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ABSTRACT

This paper presents the results of three different approaches applied to the newly-restored titular painting entitled The Conversion of
St Paul, the main altarpiece in the Mdina Cathedral in Malta. This large, dramatic painting is the work of the Baroque artist, Mattia Preti,
known as il Cavaliere Calabrese. Here, we focus on the results of the digital photogrammetric survey that adopts image-based
approaches for 2D/3D model reconstruction. The model was used to quantify important features of the painting as well extensions of
the areas restored. In addition, portable X-ray fluorescence and Raman spectroscopies were used to non-destructively identify the
nature of the painting materials, at the elemental and molecular spatial scales, respectively, with the ultimate goal of reconstructing the
colour palette of the artist. The 3D model developed here could be applied to other paintings of Preti to conduct comparisons between
different measurements in the paintings, with the main goal of clarifying the technique used by the artist. This information, along with
the characterisation of the materials used, is crucial for the reconstruction of the historical-geographical context of the artwork, since
specific pigmenting agents and media tend to represent the stylistic expression of an artist or an epoque.
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integration of scientific analysis and results. Specifically, the
1. INTRODUCTION possibility of generating highly accurate and detailed 2D /3D
digital models from existing imagery presents a great opportunity
for analysis, with various applicable tools available. Meanwhile,
X-ray fluorescence (XRF) spectroscopy represents a well-
established, rapid and simple to use non-destructive method that
allows for determining the elemental composition of the
pigmenting agents of decorated surfaces [6]-[9]. This technique
is often used in conjunction with another versatile technique,
namely, Raman spectroscopy, to achieve the molecular
composition of pigments in a non-destructive manner, which is

In recent years, the use of scientific methods to help with the
restoration of artifacts has attracted a great deal of interest [1]-
[4]. Here, as testified by the increasing number of recent
publications related to three-dimensional (3D) documentation
and reconstruction [5], the use of software and vatious
techniques to reconstruct digital models of the artifacts has
grown significantly in view of providing useful tools for
conservation and cultural heritage documentation, as well as the

ACTA IMEKO | www.imeko.org March 2021 | Volume 10 | Number 1| 173


mailto:vvenuti@unime.it

mandatory, especially when dealing with pigments of similar
atomic composition and/or mixtures of pigments that are
difficult to disentangle. The combined use of these two
techniques allows for addressing various questions related to
provenance, dating, and the manufacturing technology behind a
variety of findings [10].

Furthermore, in the case of large valuable paintings held in
public collections, any form of sampling is discouraged by the
curators and conservators. As such, an in-situ approach that
requires the spectrometric investigation to be extended into the
historical/artistic context is strongly recommended.

In this paper, we present the main results obtained via three
different approaches, namely, digital photogrammetry, portable
XRF spectroscopy, and Raman spectroscopy, all of which were
used to help with the restoration of the titular painting entitled
The Conversion of St Panl, which is located above the main altar at
St Paul’s Cathedral in Mdina, Malta (Figure 1) [11]. The author
of this grand canvas, which measures 533 X 310 cm, was Mattia
Preti, known as # Cavaliere Calabrese. Preti worked on this
masterpiece in 1682 having been commissioned to execute the
painting by the bishop of Malta, the Catalan Miguel Jeronimo de
Molina y Aragones, a member of the Knights of the Order of
Malta, whose coat-of-arms is painted on the column of the right-
hand side of the painting.

The Conversion of St Panl relates to the series of miracles and
mysteries pertaining to Malta’s St Paul’s. In fact, this was the
subject of a major cycle of paintings executed by Mattia Preti
towards the end of his life during the last decades of the 17%
century.

Given its size, the painting can be regarded as #be masterpiece
among the work completed by Preti during his long stay in the
Maltese archipelago. It describes the moment when the young
Roman soldier, Saulo, was struck blind by the thunderbolt vision
of Christ when on his way to Damasco, whereupon he fell from
his horse (event never actually mentioned in the Bible) and
remained blind for three days.

The recent restoration of The Conversion of St Panl indicated
that it was single-handedly painted by the master, without the
collaboration of any of his assistants. The original painting is
perfectly rectangular and was created by joining three pieces of
canvas of equal size. The painting also features two
enlargements, the first of which measures around 5 cm in width
with the colours painted directly onto the canvas without a
preparatory underlay made of oils, globigerina powder, and
ochre. Meanwhile, the second enlargement is dated to the first
part of the XVIII century and sees the addition of a new strip of
canvas with a height of 50 cm that follows the profile of the new
marble frame. The whole surface was covered by a thick layer of
extremely greasy yellow/brown paint that altered the entire
chromatic relationship. During the cleaning phase, the original
Testaferrata coat-of-arms, which had been hidden when the
painting underwent a lengthening process, was revealed.
Consolidation was carried out and several gaps were repaired
with stucco, while retouching was performed and the surface was
given a transparent protective film.

Motivated by the historical/attistic value of the restoration,
we decided to deepen the investigation of the painting using
portable equipment, combining a high-performance 3D laser
scanning system for surveying with the aforementioned non-
invasive XRF and Raman spectroscopic techniques. Here, the
first technique was used for reconstruction purposes, while the
latter two techniques were used for pigment characterisation,
with the ultimate aim of obtaining useful information regarding

certain questions that remain unaddressed, which are largely
related to the execution technique and to the dating of the
Maltese period in which the painting was produced.

2. DATA AQUISITION AND PROCESSING

The various modern technological solutions offer great
opportunities to obtain complete geomatic surveys in various
environments [12] and in the field of cultural heritage [2], [13],
[14]. Here, photogrammetry can be defined as a scientific pursuit
aimed at obtaining reliable information regarding the spatial
properties of land surfaces and objects, without the need for
physical contact [15]. It presents a relatively new technique for
the accurate digital capturing of 3D objects and surfaces, and has
become increasingly popular within the conservator community,
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Figure 1. a) Workflow adopted to obtain the final digital model for The
Conversion of St Paul painting. b) The painting reconstructed using digital
technologies and processing. All points analysed via XRF and/or Raman
spectroscopy are displayed.
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often adopted in the field of cultural heritage as a set of new tools
for archaeologists and experts working in this area. The method
has the great advantage of having the capacity to capture, store,
process, shate, visualise and annotate 2D/3D objects. Figure 1a
presents the workflow adopted to obtain the final digital model
tor The Conversion of St Panl painting, which consisted of several
phases of processing. The first phase (steps 1 and 2) involved the
camera capturing and alignment, which allowed for correctly
placing the images in relation to each other and/or calculating
the exact position in the real space. It is at this stage that the
software generates a sparse point cloud. Meanwhile, the second
phase (step 3) involved the generation of a dense point cloud
based on the estimated camera positions. If required, the dense
cloud of points can be modified prior to the generation of the
3D mesh model. The third phase (step 4) involved the
reconstruction of a 3D polygonal mesh representing the object
surface, as based on the dense point cloud. Following the mesh
geometry generation and reconstruction, the model was textured
and used for orthomosaic generation.

Figure 1b shows the final digital model of the painting and the
location of the pigments analysed via XRF and Raman
spectroscopy. Here, the XRF measurements were carried out
using a portable XRF Alpha 4000 analyser (Innovex-X system),
which allows for the detection of chemical elements with an
atomic number (Z) between phosphorus and lead and is
equipped with a Ta anode X-ray tube as the source and a Si PIN
diode (active area of 170 mm?) as the detector. The instrument
was operated in soil mode, with a Compton normalisation
algorithm designed for achieving the lowest possible limit of
detection (LOD) (trace concentrations, ppm levels) for soil and
bulk samples. The soil mode was used with the ‘environmental’
elements suite, which includes the following elements: P, S, Cl,
K, Ca, Ti, Ct, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Br, Rb, St, Zr, Mo,
Ag, Cd, Sn, Sb, I, Ba, Au, Hg, Pb. For each sample, two
sequential tests were performed, the first with operating
conditions of 40 kV and 7 pA and the second with conditions of
15 kV and 5 pA, for a total spectrum collection time of 120 s.
The instrument was controlled by a Hewlett-Packard iPAQ
Pocket PC, which was also used for the data storage. The
calibration was performed using a soil light element analysis
program (LEAP) II and was verified using alloy certified
reference materials produced by Analytical Reference Materials
International. To obtain better statistics, a fluorescence signal
was collected for 60 s per run. For all the investigated samples,
the lines detected at around 8.15 and 9.34 keV were attributed to
the Lo and L transitions of the Ta anode.

Meanwhile, the Raman spectra were collected using a portable
‘BTR 111 Mini-RamTM’ (B&W Tek, USA) spectrometer with an
excitation wavelength of 785 nm (diode laser) and a maximum
laser power of 280 mW at the excitation port, and a charge-
coupled device (CCD) detector (thermoelectric cooled, TE).
Here, the laser output power can be continuously adjusted by
maximising the signal-to-noise ratio while minimizing the
integration time, while the system is equipped with a fibre optic
interface for convenient sampling. The excitation laser emits
from the probe’s end, where the Raman signal is then collected
from the sample. The spot size was 85 um at a working distance
of 5.90 mm. The maximum power at the samples was around 55
mW. All the spectra were registered in the wavenumber range of
60-3,150 cm™' by using an acquisition time of 40 s and a
resolution of 8 cm™! while accumulating several scans for each
spectrum in order to improve the signal-to-noise ratio. Each
spectrum was processed by subtracting the blank spectrum, while

a smoothing process was performed using BWSpec 3.27
software. Meanwhile, the assignment of the Raman vibrational
bands, which was aimed at identifying the used materials, was
performed with reference to the relevant databases and libraries
[16], [17].

3. RESULTS AND DISCUSSION

The digital model of the painting allowed for obtaining high
precision measurements of the artifact as a whole as well as of
selected areas of interest. Figure 2 and Figure 3 show examples
of the measurements of selected areas as well as the distances
between selected points. Specifically, Figure 3 shows details of
the coat-of-arms in the painting, where two coat-of-arms can be
clearly observed. The lower one was added at a later stage when
the painting was slightly enlarged to fit a new frame, while the
one above, which was previously hidden, was recovered during
the restoration works. Using the digital model, we were able to
map and measure two parts of both coat-of-arms, highlighting
the difference in shape and size between them with high
precision, that is, with a spatial resolution of the order of
millimetres, which is much lower than that of traditional
analogical methods.

It is worth noting that photogrammetry is an extremely useful
tool both for the pre-restoration phase and for further studies
and investigations. In fact, such an approach could help
historians and conservators to plan any necessary interventions,
or to study details of the painting while using the digital model,
and, as such, without touching or directly interacting with the
artifact. Furthermore, the digital model can be used for mapping
purposes, as was the case in this study, by inserting certain points
of measurements in the model. Finally, it is also possible to create
a digital repository of historical and scientific information that
could be easily consulted remotely. Both these tools and the

Perimeter Area (cm2)
(cm)

Jesus Christ 937.60 7968.24

Figure 2. Details of the digital model of the painting, which highlights the high
definition of the model. The table below presents some of the measurements
taken from it.
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eter Area (cm2)
(cm)

Red bull (upper) 59.53 46.82
White strip of 149.80 268.97
upper coat-of-arms
Red bull (lower) 54.83 47.43
White strip of 172.40 429.63

lower coat-of-arms

Figure 3. Example of measured areas and lengths of two parts of the coat-of-
arms depicted in the painting.

digital model could be combined with modern vision equipment
to bring the painting into the virtual reality context, which has
endless applications and uses.

With the aim of identifying the pigmenting agents used for
the different colours and tonalities of the Conversion of St Paul
painting, seven points were selected for XRF and/or Raman
analyses (see Figure 1) with some consideration of the short time
available for the restoration and for the exhibition preparation.
Table 1 presents the entire set of performed measurements as
well as the elemental and molecular composition, obtained via
the XRF and Raman techniques, respectively. Meanwhile, Figure
4 presents the XRF spectra collected for the red cloth of the lying
soldier (point 1, Figure 4a), the white band of the soldier standing
upright (point 4, Figure 4b), the blue area of Christ's mantle
(point 5, Figure 4c), and the black fur of the horse (point 7,
Figure 4d) as examples.

The XRF analysis for all the investigated red/reddish areas
(points 1, 2, 3, and 6, see Figure 4a for the representative
spectrum) indicated a Hg-based red pigment, likely cinnabar
(HgS), which was used for the vestments, coat-of-arms, and
carnations. Traces of iron (Fe) were also detected, suggesting the
use of a small amount of red ochre (Fe;O3). Pigmenting agents
were likely combined with a white Pb-based composite, possibly
lead white ([PbCOs]2-Pb[OH]2), to obtain a lighter tonality. The

relative intensity of the peaks corresponding to the
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Figure 4. XRF spectra collected (a) on the red cloth of the lying soldier (point
1), (b) on the white band of the soldier standing upright (point 4), (c) on the
blue area of Christ's mantle (point 5), and (d) on the black fur of the horse
(point 7).

aforementioned elements differed depending on the desired
shades.

With regard to the white area (point 4, Figure 4b), the
observation of the high peaks associated with the La (around
10.54 keV) and Lg (around 12.60 keV) transition lines of lead
(Pb) indicated the use of a Pb-based white pigmenting agent,
possibly lead white, largely responsible for the white coloration.

Despite its toxicity, this white pigment was widely used in
panel paintings due to its good covering potential and brilliant
white colour.

In terms of the XRF spectrum of the blue area (point 5, Figure
4¢), no characterising lines were detected. Here, the traces of Fe,
manganese (Mn) and zinc (Zn) could be due to the impurities
that gradually emerged, which could support the notion of the
use of an organic compound that cannot be detected via XRF
since its characterising elements are lighter than those revealed
by this technique. Based on a comparison with findings in the
existing literature [18], the application of indigo (C16H10N202)
for the blue coloration would appear to be the most reasonable
hypothesis, certainly given that the presence of this natural blue
pigmenting agent has previously been identified in other religious
paintings produced by Preti during his later activity in Malta [19].
Here, it is worth noting that the presence of barium (Ba) could
suggest the use of barium sulphate (BaSOy), i.e. ‘barium white’, a
synthetic compound used as a pigment, extender and filler since
the early part of the 19th century [20], thus indicating that

Table 1. Elemental and molecular phases of the selected areas of The Conversion of St Paul, detected via XRF and Raman spectroscopy, respectively. The key
elements responsible for the analysed pigments are marked in bold, while the minor and trace elements are reported in brackets.

Analysed point Description of the analysed area

XRF elements Detected Raman phase

1 Red cloth of the lying soldier

2 Red bull of the coat-of-arms located at the bottom right
3 Red robe of the soldier standing upright

4 White band of the soldier standing upright

5 Blue area of Christ's mantle

Reddish area of the incarnate of

6 S, Pb, Cl, As, Fe, Ca, K, Hg, Se, (Cd, Mn, Zn, Rb)

the cheeks of the little angel
7 Black fur of the horse

S, Pb, Ca, Hg, (Cl, As, K, Fe, Se, Sb)
S, Pb, Cl, As, Fe, Ca, K, Hg, (Sn, Cd)
S, Pb, Cl, As, Fe, Ca, K, Hg, Se, (Mn, Rb)
S, Pb, Ca, Cl, (As, K, Fe, Co, Zn)

S, Pb, Ca, Cl, Ba, (As, Fe, Mn, Zn, Sr)

Cinnabar, iron oxides, calcite
Cinnabar, iron oxides
Cinnabar, iron oxides, calcite
Lead white, calcite

Fluorescence
Cinnabar, iron oxides, calcite

S, Ca, Pb, Cl, (K, As, Fe, Ba, Zn, Mn, Cu) Carbon black

ACTA IMEKO | www.imeko.org

March 2021 | Volume 10 | Number 1| 176



modern paints were applied to the panel surface during previous
restorations.

Finally, in the case of the black area (point 7, Figure 4d), the
high peaks of calcium (Ca), together with the observation of Fe
and Mn, allowed us to hypothesise about the use of an organic
black pigment, based on Ca, one that cannot be confirmed by
XRF due to the low Z-value of the characteristic elements,
combined with a mixture of Fe-based and Mn-based pigments,
such as natural and/or burned umber (Fe;O3 + MnO; + nH,O
+ Si + ALO3).

In addition, it is worth noting that an important presence of
Ca, sulphur (S), and Pb was observed in all the investigated areas.
Given their presence, these substances were likely related to the
preparatory layer, suggesting a Ca-based preparation ground that
was possibly calcium catbonate (CaCO3s) and/or sulphate
(CaSOy). In terms of the detection of Pb, its presence in every
analysed point supports the hypothesis regarding the
employment of a Pb-based imprimation, likely made of lead
white, could also have been used as a dryer for the binders.

With regard to the Raman measurements, we must first focus
on the results of the analysis performed on points 2, 3 and 6 of
the painting (Figure 5), that is, the areas of the red bull of the
coat-of-arms located at the bottom right (a), the red robe of the
soldier standing upright (b), and the reddish area of the incarnate
of the cheeks of the little angel (c), respectively. Since the Raman
spectrum obtained for point 1 was highly similar to those
reported in Figure 5, it is not shown.
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Figure 5. Raman spectra recorded for three representative red/reddish
pigmented areas of The Conversion of St Paul painting. (a) Red bull of the
coat-of-arms located at the bottom right (point 2), (b) red robe of the soldier
standing upright (point 3), (c) reddish area of the incarnate of the cheeks of
the little angel (point 6).

As is clear, the spectra indicate the presence of low frequency
peaks respectively centred at around 252, 289, and 345 cm™,
which could be attributed to the presence of the cinnabar [21]
likely responsible for the intense red colour. Cinnabar is a type
of red mercury ore that was generally mixed with an equal
amount of burning sulphur to create an expensive red paint used
since antique times for cosmetic and decorative purposes.
Meanwhile, the band at around 611 cm™! can be attributed to the
presence of iron oxides, while the bands at around 944, 1,315,
and 1,404 cm™ can be ascribed to the presence of organic
compounds derived, presumably, from the use of ligands of
natural origin. Finally, as Figure 5b shows, a 1,083 cm™! band
indicative of the presence of calcite (CaCO3) was obsetved,
which was likely related to the preparatory layer or to lightening
purposes.

The investigation of the white pigment was carried out in
terms of point 4 of the painting (Figure 6), that is, an area of the
white band of the soldier standing upright. The spectrum
revealed the presence of a strong and sharp Raman band at
around 1,050 cm™!, which is characteristic of the lead white
(2PbCO5 Pb[OH]2) [22] that represents the main white pigment
of European oil on canvas paintings. In fact, as reported in a
previous study [23], the presence of this band indicated the
degradation state of this pigment. Meanwhile, the bands at
around 940, 1,304, and 1,404 cm™! may have been related to the
presence of organic components. As with the red pigmented
areas, the presence of calcite was indicated by its typical
contribution at around 1,084 cm™'. This can be reasonably
ascribed to the preparation, even if the combination of calcite
with other white pigments, such as lead white, was often used by
artists to modify the rheological and optical properties of their
paints [24].

With regard to the blue area of Christ's mantle (point 5), the
Raman spectrum obtained using the portable instrumentation
was completely masked by huge fluorescence, which prevented
the molecular identification of the painting materials.

Finally, the broad bands detected at around 1,331 and 1,581
cm™! in the Raman spectrum for the black fur of the horse (point
7, Figure 7) can be ascribed to the D (disorder) and G (graphitic)
bands of amorphous carbon. This occurrence indicates the
employment of a carbon-based black pigment, the accurate
identification of which via the Raman technique remains fairly
difficult.

We now want to focus on a highly interesting point that
surfaced from the entire set of spectroscopic results. In short, the

Intensity (arb. units)
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Figure 6. Raman spectrum recorded on a point (point 4) representative of a
white pigmented area of The Conversion of St Paul.
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Figure 7. Raman spectrum recorded on a point (namely Point 7)
representative of a black pigmented area of The Conversion of St Paul
painting.

observation of Ca in the XRF elemental composition of all the
investigated points, along with the observation of calcite in most
of the analysed pigmented areas, allow us to hypothesise about
the use of typical Maltese globigerina limestone for the
preparation of the painting [25]. While we are aware that further
petrographical, geochemical and physical analyses are required to
unambiguously identify this limestone, the reported information
can provide valuable support to ascribing the dating of the
painting to the Maltese period of this famous Calabrian painter.

4. CONCLUSIONS

In this paper, a non-invasive, in-situ investigation was
conducted in relation to The Conversion of St Paul titular painting
by the Calabrian artist and Knight, Mattia Preti. The study was
specifically aimed at demonstrating the potentialities of the
combined use of 2D/3D photogrammetric sutveys and
spectroscopy (XRF and Raman) techniques to, on the one hand,
achieve a reconstruction, and on the other, achieve, at different
spatial domains, the identification and characterisation of the
pigments used for this wonderful painting, which can be seen at
St Paul’s Cathedral in Mdina, Malta. The aforementioned
methodologies were successfully applied as part of the scientific
analysis carried out prior to, during and following the completion
of the recent restoration of the painting.

It was demonstrated that the use of photogrammetry in this
context can play a key role in the creation of potential bases for
research, analysis, and scientific investigations. Furthermore, it
allows for obtaining a scaled digital model that can be shared
among curators and restaurateurs in order to study the artifact
and all its features in detail. Combining the findings obtained at
the elemental and molecular levels via XRF and Raman analyses,
respectively, we were able to obtain valuable information
regarding the artist’s palette. Specifically, the main results
included that cinnabar and iron oxides were observed in the
red/reddish pigments, lead white in the white pigment, and
carbon black in the black pigment. Furthermore, it was
reasonably hypothesised that calcite was used for the preparatory
layer of the painting, which allowed us to formulate a hypothesis
regarding the dating of The Conversion of St Paul painting to Preti’s
Maltese period.

This combined approach appears promising, not only for
research, preservation and restoration activities but also for
improving the promotion, dissemination and accessibility in the

field of cultural heritage. This research also serves as a proof of
concept and the next goal will be to delve deeper into the
investigation of the various other paintings produced by Mattia
Preti.
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