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Abstract: This paper presents the results obtained for the mural paintings (XV century CE) in the
church of San Panfilo in Villagrande di Tornimparte (AQ, Italy) by means of noninvasive spectroscopic
techniques; this research is a part of the project on the Saturnino Gatti pictorial cycle, promoted
and coordinated by the AIAr (the Italian Archaeometry Association). Digital optical microscopy
(OM), X-ray fluorescence spectroscopy (XRF), fiber optics reflectance spectroscopy in the UV–Vis–NIR
range (FORS), Fourier transform infrared spectroscopy in the external reflection mode (ER-FTIR),
and Raman spectroscopy were performed on the points selected based on the image analysis results
and the few available records on previous intervention, with the aim of characterizing both the
original and restoration organic and inorganic materials. The synergic application of complementary
techniques allowed us to obtain a complete picture of the palette and the main alteration products and
organic substances (of rather ubiquitous lipid materials and less widespread resin and proteinaceous
materials in specific points). The identification of modern compounds permitted the individuation of
restoration areas; this was confirmed by the comparison with multiband imaging results, as in the
case of specific green and blue pigments, strictly related to the presence of high signals of zinc. This
analytical protocol left only very few ambiguities and allowed to minimizing the number of samples
taken to clarifying, by sample laboratory analyses, the few doubts still open.

Keywords: mural painting; Saturnino Gatti; Italian Archaeometry Association; XRF; FORS; ER-FTIR;
Raman spectroscopy; pigments; binders

1. Introduction

This paper contributes to the Special Issue, Results of the II National Research Project of
AIAr: Archaeometric Study of the Frescoes by Saturnino Gatti and Workshop at the Church
of San Panfilo in Tornimparte (AQ, Italy), in which the scientific results of the II National
Research Project, conducted by members of the Italian Association of Archaeometry (AIAr),
are discussed and collected. For in-depth details on the project’s aims, see the introduction
of the Special Issue [1].

It is worth explaining that Tornimparte, its hamlet Villagrande, and the entire L’Aquila
region suffered a major earthquake in 1703. We do not have a precise record of the damage
suffered by the buildings, but it is quite relevant to the fact that the present houses are all
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post-1700, and the churches are all designed in the Baroque style. Indeed, San Panfilo in
Villagrande is a remarkable exception; however, we can speculate it was damaged by the
disaster, too. This same region was affected by another great earthquake in 1915 and then
again in 2009, which devastated the whole area.

The ultimate goal of the project is to support the foreseen restoration interventions
following the last earthquake through the complete study of the conservation status and
the characterization of the original materials, the superimposed ones, and the degradation
phenomena affecting the wall paintings. The project involved several Italian groups
working on cultural heritage materials: for each aspect of the research, a selected team of
researchers from the participant groups was involved. The analyses performed within the
project comprise micro-climatic monitoring, multispectral imaging and photogrammetric
surveying, degradation mapping, and thermography investigations, alongside the in situ
and laboratory material characterizations.

One of the first steps of the study’s project of the pictorial cycle, attributed to Saturnino
Gatti at the church of San Panfilo in Villagrande di Tornimparte, is the one presented in this
paper. Indeed, immediately after the imaging analyses (used as exploratory techniques for
the choice of the region of interest for our study and as the first approach to distinguish be-
tween the original and restored areas), noninvasive spectroscopic techniques were applied
with the aim of characterizing both original and restoration organic and inorganic paint
materials. Namely, digital optical microscopy (OM), X-ray fluorescence spectroscopy (XRF),
fiber optics reflectance spectroscopy in the UV–Vis–NIR range (FORS), Fourier transform
infrared spectroscopy in the external reflection mode (ER-FTIR), and Raman spectroscopy
were used. Each one of these techniques has its own place in the cultural heritage field, and
they are often used together in order to overcome specific limits. The synergic application
of analytical techniques, exploiting different radiation frequency ranges, indeed allows
for obtaining complementary information for a complete picture of the palette [2–5], main
alteration products [6–9] and organic substances [10–14]. Despite the poor conservation
state of the decorative materials and the presence of several retouched and restored areas,
the analytical approach adopted here provided very informative results, not only for the
identification of original materials but also for the identification of modern compounds,
allowing the individuation of restored areas that can be confirmed and highlighted by
results obtained by imaging results [15]. In the present contribution, preliminary outputs
are illustrated, and allowed to suggest a few areas, then selected for additional sampling
and laboratory analyses.

2. Materials and Methods

Tornimparte Church, the parish church located in Villagrande, a hamlet of Tornimparte,
is dedicated to Panfilo di Sulmona and dates back to around the year 1000. It still retains the
original architectural forms, although profound renovations were made following the 1461
and the 1703 L’Aquila earthquakes, being a building located in an area with a high seismic
risk. The most important intervention, however, took place in 1495, when Saturnino Gatti, a
local young artist that can be fully considered an exponent of the Renaissance, painted in
the aspis of the church a sequence of frescoes. The artistic work in Tornimparte Church has
miraculously survived until today and is essentially the only testimony of Saturnino Gatti’s
mural paintings, while several of his easel paintings and sculptures still survive.

The frescoes underwent a number of restoration interventions: the first one we know
about dates back to 1929, and even if there are no written documents describing it, the
existence of still pictures allows us to understand that restorers worked mainly on the
faces of several characters [16]. It is worth noting that these same areas are nowadays very
damaged. A second known intervention was then made in 1951, and the last one in 1972,
following a fire caused by a short circuit in 1958. Starting from this problematic condition,
the evaluation of material characterization comes to light as a necessary step before further
restoration works following the 2009 earthquake and needs to be in cooperation with the
local government authorities for cultural heritage (Segretariato regionale del ministero per i
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Beni e le Attività Culturali e per il Turismo per l’Abruzzo, and Soprintendenza Archeologia,
Belle Arti e Paesaggio per la Città dell’Aquila e i comuni del Cratere).

2.1. Selected Areas

The mural paintings of San Panfilo Church were created around 1495 by Saturnino
Gatti. In the middle of the vault is the representation of Paradise: the Eternal Father is
the central figure surrounded by Angels and the Blessed. In the arch above the main
altar, the Prophets who predicted the coming of the Redeemer are depicted, while on the
side, Archangel Gabriel is shown in the act of announcing the birth of the Son of God to
the Virgin. Around the apsis, in five separate panels, the moments of the Redemption
are reproduced: the capture of Jesus and the kiss of Judas in the Garden of Olives, the
scourging, the crucifixion, the Deposition of Christ, and the Resurrection of the Savior.

The measuring points were selected on three of the above-described panels of the lower
part of the apsis and on the blue background on the vault. For a more detailed description
of the mural paintings, please refer to [1]. The panels considered for the noninvasive
spectroscopic investigations were the Garden of Olives (panel A in the following), the
Deposition of Christ (panel E in the following), and the Resurrection (panel D in the
following). The selection of measuring points was made with the supervision and support
of the Superintendent Inspectors of the Italian Ministry of Culture and the restorers, taking
into account the geometrical limitations for the movements of the instruments. The selected
regions are representative of the original painting layers and of the various restoration
interventions, either documented or supposed; the panels and the investigated points
(about 60 for the entire cycle) are reported in Figure 1. Moreover, thanks to the close
coordination of the project, this noninvasive approach was performed after and on the
basis of the results obtained by imaging techniques [17]; in particular, visible images under
ultraviolet light and infrared reflectography were used to serve as exploratory techniques,
allowing to recognize regions of interest for the study and to distinguish between the
original and restored sections in an artwork.
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Figure 1. Pictures of the analyzed scenes and investigated points: (a) panels on the vault;
(b–d) analyzed points on the vault; (e) the Resurrection, details of investigated points; (f) Garden of
Olives, investigated points; (g,h) the Resurrection, details and investigated points.

2.2. Analytical Techniques

As already stated, several complementary noninvasive techniques were applied, as
detailed in the following paragraphs. For obvious reasons, the exploitation of portable
instrumentations and techniques is highly preferable: the ultimate goal of the present
campaign was to acquire as much information as possible about both original and restoring
organic and inorganic materials in order to minimize the number of samples required for
laboratory investigations.

2.2.1. Optical Digital Microscopy (OM) in Visible Light

Magnified images were obtained by a Dino-Lite portable digital microscope, with a
CCD sensor of 5 Mpx for each point of analysis. The 50× and 200× magnifications were
considered. For a correct focus on the surface, the microscope head was gently placed on
the wall.
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2.2.2. Fiber Optics Reflectance Spectroscopy in the UV–Vis–NIR Range (FORS)

Fiber optics reflectance spectroscopy in the UV–Vis–NIR range was performed using a
FORS spectrometer (StellarNet BlueWave) working in the 400–1000 nm spectral range, with
a resolution of 0.5 nm. The light source was a tungsten halogen lamp (2800 K, 200 W/m2

power). The instrument allows the measurements in different geometry configurations and
through different configurations of fiber optics. Due to the rough and opaque surface of
the wall painting, to maximize the signal to be acquired, a 0/0 geometry (perpendicular
to the wall surface and gently applied to the investigated areas) was chosen, exploiting
a bifurcated fiber optic, which allows bringing the light to the sample and collecting the
response signal from the same probe. To reduce the signal-to-noise ratio, an integration
time of 500 milliseconds was used with the average over three scans.

2.2.3. Raman Spectroscopy

Raman spectra were acquired by means of an i-Raman Plus BW Tec in the fiber optics
configuration; the fiber optics head, mounted in a plastic holder, was gently placed on the
wall. The mounted laser had a wavelength of 785 nm with 320 mW of maximum power; the
spectral range was 200–3000 cm−1 with a resolution lower than 5 cm−1. The laser power
used was 8%, with a 10 s integration time and 3 accumulations for all the colors except the
red ones, for which the power was 10% with a 10 s integration time and 5 accumulations.

2.2.4. Fourier Transform Infrared Spectroscopy

Infrared spectra were obtained via Fourier transform infrared spectroscopy (FTIR)
on panels A, D, and E by using a Bruker Alpha portable FTIR spectrometer with an
external reflectance (ER) module and equipped with a ROCKSOLID™ interferometer and
a ZnSe/KBr beam splitter with a DTGS detector (room temperature). Circular areas of
about 3 mm in diameter were analyzed by gently leaning the ER module on the wall
for non-destructive analyses. The spectra were collected in the spectral range between
7500 and 400 cm−1, with a resolution of 4 cm−1, and a number of scans, variable from
64 to 192 (1–3 min). Opus 7.2 software was used for data acquisition and processing,
treated by smoothing and log transformation (A’ = log (1/R) [18].

2.2.5. X-ray Fluorescence Spectroscopy

Two different spectrometers were used for the XRF in situ analyses: one for the
paintings on the walls of the apsis, and the other was a handheld model, which allowed
working on the scaffolding for the vault.

The elementary analysis of the apsis walls was performed using a portable XRF Assing
LITHOS 3000 spectrometer equipped with a Mo anode X-ray tube and a Peltier-cooled
Si-PIN detector. The radiation is quasi-monochromatic at the energy of Mo Kα energy by
means of a Zr transmission filter; the X-ray tube mounts a 4 mm diameter collimator so
that the irradiated area on the sample is about 25 mm2. Data were collected using 25 kV
high voltage and 0.3 mA tube current, with a 100 s acquisition time. The distance between
the head of the device and the wall was about 10 mm.

The XRF analyses on the vault were instead performed using a Tracer III SD Bruker
portable device equipped with a rhodium X-ray tube, a palladium anticathode, and a
solid-state silicon detector energy dispersion system. The set-up was as follows: 40 keV
and 12 µA for 60 s; the instrument head, covered in soft plastic, was gently applied on the
vault. The measuring area was an elliptical spot of 4 mm × 7 mm. For data visualization
and fitting, ARTAX software was used.

For both spectrometers, we based our considerations on the raw spectra fitting: we
assigned each characteristic energy to the related chemical element and performed the
relative intensity evaluation to acquire information about the chemical composition of the
materials. From a methodological point of view, a comparison between the results ob-
tained by two different commercial portable XRF spectrometers mounting X-ray tubes with
different anode materials allows us to obtain the most from this technique. Indeed, experi-
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ence suggests that spectrometers should be selected according to the specific requirements
and type of analysis to perform, always keeping in mind the difficulty of also work-
ing on hard-to-access surfaces, such as the Tormiparte vault frescoes for which scaffolds
were required [19].

3. Results and Discussion

The goal of the research was to provide as much information as possible by exploiting
a noninvasive approach. It is well known that studying a mural painting is challenging
for many reasons, the most important of which is the contemporary presence of plaster,
pigments, degradation products, pollution, and restorations. Analyses virtually carry a
huge amount of information, which is difficult to disentangle, as it is not trivial to clearly
link an element or a compound to the corresponding material.

The in situ spectroscopic analyses have to be considered a necessary but insufficient
condition for a complete characterization of the pictorial materials and techniques ap-
plied. They certainly have the advantage of helping in the mapping of pigment and binder
presence. In addition, the joint use of the various spectroscopic techniques partially com-
pensates for the intrinsic impossibility of uniquely identifying the present stratigraphy
provided by the analyses performed on the micro-samples.

We thus performed the already mentioned analytical point-wise spectroscopic investi-
gations and then compared the results with imaging investigations [17]. We thus inferred
the type of materials (pigments and binders) and were able to distinguish between the
original and restored areas. The association of the selected techniques makes it possible
to overcome the limitations of each one and to detect all classes of pigments, binders, and
alteration products. By using these results, areas for the samplings were then chosen to
remove all remaining doubts.

3.1. Plaster

Spectra, acquired via ER-FTIR, detected the ubiquitous presence of calcium carbonate,
the principal constituent of the wall paintings’ support, featured by the undistorted ν1 + ν3
combination band of the (CO3)2− group at ca. 2510 cm−1 (with a shoulder at ca. 2590 cm−1),
and the Reststrahlen and derivative effects at ca. 1410 cm−1 (with an asymmetric stretching
band of CO3), 873 cm−1 (with an “out-of-plane” bending vibration of the (CO3)2− group),
and 713 cm−1 (with an “in-plane” bending vibration of the (CO3)2− group) [20]. Calcium
and calcium carbonate in white areas and several color backgrounds were also detected,
respectively, by XRF and Raman spectroscopy, as expected.

3.2. Pigments

The investigated areas were chosen together with the art historians and conservators
examining the results of previously performed imaging analyses—both to have a complete
picture of the original and added materials and to answer specific questions. In general,
typical pigments of mural paintings were detected. Indeed, yellow and brownish hues were
obtained by iron oxides and/or hydroxides, as well as red pigments, which constituted
mostly of iron oxides. Only in a few cases were the red details executed by using vermillion,
as, for instance, the darker vests seen in the A and E panels [1]. This pigment is easily
recognized based on Raman spectra and from the presence of mercury in the XRF ones.
In the left box, in Figure 2, the digital optical microscope image of a vest painted with
vermillion in panel A is reported.

Flesh tones were obtained by mixing a calcium-based white pigment (see Section 3.2.2
for white characterization) with iron oxides and vermillion traces. In the restored areas,
highlighted by the presence of high zinc signals in the XRF spectra and confirmed by
imaging investigations [17], lead white was also detected based on the presence of high
lead signals in the XRF spectra. The digital optical microscope image of a restored flesh
tone in panel A is reported in the right box in Figure 2.
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Figure 2. Digital optical microscope images: on the (left), panel A, dark red vest (ochre with
vermillion); on the (right), panel A, flesh tone, restored area (ochres, lead white, and zinc white). Red
scale bars correspond to 0.2 mm.

In the following sections, a deeper overview of the most interesting cases is provided.
All the results are summarized in Table 1.

Table 1. Summary table of the pigment detected in the different investigated areas on panels A, D, and E.

Panel Color Pigments
Panel A, E Green Green earth with small quantities of a copper-based pigment

Panel A Green Green earth with zinc white with small quantities of chromium-based pigment

Panel A Green Green earth, zinc, and lead white, chromium-based pigment with small
quantities of copper-based pigment

Panel E Green Green earth and other iron oxides
Panel A Green Copper-based pigment with lead white
Panel D Green Copper-based pigment, green earth, and zinc white
Panel E Green Copper-based pigment with green earth and zinc white

Panel A, D, E Flesh tones Iron oxides
Panel A Flesh tones Iron oxides with zinc and lead white

Panel A, E Blue Azurite
Panel A Blue Ultramarine with zinc and lead white
Panel D Blue Ultramarine with zinc white
Panel A Blue Prussian blue with zinc white

Panel A, D Red Iron oxides
Panel A, E Red Iron oxides with small quantities of vermillion

Panel E Red Vermillion
Panel A, D, E Yellow Yellow ochre

Panel D Yellow Yellow ochre and zinc white
Panel E Yellow Yellow ochre with small quantities of vermillion
Panel E Brown Iron oxides

Panel A, D, E White Calcite
Panel A White Calcite with small quantities of zinc white
Panel D Black Carbon or bone black

3.2.1. Green

At least two different past restorations are evident on the bases of the detected green
pigments, where one was characterized by the use of a copper-based pigment and the other
by a chromium-based green. Indeed, copper-based green and green earth were detected,
either coupled in the same measured point or separated in different points (see Table 1 for
details). This could possibly be linked to various restoration phases and can be related
to imaging mapping [17]. For instance, in panel D, both copper-based green and green
earth (this last supposed was to be the original material for greens) were detected together
with high zinc signals in the XRF spectra, indicating a modern intervention, while in one
detail on panel A, only copper-based green was found together with high signals of zinc,
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indicating this pigment was surely used for restoration intervention. On the other hand,
in the restored green areas of panel A, characterized by a high zinc presence, significant
chromium signals were detected through XRF analysis. From the in situ noninvasive
investigations, the green points left several open questions; for this reason, the green areas
were chosen for sampling and laboratory analyses [21].

3.2.2. White

In all the investigated white areas, the analytical techniques applied indicate the
presence of calcite, detected both as a calcium presence by XRF and as calcium carbonate
by Raman spectroscopy. It is worth stressing that lead white was never detected in the
white areas of the analyzed panels; however, it was sometimes detected (see Table 1) in the
restored areas of the flesh tones (see Figure 2 right) coupled with the presence of zinc and
thus related to modern restorations. Indeed, the presence of zinc white was mapped by
UV fluorescence [17] as it exhibits a well-visible lemon-yellow fluorescence. The obtained
images indicate a massive use of this pigment for retouching painting.

In the white shades, and in particular, in the highlights, the spectral evidence of pro-
teinaceous materials was unveiled by ER-FTIR (Figure 3). Proteins were recognized by
the stair-step pattern of the diagnostic absorption bands (Figure 3a) due to the stretch-
ing vibration of the C=O bond in the carbonyl group at ca. 1635 cm−1 (amide I), af-
fected by the derivative distortion in external reflection, and the C-N stretching and N-H
bending vibrations at ca. 1530 cm−1 (amide II). Moreover, they show the asymmetric
stretching vibrations of methyl CH3-CH2 groups, respectively, at ca. 2980, 2930, and
2870 cm−1 [22,23].
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3.2.3. Blue

The combination of XRF, FORS, and Raman spectroscopy allowed the detection of
several blue pigments related to the original and restoration areas pertaining to various
interventions, according to the imaging analysis results [17]. On the panels, both azurite
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and ultramarine were, in fact, detected in different areas, as highlighted by the combined
use of the spectroscopic techniques and reported in Table 1. In particular, XRF can detect
high copper contents in azurite, while FORS can clearly distinguish the two different
materials. It is interesting to note that, both in panel A and in panel D, the presence of
ultramarine is related to a high presence of zinc, as indicated by the XRF spectra. It is
worth noting that azurite was mapped using the UV fluorescence images [17], thanks to
the binder, as this pigment was usually applied using the “secco” technique [24,25]. On
panels A and E, the typical infrared bands of azurite, at ca. 2592, 2557, and 2510 cm−1

(ν1 + ν3 combination band of (CO3)2−), along with the strong doublet at ca. 4380 and
4244 cm−1 (combination ν + δ (OH) and overtone 3ν3), were detected by ER-FTIR
(Figure 4) [26]. In these areas, the XRF (high copper presence) and FORS spectroscopy
indicated the use of this specific blue pigment. For blue pigments, as well as for green ones,
a second restoration phase was highlighted by the use of Prussian blue. In fact, on panel
A, the presence of the peak related to the carbon–nitrogen bond at ca. 2088 cm−1 in the
ER-FTIR spectra suggested the use of Prussian blue (Figure 4) [27,28]. In this same area, the
higher iron presence, along with the zinc signals in the XRF spectra, upholds a Prussian
blue presence and confirms that it pertains to a modern restoration.
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Figure 4. ER-FTIR spectra, acquired on a figure with the blue clothing on panel A, reveal the spectral
evidence of azurite in the original area (A05) and Prussian blue in the restored part (A08).

Regarding the vault, instead, only XRF analyses were carried out, with the aim of
investigating the composition of the blue background. However, due to problems relating to
the height of the scaffold and the instrument placement, it was only possible to reach limited
portions located in the lower part of the vault, while the top surfaces were not subjected
to analysis. In all the spectra analyzed, as expected, high counts relating to calcium were
observed. These are correlated to the Ca-rich matrix of the plaster. The calcium signals
are always associated with those of strontium. Exceptions are the points analyzed in a
single region of the vault (points V_08-V_12) in which the Sr signals are not detected; this
could indicate that the calcium carbonate in that area was applied during restoration and
shows a different geochemical signature. The XRF spectra also show intense counts relating
to iron. The presence of this element, ubiquitously detected in the XRF spectra of all the
areas of the vault analyzed, can be justified by the presence of a level of red preparation
for the blue application, traditionally made with morellone [29]—an orange iron oxide
and black carbon mixture applied on a calcite substratum. Copper signals are also always
present, even if with very low intensities. These data allow us to hypothesize the presence
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of residual original azurite, which was subsequently integrated with modern materials.
Regarding the identification of the blue pigment used in the repainting, a hypothesis can
be formulated regarding the use of a mixture of Prussian blue and zinc white, the latter
highlighted by the UVF images showing the lemon-yellow luminescence characteristic of
the pigment [17], as already verified in the apsis panels. Indeed, as aforementioned, the
presence of the Prussian blue pigment was confirmed by the ER-FTIR and XRF spectral
results and by the analyses on cross-sections of the retouched blue backgrounds present in
different areas of the pictorial cycle [30].

A further assumption that can be formulated for the points where there are no charac-
teristic elements linked to a precise blue pigment (e.g., copper or cobalt) is the presence of
a level of morellone, which could justify the intense signals of iron, with a superimposed
layer made with ultramarine and lead white, applied to integrate the original azurite. Ad-
ditionally, in this case, the hypothesis is partially confirmed by the results of the sampling
and by the subsequent analytical investigations on the cross-sections, which highlight the
presence of this mixture in some portions of the bottom of the vault. It is worth noting that,
as previously stated, ultramarine was detected in some of the restored areas (individuated
by the presence of high Zn signals in XRF spectra) of the apsis panels, for instance, in the
blue vests in panel D.

3.3. Gildings

The gildings displayed a presence of gold X-ray characteristic lines, Lα and Lβ, in the
XRF spectra, respectively, at 9.71 keV and 11.44 keV, and also in those areas where they are
no longer visible to the naked eye. Some of these areas, if observed by a digital microscope
(see Figure 5), show the presence of residual islands of gildings.
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Figure 5. Digital optical microscope images for residual gildings: from the left, panel A, panel D, and
panel E. Red scale bars correspond to 0.2 mm.

On the gold gildings, the ER-FTIR revealed the use of lipidic material (i.e., oil), likely
used to adhere the gold leaf to the surface. On the spectra acquired on all analyzed panels,
sharp and intense signals with a derivative shape relative to ν(CH2/CH3) stretching appear
at ca. 2930 and 2860 cm−1, along with a weaker shoulder at ca. 2960 cm−1, as well as the
derivative band at ca. 1750 cm−1 due to the carbonyl asymmetric stretching band [14].
Moreover, in the near-infrared region, the peculiar doublet was detected due to the combi-
nation of methylenic C–H stretching and bending at ca. 4345 and 4255 cm−1 (Figure 3d) [31].
As highlighted by the multiband imaging investigations [17] in specific areas, the presence
of organic material allowed us to map the original presence of the gildings, which were
also on some dresses and veils. Indeed, all these areas are characterized by a yellow–orange
fluorescence in the UVF (ultraviolet fluorescence photography) images [17] due to the
presence of organic material and, namely, the lipidic fraction of the so-called missione
used to make the gold adhere. The missione is the preparation (and sticking) layer of the
gildings, made using linseed oil and small quantities of pigments. This type of mapping
allowed us to recognize the former presence of gildings in several other areas, such as in
the rays that leave the angels in the Resurrection scene (panel D).
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3.4. Organic Materials

The ER-FTIR spectroscopy proved particularly effective in unveiling the types of
organic materials occurring on the wall paintings examined. Spectral features suggested, in
fact, the rather ubiquitous presence of lipid materials (oils and/or waxes) along with less
widespread resins.

In addition to the gildings, traces of oils were detected in most of the spectra acquired
on panels A, E, and D, highlighted by the bands at ca. 4345, 4255, 2960, 2930, 2860, and
1750 cm−1 (Figure 6).

Appl. Sci. 2023, 13, x FOR PEER REVIEW 12 of 16 
 

could be hypothesized. Resins, instead, are featured by three broader, medium-weak sig-

nals at ca. 2980, 2950, and 2850 cm−1, although the most diagnostic band is visible at ca. 

1750–1740 cm−1, related to the C=O stretching vibrations [22,23,32]. 

 

Figure 6. Detail of panel D, where oil (D10), resin (D06), and wax (D04) were detected. 

3.5. Alteration Products 

The ER-FTIR also revealed the presence of specific alteration products affecting the 

wall paintings due to the alteration of the Ca-carbonate substrate and organic materials. 

Most spectra from panels A, D, and E, in fact, showed the spectral evidence of calcium 

sulfate, featured by the broad bands at ca. 2230 (2ν3 SO4; ν2 + νL H2O) and 2140 cm−1 (ν1 + 

ν3 SO4) and peaks at ca. 1150 cm−1 (ν3 antisymmetric SO4 stretching vibration modes), 670, 

and 600 cm−1 (ν4 antisymmetric SO4 bending vibration modes), along with the O-H stretch-

ing bands between 3600 and 3400 cm−1 (Figure 7a) [20]. 

Calcium sulfate could have several origins, as ion sulfates can be present in the form 

of impurities in the plaster, or calcium sulfate can arise from the soil; sulfate species are 

dissolved in soil water and, for capillary action, migrate and crystallize on wall surfaces 

[33]. An alternative hypothesis linked to the high presence of retouched areas is that cal-

cium sulfate comes from the pigments used by restorers, as most of the time, calcium sul-

fate was added to the rated pigment. Indeed, sub-efflorescence and efflorescence, with 

consequent detachment and disintegration, were observed on the restoration mortars near 

the windows of panels A and C and along the lower part of the apsidal conch [34]. It is 

also worth noting that calcium sulfate was also detected in the samples from the Saturnino 

Gatti cycle through micro-stratigraphic analyses of thin sections [35] and the characteriza-

tion of sampled soluble salts [36]. 

Moreover, in most spectra, the characteristic bands of calcium oxalate at ca. 1615 cm−1 

(C=O vibration) and 1320 cm−1 (C-O vibration) were observed (Figure 7b) [22]. 

Figure 6. Detail of panel D, where oil (D10), resin (D06), and wax (D04) were detected.

Occasionally, instead, the spectral evidence of waxes and resins was observed. The
waxes were easily distinguished by diagnostic CH2 derivative-like stretching doublets at
ca. at 2935 and 2858 cm−1, with a weaker band near 2955 cm−1 (for the CH3 stretching
vibration, see Figure 6). The derivative effect at ca. 1740 cm−1 (C=O stretching vibration)
was only occasionally observed as a very weak band. Where it lacks, the presence of
paraffin could be hypothesized. Resins, instead, are featured by three broader, medium-
weak signals at ca. 2980, 2950, and 2850 cm−1, although the most diagnostic band is visible
at ca. 1750–1740 cm−1, related to the C=O stretching vibrations [22,23,32].

3.5. Alteration Products

The ER-FTIR also revealed the presence of specific alteration products affecting the
wall paintings due to the alteration of the Ca-carbonate substrate and organic materials.

Most spectra from panels A, D, and E, in fact, showed the spectral evidence of calcium
sulfate, featured by the broad bands at ca. 2230 (2ν3 SO4; ν2 + νL H2O) and 2140 cm−1

(ν1 + ν3 SO4) and peaks at ca. 1150 cm−1 (ν3 antisymmetric SO4 stretching vibration
modes), 670, and 600 cm−1 (ν4 antisymmetric SO4 bending vibration modes), along with
the O-H stretching bands between 3600 and 3400 cm−1 (Figure 7a) [20].

Calcium sulfate could have several origins, as ion sulfates can be present in the form
of impurities in the plaster, or calcium sulfate can arise from the soil; sulfate species are
dissolved in soil water and, for capillary action, migrate and crystallize on wall surfaces [33].
An alternative hypothesis linked to the high presence of retouched areas is that calcium
sulfate comes from the pigments used by restorers, as most of the time, calcium sulfate was
added to the rated pigment. Indeed, sub-efflorescence and efflorescence, with consequent
detachment and disintegration, were observed on the restoration mortars near the windows
of panels A and C and along the lower part of the apsidal conch [34]. It is also worth
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noting that calcium sulfate was also detected in the samples from the Saturnino Gatti
cycle through micro-stratigraphic analyses of thin sections [35] and the characterization of
sampled soluble salts [36].
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Ca-oxalates (b). Reference spectra [22] were also reported for comparison.

Moreover, in most spectra, the characteristic bands of calcium oxalate at ca. 1615 cm−1

(C=O vibration) and 1320 cm−1 (C-O vibration) were observed (Figure 7b) [22].

4. Conclusions

This paper presents one of the research activities in the frame of the study project of
the pictorial cycle attributed to Saturnino Gatti at the church of San Panfilo in Villagrande
di Tornimparte. The analytical campaign was promoted and coordinated by the AIAr
(Italian Archaeometry Association) and established in cooperation with the Italian Ministry
of Culture prior to the restoration works that became strictly necessary after the 2009 great
earthquake in the region. In this context, we have presented the results obtained using in
situ noninvasive analyses performed after, and guided by, the imaging techniques with
the aim of characterizing the original and superimposed materials and, thus, allowing
minimization of the sampling areas for further laboratory investigations.

The optimized analytical approach proposed, based on noninvasive diagnostics,
proved to be powerful enough to characterize the present materials, ranging from the
original pictorial layers to repainting and retouching, and to identify the techniques em-
ployed for the realizations of the wall paintings. The combination of elemental analysis with
molecular characterization, provided by X-ray fluorescence and UV–vis spectroscopies,
respectively, allows for the in situ noninvasive acquisition of a remarkable amount of infor-
mation about the paint materials used by Saturnino Gatti. His palette comprises pigments,
either used pure or in a mixture, to create different hues and are all compatible with the
coeval pictorial technique. For the flesh tones, the artist used a mixture of calcium-based
white with ochres/earths and amounts of vermillion. The presence of lead white has been,
instead, highlighted in the retouched areas. Azurite was identified as the original pigment
for the blue hues, while restorations occurred, probably at different times while using
ultramarine or Prussian blue. Green earth, copper-based green, and chromium-based green
were identified in different points or mixtures and probably pertained to the different
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interventions in the artwork. For the red hues, Saturnino Gatti painted mainly using iron
oxides; in a few cases, these were mixed or in superimposition with vermilion. For the
yellow and brown tones, the original areas revealed iron hydroxides.

The noninvasive approach suggests the use of a gilding technique with a golden leaf
adhered to a red bolus preparation in areas where it is no longer visible to the naked eye.

Moreover, in addition to the original palette, the analytical protocol identified modern
paint materials, such as Prussian blue, zinc white, copper, and chromium-based greens,
used for numerous retouching. The repainted areas analyzed are probably attributable to
several conservation interventions carried out in different periods.

In conclusion, a strong synergy with the imaging techniques survey performed on the
same pictorial cycle, allowed an implementation on the quality of the punctual analyses
results, demonstrating how a well-designed noninvasive campaign permits to drasti-
cally reduce a sampling, necessary to complete the information on the materials and the
artist’s technique.
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