of Art,
New York, and with Olga Klenova at the State Russian
Museum, Saint Petersburg, and Elisabeth Bracht of
the Stedelijk Museum, Amsterdam. I owe gratitude as
well to Maria Prather, curator of twentieth-century
art, National Gallery of Art, who coordinated the
exhibition in Washington.

1. Kazimir Malevich, "From Cubism and Futurism
to Supremacism: The New Realism in Painting," in
Essays on Art, 1915-1928, trans. Xenia Glowacki-
Prus and Arnold McMillin, ed. Troels Andersen,
vol. i (Copenhagen, 1971), 25.

2. The exhibition was held at the National Gallery
of Art, Washington, 16 September-i4 November 1990,-
the Armand Hammer Museum of Art and Cultural
Center, Los Angeles, 28 November 1990-13 January
1991,- and the Metropolitan Museum of Art, New York,
7 February-24 March 1991. See Kazimir Malevich,
1878-1935 [exh. cat., Armand Hammer Museum of
Art and Cultural Center] (Los Angeles, 1990).

3. For a critical discussion of the extraordinary short-
ages in urban areas during the Civil War, see Daniel R.
Brower, "The City in Danger," in Party, State, and
Society in the Russian Civil War, ed. Diane P. Koenker,
William G. Rosenberg, and Ronald Grigor Suny
(Bloomington, Ind., 1989), 58-80.

4. Where ambiguity may occur with similar titles,
the cat. no. from exh. cat. Los Angeles 1990 is given.

5. In addition to Peasants and Complex Premonition,
Olga Klenova, conservator of paintings at the State
Russian Museum, Saint Petersburg (personal commu-
nication, 1989), observed this ground on several other
Malevich paintings.

6. Examples of signatures by scratching into the paint
can be seen in two State Russian Museum paintings,
Composition with Mona Lisa, 1914, and Sportsmen,
c. 1928-1932.

7. E. Rene de la Rie, "Fluorescence of Paint and
Varnish Layers," part i, Studies in Conservation 27
(1982), 1-7. De la Rie, head of the scientific research
department, National Gallery of Art, Washington,
looked at the paintings in ultraviolet light with me
and assisted me in reaching these conclusions. Unfor-
tunately, we were unable to perform pigment analy-
sis while the paintings were at the National Gallery
of Art, to confirm this visual interpretation.

8. Maximillian Toch, The Chemistry and Technology
of Mixed Paints (New York, 1907), 23. Barbara H.
Berrie, conservation scientist, National Gallery of
Art, provided this reference (personal communica-
tion, 1990).

9. Elisabeth Bracht, conservator of paintings, Stedelijk
Museum, Amsterdam (personal communication, 1990),
noticed these additions when treating the paintings.

10. Lucy Belloli and Charlotte Hale, conservators of
painting, Metropolitan Museum of Art, New York
(personal communication, 1990), observed ultraviolet
fluorescence, which again suggests that the glossy
areas are zinc oxide white and the matte areas are
lead white.

11. It is tempting to speculate that Aleksandr
Rodchenko (1891-1956), whose black paintings
were included in the same show, may have also
utilized similar matte-gloss relationships.

12. Alexander Selivanov, scientist, State Russian
Museum, Saint Petersburg (personal communication,
1991), showed me x-radiographs of Red House, reveal-
ing the first image. The intention to cover the origi-
nal image is also the case in Still Life, 1910.

13. In 1991, James Coddington, conservator of paint-
ings, Museum of Modern Art, New York, showed me
x-radiographs of this painting, revealing the first image.

14. Elisabeth Bracht, conservator of paintings,
Stedelijk Museum, who made the transmitted light
photograph available to me (see fig. 14), confirmed
these changes in Suprematist Painting (cat. no. 65).

15. Kazimir Malevich to M. V. Matyushin, May 1913,
in The Artist, Infinity, Suprematism, trans. Xenia
Hoffmann, ed. Troels Andersen, vol. 4 (Copenhagen,
19781,203.

16. Shelley Fletcher, head of paper conservation,
National Gallery of Art, personal communication,
1990.

17. These observations are all based on visual inter-
pretation. No analytical work requiring samples was
undertaken while the paintings were at the National
Gallery of Art.

18. X-ray fluorescence spectroscopy, a nondestruc-
tive procedure, was performed by Suzanne Quillen
Lomax, organic chemist, scientific research depart-
ment, National Gallery of Art, using a Kevex O75OA
spectrometer.
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Table i
Works of Kazimir Malevich Examined by Author

Date

c. 1908-1909

1911

1911-1912

1912

1913

1913

1913

1914

1915

1915

1915

1917-1918

1917-1918

1917-1918

1918

c. 1920

c. 1920

before 1927

c. 1928

c. 1928

c. 1928

c. 1928

c. 1928

1928-1932

c. 1928-1932

c. 1928-1932

c. 1928-1932

c. 1928-1932

c. 1932

1932-1933

1932-1933

Title

Self-Portrait (fig. 20)

Peasant Women at
Church (fig. 3)

The Woodcutter

Peasant Woman with Buckets

Cow and Violin

Through Station. Kuntsevo

Vanity Case (fig. 2)

Composition with Mona Lisa

Red Square (Peasant Woman.
Suprematism) (fig. 27)

Suprematism (fig. 15)

Suprematist Painting (fig. 10)

Suprematist Painting

Suprematist Painting

Suprematist Painting

White Square on White

Vertical Construction/
Suprematist

Vertical Suprematist
Construction

Suprematist Painting (fig. 13]

Girls in the Field (fig. 8)

Going to the Harvest:
Marfa and Vanka (fig. 24)

Haymaking (fig. 12)

Peasant Woman

Peasants (fig. 5 )

Complex Premonition
(Half Figure in a Yellow Shirt)

Sportsmen

Suprematism.
Female Figure (fig. 17)

Red Cavalry

Three Female Figures (fig. 22)

Red House

Girl with a Comb in Her Hair

Girl with a Red Staff

Location

State Tretiakov Gallery, Moscow

Stedelijk Museum, Amsterdam

Stedelijk Museum, Amsterdam

Museum of Modern Art, New York

State Russian Museum, Saint Petersburg

State Tretiakov Gallery, Moscow

State Tretiakov Gallery, Moscow

Private collection

State Russian Museum, Saint Petersburg

State Russian Museum, Saint Petersburg

Stedelijk Museum, Amsterdam

Stedelijk Museum, Amsterdam

Stedelijk Museum, Amsterdam

Stedelijk Museum, Amsterdam

Museum of Modern Art, New York

Stedelijk Museum, Amsterdam

Stedelijk Museum, Amsterdam

Stedelijk Museum, Amsterdam

State Russian Museum, Saint Petersburg

State Russian Museum, Saint Petersburg

State Tretiakov Gallery, Moscow

State Russian Museum, Saint Petersburg

State Russian Museum, Saint Petersburg

State Russian Museum, Saint Petersburg

State Russian Museum, Saint Petersburg

State Russian Museum, Saint Petersburg

State Russian Museum, Saint Petersburg

State Russian Museum, Saint Petersburg

State Russian Museum, Saint Petersburg

State Tretiakov Gallery, Moscow

State Tretiakov Gallery, Moscow

Medium

gouache and
varnish on paper

oil on canvas

oil on canvas

oil on canvas

oil on wood

oil on wood

oil on wood

graphite, oil, and
collage on canvas

oil on canvas

oil on canvas

oil on canvas

oil on canvas

oil on canvas

oil on canvas

oil on canvas

graphite pencil and
black crayon on paper

graphite on paper

oil on canvas

oil on canvas

oil on canvas

oil on canvas

oil on canvas

oil on canvas

oil on canvas

oil on canvas

oil on canvas

oil on canvas

oil on canvas

oil on canvas

oil on canvas

oil on canvas

Catalogue No.

12

23V

23r

2-5

32
31,
misnumbered 30

30,
misnumbered 3 1

4i

5i

54

50

58

59

60

61

151

150

65

71

70

69

73
82

80

75

81

77

79

84

87

88

Catalogue numbers are from Kazimir Malevich, 1878-1935 [exh. cat., Armand Hammer Museum of Art and Cultural Center]
(Los Angeles, 1990)
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M I C H A E L P A L M E R a n d E . M E L A N I E G I F F O R D

Jan Steeris Painting Practice:
The Dancing Couple in the
Context of the Artist's Career

s (1626-1679), a major work from the middle
of Steen's prolific career, was prompted by
preparations for the exhibition Jan Steen:
Painter and Storyteller.1 We also studied many
of Steen's works in other museums (table i).

The first part of this essay, a consideration
of The Dancing Couple (fig. i) in the context
of Steen's painting practice throughout his
career, focuses on issues of his handling of
paint. This new information gives insight into
how Steen was able to direct his audience
toward the narrative and symbolic themes of
his paintings. The second part of the essay
reports on the materials and techniques
Steen used in The Dancing Couple. Any re-
search into Steen's technique must build on
Marigene H. Butler's technical study of ten
paintings in the collections of the Philadel-
phia Museum of Art.2 The analysis of the
materials of The Dancing Couple offers inter-
esting comparisons to that research. Exten-
sive new conclusions on the pigments Steen
used throughout his career, however, must
await publication of research being under-
taken in conjunction with the exhibition.3

Part One: Steen's Painting Practice

For comparison with The Dancing Couple, a
work painted during Steen's Haarlem period
of the i66os, we studied paintings from all
periods of Jan Steen's career and here discuss

seven in addition to The Dancing Couple,
1663. These are in chronological order: The
May Queen, c. 1648-1651 (fig. 2a, b); The
Leiden Baker Arend Oostwaert and His Wife
Catharina Keyzerswaert, c. 1658 (fig. 3a, b);

Rhetoricians at a Window, c. 1663-1665 (fig.
4a, b); The Music Lesson, signed and dated
1667 (fig. 5a, b); The Doctor's Visit, c. 1667
(fig. 6a-e); Moses Striking the Rock, c. 1670-
1671 (fig. 7a-c); and The Garden Party, signed
and dated 1677 (fig. 8a-d). Details of The
Dancing Couple are illustrated in the second
part of this essay.

Within the group of paintings we exam-
ined, some aspects of Steen's painting prac-
tice vary from one period to another; such
variations could be related to changes in
Steen's aesthetic goals over time or could
have been the result of practical factors such
as a change of suppliers of painting materials
after a move to a new city. However, other
features of Steen's technique occur through-
out his career, but not in every work; it is
likely that these features were inspired by
aesthetic or technical qualities Steen sought
for individual works.

Painting Supports

Steen used both canvas and wood panel as
painting supports throughout his career.4

The Dancing Couple is one of his larger
paintings, and the choice of a canvas support
is consistent with his practice. Like many
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northern artists of the period, Steen tended
to use panels for smaller works (his panels
rarely exceed a maximum dimension of 65
cm) and canvas for larger paintings. The
weight and cost of wood panels may have
been a consideration, and the choice often
reflected the scale of the planned work: the
smoother surface of a panel facilitated the
more detailed handling that would typically
be required for small-scale compositions.
Interestingly, at the beginning of his career
Steen painted a number of large-format panel
paintings, such as The May Queen (fig. 2)5

and the pendant pair The Fat Kitchen and
The Lean Kitchen, both c. 1650.6 Later in his
career he painted just a few very large panels.
The largest later panels are major works, such
as The Effects of Intemperance, c. 1663-1665,
and Esther before Ahasuerus, c. 1668-1671.7
Possibly the choice of panel support in itself
lent these works a greater importance.

Preparation of the Support

In choosing the preparations for his painting
supports, Steen preferred light-color grounds,
typically light gray, tan, or a pinkish color. A
number of different ground structures have
been observed on his paintings, but a light
gray double ground, which was used in The
Dancing Couple, has been most frequently
found. Such a preparation is typical for Dutch
panel paintings of the seventeenth century,
where a lower layer of chalk in glue serves to
even the surface of the panel, and an oil-
based upper layer of lead white, usually
toned with earth colors and black, modifies
the white color of the priming.8 This ground
was observed on The May Queen (fig. 2)? and
on most of the other panel paintings exam-
ined. Less typically, Steen also used this
structure on some canvases, including The
Dancing Couple.10

i. Jan Steen, The Dancing
Couple, signed and dated
1663, oil on canvas
National Gallery of Art, Washington,
Widener Collection 1942.9.81
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Table i
Paintings of Jan Steen Examined by the Authors

Estimated dates are based on research by Mariet Westermann, The Amusements of Jan Steen: Comic Painting in the Seventeenth Century
(Zwolle, 1997), and the organizers of the 1996 exhibition Jan Steen: Painter and Storyteller

Braun numbers are from the catalogue raisonne by Karel Braun, Alle tot nu toe bekende schilderijen van Jan Steen (Rotterdam, 1980)

Steen's canvases, in fact, show a remark-
able variety of ground structures, varying
from a three-layered ground of gray and tan
over orange to a single layer of a smalt-rich
gray,11 as well as more traditional Dutch can-
vas preparations with a gray or tan upper
ground over a reddish priming.12 The avail-
able data do not yet show any clear trends of
ground structure that would enable us to
place paintings in certain groups. It is pos-
sible that the more typical ground struc-
tures may have been provided by commer-

cial artists' color makers selling prepared
painting supports, while the more anom-
alous ground structures may reflect Steen's
own preparations. All four of the tacking edges
of Moses Striking the Rock (fig. 7), for exam-
ple, are intact and unprimed. This finding tells
us that the canvas was individually prepared
in its present format. Conservation treatment
records note that the ground appeared to
have been forced through the canvas during
application,13 and on the x-radiograph broad
arcs typical of the application of the ground
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c. 1648-1651

c. 1650-1652

c. 1654-1656

c. 1658

c. 1659-1660

c. 1660-1664

1663
c. 1663-1665

c. 1663-1665

c. 1663-1665
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c. 1665-1668
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1667
c. 1667

c. 1667-1669
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c. 1670
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1671

c. 1671-1672

1677
n.d.

n.d.
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Merry Company

The Supper at Emmaus
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The Music Lesson (fig. 5 )

The Doctor's Visit (fig. 6)

The Mocking of Ceres

The Return of the Prodigal Son

Self-Portrait

Moses Striking the Rock (fig. 7)
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Prinsjesdag

The Garden Party (fig. 8)

The Fortune Teller (attr. to Steen)

Merry Company (copy after the
Rijksmuseum painting)
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2a. Jan Steen, The May
Queen (The Charming
Pentecostal Flower),
c. 1648-1651, oil on
wood panel
Philadelphia Museum of Art,
John G. Johnson Collection 7.513

with a knife can be seen (fig. yb). Perhaps this
somewhat unusual ground (a single layer of
a middle gray-tan based primarily on smalt
and calcium carbonate toned with smaller
amounts of lead white, earth colors, and
black)14 reflects Steen's preparation in the
studio of a support specifically intended for
this work.

The majority of Steen's grounds are light
in color, and the artist exploited the ground
tone used in the preparation, preserving the

colors of his thinly applied paints. The cool
tone of The Dancing Couple clearly is influ-
enced by a gray upper ground, while the
warmth of the graceful late work, The Garden
Party, is established by the pinkish tan of the
ground seen through most areas of the paint-
ing.15 The occasional darker grounds seem
chosen to further a specific effect, such as
the glow of firelight conveyed by a warm, red-
dish ground.16 Moreover, occasionally Steen
used a localized preparation. As described in
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2b. Detail, fig. 2a, showing
seated woman in foreground.
The figure was painted into a
reserve, and the background
details (for example, blades
of grass) were then painted
up to and over the woman's
skirt to integrate the figure
into the composition

the discussion of The Dancing Couple in
part two of this essay, his use of this prepara-
tion should be considered a modification of
the ground's color rather than a design ele-
ment, since it was laid down before the com-
position was laid out in the sketch. In a tech-
nique that has been observed in a few of
Steen's paintings from the i66os or later,
including The Dancing Couple and Moses
Striking the Rock, the artist laid down an
additional pinkish layer in the area where he
planned to paint the sky.17 The contrast of the
cool blue of the sky with this warm under-
layer (rather than the cool ground) allowed
the artist to achieve a range of effects simply
by varying the handling of his paint so that
the underlayer showed through to a greater
or lesser degree.18

Painted Sketches and Underpaints

In virtually every painting studied, examina-
tion with a stereomicroscope (and sometimes
with the naked eye) revealed a monochro-
matic painted sketch, which Steen used to
lay out his composition on the primed can-
vas or panel. In contrast, of the paintings
examined to date, no underdrawing has been
observed either through the use of infrared
reflectography of a number of works or
through close examination with a stereomi-
croscope.19 For Steen, as for many of his con-
temporaries, the painted sketch was the
definitive stage at which the fully developed
composition was set down on the primed
support.20 In this stage, Steen worked using a
translucent brownish paint, both articulat-

ing details in a linear handling and establish-
ing shadows with a broader, brushy wash of
the same paint. He then painted the final
image directly over the sketch, closely fol-
lowing the design.

In compositions such as Moses Striking
the Rock (fig. 7), fidelity to a carefully devel-
oped plan was vital to organizing a complex,
many-figured composition. In this painting,
the occasional glimpses of the sketch through
gaps in the final paint layers illustrate the
care with which Steen followed the forms
of the sketch while painting. The sketch
was used deliberately in the final image only
in rare areas, such as the shadows of the
copper-colored dress of the woman drinking
in the lower right foreground, where varia-
tions of tone were created by working the
fluid final paint into thicker and thinner pas-
sages over the dark sketch below (fig. yc).

In other paintings, Steen clearly exploited
the sketch as a part of the final image, vary-
ing its appearance by the degree of finish in
the final paint. In some works, the color of
the sketch varies subtly from one area of the
design to another. In other paintings, the
artist's intention to use the sketch in the
final image is clearly demonstrated in rare
but pronounced variations in color. In The
Doctor's Visit (fig. 6a), most of the sketch
was executed in a brownish black or reddish
brown. The skirt of the young patient, how-
ever, was instead sketched with a charcoal-
colored paint. This underlying color strongly
contributes to the cool tone of the shimmer-
ing white satin skirt (fig. 6b).

In only two of the paintings that we have
examined to date, The Baker Oostwaert and
The Garden Party, Steen expanded upon this
preliminary stage of the painting process.
Although he usually proceeded directly from
painted sketch to final paint layers, in these
two works Steen underpainted the image in
a muted range of colors that prefigured
the colors of the final image. This under-
paint is more fully worked than the purely
monochromatic sketches. Rather than those
mostly linear brush drawings, it is a vigor-
ously brushed painting in color.

In The Baker Oostwaert, the texture of
the forceful brushstrokes of this underpaint
can still be seen through the surface paint
layers (fig. sb).21 The flesh in the highlighted
area of the baker's forearm was underpainted
in a grayer flesh tone, his ruddy hand with a
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distinctly brown tone, his blue trousers with
a blackish tone, and his shirt with a range of
white and gray, worked wet-into-wet. Steen
seems to have proceeded boldly at this stage,
then refined the image in the final layer. The
heavy contrasts and fairly dark colors of the
underpaint were softened in the final paint-
ing, and drapery folds were painted on a finer
scale. Where the baker's shirt swelled out
past the horn behind him in the underpaint,
Steen narrowed the form in the final paint-
ing. Steen may have prepared the composi-
tion with a monochromatic sketch as in
most other paintings (there is a layer that
may correspond to such a sketch in one
paint cross section, taken from the breads on
the left of the composition);22 but, if a sketch
is present, it is now completely obscured by
the paint layers.

The Garden Party is more instructive, how-
ever, as the structure incorporates a sketch
as well as a colored underpaint. It is a late
painting with a light, almost rococo effect;
its loose handling allows all layers of the
painting to be seen easily with the stereomi-
croscope. Over the pinkish ground (described
earlier), Steen laid out the composition with
a brown monochromatic sketch, then worked
up the sketch with colored underpaints. As
in Baker Oostwaert, the underpaint of The
Garden Party was applied rapidly, and Steen
refined the image in the final paint, often
narrowing the forms (fig. 8b). The final paints,
which often lie over fair, almost pastel
tones, are less muted than those used by
Steen in many of his paintings, and they
contribute to the bright character of The
Garden Party. Satin materials, depicted in
the costumes of the musician and the seated
lady, have a denser quality than Steen's
usual rendering of satins, where light, thinly
dragged paint often lies directly over the
dark sketch. As only two examples of col-
ored underpaints in paintings from different
periods of Steen's career have been observed
by the authors, it is difficult to explain his
very infrequent use of the technique; it does,
however, seem consistent with his occa-
sional modifications of the usually brown
monochromatic sketch to accommodate light-
colored passages, as in The Doctor's Visit
(fig. 6), where Steen varied the color of iso-
lated areas of the sketch. We may imagine
that he saw a range of options for his prepara-
tory design, from a simple monochromatic

3 a. Jan Steen, The Leiden
Baker Arend Oostwaert
and His Wife Catharina
Keyzerswaert, c. 1658,
oil on panel
Rijksmuseum, Amsterdam A-390

3b. Detail, fig. 3a, viewed in
raking light and illustrating
brushstrokes of underpaint
visible through surface paint
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4a. Jan Steen, Rhetoricians
at a Window, c. 1663-1665,
oil on canvas
Philadelphia Museum of Art,
John G. Johnson Collection J.512

4b. Detail, fig. 43, showing
right background figure,
which is executed primarily
in the painted sketch

sketch, through some variation of color, to a
fully worked underpaint.23

The Handling of Paint

The degree to which Steen's monochromatic
sketch (or the underpaint, where present)
plays a role in the finished image depends in
large part on the handling of final paint lay-
ers. Steen's oeuvre includes fully worked sur-
faces, which give only incidental glimpses of
the sketch below, as well as loosely worked
paintings that exploit the sketch as an inte-
gral part of shadows. Steen's later paintings
tend to be more loosely handled; but, within
any one painting, Steen varied the degree of
finish as one of the conventions he used to
suggest both distance and the relative impor-
tance of figures to the scene. In a compara-
tively solidly worked painting such as The
Dancing Couple, the more distant figures
such as the trio behind the fence (fig. 9) were
painted in a flat, schematic way that estab-
lished the primacy of the finished foreground
figures.

This convention of cursory, schematic back-
ground figures appears in so many paintings
that there can be no doubt that Steen painted
these figures. Nor should their handling be
considered inferior or haphazard by compar-
ison with the major figures. In the more
loosely treated Doctor's Visit where Steen
used the browns of the sketch as the shadow
tones throughout most of the painting, he
employed the same convention of rendering
lesser figures in a more schematic manner.
In a deliberate choice of technique, Steen's flu-
ent, varied handling of the foreground focuses
the viewer's attention on a figure such as the
young patient (fig. 6c), while the background
figures, such as the maid opening the door
(fig. 6d), are solidly painted in a limited tonal
range, relegating them to a secondary level.
In fact, an important element to the story—
the suitor entering the doorway—is painted
with slightly greater detail than the maid
standing beside him. Clearly Steen used the
practice to establish a hierarchy, not only of
position within the composition but of impor-
tance to the narrative.24

In The Garden Party, painted ten years
later, in 1677, both the underpaint and final
paint layers are so loosely handled that the
sketch and pinkish ground serve as an occa-
sional midtone through much of the final
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5 a. Jan Steen, The Music
Lesson, 1667, oil on canvas
Corcoran Gallery of Art, Washington,
W. A. Clark Collection 26.171

image. The primary figures are rendered in
the greatest detail; here, Steen's vivid wet-
into-wet technique builds the texture of the
paint itself into details such as the decora-
tion of the seated woman's shoe (fig. 8c).
Steen subordinated figures in the middle
ground, such as the couple standing in the
doorway, with his characteristically flat and
schematic rendering. The most distant fig-
ures placed beyond the lawn and behind the
railing are painted in an extremely abbrevi-
ated manner, both in the underpaint and

final paint layers.
In Rhetoricians at a Window (fig. 4), in

which Steen described the fall of daylight
into a dark room, some of his most pro-
nounced manipulations of the degree of fin-
ish are illustrated.25 Steen's goal in varying
the degree of finish was not only to rank the
relative importance of the figures but also to
use the play of light to create a rational space
in a shallow composition. The brushy brown-
black sketch over the gray ground can be
seen throughout much of the finished paint-
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5b. Detail, fig. 53,
showing the lady's foot
and illustrating how the
final layer of foreground
paint carefully skirts the
foot, creating a halo

ing. Over the sketched composition Steen
painted with three distinctly different degrees
of finish to indicate the three distances at
which he had placed the figures. At the low-
est level of finish, the most distant figures
seem almost incomplete. The ghostly figure
on the right in the background is hardly more
than the painted original sketch, which
Steen left visible when he brushed the black
paint of the dark interior closely around the
face (fig. 4b). However, the figure drinking in
the left background, which gives the same
impression, is actually a pentimento. After
the sketch had already been covered by
the background paint, Steen re-created the
impression of a brown-black sketch dragged
over the gray ground by painting that figure
in a thinly brushed paint over the black of
the background. At an intermediate level of
finish, the two men in the middle, like many
of Steen's secondary figures, are solidly and
schematically painted and completely cover
the sketch underneath. The solid handling
suggests that the light falls more strongly at
this location than it does on the dim interior
figures, but the limited tonal range depicts
them farther from the window in relation to
the two foreground figures.

The two nearest figures, brought to the
most finished state, are nonetheless handled
loosely to achieve variations of light and
shade and of paint texture. Here the middle
tones are solidly painted, but the brown
sketch shows through in the shadows, and in
light passages the gray ground contributes to
the cool tone of the thinly handled paint.
This variety of touch makes the two men
in the foreground seem more rounded than
the background figures,- combined with the
trompe 1'oeil placement of the figures7 arms
leaning on or across the windowsill, this han-
dling of paint creates a convincing rendering
of form. Finally, Steen painted the remainder
of the foreground with a plasticity that brings

these elements even closer to the viewer.
In creating the bricks below the window, he
pushed the paint into a rough texture, mim-
icking the surface of the bricks,- the vines,
painted onto an otherwise finished painting,
seem to hang in front of the window frame.

Painting Sequence

Some of the most interesting observations of
this study concern the order in which Steen
painted the sections within a painting. Care-
ful examination of the surface with a stereo-
microscope reveals minuscule overlaps of
paint that document the painting sequence.
The discussion of The Dancing Couple, in
the second part of this essay, illustrates such
examinations further.

Like many of his contemporaries, Steen
worked in a logical sequence in the majority
of his paintings, closely following the mono-
chromatic sketch while painting from the
background of the composition to the fore-
ground.26 As he painted the background, he
carefully skirted the figures that would be
placed in front, leaving an opening, or reserve,
for each. After the background paint had
dried, he painted the middleground, fitting
the figures into the reserved areas of the
background and leaving new reserves, in turn,
for the foreground figures, which he painted
last. On occasion, the strokes of background
paint curving around the contour of the
reserved opening create the impression of a
halo around the finished form, as in the
emphatic light rear wall behind Steen's self-
portrait in The Doctor's Visit (fig. 6e).

In a small number of the paintings we
examined, however, including The Dancing
Couple, Steen followed an alternative paint-
ing sequence, which can be described as major
to minor. Here, Steen painted major fore-
ground figures before any other details, then
filled in the rest of the scene, working from
background to foreground, painting up to and
then around the completed figures. While
this procedure would not be surprising in a
portrait, where the sitter's schedule dictates
the order of painting, it is more unexpected
in history or genre paintings, where the ren-
dering of space takes on more importance.27

Recognizing which system Steen followed
in a specific painting often is possible only
after careful examination of the surface with
a stereomicroscope. Brush strokes that halo
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the forms (as described above) are not inher-
ent evidence of a specific painting sequence.
Even in compositions that were painted from
background to foreground, for example, Steen
still added such refinements as the final
layer of the floor around completed figures.
This procedure, too, can halo a form in a way
that somewhat disrupts the reading of space,
as, for example, around the foot of the lady
with a lute in The Music Lesson (fig. 5b).
Whether he painted from the background
and worked forward, or began with the major
figures, Steen frequently returned to certain
areas, reinforcing contours to clarify the read-
ing of space. He often revised a contour that
had been disrupted when an element added
later in the painting sequence overlapped it.
Conversely, where he had been overly cau-
tious and left too large a space between fig-
ure and background, the gap itself could
create a halo. His late painting, The Garden
Party, shows many of these gaps between
figures and setting (fig. 8d) as well as Steen's
repeated reworkings of the contours to fill in
these openings. These reworkings, often in
an imperfectly matched paint, can also give
the impression of a halo of paint setting off a
form from its background. Such halos, origi-
nating in these several ways, seem to be a
hallmark of Steen's oeuvre. Given the fre-
quency of their occurrence, the fact that this
impression sometimes disrupts the rendition
of space does not seem to have been of great
concern to him.

6a. Jan Steen, The Doctor's
Visit, c. 1667, oil on panel
Philadelphia Museum of Art, John
G. Johnson Collection J.s 10

6b. Detail, fig. 6a, showing
the charcoal-gray sketch
in patient's skirt, which
contributes to the cool
tonality of the garment

6c. Photomicrograph of
detail, fig. 6a, showing the
patient's face. The importance
of this key figure to the
story is conveyed by the
detailed handling
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6d. Photomicrograph of
detail, fig. 6a, showing the
maid's face. This secondary
figure, which is set back
in the composition, was
handled in a schematic

6e. Detail, fig. 6a, showing
the hat of Steen's self-
portrait. The impression
of a halo was created by
brushing the background
paint around the painted
sketch to establish the
reserve for the figure

Under what considerations Steen painted a
given work from background to foreground,
or from major to minor elements, is not yet
entirely clear, but complexity of the design
and the relative scale of the major elements
(usually figures) to the rest of the composi-
tion seem to have been determining factors.
Paintings with complex compositions that
include many figures were almost always
executed from background to foreground. The
few paintings in which we have observed a
painting sequence beginning with the major
elements tend to be compositions with only

a few figures or in which the major figures
far outweigh the minor figures in scale and
narrative importance.

In the landscape composition The May
Queen (fig. 2), Steen painted methodically
from background to foreground and with this
sequence convincingly integrated the figures
into the open-air setting. He laid in the land-
scape first, leaving reserves for the figures.
Next he indicated the general forms of the
architecture and foliage in a softly brushed
technique; working wet-into-wet, he refined
the loose indications of form with sparingly
applied detail such as highlights on the
nearer leaves or the textured paint of mortar
defining a few separate bricks. After the
background had been completed, Steen laid
in the figures, slightly overlapping the back-
ground at the edge of the reserves. Finally,
he painted the foreground in front of the fig-
ures, slightly overlapping them; small details
such as the blades of grass that overlap the
skirt of the seated woman in the foreground
(fig. 2b) integrate the figures into the space of
the landscape.28

Moses Striking the Rock (fig. 7) is more
than a landscape scene,- it is a complex
composition with many figures. A logical
painting sequence was important for a clear
reading of the space and the subject, and
here, too, Steen worked from background to
foreground. In this painting, Steen toned the
ground with an additional pinkish layer
under the area of the sky (described earlier);
he then laid out the intricate composition in
a detailed brown sketch. Faithfully following
the sketch, he painted the sky and base
tones of the landscape first, leaving reserves
for figures such as the camel rider wearing a
turban. In painting the figures of closely
grouped peripheral characters, Steen worked
methodically, painting the more distant fig-
ures with reserves to accommodate the closer
figures that would overlap them.29 In this pop-
ulous biblical history painting Steen needed
an orderly working method to maintain the
clarity of the space and his narrative.30

The Dancing Couple is representative of
the small number of paintings we examined
in which Steen began by painting major ele-
ments of the composition, usually figures,
and finished by filling in the setting around
those completed elements.31 The evidence on
which we based our evaluation of the paint-
ing sequence is described further in part two
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of this essay. In The Dancing Couple the major
elements completed first include not only
the foreground figures (the woman and child
on the left, the seated woman and man hold-
ing a goblet on the right, and the dancing
couple themselves), but also the large empty
barrel. The barrel is, of course, large and
structurally important to the composition,
but it is also an iconographic element refer-

ring the viewer to the moralizing emblem
used in Roemer Visscher's Sinnepoppen: "A
full barrel doesn't resound/732 The fact that
the empty barrel, with its suggestion that
those who have the most to offer refrain from
empty talk, figures at this very first stage of
the composition is evidence of the central
importance of the moral message to Steen's
conception of The Dancing Couple. Smaller-

ya. Jan Steen, Moses Striking
the Rock, c. 1670-1671, oil
on canvas
Philadelphia Museum of Art,
John G. Johnson Collection 7.509
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yb. X-radiograph, fig. 7a,
showing arcs from application
of ground by knife
Photograph: Philadelphia Museum
of Art, Conservation Department

yc. Detail, fig. 7, showing the
copper-colored dress worn
by the woman in the lower
right corner and illustrating
the dark painted sketch used
for shadowed areas

scale iconographic details such as the spilled
flowers and broken eggshells, which suggest
the transience of worldly pleasures, must not
have appeared in the painted sketch, since
they were applied over the first paint layer of
the floor. They were not, however, late addi-
tions but were probably intended from the
start; the final paint layer of the floor was
applied after the flowers and eggshells and
carefully skirts each small detail. Interest-
ingly, the child blowing bubbles on the right,
another reference to the brevity of worldly
pleasures, seems to be a true pentimento
added after that part of the painting had been
completed and provides evidence that Steen
expanded on his planned theme.

The few paintings in which Steen exe-
cuted the principal figures first may offer
an insight into his working method. It is
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possible that Steen sketched out the compo-
sition, then painted the large, most impor-
tant figures from live models, and filled in
lesser figures and the setting in a procedure
analogous to portrait painting. Other figures,
then, may have been painted from studio
drawings or invented by the artist. Varia-
tions between the lighting of the major and
secondary figures, which help to focus the
viewer's attention, may have resulted in part
from this procedure.33

Part Two: A Technical Examination of
The Dancing Couple

Surface examination of the painting with the
stereomicroscope provided much useful infor-
mation concerning the painting techniques
Steen used in The Dancing Couple.34 In addi-
tion, a limited number of microscopic sam-
ples were taken for pigment analysis to gain
insight into how paint layers were built up.
Table 2 gives sample information and site
descriptions for the four cross sections, and
table 3 gives locations and analysis results
for the thirteen pigment dispersions taken.
Figure 10 shows the sample locations on the
painting. Analytical techniques used for this
study included polarized light microscopy and
scanning electron microscopy-energy disper-
sive x-ray spectroscopy.35

8a. Jan Steen, The Garden
Party, 1677, oil on canvas
Private collection, Belgium
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8b. Detail, fig. 8a,
showing child blowing
bubbles at left. The ruddy
pink underpainted arm is
visible outside the contours
of the final paint

8c. Photomicrograph of
detail, fig. 8a, showing
seated woman's shoe and
illustrating the use of a
wet-into-wet technique to
achieve rich detail in the
final image

8d. Photomicrograph of
detail, fig. 8a, showing the
shoulder (red area with
black dots) of youth in the
foreground pouring wine.
A portion of a background
figure is visible in the upper
right corner. Steen left a
considerable gap between
the figures. The impression
of a halo around the
foreground youth is created
by the green underpaint
visible in the dark region
between the two figures

9. Detail, fig. i, showing the
group of three figures
outside the fence and
illustrating the schematic
manner in which Steen
painted these minor figures

Preparation of the Canvas

The Dancing Couple is typical of the larger
canvas paintings that began to dominate
S teen's oeuvre from the i66os. The canvas is
a medium-weave fabric with nine threads per
centimeter horizontally and eleven threads
per centimeter in the vertical direction. Tack-
ing margins have been trimmed on all sides.
While the canvas is cusped on the upper and
lower edges, only slight cusping survives on
the right edge and even less on the left edge,
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io. Fig. i, showing locations
of cross sections and pigment
dispersion samples (see
tables 2 and 3)

Table 2
Paint Cross Sections Taken from The Dancing Couple

See figure 10 for sample locations

Concordance between sample location reference and
National Gallery of Art, scientific research depart-
ment sample number: i=Ryo5; 2=Ryo6; 3=R707;
4=R7o8

suggesting that the image area has been
trimmed.

The canvas was prepared with a type of
double ground found in several of Steen's
paintings (for example, fig. n). First, the tex-
ture of the canvas was smoothed with an
inexpensive semitranslucent ground of cal-
cium carbonate. Isotropic brown earths were
added sparingly to tone the stark whiteness
of the preparation. This ground was covered
by a second, more opaque layer consisting of

11. Photomicrograph of
cross section, sample i,
taken through the floor
in the foreground near the
eggshells and showing

1. lower chalk ground with
isotropic brown earths
(based upon analyses of
dispersed samples)

2. light gray upper ground
(lead white, calcium
carbonate, quartz, red and
yellow iron oxides,
isotropic earths [brown],
charcoal black, and bone
black) (inferences based
upon EDS analyses)

3. brown monochromatic,
painted sketch (umber,
isotropic earths,
lead white, calcium
carbonate, smalt,
azurite, bone black,
and charcoal black)
(inferences based upon
EDS analyses)

4. dark pinkish brown,
lower layer of foreground
(lead white, iron silicate
earths, iron oxides, quartz,
calcium carbonate, and
bone black) (inferences
based upon EDS analyses)

5. light pinkish brown,
upper layer of fore-ground
(lead white, iron oxides,
iron silicate earths)
(inferences based upon
EDS analyses)

6. pinkish brown final
modeling detail visible on
far right (lead white, iron
oxides, iron silicate earths)
(inferences based upon
EDS analyses)

142 PALMER and GIFFORD

Cross
Section
Sample No.

i

2

3

4

Site Description

From edge of loss in floor
near eggshells to the right
of the seated woman's
(child in lap) foot

Edge of loss near the proper
right eye of the dancing
woman

Dark shadow region on the
bottom of the basket sitting
atop head of male figure in
central background

Yellow-green foliage to the
right of the hanging basket
(edge of loss near top edge
of painting)

Figure
Reference

11-13

iya, b

14

22



12. EDS spectrum
collected from a dark
particle (backscattered
mode| of sample i located
in the upper ground layer
(layer 2 in cross section
shown in fig. n). In point
analyses of several such
particles the use of bone
black was inferred from the
detection of calcium (Ca),
phosphorus (P), oxygen (O),
and carbon (C). Other
elements detected are
contributions from the
surrounding particle matrix

13. EDS spectrum collected
from a general area (5,ooox)
of sample i, showing the
monochromatic, painted
sketch (layer 3 in cross
section shown in fig. 11 ].
The use of umber was
inferred from the detection
of manganese (Mn) in
addition to iron (Fe) and
oxygen (O). The detection
of Mn and O alone during
point analysis of some
particles further supports
this inference, as manganese
oxide is a common
constituent of umber.
Lead white, calcium
carbonate, bone black,
azurite, smalt, charcoal
black, and earths may
be inferred from other
elements detected

a mixture of lead white, calcium carbonate,
quartz, charcoal black, bone black (fig. 12),
isotropic earths (brown), and red and yellow
iron oxides.36 The thickness of the upper
ground layer varies considerably. In some
areas it is so thin as to be virtually nonexis-
tent. The upper ground layer, when viewed

in cross section, appears as a light to medium
gray layer. Although executed in gray paint,
it sometimes appears slightly gray-brown
when seen through abrasions or losses. This
apparent color change is probably due to view-
ing the layer through the surface coating and
any staining that may have resulted over
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Table 3
Analysis Results of Dispersed Pigment Samples from The Dancing Couple
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Sample No. Site Description

5 Green midtone in dress of seated
woman in lower right corner

6 Light pink in fold at bottom of dress
worn by dancing woman

7 Blue midtone in apron of seated woman
holding child in lap

8 Dark orange dress of child in lap of seated
woman

9 Yellow highlight in blouse of seated
woman holding child

10 Dark, gray-green foliage in upper right
corner

1 1 Light, gray-green foliage in upper right
corner

Pigments Found

lead-tin yellow
smalt
indigo
azuritea

red iron oxide
lead white
calcium carbonate a

lead white
calcium carbonate3

red iron oxide

smalt
indigo
lead white
calcium carbonate3

red iron oxide
yellow lakea

vermilion
smalt (very pale)
lead white
calcium carbonateb

lead-tin yellow
lead white
calcium carbonateb

smaltb

red iron oxideb

smalt
azuritec

lead-tin yellow
yellow iron oxide
red iron oxidea

yellow lake3

bone black
lead white
calcium carbonate3

smalt
azuriteb

lead-tin yellow
yellow iron oxide3

yellow lake3

bone black
isotropic earths (brown)
red iron oxide3

lead white
calcium carbonate3



Table 3 (continued)

See figure 10 for sample locations

Concordance between sample location reference and National Gallery of Art, scientific research department sample number:
5=TlI07; 6=Tl!08; 7=TlI09; 8=TlIIO; 9=TlIII; IO=TlII2; II=TlII3; I2=TlII4; I3=TlII5; I4=TlIl6; I5=TlII7;

i6=Tiii8; 17-T1119

a. Minor amounts of this pigment were noted
b. Trace amounts of this pigment were noted
c. Amount of azurite found to be less than the amount of smalt
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Sample No. Site Description

12 Light, greenish white foliage in upper
right corner

1 3 Blue in dress worn by woman holding
bowl (left side of painting)

14 Pink layer (ground modification) in sky

1 5 Blue paint used for sky

1 6 Blue in stockings worn by
violin player

17 Upper ground layer: site left from the
removal of cross section (sample 4)

Pigments Found

smalt
azuritec

lead-tin yellow
yellow lakea

yellow iron oxidea

red iron oxidea

lead white
calcium carbonatea

indigo
smalt (very pale)
red iron oxidea

lead white

lead white
calcium carbonate3

red iron oxide
red lake
smalt a

indigob

lead white
calcium carbonate3

smalt
red iron oxideb

smalt
indigo
azurite3

red iron oxide
bone black
lead white
calcium carbonate3

lead white
calcium carbonate
yellow iron oxide
isotropic earths (brown)
charcoal black
bone black



time. It is unclear whether Steen applied one
or both grounds himself or bought a prepared
canvas from an artists' color maker. He did,
however, take into account the effect of the
surface color of the upper ground on the tone
of the painting. Anticipating the cool tonal-
ity that the gray ground underlying his thin
paints contributes, he modified the ground
color in the upper part of the canvas. In the
area that was to become the sky, Steen laid
down a pink layer consisting of a mixture of
lead white, calcium carbonate, red lake, red
iron oxides, smalt, and trace amounts of what
is believed to be indigo.37 This layer can
be seen in the cross section taken through
the flesh of the dancing woman's face (see
discussion below on painting sequence and
handling, fig. 17a, b). Figure iya is a photo-
micrograph of the cross section using reflected
visible light, while figure iyb shows the same
cross section photographed with visible light
fluorescence. The latter lighting mode makes
the pink ground modification appear distinct
from the pink flesh layer. While a warm layer
under the blue sky may seem counterpro-
ductive, it allowed Steen to vary effects in
the sky easily. Where his paint was applied
thickly, the sky is clear blue and the clouds
are white; where he dragged paint thinly
over the pink layer, the grayish mauve that
resulted suggests shadowed clouds. In addi-
tion, portions of the upper right (for example,
under the standing violin player and portions
of the trellis) were blocked out using a light,
cream-color paint that, like the pink layer,
was placed directly on the upper ground
layer.38 Here, this cream-color layer created
the tonality of filtered light (that is, light
passing through leaves) rather than light
from the open sky.

The Monochromatic Painted Sketch

Although examination has found no evi-
dence of underdrawing, Steen had a clear
impression of the composition, for the pink
and cream-color ground modifications coin-
cide roughly with the present area of the sky
and trellis. Whether he relied on a composi-
tional drawing in the early stages or had
sketched the general outlines in a material
such as chalk, which would no longer be
visible, Steen's compositional plan was laid
out primarily in the subsequent stage—the
painted sketch. Over the gray ground, with

its patches of pink and cream where the sky
and musicians were to appear, Steen outlined
most details of the composition in a loosely
applied paint that ranges from reddish brown
to brown-black. In samples the paint appears
as a brownish colored layer that consists
of a mixture of umber (fig. is),39 bone black,
charcoal black, lead white, calcium carbon-
ate, smalt, and azurite. This essentially mono-
chromatic sketch can be seen in the cross
section taken from the foreground near the
eggshells (fig. 11) and in a cross section taken
through the bottom of the basket on the
man's head (fig. 14).

The monochromatic sketch is visible in
gaps between figures and objects (such as the
chairs and barrel) and the surrounding fore-
ground and/or background. In some passages,
such as the garments of the violinist, the
sketch contributes to the finished image. It
is also noteworthy that the curled piece of

14. Photomicrograph of
cross section, sample 3,
taken through the bottom
of the basket resting on the
head of the man just outside
the fence (center of painting)
and showing

1. lower chalk ground with
isotropic brown earths
(inferences based upon
EDS analyses)

2. light gray upper ground
(lead white, calcium
carbonate, yellow iron
oxide, isotropic earths
[brown], charcoal black,
and bone black) (based
upon analyses of dispersed
samples)

3. pink layer (ground
modification) in sky (lead
white, calcium carbonate,
red iron oxide, red lake,
smalt, and indigo) (based
upon analyses of dispersed
samples)

4. brown monochromatic,
painted sketch (umber,
isotropic earths, smalt,
azurite, lead white,
calcium carbonate, bone
black, and charcoal black)
(inferences based upon
EDS analyses)

5. sky (lead white, calcium
carbonate, smalt, and red
iron oxide) (based upon
analyses of dispersed
samples)

6. dark brown-black,
shadowed area of basket
bottom (umber, red iron
oxides, yellow iron oxides,
vermilion, smalt, bone
black) (inferences based
upon EDS analyses)

15. Detail, fig. i, showing
the empty barrel with the
curled piece of wood (arrow).
The curled wood was created
in the monochromatic
painted sketch, and it is
painted directly on the
upper ground layer. Both
foreground paint layers
carefully skirt the curl
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16. Composite x-radiograph,
fig. i, showing the figures of
the dancing woman and the
dancing man in reserve in
the x-ray opaque paint of the
sky. Reworkings of the arm
and hat of the dancing man
are also visible

wood protruding from the upper left of the
barrel (fig. 15) is from the monochromatic
sketch. All layers of the floor skirt this
detail, leaving it as a visible part of the final
appearance of the barrel.

Painting Sequence and Handling

Steen followed the monochromatic sketch
closely as he covered it almost completely
with the paint we now see. As discussed in
the first part of this essay, examination with
a stereomicroscope, x-radiographs, and analy-
sis of paint cross sections are illuminating
in evaluating the sequence in which Steen
painted his works. Most of his paintings
were executed in an orderly sequence, work-
ing from the background of the composition
to the foreground. However, Steen took a dif-

ferent approach in a small number of works,
including The Dancing Couple. Here, rather
than working methodically from background
to foreground, he turned his attention imme-
diately to the major elements of the compo-
sition. Only after completing the major
elements did he proceed to fill in the rest of
the painting following the more typical
background to foreground order.

Steen first laid in the blue sky layer, leav-
ing empty areas in reserve for the figures of
the dancing couple (figs. 16, 17) and the musi-
cians on the right. Major supporting mem-
bers of the trellis were also left in reserve in
the blue sky layer. Possibly at the same time,
the architectural structure on the left was
blocked in using a brown base tone that left
reserves for figures.

Before painting the rest of the scene, how-
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ever, Steen completed the major figures—the
dancing couple, woman in green, man hold-
ing a goblet at the right, seated woman on
the left with the child on her lap, and even
the large empty barrel in the central fore-
ground. Where these elements overlap, they
were completed in order of importance; for
example, the paint of the woman in green is
overlapped by that of the man behind her
and the stone on which she sits. The seated
woman and child with the toy at the left
were treated as a unit and were painted at
the same time. Only after completing these
elements to his satisfaction did Steen fill in
the rest of the scene. The violinist, flutist,
and major elements of the trellis were
painted into reserve areas that were left in
the sky. On the left, the background figures
were painted into reserve areas in the base
tone used for the architecture. The artist
continued working from background to fore-
ground, carefully skirting the already placed
major figures and barrel.4 For example, in the
background to the right central region are
two children on either side of a fence with
three adults grouped farther back. These
figures were painted in a back-to-front
sequence, ending with the foremost child in
front of the fence rail. The paint of the
child's costume, however, overlaps that of
the man holding a goblet on the right (one of
the major compositional figures already
painted in the first stage).

In the foreground, where only the barrel
had been painted at the same time as the
major figures, a first layer of color was laid in
continuously around the barrel. Elements
such as the brazier, pipe, eggshells, and flow-
ers were then painted on top of this first
layer of foreground: that is, spaces were not

reserved for these details. A second fore-
ground layer was then laid in, carefully skirt-
ing these details (fig. 18). Since the barrel
and major figures had already been com-
pleted, their edges are overlapped by both
layers of the foreground. This overlap is visi-
ble in the upper left of the barrel and is par-
ticularly noticeable around the legs of the
dancing man, although a later revision cov-
ered the overlap on the leg. After all figures
(both major and minor) had been completed,
final details of the background (such as the
mortar in the brickwork at the left, the sur-
face on the fence on which the flutist sits,
and the second layer of foreground) were
filled in around them.

To accommodate this unorthodox paint-
ing sequence and still render a legible space,
Steen frequently returned to complete ele-
ments and to revise the contours. If, in fill-
ing in the scene, his background paint over-
lapped a completed figure, he repainted the
contour of the figure against the background.
The leg of the seated man holding a goblet
on the right is an example of such a revision
(fig. 19). As discussed earlier, another conven-
tion Steen followed throughout his career
is that background figures were painted in
a characteristically flat and schematic way.
The abbreviated rendering of the figure far-
thest from the viewer, outside the main focus
of the painting, contrasts with the fully mod-
eled forms to which our attention is drawn.
The group of three figures outside the fence
(fig. 9) illustrates this technique.

As he painted The Dancing Couple, Steen
revised details of the composition more than
once, sometimes amending or enriching the
painting's meaning.40 The dancing man was
first planned in the monochromatic sketch

17 a. Photomicrograph of
cross section, sample 2,
taken through the flesh of
the dancing woman's face
(edge of small loss to the
proper right eye] and
showing

1. lower chalk ground with
isotropic brown earths
(inferences based upon
EDS analyses)

2. light gray upper ground
(lead white, calcium
carbonate, yellow iron
oxide, isotropic earths
[brown], charcoal black,
and bone black) (based
upon analyses of dispersed
samples)

3. pink layer (ground
modification) in sky (lead
white, calcium carbonate,
red iron oxide, red lake,
smalt, and indigo) (based
upon analyses of dispersed
samples)

4. pink flesh layer (lead
white, red lake, red
iron oxide, quartz)
(inferences based upon
EDS analyses)

It is noteworthy that the
blue sky paint layer is absent,
demonstrating that the figure
was left in reserve in this
layer

iyb. Photomicrograph of
cross section, sample 2, in
visible light fluorescence
mode (Leitz filter cube 13),
showing the pink ground
modification layer as distinct
from the pink flesh layer.
The layers are

1. lower ground

2. upper ground

3. pink layer (ground
modification) in sky

4. pink flesh layer
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18. Detail, fig. i, showing
brazier and pipe in
foreground. The layer
of the second foreground
paint carefully skirts the
objects, creating a halo
that is especially visible
along the pipestem

19. Detail, fig. i, showing
the leg of the seated man
holding a goblet and
illustrating the contour
revision to the figure's leg
by an overlapping area of
background paint

to be bareheaded, with his arm upraised and
holding a hat (fig. 20). Next, the man was
painted with his arm lowered but still hold-
ing the hat. Finally, the hat in his hand was
painted out and replaced by a feathered hat
on his head. Other changes to the dancing
man may relate to the underlying messages
that Steen wished to convey.41

A central background figure is the man
with the basket on his head. A cross section
taken through the basket bottom contains a
layer corresponding to the monochromatic
sketch (fig. 14). Here, the sketch paint is
over the pink underpaint layer, as it is in the

figures of the dancing couple. This finding
suggests that Steen originally intended to
place something here and defined it using
the monochromatic sketch. The sketched
design, however, was then covered with the
blue sky paint (although the x-radiograph and
microscopic examination confirm that the
blue sky paint left the dancing couple in
reserve), suggesting an early change of com-
position. A figure holding a glass aloft was
painted over the blue sky and is visible as a
pentimento (fig. 21). This figure was later
revised to the one we now see: the man bal-
ancing a caged fowl on his head, making a
pun on the sexual undercurrent of the dance.42

The monochromatic, painted sketch can also
be seen in the cross section from the floor in
the foreground near the eggshells (fig. n). A
spectrum of the painted sketch obtained
using energy-dispersive x-ray spectroscopy
(EDS) is shown in figure 13. On the right-
hand side of the painting, the young boy blow-
ing bubbles is a reference to the transience
of thoughtless pleasures. As it is painted
over the completed fence in the background,
this iconographic detail is also a pentimento,
added as an afterthought.

In his depiction of the village fair with its
mingling of social classes, Steen wove these
moralizing references throughout the fore-
ground of his painting. He successfully focused
the viewer's attention on this part of the
painting and its subliminal messages through
a variety of techniques: the fluent execution
of the primary figures (which he painted first),
in contrast to the solidly painted, schematic
treatment of the peripheral figures, as well
as the more emphatic lighting on those pri-
mary figures. If, as we suggested earlier, Steen
painted the major figures from life, this pro-
cedure could also have contributed to the
variation in lighting.

The Palette

No anachronistic pigments have been found
in The Dancing Couple (table 3); that is, the
pigments Steen used are typical of Dutch
seventeenth-century paintings and provide
no indication that Steen's preference for
materials differed from those of his contem-
poraries.43 Although there are a few areas of
bright colors, particularly in some of the gar-
ments, the overall color scheme is muted,
consistent with many other works by Steen.
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Fourteen different pigments were identified
in analyses of the dispersed samples and the
cross sections examined.44 Three blue pig-
ments were found: smalt, azurite, and indigo.
Smalt is the most extensively used of the
three blue pigments, as it was found in eleven
of the thirteen dispersions. In the dark orange
dress worn by the child on the lap of the
seated woman (sample 8), the smalt is very
pale (to the point of being nearly colorless)
and may have been added for its siccative
properties. Smalt also occurs in the yellow
highlight paint in the blouse of the woman
holding the child (sample 9). Here the paint
consists of a mixture of lead-tin yellow and
lead white with admixtures of calcium car-
bonate, smalt, and red iron oxide. The blue
sky paint (sample 15) contains only smalt
with lead white, while other blue paints
(samples 13 and 16), in addition to smalt,
contain either azurite or indigo, or both. In
each case, however, smalt is found in greater
amounts than either azurite or indigo. The
pink layer below the sky (sample 14) is a
mixture of predominantly lead white with
some calcium carbonate, red iron oxide, and
red lake. Smalt and minor amounts of indigo
were used to cool the tonality of the warm
pink paint. Red iron oxide was found in
every dispersion except two: the upper ground
layer (sample 17,- no red pigments occur in
this layer) and the dark orange dress of the
child in the lap of the seated woman (sam-
ple 8). The paint used for the child's dark
orange dress consists of vermilion with ad-
mixtures of lead white, calcium carbonate,
and smalt. Yellow pigments found in the
samples are lead-tin yellow, yellow iron oxide,
and yellow lake.45

Most notable is the absence from the
palette of any green pigment. The color green
(light through dark) features prominently in
The Dancing Couple, and, in every case (see
samples 5, 10, and 12), the paints are the re-
sult of mixing blues and yellows: smalt, azu-
rite, indigo, lead-tin yellow, yellow iron oxide,
and yellow lake. Steen understood the prop-
erties of his materials and created a wide
range of values by manipulating the ratios of
the individual constituents, thus avoiding the
use of problematic green pigments. Many
other seventeenth-century painters also ex-
hibited knowledge of problems associated
with green pigments. In fact, Samuel van

20. Detail, computer
assembled infrared reflecto-
gram, fig. i, showing the
various reworkings of the
dancing man's arm and hat

21. Ultraviolet photograph
of detail, fig. i, showing the
man with the caged fowl
on his head and illustrating
that the figure was once
depicted holding the glass
aloft. Ultraviolet photography
reveals linear strokes of
overpaint used to hide the
pentimento of the raised
arm that must have become
visible over time

Hoogstraten, writing in the late i6oos, warned
against the use of green pigments such as
verdigris and green earth.46 Harshness, dis-
coloration, and paleness were among the
problems he cited. The green paints used in
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22. Photomicrograph of
cross section, sample 4,
taken through the yellow-
green foliage to the right
of the hanging basket
(edge of loss near top edge
of painting) and showing

1. lower chalk ground with
isotropic brown earths
(inferences based upon
EDS analyses)

2. light gray upper ground
(lead white, calcium
carbonate, yellow iron
oxide, isotropic earths
[brown], charcoal black,
and bone black) (based
upon analyses of dispersed
samples)

3. light whitish green layer
that is restricted to the
right-hand side of the
sample (lead white, lead-
tin yellow, smalt, iron-
silicate earths) (inferences
based upon EDS analyses)

4. medium-dark gray-green
layer (smalt, lead-tin
yellow, bone black,
charcoal black, calcium
carbonate, and red iron
oxides) (inferences based
upon EDS analyses)

5. light yellow layer that is
somewhat transparent
(lead white, lead-tin
yellow, yellow lake, tin
oxide, smalt, isotropic
earths, red iron oxide,
bone black, iron silicates)
(inferences based upon
EDS analyses)

The Dancing Couple reveal the most com-
plex pigment mixtures of the colors used for
the painting (table 3J.47

Foliage in the painting is varied both in
color and value. The manner in which this
variety was created is noteworthy. Some
leaves are executed in either dark or light
gray-green paints made from the mixtures
described above. Other areas of foliage range
from yellow-green to light green-white to a
faint, transparent brown-green or tan. Analyses
of dispersed samples taken from the gray-
green paints (sample 10) and the light green-
white paint (sample 12) reveal that each
contains essentially the same pigments. In

certain instances, for example, in the tan-
colored leaves, the leaves were painted in
a single, thick paint layer. More often, how-
ever, Steen created foliage through a buildup
of paint layers. By controlling the values and
opacity of the individual layers, he could
model form and achieve the desired range of
colors. The use of glazes or scumbles (thinly
dragged semiopaque paints) over dark and
light layers gave the desired effect. A cross
section taken through yellow-green foliage
at the top edge of the painting (fig. 22) shows
this technique. The uppermost layer of the
cross section is a semitransparent yellow paint
consisting of large agglomerates of lead-tin
yellow (fig. 23) distributed throughout a matrix
of pale smalt (admixtures of yellow lake, lead
white, tin oxide, isotropic brown earths, red
iron oxide, iron silicates, and bone black are
present). This semitransparent yellow layer
lies directly over a darker, opaque gray-green
paint that influences the appearance of the
former. The gray-green paint consists of a
mixture of lead-tin yellow, smalt, bone black,
charcoal black, calcium carbonate, and red
iron oxides. Although they were not sam-
pled, it is likely that the ephemeral-appear-
ing tan foliage elements were created using
the more transparent constituents of the basic
pigment mixture described above.48

23. EDS spectrum collected
from a bright particle
(backscattered mode) in
the uppermost layer of
cross section, sample 4.
The use of lead-tin yellow
was inferred from the
detection of lead (Pb)
and tin (Sn)
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Conclusion N O T E S

Jan Steen's skills as a painter have often been
underrated, yet beautifully handled passages,
such as the face of the young patient in The
Doctor's Visit (fig. 6c), reveal a gifted artist
completely comfortable with his medium.
For many years conventional wisdom char-
acterized Steen as an artist whose work was
as slovenly as the chaotic households he
depicted. Recent research has suggested that
this reputation is unjustified. By integrating
self-portraits into his paintings, Steen con-
sciously conflated himself with his artistic
persona, creating a larger-than-life protago-
nist for his witty stories of human foibles.
By the nineteenth century, fastidious writers
found this character unseemly and had built
Steen's reputation as a tavern-owning drunk-
ard who turned out paintings to keep away
his creditors. Steen is now recognized as an
important artist, a painter of engaging, mor-
alizing stories.49 But his unsavory reputation
probably underlies the lingering evaluation
of Steen as a careless practitioner, even
among those who acknowledge his mastery
of the subjects in his paintings.

Our research has established that Steen
was an accomplished artist whose primary
emphasis was on the narrative of his paint-
ings. His focus on his subject often took
precedence over elegance of presentation or
even an entirely logical rendition of pictorial
space. His conscious manipulation of the
degree of finish in his paintings, in which
masterfully handled primary figures contrast
with schematic secondary figures, directs
the viewer's attention to the focal point of
his story. In some cases he adopted a paint-
ing sequence that seems unusual for a his-
tory painter,- he placed the major figures and
symbolic elements before even beginning to
paint the setting. This practice could create
a certain dislocation in the rendering of
space, but Steen accepted these anomalies in
order to sustain the focus of those works.
Although he was a gifted artist, Jan Steen
chose not to emphasize the visual effects of
his paintings but to focus on the narrative;
he used his vigorous technique in the service
of that narrative.

We are grateful to the Circle of the National Gallery of
Art, Washington, for underwriting the costs of travel
and analytical supplies that made this project possi-
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conservation, and to Katherine Crawford Luber, cura-
tor of the Johnson Collection, for permission to exam-
ine eight paintings at the Philadelphia Museum of Art,
and to conservators Mark Tucker, Teresa Lignelli,
Stephen Gritt, and the late David Skipsey for their
assistance and comments during the examinations.
All the paint samples on file were made available to
us, and we carried out additional analysis on a small
number of those samples.

Dare Hartwell allowed us to study The Music
Lesson at the Corcoran Gallery of Art, Washington;
Joaneath Spicer and Eric Gordon facilitated our exami-
nation at the Walters Art Gallery, Baltimore, of the
privately owned Mocking of Ceres-, and through the
generosity of the private owners, we were able to
examine The Return of the Prodigal Son and The
Garden Party in the conservation department of the
National Gallery of Art. Though we were not able to
examine it in person, we received valuable informa-
tion on the important early picture, The Lean Kitchen,
c. 1650, from Anne Ruggles, fine arts conservator of
the National Gallery of Canada, Ottawa, who shared
with us technical dossiers and carried out new exam-
inations to answer our questions.

Finally, we are grateful to Martin Bijl and Manja
Zeldenrust, heads of conservation at the Rijksmuseum,
Amsterdam, and to the staff of the Rijksmuseum's
conservation department, Helene Kat, Michel van de
Laar, Laurent Sozzani, and Gwen Tauber, for the oppor-
tunity to examine with them eleven paintings at that
museum. Karin Groen, of the Central Research Lab-
oratory for Objects of Art and Science, Amsterdam,
examined with us the paint samples she had taken
from a number of these paintings. We have continued
to exchange information with the Rijksmuseum staff
during the preparation of this essay. The first results
of Martin Bijl's research appear in his essay in the
1996 exhibition catalogue.
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and Arthur K. Wheelock Jr., eds., Jan Steen: Painter
and Storyteller [exh. cat., National Gallery of Art]
(Washington and Amsterdam, 1996). See especially
Martin Bijl, "The Artist's Working Method," 83-92.

2. Marigene H. Butler, "Appendix: An Investigation
of the Technique and Materials Used by Jan Steen," in
Peter Sutton, Jan Steen: Comedy and Admonition,
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Bulletin 78, nos. 337-338 (1982-1983), 44-61.
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3. In addition to our analysis of The Dancing Couple
and of some samples from paintings in the Philadel-
phia Museum of Art, analyses by Ashok Roy, scientific
department, National Gallery, London, of paintings
at the National Gallery, and by Karin Groen, of paint-
ings at the Rijksmuseum, Amsterdam, are currently
under way.

4. Broad conclusions on supports used by Steen were
drawn from a study of the catalogue raisonne by Karel
Braun, Alle tot nu toe bekende schilderijen van Jan
Steen (Rotterdam, 1980).

5. The May Queen measures 75.9 x 61.6 cm. See
catalogue entry in Sutton 1982-1983, 9.

6. The Fat Kitchen (private collection, The Hague;
Braun 27) and The Lean Kitchen (National Gallery of
Canada, Ottawa, inv. no. 9014,- Braun 28) measure 71
x 91.5 cm and 69.5 x 91.8 cm, respectively.

7. The Effects of Intemperance (National Gallery,
London,- Braun 250) and Esther before Ahasuerus
(State Hermitage Museum, Saint Petersburg; Braun
291) measure 76 x 106.5 cm and 106 x 83.5 cm,
respectively.

8. For a discussion of such grounds in the context
of the early works of Rembrandt van Rijn, see Ernst
van de Wettering, "Painting Materials and Working
Methods," in Josua Bruyn, Bob Haak, S. H. Levie,
Pieter J.J. van Thiel, and Ernst van de Wettering,
A Corpus of Rembrandt Paintings, vol. i (Dordrecht
and Boston, 1982), 11-33.

9. Identification of the ground as a single layered
structure used for The May Queen was published
by Butler 1982-1983, 52, based on microscopic exam-
ination of paint cross sections. The authors recently
analyzed one of the original paint cross sections using
scanning electron microscopy with energy-dispersive
x-ray spectroscopy. This analysis revealed the pres-
ence of a chalk-containing lower layer, which could
not be perceived by light microscopy.

10. This ground structure also was observed on paint
samples taken from the Sacrifice of Iphigenia, dated
1671. Karin Groen, paint analysis notes of 20 Septem-
ber 1994, filed at the conservation department,
Rijksmuseum, Amsterdam. What appears to be the
same structure was observed in a stereomicroscopic
examination of the privately owned Mocking of Ceres,
examined in the conservation laboratory, Walters Art
Gallery, Baltimore.

11. These grounds are found on Landscape with Inn
and Skittles Players and Moses Striking the Rock,
respectively; see Butler 1982-1983, 52.

12. This layering structure was observed through the
stereomicroscope on both the Saint Nicholas Feast
and The Music Lesson.

13. Marigene H. Butler, head, conservation depart-
ment, Philadelphia Museum of Art, conservation
examination report, 9 October 1980.

14. Butler 1982-1983, 52.

15. The ground of this painting was observed during
examination with a stereomicroscope; since no paint

samples were taken, the ground cannot be further
characterized.

16. Based on examination with low magnification
in the exhibition fan Steen: Painter and Storyteller,
such an effect can be seen in Twelfth Night, 1662
(Braun 159), Museum of Fine Arts, Boston.

17. Gwen Tauber, conservation department,
Rijksmuseum, personal communication, 15 March
1995, also found such a layer in Erysichthon Selling
His Daughter, 1658-1661 (Rijksmuseum, inv. no.
A-2572; Braun 258).

18. Bijl (1996, 87) points out that the effect is remi-
niscent of the work of landscape painters of the
period. It is harder to prove, however, that this tech-
nique was derived specifically from Steen's father-
in-law, Jan van Goyen. Technical study of works
by van Goyen and Salomon van Ruysdael have not
revealed such a localized layer. Instead, the warm
tone exploited in the skies of those tonal landscapists
can be seen throughout the entire painting, which is
prepared with a warm ground or a translucent ground
through which the color of the support is visible. See
E. Melanie Gifford, "Style and Technique in Dutch
Landscape Painting in the 16208," in Historical
Painting Techniques, Materials, and Studio Practice,
ed. Arie Wallert, Erma Hermens, and Marja F.J. Peek
(Leiden, 1995), 140-147; andE. Melanie Gifford, "Jan
van Goyen en de technick van het naturalistische
landschap," in Jan van Goyen, ed. Christiaan Vogelaar
[exh. cat., Stedelijk Museum De Lakenhal] (Leiden,
1996), 70-79-

19. These findings do not, of course, eliminate the
possibility that some preliminary notations were
made in a drawing medium such as light-color chalk,
which cannot be observed by infrared reflectography,
but such a drawing would be of limited use on Steen's
light-color grounds.

20. See van de Wettering 1982, 20-24, f°r a discus-
sion of such sketches in the early works of Rembrandt
van Rijn. We have chosen to use the descriptive term
"monochromatic painted sketch" rather than the
historical term "deadcoloring," to avoid confusion
between this stage and the colored underpaints we
have occasionally observed.

21. The Baker Oostwaert is dated c. 1658 on the
basis of an inscription on the reverse. Martin Bijl,
conservation department, Rijksmuseum, who cleaned
this painting in 1994-1995, brought the underpaint
to our attention. See also Bijl 1996, 86.

22. Karin Groen, paint analysis notes, December
1994, conservation department files, Rijksmuseum,
Amsterdam.

23. The appearance of Steen's colored underpaints
may be inferred from some of his most loosely painted
works. His Self-Portrait as a Lutenist, c. 1663-1665,
at the Fundacion Thyssen-Bornemisza, Madrid (Jan
Steen, cat. no. 25), was examined with low magni-
fication in the galleries of the exhibition Jan Steen:
Painter and Storyteller. Although this is a finished
painting, most of the sketchy surface was painted in
one sitting, wet-into-wet.
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24. In discussion, Mariet Westermann suggested
that the degree of finish also serves to distinguish
social classes. See also Westermann, "Steen's Comic
Fictions/7 in Chapman, Kloek, and Wheelock 1996, 67.

25. In his catalogue essay, Bijl 1996, 89-90, expresses
a somewhat different interpretation of our examina-
tion of this painting. While he feels that the painting's
technique is unusual within Steen's practice, we
believe that it typifies the artist's deliberate manipu-
lation of the degree of finish.

26. For discussions of standard practices in Dutch
painting sequence, see van de Wettering 1982 and
Gifford 1995.

27. Examination with low magnification in the Jan
Steen exhibition galleries of two small 1665 portraits
by Steen, Portrait of Gerrit Gerritsz Schouten and
Portrait of Geertruy(l) Gael, Second Wife of Gerrit
Gerritsz Schouten, private collection (Jan Steen, cat.
nos. 29a and 29b, respectively), shows a painting
sequence in which the background was filled in after
the figures had been completed.

28. Examination of The Fortune Teller revealed that
the foreground figures are painted on top of a com-
pleted landscape rather than integrated into reserves,
a finding that raises the possibility of a collaboration
between a landscape specialist and a figure painter
here. The handling of the setting, in elements such
as the foliage and the masonry of the buildings, is
crisper, with a more defined touch than the same ele-
ments in, for example, The May Queen. The middle-
ground and distant figures, which are integrated into
the landscape following standard Dutch landscape
painting procedures, seem more fluently handled
than the foreground group. After these foreground
figures had been painted onto the landscape, they
were roughly integrated into the space with a grayish
green paint distinctly different in pigment mixture
from the original green lying below them, furthering
the impression of a figure painter cleaning up his
addition to a completed landscape. For a discussion
of issues of collaboration in landscape painting, see
Gifford 1995. The foreground figures in The Fortune
Teller seem more crudely executed than those in the
other works by Steen that we have examined. Since
neither the landscape nor the major figures are entirely
consistent with Steen's handling, it is possible that
this collaboration is not a work by Steen.

29. Only in final details of distant foliage did Steen
break this strict order of painting. An aureole around
the head of the camel, for instance, is the base tone
of the landscape (which had been painted with a
reserve for the animal) left visible where the foliage
details skirt the head. This example illustrates yet
another painting procedure that can give the appear-
ance of a halo.

30. We had the opportunity to compare our examina-
tions of an autograph painting by Steen, the Merry
Company at the Rijksmuseum, and a close copy at
the Philadelphia Museum of Art. Both works were
painted from background to foreground, closely fol-
lowing a brown monochromatic sketch; the slight
variations between the two are noteworthy. The

Rijksmuseum painting gives evidence of decisions
made during the creative process: the painting
sequence varies on occasion from a strictly logical
background to foreground order, and there are numer-
ous passages in which the painter returned to refine
contours. In the Philadelphia Museum painting,
however, there are no hesitations and few revisions.
The entire composition, including a few changes
from the model (such as the incorporation of a bird-
cage by the window) was planned in the painted
sketch, and the background to foreground painting
sequence was strictly followed.

31. This procedure was also observed in The Sick
Woman, and recent examinations with low magnifi-
cation in the galleries of the Steen exhibition have
revealed other examples, including In Luxury Beware,
1663 (Kunsthistorisches Museum, Gemaldegalerie,
Vienna; Braun 179; Jan Steen, cat. no. 21) and The
Worship of the Golden Calf, c. 1673-1677 (North
Carolina Museum of Art, Raleigh; Braun 351; Jan
Steen, cat. no. 47).

32. "Een vol vat en bomt niet/' Roemer Visscher,
Sinnepoppen (Amsterdam, 1614), cited in Arthur
Wheelock Jr., Dutch Paintings (Washington, 1995),
366-367.

33. Our thoughts on this issue were clarified during
a discussion session on Steen's technique, which we
offered at a proseminar held in the Steen exhibition.
We benefited from comments by a number of col-
leagues and particularly appreciated Aneta Georgievski-
Shive's observation that anatomical irregularities in
minor figures might suggest that only major figures
were painted from life.

34. X-radiography and infrared reflectography (IRR)
were also used to examine The Dancing Couple.
These investigative techniques revealed details
about pentimenti, such as the repositioning of the
arm and hat of the dancing man. X-rays and infrared
reflectograms are on file in the paintings conserva-
tion department, National Gallery of Art.

The x-radiograph was made at an exposure of 25kv
and soma for 6 seconds. The infrared reflectogram was
made using a Kodak platinum silicide camera config-
ured to 1.5-2.0 um and using a Nikon 55 mm macro
lens. The video signal was collected with a Perceptics
Pixelbuffer board and Signal Analytics IP Lab Spectrum
software. Each individual image is an average of eight
frames. The multiple images were assembled into a
composite reflectogram in Adobe Photoshop on a
Macintosh Quadra 700 computer. We are grateful to
Carol Christensen and Stuart Wolffe of the painting
conservation department of the National Gallery of
Art for sharing the results of their examinations.

3 5. Analysis was carried out by Michael Palmer.
Cross sections were embedded in Ward's Bio-Plastic,
a polyester-methacrylate copolymer, and ground at
right angles to the stratigraphy. Pigment dispersions
were mounted in Cargille Melt-Mount (12=1.662).
Polarized light microscopy was carried out using Leitz
Orthoplan and Leica DMRX microscopes in both
incident and transmitted configurations. Scanning
electron microscopy-energy-dispersive x-ray spec-
troscopy (SEM-EDS) was performed on the four cross
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sections using a JEOL JSM63OO electron microscope
fitted with an Oxford Link Pentafet x-ray detector
and Oxford Link eXL II x-ray analyzer. Examination of
the cross sections was facilitated by using an Oxford
Tetra backscattered electron detector. The backscat-
tered electron detection mode yields gray level con-
trast differences that correlate to Z values (that is,
atomic number) for elements detected. This method
allows for visual distinctions among pigments or par-
ticle types of varying elemental composition and helps
in making decisions concerning the selection of sites
for EDS analysis. Pigment standards (subsets of the
E. W. Forbes Collection) in the National Gallery of
Art scientific research department were used as refer-
ences for light microscopic identifications of the dis-
persed samples. EDS spectra were processed using
Desktop Spectral Analyzer (DTSA) software developed
by the National Institute of Standards and Technology.
SEM-EDS particle identifications are inferences
based upon elements detected.

36. The identification of brown earths was based upon
analyses of dispersed samples. The identification of
bone black was confirmed by the detection of phos-
phorus (P), calcium (Ca), oxygen (O), and carbon (C)
during SEM-EDS analyses of the cross sections.
See fig. 12, EDS spectrum collected from sample i
(NGAR705).

37. The identity of the dyelike blue in the pink
ground modification of the sky and elsewhere in
the painting as indigo was not confirmed through
microchemical analysis or any instrumental analyti-
cal technique. All samples where the colorant was
observed were permanently mounted, thus making
chemical analysis impossible. The areas sampled,
however, are original to the painting, and the attribu-
tion is not questioned. Indigo, rather than Prussian
blue (which postdates Steen), is the logical inference.
Indigo has been identified as part of the palette for
other paintings by Steen. See Butler 1982-1983, 44-61.
Indigo was also observed in the bedcurtain of The
Sick Woman. See analysis notes, Groen, 6 September
1994, on file in the conservation department, Rijksmu-
seum, Amsterdam.

38. The light, cream-colored paint used to block out
the area discussed does not appear (when viewed at
low magnifications on the painting itself) to be the
same paint used for the clouds. The layer was not
sampled for analysis.

39. Both siliceous iron earths and manganese oxide
were detected in the brown paint layer using SEM-
EDS. See fig. 13, EDS spectrum collected from sam-
ple i (NGAR/os).

40. For discussions of the moral messages conveyed
by the iconographic symbols in The Dancing Couple,
see catalogue entries by Wheelock 1995, 363-369,-
and in Chapman, Kloek, and Wheelock 1996, 163-165.

41. The collar worn by the dancing man has been
interpreted by Wheelock 1995 as being larger than in
the first version (as seen in the x-radiograph, fig. 16)
painted by Steen. This enlargement would strengthen
Wheelock's suggestion that the peasant is attempting
to play the role of a sophisticate. Another interpreta-

tion, however, is that the x-radiograph shows two
versions of the same collar superimposed; the collar
was moved when the shoulder and arm were lowered.

42. Eddy de Jongh, "Erotica in vogelperspectief: De
dubbelzinningheid van een reeks lyde-eeuwse gen-
revoorstellingen," Simiolus 3 (1968-1969), 22-74.

43. For further discussions of Steen's palette, see
Butler 1982-1983; and Bijl 1996, 83-92; for a discus-
sion of pigments generally used in the seventeenth
century, see David Bomford, Christopher Brown, and
Ashok Roy, Art in the Making: Rembrandt (London,
1988), 21.

44. Each small sample taken for analysis was prepared
as a permanent mount for optical microscopy. As the
paints used to create images in The Dancing Couple
were assumed to be oil based, no medium analysis
was performed. A linseed oil medium was identified by
John Mills, scientific department, National Gallery,
London, in samples from paintings by Steen in the
John G. Johnson Collection, Philadelphia Museum of
Art. One sample from The Fortune Teller (a painting
whose attribution is questioned [see note 28]) had a
palmitate-stearate ratio more typical of walnut oil.
See Butler 1982-1983, 46.

45. Some dispersions contain transparent, yellow-
brown, isotropic flakes. In each case, the flakes lack
any discernible topography and exhibit none of the
particulate qualities that would link them with
isotropic earths. The presence of yellow lake was
inferred from these observations. Confirmation of
the identity of the flakes through analytical chemical
techniques was not possible, as the widely dispersed
particles could be observed only when mounted as
permanent dispersions for optical microscopy. Yellow
lakes are known to have been used in seventeenth-
century Dutch paintings. See Butler 1982-1983,- and
Bomford, Brown, and Roy 1988.

46. Samuel van Hoogstraten, Inleyding tot de hooge
schoole der schilder konst (Rotterdam, 1678; reprint,
19691,221.

47. The green paints used in Steen's paintings at the
Philadelphia Museum of Art are also complex mix-
tures of various blues, yellows, whites, and blacks.
See Butler 1982-1983, 48. It seems likely that using
mixtures to make green was a common practice for
Steen.

48. Butler 1982-1983 found that the transparent tan
leaves in paintings by Steen are not necessarily the
result of a faded or discolored yellow lake. For example,
the tan leaves in Steen's Moses Striking the Rock
were created using a mixture (in oil) of smalt, ultra-
marine, and calcium carbonate, where the latter
accounts for 40 percent of the pigment content. Butler
suggested that a preponderance of calcium carbonate,
which is transparent in oil (due to similarities in
refractive indices), yields a translucent paint. A
similar paint mixture might possibly have been
used for the tan leaves in The Dancing Couple.

49. H. Perry Chapman, "Jan Steen, Player in His
Own Paintings," in Chapman, Kloek, and Wheelock
1996, 11-23.
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