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Abstract — The ex-Ospedale San Matteo in Pavia,
constructed in 1449, featured wooden ceilings adorned
with unique angelic decorations. Restoration efforts
began in the late 1980s, with some panels completed in
2001. Currently, ten restored panels are on display and
the Museum of Archaeology of the University of Pavia
is initiating a new conservation project to restore the
entire wooden ceiling, starting in 2024. The main aim
of this preliminary project was the characterization of
the colour palette, as a support for the restoration
procedures. Non-invasive analysis using XRF and ER-
FTIR spectroscopies revealed a colour palette,
including cinnabar, azurite, copper-based greens, white
lead, calcite, iron-based reds, yellow ochre, and
organic-based black.

I.  INTRODUCTION

The construction of the ex-Ospedale San Matteo in Pavia
was completed in 1449 with a roof characterized by flat
wooden ceilings decorated with hundreds of angels, one
different from the other, to give a heavenly and consoling
vision to the sick (Fig.1). The construction of a Baroque
dome in 1770, about 30 meters high, resulted in the
breaking through and loss of the central section of the 15th

century wooden ceiling, of which only a few sections
remain visible. Given the poor condition of preservation,
from the late 1980s, restoration of some sample wooden
panels was begun. The project was completed, although
only on some bays, in 2001. Currently, 10 panels restored
during the 1990s campaign are properly preserved and on
public display at the Museum of Archaeology of the
University of Pavia. In the wake of the latter project,
completed more than twenty years ago, the Museum of
Archacology is starting a new conservation project to
make this extraordinary and unique heritage, planning the
restoration of the entire wooden ceiling from 2024 [1,2].
The current conditions of degradation of both the wood
substrate and the painted layers, due to fires and water
infiltrations that occurred over the centuries required
strong maintenance and restoration procedures, as well as
a preliminary diagnostic campaign that could support the
first approach to the artworks.

Under this scenario, an analytical campaign on 4
wooden polychrome panels (Fig. 2) was performed. The
main aim of this preliminary project was the non-invasive
characterization of the colour palette used in the paintings,
as a support for the first restoration procedures. For this
purpose, Visible-Ultraviolet-Infrared (Vis-UV-IR)
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multispectral imaging, X-ray radiography, optical

microscopy, X-ray Fluorescence (XRF) spectroscopy, and
External Reflection FTIR (ER-FTIR) spectroscopy were
selected.

iy . y
Fig. 1. (a) the wooden ceiling of the ex-Ospedale San
Matteo decorated with hundreds of panels, and (b) a
detail of the decoration. (c) One of the selected
polychrome panels during a preliminary observation
through a digital microscope

II. EXPERIMENTAL

A. Photografic investigation

Visible (VIS) and Ultraviolet-induced Fluorescence
(UVIF) [2], were acquired using a Nikon D600 full-frame
digital camera (Nikon Corporation, Tokyo, Japan) with a
50 mm, f.1.4 Nikkor objective (Nikon Corporation, Tokyo,
Japan). Visible illumination was provided by two soft-box
LEDs (T = 5400 K), while UV illumination was provided
by two CR230B-HP 3W projectors with an emission peak
cantered at 365 nm. As for the Infrared Reflectography
(IRR) images, a customized Nikon D4 full-frame digital
camera with a 50 mm f{/1.4 Nikkor objective. The IR
radiation was produced by two Philips IR lamps PAR38
175W.

B. Optical microscopy
The magnification of details was performed with an
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Olympus SZX10 stereomicroscope (Olympus, Tokyo,
Japan) equipped with an Olympus HD DP73 camera. The
images were collected through Stream Essentials software.

C. X-Ray radiography

To explore the structural features and their alterations,
X-Ray Radiography (RX) [3] was carried out by means of
a portable X-Ray Tube Porta 100 HF (4 shots at 50 kV, 50
pA, 1 s exposure time) produced by Job Corporation
(Yokohama, Kanagawa, Japan) and a Fujifilm CR UR-1
photosensitive radiographic plate scanned with CR35SNDT
Diirr NDT.

D. X-Ray fluorescence (XRF)

Non-invasive XRF analyses were performed with a
portable XRF spectrometer EIS XRS 38 [4], equipped with
a Silicon Drift Detector (SSD) and a low-power X-ray tube
(W anode). The analytical spot diameter was 3 mm. The
selected working conditions were measuring time 60 s,
tube voltage 30 kV, tube current 30 pA, and acquisition
channels 2048. Data were acquired and processed using
the DPPMCA software.

E. Reflection FTIR spectroscopy (R-FTIR)

The FTIR analyses in reflection mode were performed a
non-invasive Alpha portable spectrometer (Bruker Optics,
Germany/USAMA) [4]. The spectrometer is equipped
with an R-Alpha external reflectance module (optical
layout 23°/23°). The compact optical bench consists of a
Globar, a permanently aligned RockSolid interferometer
(with gold mirrors) and an uncooled DLaTGS detector. It
was employed at a working distance of 15 mm, thus
analysing spots of about 5 mm in diameter. Pseudo-
absorbance spectra [log(1/R); R = reflectance] were
acquired in the range between 7500 and 375 cm—1, with a
spectral resolution of 4 cm—1. Spectra from a gold flat
mirror were used as background. Reflection infrared
spectra were transformed, when necessary, into
absorbance spectra by applying the Kramers-Kronig
Transformation (KKT). Data were acquired and processed
using OPUS 7.2 software package.

III. RESULTS AND DISCUSSION

Preliminary observations carried out on the 4 wooden
panels selected for the study revealed the presence of a
rather classic and similar colour palette for all the four,
consisting mainly of red, blue, green, white and black for
the frames and of red, yellow, blue, brown, flesh pink tone,
white and black for the backgrounds and figures of the
angels. As for the structural features of the wooden
support, the observation of the X-rays radiographies
collected panels did not reveal the presence of any
woodworm galleries or other structural damage. However,
it was possible to highlight the nails used to attach the
different parts of the wooden boards to each other (Fig. 3).
The analytical study using XRF and R-FTIR focused on



Fig. 2. The four polychrome panels. For each panel the visible (left) and UV (right) images are shown. The panels 1, 2,
3, 4 are shown respectively from (a) to (d).

identifying the pigments used in these areas. Here, the
multi-analytical results are presented as the final
interpretation of the identified pigments. As for the frames,
the red of the floral decorations appears to be cinnabar,
while the blue and green areas were painted with copper-
based pigments: azurite, copper green (resinate and/or
malachite) sometimes lightened with white lead [5-7]. The
widespread presence of calcium, sometimes associated
with sulphur, and traces of celestine (strontium sulphate)
point to the use of chalk together with calcite, probably
attributable to the past bleaching and covering of the
surfaces with chalk [8]. The white decorations are
characterised by the presence of chalk [9], celestine in
traces and a possible residue of some proteinaceous
material [10]; the black ones do not show characteristic
marker peaks of a mineral pigment and, therefore, were
probably made with an organic-based material [11].

As for the figures of the angels, the flesh tones were made

in all the panels by mixing white lead and small amounts
of cinnabar, hematite or red earth to obtain a pinkish
colour, while azurite was used for the wings, altered and
blackened in several areas due to the alkaline environment
produced by the subsequent bleaching of the panels with
chalk [9,12]. The red areas of the clothes were painted with
cinnabar, while the blue parts with azurite and the white
parts with white lead. Interestingly, white lead was not
used in the white decorations of the frames. The yellow
paintings were made using iron-based pigments like
ochres together with, in some areas, cinnabar and probably
organic black, in order to obtain more orange or brown
colours [11,13,14]. Small amounts of white lead are also
sometimes found in the yellows, although the presence of
lead yellow cannot be excluded. Two different pigments
were used for the background: cinnabar in panels 1, 2, 3,
while azurite, altered and blackened, in panel 4 (Fig. 2d).
The presence of protein glue and chalk, detected in the
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Fig. 3. RX radiographies of the four panels. The panels 1, 2, 3, 4 are shown respectively from (a) to (d).

areas where there is no longer any drafting and the wood
is exposed, could confirm the hypothesis that the wooden
boards were prepared with chalk and protein glue [15,16].

Table 1. Summary of the identified pigments and wooden

preparation.
Area Color Pigment Ref
Frame Red Cinnabar 5,6,11
Blue Azurite 5,6
Green  Cu-based green 6,7
White Chalk 6,8,9
Black Organic black 6,11
White lead,
. 5,6,11,
Faces Flesh tones cinnabar, red
12,13
earth
Wings Blue Azurite 5,6
Clothes Red Cinnabar 5,6,11
Blue Azurite 5,6
White White lead  5,6,13
Yellow ochre,
Hairs and Yellow, cinnabar, white 5,6,11,
decorations brown lead, organic 12
black
Background Red Cinnabar 5,6,11
Blue Azurite 5,6
Wooden Chalk, protein
. - 10,14
preparation glue
IV. CONCLUSIONS

The multi-analytical non-invasive investigation through
XRF and R-FTIR of the palette used to make the panels
under investigation revealed an almost complete
homogeneity in the selection of pigments for the four
different wooden panels and their frames, decorated with
floral decorations. The identified palette, summarized in
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Table 1, is rather simple and includes cinnabar, azurite,
Cu-based greens, white lead, calcite, Fe-based reds, yellow
ochre and organic-based black.

For a more accurate analysis of the materials and to
better study the different stratigraphies, some already
acquired and embedded samples will be analysed using
SEM-EDX and FTIR-ATR. Upon completion of the
analyses, the wooden panels will be restored at the Piccolo
Chiostro Conservation and Restoration Centre in Pavia
and exhibited at the Archaeological Museum of the
University of Pavia.
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