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Introduction

The National Gallery of Art’s Madonna and Child (1943.4.93), 
known as the Kress Madonna (fi g. 1), is regarded as one of the 
fi nest examples of terracotta sculpture from the Renais-
sance. This work is also one of the most enigmatic of the 
many sculptures of this genre created during the period. 
The hand modeling, the extensive gilding and punchwork, 
and the polychromy’s fi ne details attest to the high caliber of 
the Kress Madonna’s workmanship, while questions about its 
author, the presence of the rather unusual wooden backing, 
as well as the irregularity in the inscription1 contribute to 
the intrigue surrounding this sculpture.

The Kress Madonna was the subject of a multi-year study 
carried out at the National Gallery in Washington, DC. The 
project encompassed the conservation treatment and an 
in-depth technical investigation comprising both scientifi c 
and art historical aspects to address questions of manufac-
ture, history and function.

The primary goal of the technical study was to achieve a 
greater understanding of the sculpture by examining the 
materials, the methods and the techniques used by the artist

in the creation of this work. The identity of the artist has 
long been discussed and contested. Over the years, several 
prominent Renaissance artists have been suggested, includ-
ing Lorenzo Ghiberti, Donatello, Michelozzo, Jacopo della 
Quercia and Luca della Robbia. It was hoped that identifi ca-
tion of the materials used in the manufacture of the sculp-
ture would contribute new information toward, and offer 
another approach to the question of attribution2.

Analysis

A variety of imaging tools and analytical techniques was 
employed, including ultra violet illumination, infrared 
refl ectography3, x-radiography, polarized light microscopy4 
(PLM), scanning electron microscopy5 (SEM), gas chroma-
tography / mass spectroscopy6 (GC-MS), thermolumines-
cence dating, x-ray fl uorescence (XRF), x-ray diffraction7 
(XRD) and Fourier transform infrared spectroscopy8 
(FT-IR). Each technique provided valuable information 
which has contributed to a more thorough knowledge of this 
work.

The Kress Madonna: Revelations of 
an Extraordinary Sculpture

Simona Cristanetti

Simona Cristanetti, Project Conservator, University of Chicago (cristanetti@uchicago.edu).

Abstract. The National Gallery of Art’s early Renaissance Kress 
Madonna was the subject of a multi-year study carried out at the 

National Gallery encompassing the treatment and in-depth 

technical study of the terracotta sculpture. The project combined 

scientifi c, art historical and conservation aspects to address 

questions of manufacture, history and function. The investigation 

provided signifi cant insight into the artist’s working process, and 

revealed several important features hitherto unknown about this 

work’s manufacture.

Keywords. National Gallery of Art, Kress Madonna, 

conservation, technical study, Renaissance, terracotta.

Résumé. La Madone Kress de la première Renaissance conservée 

à la National Gallery of Art de Washington a fait l’objet de 

plusieurs années d’études au sein du musée comprenant un 

examen scientifi que approfondi de la sculpture en terre cuite. 

La démarche transversale, alliant les aspects techniques, 

scientifi ques et historiques, a permis d’aborder les questions liées 

à la fabrication, l’histoire et la fonction de la Madone Kress. 
Les recherches ont fourni des informations importantes sur les 

méthodes de travail de l’artiste et révélé plusieurs particularités, 

ignorées jusqu’ici, concernant l’exécution de l’œuvre.

Mots-clés. National Gallery of Art, Madone Kress, 
restauration, examen scientifi que, Renaissance, terre cuite.

La Madone Kress. Les révélations d’une sculpture 
extraordinaire
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Fig. 1. (Front) Madonna and Child, NGA 1943.4.93, sometimes called the Kress Madonna. After treatment.
© Courtesy of the National Gallery of Art, Washington, DC. 
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Thermoluminescence dating of a sample of the terracotta 
was performed in 2007 by Oxford Authentication Ltd., in 
Oxford (England). The analysis placed the last firing 
between 1400 and 16509, thus confi rming the proposed 
period of manufacture of the sculpture. XRD and SEM were 

employed in the compositional analysis of the clay and 
ground. It was determined that the clay is composed mainly 
of quartz and aluminum oxide; these materials were also 
identifi ed as the primary components of the clay through 
electron-beam microprobe analysis, carried out in 1998 by 
David Lange at Harvard University as part of a separate 
research project. SEM confi rmed the other analyses and 
showed the terracotta to be a heterogeneous mixture with 
particles ranging in size from approximately 1-20µm.

The ground is composed of calcium sulfate anhydrite and 
dihydrate in a protein binder10. The sample of gilding seen 
in Figure 2, viewed in SEM, illustrates the use of gesso grosso 
and gesso sottile, a practice very much consistent with other 
works from this time, and one which is described in Cennino 
Cennini’s late 14th c. treatise, Il libro dell’arte11.
Analysis of samples of gilding and polychromy not only 
provided information about their composition, but also 
revealed that no additional pigment or gilding layers were 

present over the earliest layers when viewed in cross-section. 
Pigment identifi cation was carried out using PLM, XRF and 
SEM; the binders were identifi ed using GC-MS. The blue on 
the interior of the Madonna’s cloak and veil is composed of 
azurite with some particles of black, probably charcoal, in a 
gum tragacanth binder. The red on the underside of the 
Madonna’s right sleeve is vermilion, while that on the fi gures’ 
lips is a combination of vermilion and red lead. The fl esh 
tones are composed of red lead, lead white and a few parti-
cles of carbon black, in an egg binder.

Indeed, based on the analytical information presented so 
far, the sculpture appears similar to many polychrome terra-
cotta sculptures produced during the Renaissance12. But 
perhaps the most important information to emerge from 
this investigation regards the presence of the wooden back-
ing and its role in the construction of the sculpture. To date, 
no other sculpture created in the same manner has been 
identifi ed.

The wood employed for the backing is poplar13, a wood 
which was readily available and was commonly used for 
panel paintings. The presence of gilding and polychromy on 
the edges of the wood, the same as that found on the terra-
cotta relief, is evidence that the backing is original, and was 
not a later addition. Furthermore, we now know that the 
wooden backing was not added to remedy damage during 
fi ring, as had been suggested in the past, but that in fact it 
was conceived as an integral part of this sculpture.

Manufacturing Technique

Using the information collected during the study, it was 
possible to ascertain a probable construction method for the 
sculpture, which was not previously understood, and which 
implies that the artist had a clear idea at the outset of the 
many steps involved.

As was common practice, the sculpture was probably built 
up and fi nished on a wooden support, probably with several 
pieces of paper between the clay and the board14. The paper 
acted as a separator, aiding in the removal of the sculpture 
from the board once the clay was leather-hard. Excess clay 

Fig. 2. Cross-section of gilding, seen in SEM. © Simona Cristanetti. 

Fig. 1. (Reverse) Madonna and Child, NGA 1943.4.93, sometimes 
called the Kress Madonna. After treatment. © Courtesy of the 
National Gallery of Art, Washington, DC.
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was then removed from the reverse to minimize the possibil-

ity of cracking or breakage during fi ring. Tool marks and 

fi ngerprints are visible on the interior of the work through 

an opening in the wooden backing15. The overall thickness 

of the clay wall is diffi cult to measure due to the presence of 

the backing, but in one area the thickness can be measured 

at approximately 10mm. There is no evidence for the use of 

a mold, and in fact the depth of modeling and the marks on 

the interior indicate the sculpture was in all likelihood 

hand-modeled.

After fi ring, the terracotta and wooden backing were 

joined by means of several iron nails (fi g. 3c). The rounded 

edges of the nail holes, visible from the reverse (fi g. 4), indi-

cate that the holes were made while the clay was still moist, 

when the piece was initially being formed. This critical 

detail establishes that the backing was part of the artist’s 

fundamental conception of the work, and not an after-

thought to rectify a fi ring mishap16.

Next, a linen strip was applied to cover the join between 

the wood and the terracotta (fi g. 3d). Its presence here recalls 

the technique used for the construction of large panel paint-

ings. Textile is also present in the Kress Madonna where a fold 

in the mantle at the Madonna’s right shoulder meets the 

wooden panel. The fold is built up in cloth, extending it visu-

ally and physically onto the edge of the panel (fi g. 5).

Glue size was applied (fi g. 3e) to seal the porous surface of the 

terracotta before the application of the ground (fi g. 3f). In at 

least two areas – on the veil at the top of the Madonna’s fore-

head, and on the fold in the cloak in the lower proper right 

corner – the modeling of the clay was modifi ed through the 

Fig. 4. Nail hole, seen from the interior reverse of the sculpture. 
© Simona Cristanetti.

Fig. 3. 
Construction 
method of the 
Kress Madonna. 
Schematic 
by Simona 
Cristanetti.
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polychromy and gilding, removal of unstable or uneven 
previous fi lls and inpainting areas of loss.

After vacuuming to remove loose surface dirt, testing with a 
variety of cleaning solutions was carried out on both gilded 
and painted areas to determine the best approach to removing 
the tenacious surface grime and darkened surface coating. 
The presence of the coating over an area of previous repair on 
the Madonna’s head indicated that it was not original.

After testing and after consultation with other conservators 
in the Objects Conservation Department, cleaning 
proceeded using Surfonic® JL-80X17 in deionized water, as 

well as with saliva, since the latter seemed to be somewhat 

more effective overall. Cotton swabs dampened with the 

solutions were rolled over the surface applying slight pres-

sure. Cleaned areas were then cleared using deionized water 

on a swab.

As treatment continued, an additional solution consisting of 

equal parts deionized water, ethanol and acetone was tested. 

Because this solution was found to be as effective as the 

Surfonic® solution, with the additional advantage of not 

requiring clearing, treatment proceeded with the solvent 

solution.

Areas of lifting polychromy and gilding were consolidated 

using a dilute solution of Paraloid® B7218, fed by brush into 

the affected areas. Where planar distortion of lifted portions 

impeded good contact with the terracotta, the consolidant 

was bulked with glass microballoons and injected with a 

syringe into the affected areas. The glass microballoons 

served to create volume, ensuring adhesion between the two 

parts. Cracks which affected the structural stability of the 

sculpture were also consolidated with Paraloid® B72, both 

alone and bulked.

Most of the fi lls from previous treatments appeared to 

be composed of plaster, spackling compound or a similar 

material; many were uneven and higher than the surround-

ing original areas. Furthermore, it was noted that portions 

of some fi lls covered extant original surface and it was there-

fore decided to remove these. Removal of the old fills 

proceeded mechanically using a scalpel under magnifi ca-

tion. The wax fi lls in the gilding were retained, however, as 

their removal would have threatened the stability of adjacent 

original areas.

In consultation with conservators and sculpture cura-

tors, the decision was reached to leave most areas of exposed 

terracotta visible, rather than fi lling these losses to the paint 

and ground layers, as such losses do not detract from a view-

er’s overall appreciation of the work, and are indicative of 

the sculpture’s age and condition history. Areas where there 

was loss to the polychromy and gilding but the ground was 

extant were inpainted using fl uid acrylic colors over a barrier 

coat of Paraloid® B72. After testing different inpainting 

strategies, the technique of rigatino was chosen, as it allowed 

addition of a gesso or plaster-like material. Though it is not clear 

at what point this modifi cation was done, it certainly would have 

been after fi ring. There can be no doubt that this is an original 

change by the artist, as the layers above these additions are 

consistent with surrounding original material.

Areas to be gilded received a layer of red bole (fi g. 3g) 

before the application of the gold leaf and the execution of 

the punchwork (fi g. 3h). The polychromy was applied only 

after the gilding (fi g. 3i). Evidence of this sequence was pres-

ent at the sides of the Madonna’s head, where small losses to 

the fl esh color revealed gilding below.

The technical investigation also made possible the identifi -

cation of materials added at a later date. In addition to allow-

ing a more accurate interpretation of the work, the 

differentiation of newer materials from the original ones 

used in its manufacture served to inform many decisions 

during the conservation treatment.

Treatment

Previous treatment campaigns were evidenced by the pres-

ence of fi lls and inpainting throughout, as well as of consoli-

dant within some cracks. The aim of the conservation 

treatment carried out during 2007-2010 was to improve the 

appearance of the sculpture through cleaning as well as 

surface and structural repairs. This treatment consisted 

primarily of cleaning, consolidation of cracks and loose 

Fig. 5. Detail of the fold in the Madonna’s mantle, where textile was 
used to continue the fold onto the edge of the wooden backing. 
© Simona Cristanetti.
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Fig. 6. Detail of 
Child’s head, 
on left, before loss 
compensation, 
on right, after loss 
compensation. 
© Simona 
Cristanetti. 

Fig. 7. Fine lines painted on the surface of the sculpture, perhaps to 
enhance the three-dimensionality of the work. © Simona Cristanetti. 

the most control in simulating the original surface. Using 
this technique, individual fi ne lines ranging from 2 -5 mm in 
length were painted in the area to be fi lled, taking care that 
the lines did not bleed into each other. One to three colors, 
either mixed or pure, were applied in multiple layers until 
they blended visually to create the desired tonal and textural 
effect (fi g. 6 and 8).

New Findings

An intriguing feature became apparent during the treat-
ment of the sculpture, adding to the questions surrounding 
this work. After the heavy layer of dirt was carefully removed 
from the painted surface, a series of fi ne lines was revealed 
in certain areas of the fl esh tones. Initially appearing to be 
abrasion, when viewed with a binocular microscope it 
became clear that these lines in fact are painted on the 
surface.

The lines are clearly evident on the interior of the Child’s 
left leg (fi g. 7), and upon close examination are visible also 
in other areas, such as the underside of the Madonna’s right 
hand and the Child’s back and shoulders. All of the lines are 
painted as single, dark, parallel strokes, and are only present 
in the f lesh-toned portions. The placement of the lines 
suggests shading, and seems aimed at accentuating the 
three-dimensionality of the fi gures, similar to the way that 
hatch marks create depth in a two-dimensional representa-
tion such as a print or painting. This feature might prove to 
be an important clue to identify the artist or workshop if 
other polychrome terracotta sculpture with similar marks 
and a fi rm attribution can be identifi ed.
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Conclusion

Through a combination of conservation treatment, visual 

observation, art historical investigation and scientifi c analy-

sis, the project provided insight into the artist’s working 

process, and allowed for the discovery of several important 

features heretofore unknown about the Kress Madonna’s 

manufacture. Yet other questions still remain, for example: 

“What was the reason for including the wooden backing? 

Where was the sculpture originally located?” and of course, 

“Who conceived and created such an extraordinary work?” 

It is hoped that through the information presented here 

some of these questions may be answered in the not too 

distant future.

Fig. 8. From left to right, before, during, and after treatment. © Courtesy of the National Gallery of Art, Washington, DC. 
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