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ABSTRACT
Th
is 
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
. As is 
common 
with a professionally executed restoration, 
various 
scientific methods have been used 
prior to
, during and upon completion, 
with
in the framework of a global analytical strategy. 
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 and measure important features o
f
 the painting as well 
provide 
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. 
This work represents the first attempt 
t
o 
us
e
 a combined digital/spectroscopic approach that
 not only 
provid
es
 deeper insight into the materials used by 
Pret
i
 but also allows for determining t
he original colo
u
r scheme where pigment degradation has occurred. Furthermore, 
it is believed that 
the 3D model developed here 
is 
suitable for the application of augmented reality for 
the 
dissemination of information regarding 
The Conversion of St Paul 
painting
. At the same time, this procedure
 could be 
applied to other paintings 
produced 
by 
Preti
 to conduct 
comparisons between different measurements in 
the 
paintings, with the main goal of clarifying the technique used by the artist during his 
extremely 
prolific life. 
This information, along
 with 
the characteri
s
ation of 
the 
materials non-destructively obtained 
via 
spectroscopic methods
, is 
crucial for the reconstruction of the historical
–
geographical context of the artwork, based on the fact that specific pigmenting agents and media
 tend to
 
re
present the 
stylistic expression of an artist or an epoque.
)
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Introduction
In the recent years, the use of scientific methods to help with the restoration of artifacts is attracting much has attracted a great deal of interest [1]- -[4]. On one handHere, as testified by the increasing number of recent publications regarding related to three-dimensional (3D) documentation and reconstruction [5], the use of software and various techniques to reconstruct digital models of the artifacts has grown significantly in order to provideview of providing useful tools for conservation, and cultural heritage documentation, as well as the integration of scientific analysis and results. In particularSpecifically, the possibility to generate veryof generating highly accurate and detailed 2D/3D digital models from existing imagery ispresents a great opportunity and severalfor analysis, with various applicable tools are available. On the other handMeanwhile, X-ray fluorescence (XRF) spectroscopy represents a well-established, rapid and simple to be useduse non-destructive method that allows for determining the elemental composition of the pigmenting agents of decorated surfaces to be determined [6]- -[9]. ItThis technique is very often used in conjunction with another versatile technique, i.e.namely, Raman spectroscopy, in order to achieve, always in non-destructive way, the molecular composition of pigments, that becomes  in a non-destructive manner, which is mandatory, especially when dealing with pigments of similar atomic composition, and/or mixtures of pigments that are difficult to be disentangled. Their disentangle. The combined use of these two techniques allows to answer to severalfor addressing various questions related to provenance, dating, and manufacturethe manufacturing technology ofbehind a variety of findings [10].
Furthermore, in the case of precious, large valuable paintings, any sampling  held in public collections , any form of sampling is discouraged by the curators and conservators. As a consequence,such, an in -situ approach, that requires the spectrometerspectrometric investigation to be carried ontoextended into the historical-/artistic context, is strongly recommended.
In this paper, we present the main results obtained fromvia three different approaches, namely, digital photogrammetry, portable XRF spectroscopy, and Raman spectroscopies, in orderspectroscopy, all of which were used to help with the restoration of the titular painting entitled The Conversion of St Paul, which is located above the main altar at St Paul’s Cathedral in Mdina (, Malta (Figure 1) [11]Figure 1. Author. The author of this grand canvas, which measures 533 cm x× 310 cm, iswas Mattia Preti, known as il Cavaliere Calabrese. Preti worked on this masterpiece in 1682, having been commissioned to execute thisthe painting by the bishop of Malta, the Catalan Miguel Jeronimo de Molina y Aragonès, a member of the Knights of the Order of Malta, whose coat-of-arms appearsis painted on the column of the right-hand side of the painting.
[bookmark: _Hlk38972832][image: ]
[bookmark: _Ref34844785]Figure 1. a) Workflow adopted to obtain the final digital model for The Conversion of St Paul painting. b) The painting reconstructed by theusing digital technologies and processing. In the same figure (bottom panel), all All points analyzed byanalysed via XRF and/or Raman spectroscopy are also displayed. The upper panel shows the workflow used to create the digital model.
The Conversion of St Paul is part ofrelates to the series of miracles and mysteries ofpertaining to Malta’s St Paul on Malta. This 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 XVII century and of his life.. 	Comment by Proofed: Why are you using Roman numerals here rather than Arabic?
The painting, given alsoGiven its size, the painting can be consideredregarded as the master piecemasterpiece among the work donecompleted by Mattia Preti during his long activitystay in the Maltese archipelago. It describes the moment in whichwhen the young romanRoman soldier, Saulo, was struck blind by the thunderbolt vision of Christ when on his way to Damasco, was thunderbolt by Christ vision remainingwhereupon he fell from his horse and remained blind for three days subsequently to a fell off from the horse..	Comment by Proofed: Perhaps you should clarify that while artists such as Preti depicted Saul falling from his horse, this is not actually mentioned in the Bible. 
The recent restoration of The Conversion of St Paul showedindicated that it was completely painted 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 sizes. There aresize. The painting also features two enlargements:, the first one is aboutof which measures around 5 cm widein width with the colors,colours painted directly onto the canvas without thea preparatory underlay made of oils, globigerina powder, and ochre color. The . Meanwhile, the second oneenlargement 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 in height that follows the profile of the new marble frame. The whole surface was covered by a thick layer of a veryextremely greasy yellow/brown paint that changed allaltered the entire chromatic relationship. During the cleaning phase, the original Testaferrata coat-of-arms was recovered, which had been hidden when the painting underwent a lengthening process., was revealed. Consolidation was carried out and several gaps were repaired with stucco. Retouching, while retouching was doneperformed and the surface has beenwas given a transparent protective film.
Motivated by the historical-/artistic value of the restoration, we decided to deepen the investigation of the painting by means ofusing portable equipmentsequipment, combining a high-performance 3D laser scanning system for surveying with non-invasivethe aforementioned non-invasive XRF and Raman spectroscopic techniques. They wereHere, the first technique was used for reconstruction purposes (the first one) and for pigments characterization (the last, while the latter two) respectively, aimed at achieving techniques were used for pigment characterisation, with the ultimate aim of obtaining useful information concerning someregarding certain questions still open, mainlythat remain unaddressed, which are largely related to the execution technique and to the dating of the Maltese period ofin which the painting was produced. 
DATA AQUISITION AND PROCESSING
The various modern technological solutions offer great opportunities of havingto obtain complete geomatic surveys in severalvarious environments [12], as well as and in the field of cultural heritage [2],, [13], [14]. In particularHere, photogrammetry can be defined as a science to obtain scientific pursuit aimed at obtaining reliable information aboutregarding the spatial properties of land surfaces and objects, without the need for physical contact [15]. It ispresents a relatively new technique for the accurate digital capturecapturing of three-dimensional3D objects and surfaces. This technique became always more and more, and has become increasingly popular inwithin the conservatorsconservator community and it has been, often adopted for in the field of cultural heritage providingas a set of new tools for archaeologists and experts in the field. Itworking in this area. The method has the great advantage of having the capacity to capture, store, process, share, visualizevisualise and annotate 2D/3D objects. Figure 1(a) reports presents the workflow adopted to obtain the final digital model for The Conversion of St Paul painting. It consists, which consisted of several phases of processing. The first onephase (steps 1 and 2 in Figure 1(a)) is) involved the camera capturecapturing and alignment, which allows toallowed for correctly placeplacing the images with respectin relation to each other and/or to calculatecalculating the exact position in the real space. It is at this stage that the software generates a sparse point cloud. The Meanwhile, the second phase (step 3 in Figure 1(a)) involves) involved the generation of a dense point cloud based on the estimated camera positions. The If required, the dense cloud of points can be modified if necessary before prior to the generation of the 3D mesh model. The third phase (step 4 in Figure 1(a)) is) involved the reconstruction of a 3D polygonal mesh representing the object surface, as based on the dense point cloud. AfterFollowing the mesh geometry generation and reconstruction, the model iswas textured and used for orthomosaic generation.
Figure 1(b) shows the final digital model of the painting and the location of the pigments analyzed by means ofanalysed via XRF and Raman spectroscopy
. Here, the XRF measurements were carried out byusing a portable XRF “alphaAlpha 4000” analyser (Innovex-X system) analyzer that allowed ), which allows for the detection of chemical elements havingwith an atomic number (Z) between phosphorus and lead. It and is equipped with a Ta anode X-ray tube as the source and a Si PIN diode (active area of 170 mm2) as the detector. The instrument was operated in “soil” mode, with a Compton Normalizationnormalisation algorithm designed for achieving the lowest Limit of Detection (LOD) possible limit of detection (LOD) (trace concentrations, ppm levels of ppm) for soil and bulk samples. The “soil” mode was used with the “Environmental”‘environmental’ elements suite. The element list for the used “soil” mode is, which includes the following elements: P, S, Cl, K, Ca, Ti, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Br, Rb, Sr, Zr, Mo, Ag, Cd, Sn, Sb, I, Ba, Au, Hg, Pb. For each sample, two sequential tests were performed:, the first with operating conditionconditions of 40 kV and 7 µA and the second with conditions of 15 kV and 5 µA, for a total spectrum collection time of 120 s. The instrument was controlled by a Hewlett-Packard iPAQ Pocket PC, which was also used asfor the data storage. CalibrationThe calibration was performed byusing a soil light element analysis program (LEAP (Light Element Analysis Program) II and was verified using alloy certified reference materials produced by Analytical Reference Materials International. For aTo 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 keV and  9.34 keV have been associatedwere attributed to the L and L transitions of the Ta anode. 
Meanwhile, the Raman spectra were collected byusing a portable ‘BTR 111 Mini-RamTM’ (B&W Tek, USA) spectrometer with an excitation wavelength of 785 nm (diode laser), 280 mW) and a maximum laser power of 280 mW at the excitation port, and a charge-coupled device (CCD) detector (thermoelectric cooled, TE). In additionHere, the laser output power can be continuously adjusted by allowing to maximizemaximising the signal-to-noise ratio while minimizing the integration time. The, while the system is equipped with a fiberfibre 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 iswas 85 μm 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 fromof 60–3,150 cm-1 to 3150 cm-1,−1 by using an acquisition time of 40 s and a resolution of 8 cm-−1, while accumulating several scans for each spectrum in order to improve the signal-to-noise ratio. Each spectrum has beenwas processed by subtracting the blank spectrum; in addition,, while a smoothing process has beenwas performed by using the 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].	Comment by Proofed: These would appear to be something missing here. “The maximum power used with/for the samples…” perhaps?
The assignment of the Raman vibrational bands, aimed at the identification of the used materials, was performed according to databases and libraries [16],[17].
Results AND discussion
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[bookmark: _Ref34844817]Figure 2.  ParticularDetails of the digital model of the painting, which showshighlights the high definition and details of the digital model. The table below reportspresents some of the measurements taken from it.
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RESULTS AND DISCUSSION
Figure 3. Example of measured areas and length on two parts of the coat- of-arms present on the painting.
The digital model of the painting allows to obtainallowed for obtaining high precision measurements of the whole artifact, as a whole as well as of selected partareas of interest. Figure 2 and Figure 3 show examples of the measurements of selected areas, as well as ofthe distances between selected points. In particularSpecifically, Figure 3 shows details of the coat-of-arm onarms in the painting. As it is evident,, where two coat-of-arms can be clearly observed in the painting.. The lowestlower one was added at a later stage when the painingpainting was slightly enlarged to fit a new frame. The highest , while the one, above, which was previously hidden, was recovered during the restoration works. By means ofUsing the digital model, we have beenwere able to map and measure two parts of theboth coat-of-arms, highlighting the difference in shape and size amongbetween them, with very high precision, i.e.that is, with a spatial resolution of the order of millimeter, and thusmillimetres, which is much lower than that of traditional analogical methods. 
[image: Calendar
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[bookmark: _Ref34844915][bookmark: _Ref312437359]Figure 3. Example of measured areas and lengths of two parts of the coat-of-arms depicted in the painting.
It is worth noting that photogrammetry is an extremely useful tool both infor the pre-restoration phase and for further studies and investigations. In fact, such an approach could help historians and conservatorconservators to plan any necessary interventioninterventions, or to study details of the painting, by while using the digital model, i.e.and, as such, without touching or directly interactinteracting with the artifact. Furthermore, the digital model can be used for mapping purposes, as donewas the case in this study, by inserting in the model thecertain 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. Such toolBoth these tools and the digital model cancould be combined with modern vision equipments in orderequipment 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 colorscolours and tonalities of the Conversion of St Paul painting, 7seven points were selected for XRF and/or Raman analyses (see Figure 1), based on) with some consideration of the short time available for the restoration and for the exhibition preparation. The wholeTable 1 presents the entire set of the performed measurements, together with  as well as the elemental and molecular composition, as respectively obtained byvia the XRF and Raman techniques, is reported in Table 1. Inrespectively. Meanwhile, Figure 4 we reportpresents the XRF spectra collected onfor the red cloth of the lying soldier (point 1, (a)), onFigure 4a), the white band of the soldier standing upright (point 4, (b)), onFigure 4b), the blue area of Christ's mantle (point 5, (c))Figure 4c), and on the black fur of the horse (point 7, (d)),Figure 4d) as exampleexamples.
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 (Fe2O3). Pigmenting agents were likely combined with a white Pb-based composite, possibly lead white ([PbCO3]2·Pb[OH]2), to obtain a lighter tonality. The relative intensity of the peaks corresponding to the 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 Lα (around 10.54 keV) and L (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.


[bookmark: _Ref316057400]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).  
Despite its toxicity, this white pigment was widely used in panel paintings due to its good covering potential and brilliant white colour.
[bookmark: _Ref34928783]Table 1. ElementsElemental and molecular phases, detected by XRF and Raman spectroscopy respectively, of the selected areas of The Conversion of St Paul painting. Key-, detected via XRF and Raman spectroscopy, respectively. The key elements responsible offor the analyzed pigmentanalysed pigments are marked in bold. Minor, while the minor and trace elements are reported in brackets.
	Analyzed point
	Description of the analyzed area
	XRF elements
	Detected Raman phase


	Analysed point
	Description of the analysed area
	XRF elements
	Detected Raman phase

	1
	Red cloth of the lying soldier
	S, Pb, Ca, Hg, (Cl, As, K, Fe, Se, Sb)
	Cinnabar, iron oxides, calcite

	2
	[bookmark: _Hlk34732623]Red bull of the coat-of-arms located at the bottom right
	S, Pb, Cl, As, Fe, Ca, K, Hg, (Sn, Cd)
	Cinnabar, iron oxides

	3
	Red robe of the soldier standing upright
	S, Pb, Cl, As, Fe, Ca, K, Hg, Se, (Mn, Rb)
	Cinnabar, iron oxides, calcite

	4
	White band of the soldier standing upright
	S, Pb, Ca, Cl, (As, K, Fe, Co, Zn)
	Lead white, calcite

	5
	[bookmark: _Hlk34725383]Blue area of Christ's mantle
	S, Pb, Ca, Cl, Ba, (As, Fe, Mn, Zn, Sr)
	Fluorescence

	6
	Reddish area of the incarnate of the cheeks of the little angel
	S, Pb, Cl, As, Fe, Ca, K, Hg, Se, (Cd, Mn, Zn, Rb)
	Cinnabar, iron oxides, calcite

	7
	Black fur of the horse
	S, Ca, Pb, Cl, (K, As, Fe, Ba, Zn, Mn, Cu)
	Carbon black


The XRF analysis for allIn terms of the investigated red/reddish areas (points 1, 2, 3, and 6, see Figure 4(a) as representative XRF spectrum) indicated a Hg-based red pigment, probably cinnabar (HgS), used for vestments, coat-of-arms and carnations. Traces of iron (Fe) are also detected, suggesting the use of small amount of red ochre (Fe2O3). Pigmenting agents were probably combined with a white Pb-based composite, maybe lead white ((PbCO3)2·Pb(OH)2),  in order to obtain a lighter tonality. The relative intensity of the peaks corresponding to the aforementioned elements will be different according to the desired shades. 
Concerning the whiteblue area (point 4, see5, Figure 4(b)), the observation of the high peaks associated to the L ( 10.54 keV) and L ( 12.60 keV) transitionc), no characterising lines of lead (Pb) reveals the use of a Pb-based white pigmenting agent, probably lead white, as main responsible for the white coloration. This white pigment was, in spite of its toxicity, widely used in panel painting, because of its good cover potential and brilliant white color.


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).  
As far as the XRF spectrum of blue area is concerned (point 5, see Figure 4(c)), no characterizing lines are detected. Traces of iron (Fe),were detected. Here, the traces of Fe, manganese (Mn) and zinc (Zn),) could be due to the impurities eventually present. Thisthat gradually emerged, which could support the notion of the use of an organic compound, that cannot be detected byvia XRF, since its characterizingcharacterising elements are lighter than those revealed by this technique. Based on a comparison with findings in the existing literature [18], the application of indigo (C16H10N2O2) for the blue coloration seemswould appear to be the most reasonable hypothesis, also consideringcertainly given that the presence of this natural blue pigmenting agent was alreadyhas previously been identified in other religious paintings produced by Mattia Preti relative toduring his late productionlater activity in Malta [19]. Worth of note,Here, it is worth noting that the presence of barium (Ba) could suggest the use of barium sulfatesulphate (BaSO4), i.e. “‘barium white”,white’, a synthetic compound used as a pigment, extender and filler since the early part of the 19th century [20], sothus indicating that modern paints were applied to the panel surface during previous restorations. 
Finally, in the case of the black area (point 7, see Figure 4(d)),), the high peaks of calcium (Ca), together with the observation of iron (Fe) and manganese (Mn), let, allowed us hypothesizeto hypothesise about the use of an organic black pigment, based on Ca, one that cannot be confirmed by XRF because ofdue 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 (Fe2O3 + MnO2 + nH2O + Si + Al2O3).
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 carbonate (CaCO3) and/or sulphate (CaSO4). 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. 


[bookmark: _Ref34845095]Figure 5. Raman spectra recorded onfor three representative of red/reddish pigmented areas of The Conversion of St Paul painting. (a): red) 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).
In addition, it is worth remarking that an important presence of calcium (Ca), sulphur (S) and lead (Pb) can be observed in all the investigated areas. Being present everywhere, they are probably due to the preparatory layer, suggesting a Ca-based preparation ground, which could be calcium carbonate (CaCO3) and/or sulphate (CaSO4). Regarding the detection of Pb, its presence in every analyzed point supports the hypothesis of the employment of a Pb-based imprimation, probably made of lead white, that could have been used also as a dryer for the binders. 
As far as Raman measurements are concerned, we report first of all the results of the analysis performed on points 2, 3 and 6 of the painting (see Figure 5), representative of the areas of the red bull of the coat-of-arms located at the bottom right (a), of the red robe of the soldier standing upright (b), and of the reddish area of the incarnate of the cheeks of the little angel (c), respectively. Raman spectrum obtained for point 1 looks very similar to those reported in Figure 5, hence it is not shown.
As can be seen, the spectra show the presence of low frequency peaks respectively centered at  252 cm-1,  289 cm-1 and  345 cm-1 that can be ascribed to the presence of cinnabar (HgS) [21], that can be retained as responsible of the intense red color. Cinnabar is a type of red mercury ore that was mixed with an equal amount of burning sulphur to create an expensive red paint, used since antique times for cosmetic and decorative purposes. Going on, the band at  611 cm-1 can be associated to the presence of iron oxides, while the bands at  944 cm-1,  1315 cm-1 and  1404 cm-1 can be ascribed to the presence of organic compounds deriving, presumably, from the use of ligands of natural origin. Finally, in the spectrum in Figure 5(b), it is possible to recognize the  1083 cm-1 band indicative of the presence of calcite (CaCO3), probably due to the preparatory layer, or used for lightening.
The investigation of the white pigment was carried out on point 4 of the painting (see Figure 6), as representative of the area of the white band of the soldier standing upright. The spectrum reveals the presence of a strong and sharp Raman band at ~1050 cm-1, typical of lead white (2PbCO3·Pb(OH)2) [22], that represents the main white pigment of European “oil on canvas” painting. Actually, as reported in literature [23], the presence of this band testifies a degradation state of this pigment. Going on, contributions at  946 cm-1,  1304 cm-1 and  1404 cm-1 may be due to the presence of organic components. As in the case of red pigmented areas, calcite is observed, by its typical contribution at  1084 cm-1. It can be reasonably ascribed to the preparation, even if the association of calcite with other white pigments, such as lead white, is often found in paintings, in order to modify their rheological and optical properties of their paints [24]. 
Regarding the blue area of Christ's mantle (point 5), the Raman spectrum obtained with portable instrumentation was completely masked by huge fluorescence, so avoiding the molecular identification of the painting materials.


[bookmark: _Ref316057347][bookmark: _Hlk34738309]Figure 6. Raman spectrum recorded on a point (namely Pointpoint 4) representative of a white pigmented area of The Conversion of St Paul . 
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.
As is clear, the spectra indicate the presence of low frequency peaks respectively centred at around 252, 289, and 345 cm−1, 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−1 can be attributed to the presence of iron oxides, while the bands at around 944, 1,315, and 1,404 cm-1 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−1 band indicative of the presence of calcite (CaCO3) was observed, 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−1, which is characteristic of the lead white (2PbCO3·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 946, 1,304, and 1,404 cm−1 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−1. 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  1331 cm-around 1,331 and  15811,581 cm-−1 in the Raman spectrum offor the black fur of the horse (point 7, see 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, whosethe accurate identification byof which via the Raman technique remains nevertheless quitefairly difficult.
At the end of the work, weWe now want to focus the attention on a veryhighly interesting point comingthat surfaced from the wholeentire set of spectroscopic results:. In short, the observation of Ca in the XRF elemental composition of all the investigated points, togetheralong with the observation of calcite in the most part of the analyzedanalysed pigmented areas, letallow us make some hypothesis regardingto hypothesise about the use of the typical Maltese globigerina limestone for the preparation of the painting [25]. Even ifWhile we are consciousaware that further petrographical, geochemical and physical analyses are necessaryrequired in order toto unambiguously identify this limestone, the reported information can provide valuable support to ascribeascribing the dating of the painting to the Maltese period of this famous Calabrian painter.   
conclusions


[bookmark: _Ref34907414]Figure 7. Raman spectrum recorded on a point (namely Point 7) representative of a black pigmented area of The Conversion of St Paul painting.
In the presentthis paper, a non-invasive, in -situ investigation was performed onconducted in relation to The Conversion of St Paul titular painting by the Calabrian artist and Knight, Mattia Preti. In particular, theThe study was specifically aimed at showingdemonstrating the potentialities of the combined use of 2D/3D photogrammetric surveys and spectroscopy (XRF and Raman) techniques) in order to, on the one side, gethand, achieve a reconstruction, and, on the other side, achieve, at different spatial domains, the identification and the characterizationcharacterisation of the pigments ofused for this wonderful painting that, which can be admiredseen at St Paul’s Cathedral in Mdina, Malta. The aforementioned methodologies were successfully applied as part of the scientific analysis carried out beforeprior to, during and atfollowing the completion of the recent restoration of the painting.	Comment by Proofed: ‘Admired’ is perhaps a little subjective for a scientific paper. 
 WeIt 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 can allow to obtainallows for obtaining a scaled digital model that can be shared among curators and restaurateurs in order to study in detail the artifact and all its features in detail. Combining the evidencesfindings obtained at the elemental and molecular level, bylevels via XRF and Raman analyses, respectively, we have beenwere able to get preciousobtain valuable information regarding the artist’s palette. In particular, as 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, the use ofit was reasonably hypothesised that calcite was reasonably supposedused for the preparatory layer of the painting, occurrence that which allowed us to formulate somea hypothesis onregarding the dating of The Conversion of St Paul painting to thePreti’s Maltese period of Mattia Preti.. 
This combined approach appears promising, other than innot only for research, preservation and restoration activities, but also infor  improving the promotion, dissemination, and accessibility in the field of cultural heritage. This research also servedserves as a proof of concept and the next goal will be to go deep insidedelve deeper into the investigation of the several paintingvarious other paintings produced by Mattia Preti.
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