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The recent restoration of the painting “Enthroned Virgin Mary with Child, St. John the Baptist, St. Francis,
St. Bartholomew and St. Jerome” (also known as “Madonna delle Grazie”- Oil on wood, 235 x 194 cm)
carried out by the restorers of the Opera del Duomo in Pisa (2020-2021) provided the occasion for a
multi-analytical study of this sixteenth-century masterpiece. We learn from Vasari's Lives of the Artists

Keywords: that the panel was commissioned to Andrea del Sarto (Andrea d’Agnolo, Florence 1486 - Florence 1530)
Painting by the friars of the Monastery of St. Francis in Pisa. The painting was left unfinished by Andrea del Sarto
ED-XRF due to his sudden death during the plague in Florence in 1530 and was completed eight years later
Raman o by Giovanni Antonio Sogliani (Florence, 1492 - Florence, 1544). The division of work between Andrea
:\l/:l:ltlspectl‘al imaging del Sarto and Sogliani in the painting remains a subject of debate. Art historians have largely agreed

on the hypothesis that almost the entire painted surface, should be attributed to Sogliani. However, the
attribution of the composition is still controversial; it is unclear whether the design is entirely by Andrea
del Sarto, or if certain parts were reinterpreted by Giovanni Antonio Sogliani.

To contribute analytical data to this debate, a novel multispectral approach incorporating the Interest-
ing Feature Finding (IFF) method was utilized to examine the painting. Additionally, energy-dispersive X-
ray fluorescence (ED-XRF) and micro-Raman analyses were conducted to characterise the pigments used
by the artist(s) in different parts of the masterpiece. The multispectral analysis revealed significant differ-
ences between the underdrawings - potentially attributable to Andrea del Sarto - and the painted surface.
The ED-XRF and micro-Raman results do not exclude the possibility that parts of the painting were ex-
ecuted by del Sarto. The IFF method also uncovered several “pentimenti”, including a small (human?)
figure, which opened intriguing comparisons with other works by Andrea del Sarto.

© 2024 The Author(s). Published by Elsevier Masson SAS.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)

1. Introduction set of guidelines, ensuring that his art conveyed the ecclesiastical

message as faithfully as possible.

The Madonna delle Grazie is an altarpiece commissioned in
1529 by the Compagnia delle Stimmate of St. Francis in Pisa to
Andrea d’Agnolo—better known as Andrea del Sarto—for the main
altar of the Church of St. Francis. Andrea del Sarto, a master of
the Florentine Renaissance, was renowned for his profound abil-
ity to depict complex theological concepts and religious themes.
His works, characterized by a refined approach to sacred imagery,
aimed to evoke the mystery of Christian faith and inspire devo-
tion and spiritual renewal through deep contemplation of religious
dogmas [1-3]. Working for the Franciscans, he adhered to a strict
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However, Andrea del Sarto’s sudden death in 1530 left the
Madonna delle Grazie unfinished. To complete the altarpiece, the
Franciscans sought an artist who could continue in a manner con-
sistent with del Sarto’s style while adapting to the evolving artistic
standards. Giovanni Antonio Sogliani was chosen for this task [4],
as noted by Vasari, who documented that after del Sarto’s death,
Sogliani was appointed to finish the panel for the Compagnia delle
Stimmate “[...] he had won much favor among the Pisans, and af-
ter the death of Andrea del Sarto he was given the task of com-
pleting a panel for the Company of San Francesco that the said An-
drea had left unfinished” [5]. Andrea del Sarto emerged from a rich
artistic milieu in Florence; active primarily in the early 16th cen-
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tury, was deeply influenced by the High Renaissance masters. His
work is known for its technical excellence, compositional harmony,
and emotional depth, embodying the Renaissance ideals of propor-
tion, clarity, and anatomical precision. Del Sarto’s ability to convey
complex theological ideas through serene and balanced composi-
tions made him a sought-after artist for religious commissions. In
contrast, Giovanni Antonio Sogliani’s artistic development occurred
slightly later, during a period marked by the rise of the Counter-
Reformation. Sogliani’s work, while rooted in the Florentine tradi-
tion, shows a clear influence of the reformist artistic ideals of his
time, including those of Fra Bartolomeo and Lorenzo di Credi. His
style reflects a shift towards simplicity, decorum, and balance, in
line with the Counter-Reformation’s emphasis on clear, didactic art
aimed at fostering piety and moral reflection [6].

Upon its completion, the “Madonna delle Grazie” painting re-
mained in the Church of St. Francis until 1785. Following the sup-
pression of religious corporations, it was transferred to Pisa Cathe-
dral, where it is still preserved today [7]. Once relocated at the
Cathedral of Pisa, the panel was found to be in a severely de-
graded state, as documented by records indicating a restoration
undertaken by Francesco Cosi in 1793, which involved the re-
painting of damaged sections. Another restoration effort occurred
in 1874, although information regarding this intervention remains
limited. The most significant restorations were executed in 1896,
when Domenico Fiscali assumed responsibility during a critical
juncture; the panel was in a precarious condition, characterized
by lifting paint and a support structure described as “rotten and
warped,” attributable to insufficient airflow that led to humidity
accumulation. Between April and June of 1896, Fiscali conducted
an extensive restoration that included the reduction of the sup-
port’s thickness, the implementation of longitudinal grooves to
restore planar integrity, and the introduction of a complex sup-
port system designed to stabilize the panel. Additionally, the frame
was modified with carved decorations intended to enhance ven-
tilation. However, these invasive interventions ultimately compro-
mised the structural integrity of the support, rendering it more
susceptible to environmental fluctuations, which resulted in sig-
nificant cracking and rippling of the paint surface over time. In
1996, the panel underwent another restoration led by Gianni Tra-
pani, focusing primarily on the wooden support. By 2020-2021, a
comprehensive evaluation of the panel’s conservation status and
maintenance requirements led to the implementation of a restora-
tion initiative, specifically aimed at addressing biological infesta-
tions and extensive paint lifting. Specifically, localized injections
were applied to consolidate the paint layers, ensuring their adher-
ence to the support. A thorough cleaning process removed prior
restorations while preserving the original paint. The original stucco
used during the Fiscali restoration was replaced with a more suit-
able material to enhance the elasticity of the support. Further-
more, for the reintegration of lacunae, a stucco compatible with
the panel’s preparatory layers was employed. The wooden sup-
port was reinforced in worn areas. Following the intervention,
the panel was relocated within the southern nave of the Cathe-
dral, with measures implemented to mitigate temperature and hu-
midity fluctuations. Continuous monitoring will aid in the panel’s
preservation and enhance our understanding of its long-term
behavior.

During the 2020-2021 restoration, the panel underwent to pre-
diagnostic and diagnostic studies using a multidisciplinary ap-
proach based on portable in situ instrumentations, encompass-
ing multispectral imaging, portable X-ray fluorescence and Raman
techniques. The analysis investigated aspects of preparation layer,
drawings, and pictorial layers, and also re-paintings. Additionally,
the analysis aimed to describe what aspects of the altarpiece were
initiated by Andrea del Sarto and how they were completed by
Giovanni Antonio Sogliani.
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Fig. 1. Madonna delle Grazie - Oil on wood 235 x 194 cm, Pisa Cathedral, Side
aisle, fourth span, “delle Grazie Altar”.

2. Research aim

This investigation aims to support restoration efforts and clar-
ify aspects related to the design and execution of the altarpiece
known as Madonna delle Grazie. Commissioned by the Company of
St. Francis, the piece was left unfinished by Andrea del Sarto due
to his death in 1530 and completed by Giovanni Antonio Sogliani
after 1538. The study seeks to elucidate the attribution of the
painted layers to these two artists. By characterizing the materi-
als used and employing modern analytical techniques, the results
demonstrate how these methods can contribute to supporting on-
going debates in art history.

3. Material and methods
3.1. The altarpiece

The “Madonna delle Grazie”, or “The Virgin Mary enthroned
with the Baptist, St. Francis, St. Jerome and St. Bartholomew”, is an
altarpiece painted in oil on panel, measuring 2.35 x 1.94 m (Fig. 1).
The altarpiece was started by Andrea del Sarto in and completed
after 1538 by Giovanni Antonio Sogliani.

Following the hypothesis that Andrea del Sarto conceived the
overall design of the painting, the composition employs a pyrami-
dal scheme. At the apex is the Virgin Mary, depicted in light tones,
wearing a red tunic and a blue mantle that drapes over her left
arm as she holds the infant Jesus. To her right stands St. John the
Baptist, gazing upward and clad in a camel skin loincloth, while to
her left is a cherub. Positioned at the bottom right is Saint Francis,
identifiable by his habit and the stigmata that emanate light from
his right hand, chest, and feet. Opposite him, Saint Bartholomew
holds a book with both hands. The composition is completed with
Saint Jerome in the foreground, adorned with a red mantle and
a cardinal’s hat. The painting reflects the fervent evangelicalism
of Florence and Lucca since Savonarola, embodying ideals of sim-
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plicity, decorum, and balance to which Andrea del Sarto adhered
throughout his career. The overall iconography represents a Holy
Conversation: Saint Bartholomew, Saint Francis, and Saint Jerome
engage in a doctrinal and theological discourse, presided over by
the Virgin Mary and the infant Jesus.

3.2. Multispectral imaging analysis

The investigations were carried out by using the G2-8300 mul-
tispectral camera from Moravian Instruments Inc., equipped with
9 medium-band filters (with a bandwidth of +/-25 nm around
the central wavelength). The filters covered the range from 400
to 650 nm in 50 nm increments and from 850 to 1050 nm in
100 nm increments. All images from each multispectral set were
aligned and registered during processing. Following the Interna-
tional Commission on Illumination (CIE) recommendations (ISO
11,664-2:2007(E)/CIES014-2/E:2006), a standard illuminant A was
used as light source (Philips HalogenA 100W lamps with alu-
minum reflector). The images were processed using proprietary
blind source separation (BSS) algorithms to highlight details less
visible in individual images [8]. Moreover, a new multispectral ap-
proach, based on the Interesting Feature Finding (IFF) method, was
used to study the art composition. In the IFF method, the hyper-
vectors corresponding to each pixel are projected on a set of ran-
dom vectors to determine the extreme pixels in the hypercolor
space, i.e., the points that cannot be expressed as a linear com-
bination of the other components of the multispectral image and
whose hypervectors are, thus, a good candidate to represent a ba-
sis of independent components [9].

3.3. Micro-Raman analysis

The analyses were performed by using a portable i-Raman spec-
trometer (B&W Tek) equipped with a 785 nm laser. The spectral
range of the spectrometer is 65-3350 cm~! with a resolution of
3.9 cm~!. The Raman microprobe was attached to a video micro-
scope. A 40 x long-distance objective lens was used providing a
laser spot size about 50 pm in diameter. The laser power used
during the measurements was set to a few milliwatts (< 0.2 mW)
to prevent pigment photodecomposition. Typical acquisition times
were 1 accumulation with exposition times of 10 s.

3.4. ED-XRF analysis

For X-ray fluorescence measurements, an energy-dispersive in-
strument “Elio” by Bruker Co. was used. This instrument is
equipped with a 50 kV and 200 pA (max) Rhodium anode X-ray
tube and a 17 mm? Si-drift detector (with a resolution better than
140 eV for the Mn Ko line). The measurements were performed
with a 90-s acquisition time, 40 keV energy, and 80 A current.

4. Results and discussion
4.1. Multispectral imaging

A series of 20 multispectral images was collected to document
the entire altarpiece, with specific areas of interest (Aol) captured
in detail through separate acquisitions (see Figs. S1 and S2). The in-
frared images (Fig. S2), acquired at 1050 nm, reveal the presence of
the preparatory drawing, retouches, damages to the painted layer,
and the joints of the wood panel.

Notably, the landscape representation to the right of the Virgin
Mary, above the head of Saint Francis (Aol 1), is particularly in-
triguing. The visible pictorial layer depicts a hill with green trees
and a blue sky (Fig. 2a). However, processing the images with the
BSS algorithm (Fig. 2b) uncovers an architectural fortified structure

330

Journal of Cultural Heritage 71 (2025) 328-333

Fig. 2. Area of interest 1 (see Figs. S1-S2), detail of (a) RGB, (b) BSS image and (d)
IFF image. In (c) detail of the Sant’Agnese panel by Andrea del Sarto for comparative
purposes.

similar to that in the left background. If we accept the hypothe-
sis that Andrea del Sarto was responsible for the original design,
it is likely he intended to extend the fortress to the right side of
the altarpiece. This original concept was apparently not retained
by Sogliani. Furthermore, the IFF image of Aol 1 (Fig. 2d) reveals
an additional detail: a small, ambiguous figure next to a tree on
the right, which is not easily identifiable.

The iconographic elements in Madonna delle Grazie, such as the
fortified structure and the ambiguous small figure—likely human—
along with the pyramidal arrangement, where the Virgin Mary
is centrally positioned and elevated above the saints, align with
similar features found in Andrea del Sarto’s other works. For in-
stance, in Sant’Agnese, housed in the Pisa Cathedral, the back-
ground includes a castle and a knight on horseback (Fig. 2c), re-
flecting the fortified structure seen in Madonna delle Grazie. Simi-
larly, The Madonna of the Harpies also employs a pyramidal compo-
sition with the Virgin Mary at the apex, mirroring the arrangement
in Madonna delle Grazie.

Additionally, the architectural elements that frame the composi-
tions in Madonna delle Grazie and The Madonna of the Harpies (Fig.
$3) are designed to highlight and elevate the sacred figures, un-
derscoring their divine status. This recurrence of motifs and com-
positional techniques suggests a deliberate strategy by del Sarto
to reinforce thematic and symbolic aspects of his work [10-13].
Such practices of reusing and adapting visual elements were typi-
cal among Renaissance artists, who aimed to achieve thematic and
stylistic coherence while tailoring their designs to specific commis-
sions. In the later years of his career, Del Sarto often adopted com-
positional frameworks from his earlier works, structuring the ar-
rangements while delegating their completion to other members
of his workshop. The similarities observed across these paintings
not only highlight del Sarto’s strategic approach to visual story-
telling but also support the hypothesis regarding his authorship of
the initial drawings.

The area of interest 2 (Fig. 3) focuses on the figure of the Virgin
Mary. Both the infrared and IFF images indicate that damage from
scraping of the panel joints has obscured some features of the pic-
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Fig. 4. Aol 5 (see Fig. S2). (a) IR image (1050 nm), (b) false colour and (c and d) results of image processing via blind source separation algorithm, evidencing the differences

between the current painted layer and the original draft of the St. Francis face

torial layer, complicating the assessment of whether and how Gio-
vanni Antonio Sogliani may have slightly reinterpreted the Virgin’s
face. Despite these challenges, the multispectral processed images
clearly reveal the underlying preparatory drawing.

Another figure that appears to have undergone changes be-
tween the initial design and the final execution is Saint Francis.
As a central character in the Holy Conversation and a patron of
the commissioning company, his depiction holds significant impor-
tance. In the preparatory drawing, Saint Francis is depicted with an
expression of profound devotion and humility. He is portrayed in a
posture of adoration, with hands either open or in prayer, reflect-
ing his spiritual state and dedication, and rendered with meticu-
lous realism, especially in the depiction of the stigmata.

These iconographic elements are echoed in another of Del
Sarto’s works, the Madonna of the Harpies, which shares a similar
compositional style with the Madonna delle Grazie. However, the
final painted layer of the Madonna delle Grazie shows alterations
from the original drawing reconstructed thanks to multispectral
image processing (Fig. 4). Changes are evident in the contours of
the face, the tuft of hair, and the overall expression, including ad-
justments to the mouth, nose, and eyes. These modifications would
indicate that while Del Sarto conceived the original depiction of
Saint Francis, Giovanni Antonio Sogliani made subsequent revisions
during the final execution of the altarpiece.

331

4.2. XRF and Raman analysis

The spectroscopic investigations of the pigment layer offer ad-
ditional insights into the altarpiece’s color palette. Raman and ED-
XRF spectroscopy analyses are detailed in supplementary Figs. S4
and S5, respectively, with pigment identifications summarized in
Tables S1 and S2. It is important to note that for the bluish and
green layers, the Raman spectroscopy did not yield readable spec-
tra. This issue may be attributed to the presence of copper-based
pigments, which exhibit strong absorption at the 785 nm wave-
length used in the Raman analysis.

Overall, ED-XRF shows the recurrent presence of Pb, S and Ca
at all analysed points, suggesting the use of gypsum (CaSO4) and
lead white (PbCO3) in the preparatory layer, as also confirmed by
Raman analysis (Fig. 5).

Regarding the color palette, both Raman and XRF measure-
ments indicate the use of lead tin yellow, type I (Pb,Sn0Qy4), in
all areas marked by golden hues, such as the rims of Saint
Bartholomew’s mantle and the golden border of his vestments
[14]. Lead tin yellow is also associated with vermilion (HgS), seen
in the aureole of the infant Jesus and the page edges of Saint
Bartholomew’s book. Vermilion appears to have been used for the
angel’s guitar and possibly for the skin tones of the human figures.
Specifically, for the skin, the presence of copper (Cu) might sug-
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Fig. 5. From left to right, the Raman spectra of a yellow (P7) and red (P11) area.

gest an underlying green copper-based pigment, akin to the use
of green earth in medieval painting [15]. Historical sources doc-
ument the use of greenish mixtures for skin tones dating back to
the eleventh century; however, the presence of iron (Fe) and potas-
sium (K) detected by XRF analysis also supports the potential use
of green earth.

For the red layers, XRF analysis did not identify a specific ele-
mental marker. However, infrared images suggest the possible use
of a red lake, as red areas often disappear completely in the in-
frared spectrum [16]. Notably, the hat of Saint Jerome showed the
presence of mercury (Hg), indicating the use of vermilion.

The XRF analysis of Saint Bartholomew’s purple vestment re-
veals the presence of copper (Cu), suggesting the use of azurite
(2CuC03-Cu(0OH),), possibly mixed with a red lake, similar to the
Virgin Mary’s mantle. Azurite also seems to have been used in the
depiction of the sky.

Regarding the green grass with greenish-blue tones on the right
part of the panel, it appears to have been created using a com-
bination of lead tin yellow and azurite. Conversely, the left part,
exhibiting green-ochre tones, seems to have been made with azu-
rite mixed with burnt umber—a natural earth pigment composed
of silicates and iron and manganese oxides. Repainting in the left
section has been identified, marked by chromium (Cr) and cobalt
(Co)-based pigments (see supplementary material, Fig. S6).

Notably, there are also small differences between the right and
left sides of the panel, particularly in the dark backgrounds. The
greyish-blue background on the right side is characterized by the
presence of lead (Pb), sulfur (S), calcium (Ca), iron (Fe), and potas-
sium (K), which are mainly attributable to the preparatory layers.
In contrast, the left background is distinguished by the presence of
copper (Cu), suggesting a different composition.

Additionally, the presence of cadmium (Cd), selenium (Se), and
zinc (Zn) in the tassel of Saint Jerome’s hat and in some parts of
his vestment indicates the use of cadmium red mixed with litho-
pone. This suggests possible repainting or alterations in these ar-
eas.

5. Conclusions

The integration of art historical analysis with modern diagnos-
tic techniques has provided significant insights into the creation of
Madonna delle Grazie. This multidisciplinary approach has clarified
various phases of the artwork’s development.

Multispectral imaging has revealed “pentimenti”—underlying
changes particularly noticeable in the upper sections of the paint-
ing. These “pentimenti” shed light on Andrea del Sarto’s original
conception, suggesting that he may have established the general
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composition and some key elements of the masterpiece. Notable
examples include the fortified structure on the left, the ambiguous
small figure in the background, and the initial representations of
the Virgin Mary and Saint Francis. However, the lower part of the
panel remains more ambiguous due to the absence of discernible
pentimenti.

The evidence of the pictorial layer indicates that Giovanni Anto-
nio Sogliani, who completed the work after Del Sarto’s death, mod-
ified various elements of the original design, including reinterpre-
tations of the fortified structure and the figures of the Virgin Mary
and Saint Francis. These adjustments reflect Sogliani’s revisions to
Del Sarto’s initial vision.

Variations in pigment usage between the left and right up-
per sections of the panel further support these findings. Differ-
ences in color and pigment application suggest that Sogliani al-
tered the original palette and composition established by Del Sarto.
The identification of specific pigments and materials has proven
valuable for understanding the artists’ choices and informing con-
servation efforts.

Overall, it appears that Sogliani was responsible for most of the
panel’s painting, with modifications to Del Sarto’s original figura-
tive representations and the physiognomy of some figures.

This combined approach of art historical analysis and technical
examination provides a comprehensive understanding of the art-
work’s evolution and highlights the importance of accurate pig-
ment identification for both historical insight and conservation
practice.
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