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Abstract

:

Sixteenth-century mural paintings of Nossa Senhora das Neves in Vilar de Perdizes (Galicia—North Portugal Euroregion) were analysed. An iconographic study has allowed us to understand the meaning of the seven scenes that constitute the mural painting. X-ray fluorescence (XRF) and Raman spectroscopies determined the compounds used in this mural painting, both in the original and in later repaintings. The black paint was bone black. Hydroxyapatite characteristic bands and those of the associated phosphates have been identified. White lime was used as white paint. Lepidocrocite and goethite were used to make yellows, and hematite was used to make red shades. Cinnabar has been used for a later red repaint. Carbon-based compounds and rutile were used to create different tonalities by darkening or lightening colours. It is of great significance to obtain accurate and reliable mural painting information through scientific means, since preservation, restoration, and repainting without detailed information can be harmful to mural paintings.
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1. Introduction


Studies on mural painting evaluations [1,2,3] must be carried out to ensure understanding not only to the scientific community but also to all the population of the importance of their iconographies, which keep historical memory alive and attract cultural tourism. Historical mural paintings are a legacy that must be preserved and studied to create a historical narrative that is attractive to the public. They are a record of the history of each region that contains them [4]. Historical mural paintings exist in a wide variety of built heritages. They are found in prehistoric rock art [5], archaeological sites [6], ancient tombs [7], churches [8], monasteries [9], and temples [10].



There are many mural paintings in Portuguese historical buildings [11,12,13,14]. Nossa Senhora das Neves Chapel is an excellent example of the rich heritage of mural paintings in rural villages in northern Portugal. This chapel is in União das Freguesias de Vilar de Perdizes e Meixide, a parish of Montalegre municipality, district of Vila Real (Euroregion Galicia—North Portugal) (N 41°51′18.573″; O 7°37′52.578″). This village is on a Jacobean route, and it had a pilgrim’s hospital. This border region between Spain and Portugal has a valuable heritage built in stone that must be catalogued and studied to promote its cultural and tourist attractiveness associated with heritage stones [15,16]. In this sense, the main objective of the IACOBUS program is to promote cooperation in the Galicia—North Portugal Euroregion. Nossa Senhora das Neves Chapel has mural paintings attributed to so-called Marão mural painting workshops from the 16th century. Mural paintings from other churches in the Vila Real district are also attributed to the Marão workshops of the 15th and 16th centuries. The following churches, among others, have examples of mural paintings: Santa Marinha, Vila Marim, 15th and 16th centuries [17]; Santa Maria, Covas do Barroso, 15th and 16th centuries; Nossa Senhora da Azinheira, Outeiro Seco, 16th century [18]; São João Baptista, Cimo de Vila da Castanheira, 16th century; Santa Leocadia, Chaves, 16th century; São Miguel, Três Minas, 16th century; Nossa Senhora de Guadalupe, Mouçós, 16th century, [19]; São Brás Chapel, Vila Real, 16th century; São Tiago, Folhadela, 15th and 16th centuries, [20]. The appreciation of these mural paintings will mean a revitalisation of this area with a low population density and a need to attract cultural tourism.



The study of mural paintings is a complex process in which various scientific areas must participate to consider the type of mortars, pigments, and aggregates [21], painting techniques [22,23], additives [24], decay [25,26], conservation treatments [27], biodeterioration [28], and iconography. Different analytical techniques are used for mural painting characterisation: petrographic microscopy [29]; Fourier-transform infrared spectroscopy (FT-IR) [30]; X-ray diffraction (XRD) [31]; laser-induced breakdown spectroscopy (LIBS) [32]; Scanning Electron Microscopy (SEM) with Energy Dispersive X-ray analysis (EDX) (SEM-EDX) [33], and X-ray fluorescence (XRF) [34]. All these, among other techniques, have been extensively used in the study of ancient artworks.



This work aims to interpret the meaning of the mural paintings of Nossa Senhora das Neves Chapel and characterise their paint compounds using XRF and Raman spectroscopies. XRF enables the recognition of pigment and additive classes containing characteristic elements with a detectable atomic weight, but it cannot distinguish differences within the same chemical class, nor can it clearly characterise pigment mixtures [34,35]. Raman spectroscopy [36,37] has proven to be the standard technique, in its portable and contactless version, capable of achieving information from a large selection of ancient pigments. It has shown reasonable efficacy in identifying and differentiating pigments with similar compositions.




2. Materials and Methods


Nossa Senhora das Neves Chapel has a rectangular plan with a gable roof. It has double-leaf walls, and it is built with dressed granite ashlars with little decoration. The main façade faces northwest, and its central door has a lowered arch. This façade has two lateral pilasters with a moulded base and capital, crowned by the bell tower topped with a Latin cross. Above the door is an oculus with a simple moulding. The façade is finished with a simple cornice and two pyramidal pinnacles on both sides. The side façades are blind and end in a cornice, and the rear ones in a gable.



The chapel’s interior is a single nave and preserves mural paintings which represents an altarpiece, with an inscription from 1571 on the back wall and a painted altar immediately in front of the mural paintings. Approximately the lower third of these mural paintings have been lost, and only the upper two thirds remain. This painted wall has a setback in the centre. In this way, the sides protrude from the sunken central plane, where an altar could be embedded. This central setback ends in a semi-dome at the top (Figure 1).



After a historic, stylistic, and iconographic analysis of the mural paintings of Nossa Senhora das Neves Chapel, four main colours, grey, white, yellow and red, were selected to measure their different tonalities. Figure 2 shows the seven panels of the main preserved mural paintings, the location of the measurements carried out with the portable Raman equipment (circles), and the location of the samples used for confocal Raman microscope analysis (squares) and XRF.



The measurements of the four colours have been made at the points where the paintings were best preserved (Table 1 and Figure 2). The analysis of the samples has been carried out using a portable Raman model i-Raman—BWS415-785S from B&W Tek. It was excited by a laser at 785 nm wavelength with a maximum power of 300 mW, adjustable from 1% to 100% power. Both the excitation signal and the detection Raman signal were guided by optical fibre from a head that can be used manually or attached to a microscope objective. In this case, the manual head has been used. The Raman spectra have been taken with a resolution of 5 cm−1 in a spectral range of 175–3200 cm−1. The results of i-Raman spectroscopy were obtained through several readings on the painting surface of 17 measurement points from the mural paintings (Figure 2).



Small chips were sampled in places where the painted mortar was detached (Archangel Saint Michael with a shield and sword scene). These samples are represented by squares (Figure 2, panel 1). Two measurements in each coloured sample (G: grey, W: white, Y: yellow, and R: red) were recorded with a WITec confocal Raman microscope model Alpha 300R, with a 532 nm laser and a power between 0.4 and 1.3 mW between 0.5 and 1 s integration time and between 50 and 100 accumulations, using a 50 × LD objective.



Micro X-ray fluorescence measurements were performed on the same coloured samples (G, W, Y, and R) using an M4 Tornado system from Bruker, equipped with an Rh anode X-ray tube coupled to a polycapillary lens that enables a spot-size analysis of 25 μm diameter at the sample and an SDD detector with a resolution of 142 eV for Mn-Kα energy. The tube operated at a voltage of 40 kV and a current of 500 μA, with a step of 25 μm and an acquisition time of 75 ms per pixel in a vacuum scanning atmosphere.




3. Results


3.1. Mural Painting Iconographic Interpretation


The mural paintings have a structure representing false architecture in perspective. This structure is defined by two painted pillars on each side of the protruding plane. They support a lintel on each side. The pillars and lintels are painted yellow, with some planes represented in red to highlight perspective (Figure 1, Figure 2 and Figure 3). Two rectangles are defined on the lower sides and two irregular quadrilaterals on the upper part (the upper side adapts to the gable roof). The recessed, sunken plane, like an aedicule in the central panel, is divided by two lintels. This central panel has two lower rectangles and an upper semi-dome that adapts to the vertex of the roof. The sides of this setback space are also painted, although the left side is very deteriorated. In this way, the wall is painted in two planes, and it is divided into seven panels, arranged as windows (four sides and three central). On these panels, figurative scenes are painted in perspective that simulate “opening” the real world to the supernatural through miracles such as visions. The Latin phrase written in black capital letters on the upper central lintel (VIRGINIS.QVOQVE.IN.DIE. MIRAC/VLVM. NIVIS) means “In the day the Virgin performed the snow miracle”. This phrase underlines the duality between the natural and divine worlds.



The front of the altar also preserves the upper two thirds painted and presents a rectangle wrapped in a yellow moulding with six red rollwerkes. An inscription, now missing, possibly existed inside the rectangle (Figure 1).



The iconographic reading direction of the lower scenes on the sides is from right to left, and they represent the supernatural world. It belongs to the most valuable area, the one that really matters: saving the soul. The iconographic reading direction of the upper scenes is the opposite. They represent scenes of earthly or mundane life; they are from the realm of what is valuable, although less than the soul: human body health. The sunken central plane, behind the altar, has an autonomous reading from bottom to top and represents the Roman Catholic Church. Seven pictorial scenes are described following the correct iconographic reading direction (Figure 3):



1. Archangel Saint Michael with shield and sword: Two angels are painted in the background; they are arranging the souls of the dead in Hell. Archangel Saint Michael’s tunic is painted in different shades of yellow and red. The shield and sword are painted in grey tonalities. The background is painted in yellow, white, and grey shades (Figure 3 (1)).



2. Hell: under a large arch built with stone ashlars, important figures of the time (pope, cardinal, and other men) are looking at a pit below where the souls are, and to the left you climb a staircase in which, at the top, are those saved from damnation. The characters’ clothing is painted in yellow and red shades; the stone ashlar arch is painted with grey tonalities, the joint mortar with black, and the sky with grey tonalities (Figure 3 (2)).



3. Miracle: domestic scene inside a room where a sick man lies in a bed. He is assisted by two doctors. Other beds are visible in the background. It could be the hospital for pilgrims to Santiago de Compostela that is close to the chapel. The sheets are painted in grey tonalities, the blanket in red tonalities, the doctors’ robes in white, yellow, and red tonalities, and the floor in yellow tonalities (Figure 3 (3)).



4. Blessing: A bishop blesses a woman who has her back turned to him, holding a book in her hand, assisted by a monk with a staff and holding a book. Saint Benedict, founder of the Benedictine hermits, is dressed in a black cloak. The bishop’s cape and miter are painted in yellow tonalities, the chasuble in grey tonalities, and the alb in white. The woman’s tunic is painted in red tonalities and her veil in white tonalities. Saint Benedict’s cloak is painted in black tonalities, the ground in yellow tonalities, and the sky in white and grey tonalities (Figure 3 (4)).



5. Patroness: Nossa Senhora das Neves (Our Lady of the Snows) (Salus Populis Romanis) is inside a room pointing to the ascending staircase of Salvation, following the stone arch. The Virgin’s dress is painted in red tonalities. There are some areas repainted in brighter red tonalities. Her veil is painted in grey tonalities. These colours are repeated in the architectural setting in which the Virgin is (Figure 3 (5)).



6. Basilica of Santa María Maggiore foundation: Pope Liberius (352–366) blessed the stones of Mount Esquiline covered with miraculous snow with a wand in the year 352, thus founding the Basilica of Santa Maria Maggiore in Rome, or Our Lady of the Snows. Pope Liberius’ clothing has white, grey, red, and yellow tonalities. The floor has the same tonalities, and the sky is painted in white and grey tonalities (Figure 3 (6)).



7. God the Father: God the Father blesses everything with his raised right hand, holding a cloth with a square white stone in his left hand and a cross in his left arm. God the Father’s is in the upper semi-dome. His robe is painted in white tonalities, his cape in red tonalities, and the sky in white and yellow tonalities (Figure 3 (7)).




3.2. Micro X-ray Fluorescence Mapping


Micro X-ray fluorescence mapping of coloured samples showed that Ca and P are present in all samples. Mn and Fe are the most prominent elements in the grey-coloured sample (G). Ca, P, and Al are the most outstanding elements in the white-coloured sample (W). Fe, Mn, and Ti are the most outstanding in the yellow-coloured sample (Y), and Fe and Mn are the most outstanding in the red-coloured sample (R) (Figure 4).




3.3. Portable i-Raman


The identified compounds of each colour by the i-Raman spectrum are as follows.



3.3.1. Grey


Five Raman spectra (Figure 5) have been obtained from the greyish samples analysed in the Nossa Senhora das Neves Chapel mural paintings. The same compounds have been detected with greater or lesser intensity: Hydroxyapatite (Ca5(PO4)3 (OH)) has Raman bands at ca. 445, 578, 959, and 1068 cm−1 [38]. Carbon-based compounds (CB) have two broad bands at ca. 1300 and 1600 cm−1, which are associated with carbon hybridisation [39]. Manganese oxides have Raman bands at ca. 330, 435, and 635 cm−1 [40].




3.3.2. White


The compounds that have been identified by portable i-Raman analysis of the five white measured areas are shown in Figure 6.



Calcite (CaCO3) has Raman bands at ca. 153, 282, 711, and 1088 cm−1 [41]. A band at 780 cm−1 has also been identified that can be attributed to hydrated calcium oxide-hydroxide [42,43].




3.3.3. Yellow


The following compounds have been obtained from the analysis of the two yellow measured areas with portable i-Raman (Figure 7).



Lepidocrocite (γ-Fe3+O(OH)) has characteristic Raman bands at ca. 248, 378, 528, and 650 cm−1 [44]. Goethite (FeO2H) has characteristic Raman bands at ca. 243, 300, 388, 481, and 551 cm−1 [44]. Calcite and hydrated calcium oxide-hydroxide (slaked lime) have also been identified.




3.3.4. Red


Two red pigments have been detected by portable i-Raman spectroscopy (Figure 8). Sample R1 contains cinnabar, and the other samples (R2, R3, R4, and R5) contain hematite.



Cinnabar (HgS) has characteristic Raman bands at ca. 253, 282, and 343 cm−1 [45]. Hematite (Fe2O3) has its Raman bands at ca. 227, 295, 411, and 498 cm−1 [45,46]. The typical Raman bands of the rutile (Ti O2) phase appear at ca. 143, 235, 447, and 612 cm−1 [47]. Slaked lime has also been detected.





3.4. Confocal Raman Microscope


The WITec confocal Raman microscope spectra of the two measurements of each colour sample (G = grey, W = white, Y = yellow, and R = red) are shown in Figure 9.



In general, WITec confocal Raman microscope spectra are better defined than the bands recorded with portable i-Raman. Nonetheless, the bands obtained with each piece of equipment are basically the same: Sample G (grey) has characteristic bands of hydroxyapatite, carbon-based compounds, and manganese oxides. Sample W (white) has characteristic bands of white lime. Sample Y (yellow) has characteristic bands of lepidocrocite, goethite, hematite, and calcite. Sample R (red) has characteristic bands of hematite, rutile, and carbon-based compounds.





4. Discussion


Nossa Senhora das Neves mural paintings have a limited colour palette; four colours are repeated in the seven panels. Colours fundamentally belong to the range of greys, whites, yellows (ochres and browns), and reds (reds and maroons). Reddish, yellows, ochres, and brown tonalities are the most frequent colours used in Trás-os-Montes mural paintings due to the existence of several iron mines in the region. Heating yellow goethite powder to obtain the red of hematite requires only 260–280° C. Therefore, the mural paintings of Nossa Senhora das Neves Chapel have predominantly yellow and red colours.



The spectra obtained with the portable i-Raman equipment were noisier and more difficult to interpret than the spectra obtained with the WITec confocal Raman microscope (model Alpha 300R). Despite the intense fluorescence bands that mask the portable i-Raman signal, an assignment of the bands in the spectra of the mural paintings has been performed.



G samples (greys) are “Bone black” paint. It is generally obtained by burning bones that contain hydroxyapatite (Ca5(OH)(PO4)3). XRF results indicated it contains phosphorus and calcium, which are part of the hydroxyapatite component of bone tissue [21,48]. These data were corroborated the Raman spectra, where broad bands of carbon-based compounds (CB) are at ca. 1300 and ca. 1600 cm−1. Raman results indicated the presence of poorly organised carbonaceous materials in these portions of G paint. Representative spectra (Figure 5) are characterised by a broad band in the first-order Raman spectrum around 1300 cm−1. This band is a consequence of structural disorder and is commonly assigned to the C single-bond C vibration for sp3 hybridisation. The G-type band, characteristic of carbon sp2 hybridisation and assignable to the E2g (C single-bond C) stretching in aromatic structures, is observed at around 1590 cm−1. These two bands unequivocally characterise carbon-based compounds. In addition, a band associated with the stretching of the phosphate ion [PO4]3− at ca. 960 cm−1 was detected. It corresponds to a rather modified bone-derived hydroxyapatite. As reported [49,50], in bone black, the collagen forms a coke that is intimately mixed with hydroxyapatite, which consequently could be considered a clue for its identification. Moreover, the characteristic band of the phosphate group at ca. 960 cm−1 (originating from the remains of the bone minerals apatite of hydroxyapatite) seems to indicate that bone black or ivory black was present [48,51]. As stated above, the Raman spectrum of a protein is characterised by amide I (1600–1690 cm−1) and amide III (1230–1300 cm−1) vibrations of bone back. A strong broad band at ca. 1454 cm−1 corresponds to modes of CH2 and CH3 bending [52].



The presence of Ca in the FXR mapping and calcite in most of the Raman spectra indicates that the mortar on which it has been painted is a lime mortar. W samples (whites) are “White lime”. It is produced from limestone by heating calcium carbonate (800–900 °C). Therefore, it may present a greyer or more yellowish hue depending on the amount of impurities present in the limestone. It has been used for millennia as pigments or primers. When white lime is mixed with pigments in the fresco technique, the reaction with atmospheric carbon dioxide goes to completion, thereby binding the pigments, and the calcium hydroxide reacts with protein to form protein lime white compounds that enclose the pigments.



It is worth noting that the spectrums of Figure 6, Figure 7 and Figure 8 presented a broad band at ca. 780 cm−1 assigned to hydrated calcium oxide-hydroxide (Ca (OH)2) when excited with near-infrared radiation [42,43]. This band, together with the bands at ca. 282, 711 and 1086 cm−1 of calcium carbonate, can be related to the use of the so-called limewash or slaked lime [53,54] that was used by artists in the preparation of the wall for pigment application [55]. It appears from ancient texts that the “limewash” putty had two functions: one associated with its application to a variety of substrate surfaces to provide a type of smooth “plaster” coating, and the other for the adhesion of the applied pigments in mural paintings [42]. It could have originated from the surprising conversion of lime to calcium carbonate, which can be a very slow process [56].



Y samples (yellows) (Figure 7) have lepidocrocite and goethite. Lepidocrocite has a red, yellowish brown, or blackish brown colour. Lepidocrocite, although less common, has the same origins as goethite, and they often occur together. The i-Raman spectrum shows a slaked lime band. Sample Y, analysed with the WITec confocal Raman microscope, presents characteristic bands of hematite, since this yellow has red tones.



Hematite is the main chromophore mineral of the R samples (reds) (Figure 8 and Figure 9 R,R′). Iron oxide powders have been known since pre-historic cave paintings as a source of pigments [57]. The elements found by analysing the coloured samples and endorsed by data obtained from XRF may suggest the presence of a natural earth containing iron oxides, kaolin, silicates, and titanium oxides. The presence of titanium in the R samples with Al, Si, and Ca may be an indication that the pigment is natural because titanium is easily carried by minerals in the form of rutile (TiO2) [11]. Rutile has been identified in the Raman spectra of the red samples (Figure 8 and Figure 9 R,R′). Carbon-based compounds have also been identified in the Raman spectra obtained with the WITec confocal Raman microscope (Figure 9 R). The width and morphology of CB bands between ca. 1300 and 1600 cm−1, in addition to the lack of a band ca. 2720 cm−1 and a small band at ca. 513 cm−1 (Figure 9 G) that can be attributed to the S-S vibrational band, indicate that it is amorphous carbon of possible organic origin [58,59]. Although it must be considered that the spectral range between 500 and 1000 cm−1 tends to be noisy due to fluorescence, making protein discrimination difficult [52].



Cinnabar was only detected in the R1 i-Raman spectrum because it has not been possible to extract a sample of this red colour. It is found in the intense red of a repainting on the bottom of the dress of Nossa Senhora das Neves (Figure 2 (5)). Prolonged light exposure and moisture are responsible for the chemical alteration of cinnabar to metacinnabar, turning it darker [60].




5. Conclusions


Iconographic interpretation of mural paintings contributes to the understanding of rural life in the Galicia—North Portugal Euroregion at the end of the Middle Ages.



To stimulate the Euroregion’s cultural tourism, it is necessary to create a historical narrative, and the iconographic meaning of Nossa Senhora das Neves Chapel mural paintings was discovered with this work.



The lower-side scene iconographic reading direction is from right to left. They represent the supernatural world. These scenes indicate to the parishioners that they must save their souls.



The upper-side scene iconographic reading direction is from left to right. They represent mundane life. These scenes indicate to the parishioners that they must take care of their bodies.



The sunken central scenes have an independent reading from bottom to top. Nossa Senhora das Neves is below God the Father, who is blessing the world.



The WITec confocal Raman microscope spectra were better defined than the bands recorded with the portable i-Raman. The joint use of XRF and Raman spectroscopies has allowed us to identify the components of the mural paintings of Nossa Senhora das Neves Chapel. The colours found in the specimens were typical of the palette of the Galicia—North Portugal Euroregion at the end of the Middle Ages. In all cases, XRF and Raman spectroscopies have allowed us to unequivocally identify the chemical composition of these colours: The black paint was bone black; the white paint was white lime; the yellow pigments were goethite and lepidocrocite; and the red pigment was hematite. White lime, rutile, and carbon-based compounds have been used to create different tonalities. Cinnabar has been used for a later red repaint.



It is of great significance to obtain accurate and reliable pigment information through scientific means, since preservation, restoration, and repainting without detailed information can be harmful to the mural paintings.
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Figure 1. General view of the mural paintings preserved in Nossa Senhora das Neves Chapel. Orange arrow indicates the setback space. 
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Figure 2. Location of the analysed colours with portable i-Raman (circles) and detached areas of sampling (squares) in Nossa Senhora das Neves Chapel mural paintings. G = grey, W = white, Y = yellow, and R = red. 
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Figure 3. Scenes of the seven panels from the mural paintings of Nossa Senhora das Neves Chapel. (1): Archangel Saint Michael with shield and sword. (2): Looking at hell. (3): Miracle. (4): Blessing. (5): Patroness: Nossa Senhora das Neves (Our Lady of the Snows). (6): Foundation of Santa Maria Maggiore Basilica. (7): God the Father. 
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Figure 4. XRF mapping of the coloured samples (G = grey, W = white, Y = yellow, and R = red) of Nossa Senhora das Neves Chapel. 






Figure 4. XRF mapping of the coloured samples (G = grey, W = white, Y = yellow, and R = red) of Nossa Senhora das Neves Chapel.



[image: Heritage 06 00382 g004]







[image: Heritage 06 00382 g005] 





Figure 5. Raman spectra obtained with the portable equipment i-Raman (B&W Tek) of measurements made in greyish paintings (G1-G5) from Nossa Senhora das Neves Chapel. Labels: CB = carbon-based compounds; Hdxa = hydroxyapatite; Mn Ox = manganese oxides. 
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Figure 6. Raman spectra obtained with the portable equipment i-Raman (B&W Tek) of measurements made in whitish paintings (W1-W5) from Nossa Senhora das Neves Chapel. Labels: Cal = calcite; Slk lime = slaked lime. 
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Figure 7. Raman spectra obtained with the portable equipment i-Raman (B&W Tek) of yellowish measurements (Y1 and Y2) of Nossa Senhora das Neves Chapel mural paintings. Labels: Cal = calcite; Gth = goethite; Ldp = lepidocrocite; Slk lime = slaked lime. 
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Figure 8. Raman spectra obtained with the portable equipment i-Raman (B&W Tek) of reddish measurements (R1-R5) in Nossa Senhora das Neves Chapel mural paintings. Labels: Cal = calcite; Hem = hematite; Rt = rutile; Slk lime = slaked lime. 
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Figure 9. Raman spectra obtained with WITec confocal Raman microscope of grey samples (G,G′); white (W,W′); yellow (Y,Y′), and red (R,R′). Labels: CB = carbon-based compounds; Cal = calcite; Hem = hematite; Hdxa = hydroxyapatite; Gth = goethite; Ldp = lepidocrocite; Mn Ox = manganese oxides; Rt = rutile. 






Figure 9. Raman spectra obtained with WITec confocal Raman microscope of grey samples (G,G′); white (W,W′); yellow (Y,Y′), and red (R,R′). Labels: CB = carbon-based compounds; Cal = calcite; Hem = hematite; Hdxa = hydroxyapatite; Gth = goethite; Ldp = lepidocrocite; Mn Ox = manganese oxides; Rt = rutile.



[image: Heritage 06 00382 g009]







 





Table 1. Location of colours measured with portable i-Raman spectroscopy in the mural paintings of Nossa Senhora das Neves Chapel.
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Colour

	
Sample

	
Location

	
Panel Number






	
Grey

	
G1

	
Our Lady of the Snows veil

	
Panel 5




	
G2

	
Grey of the open space in the door

	
Panel 5




	
G3

	
Tiles cement joint

	
Panel 5




	
G4

	
Lintel inscription, letter D

	
Between panel 6 and 7




	
G5

	
Lintel inscription, letter F

	
Between panel 6 and 7




	
White

	
W1

	
Robe of woman holding a book

	
Panel 4




	
W2

	
Book page held by a woman

	
Panel 4




	
W3

	
Bishop’s chasuble

	
Panel 4




	
W4

	
God the Father’s clothing

	
Panel 7




	
W5

	
God the Father’s clothing

	
Panel 7




	
Yellow

	
Y1

	
Centre-right lintel capital

	
Between panel 4 and 6




	
Y2

	
Ground

	
Panel 6




	
Red

	
R1

	
Skirt of Our Lady of the Snows

	
Panel 5




	
R2

	
Our Lady of the Snows top of dress

	
Panel 5




	
R3

	
Centre-right pillar

	
Between panel 1 and 5




	
R4

	
Centre-right pillar

	
Between panel 1 and 5




	
R5

	
Red robe of God the Father

	
Panel 7
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