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a b s t r a c t 
Restoration procedures of the polychrome terracotta relief “Madonna and Child ” with papier-mâché in- 
serts from a shrine in Piove di Sacco (Padova, orthern Italy) were assisted by analytical investigations, 
contributing to identify the chemical composition of the pigments, fractures and internal damages, addi- 
tions and retouchings, which strongly modified the original manufact. 

In particular, energy dispersive X-ray fluorescence, Raman spectroscopy and FT-IR spectroscopy were 
employed to determine the chemical composition of pigments on the original layer and on the over- 
paintings and to understand the artistic techniques. Moreover, X-ray planar radiography and computed 
tomography were used to understand the structure and its conservative state. 

Finally, the relief, stylistically dated to the 17th century, turned out to be a Renaissance terracotta 
artefact. The polychrome blue traces of lapis lazuli highlighted a valuable artwork and the resemblance 
with the style of Donatello and his apprentices have recently led to further studies, as an initial part of a 
larger research on polychrome terracotta in Veneto. 

© 2021 Elsevier Masson SAS. All rights reserved. 
Introduction 

The production of polychrome devotional reliefs, well estab- 
lished during the Middle Ages, spread out particularly from Renais- 
sance onward with a serial-production, thanks to an increasing de- 
mand for devotional domestic and architectural decorations [1–4] . 
These gilded and painted artworks, usually representing Madonna 
and Child, were realized in workshops using moulds from an orig- 
inal model or from direct replicas [5–8] . 

However, despite the numerous reliefs that are exhibited or 
preserved in museums, catalogued in private collections or sold 
on the art market [1–5] with more attention given to glazed art- 
works [9–11] , there are only a few studies on glazed terracotta 
masterpieces [12–16] , and even fewer on those from the Renais- 
sance period [17–20] . According to Brinkmann et al., this is be- 
cause glazed terracotta objects have long been considered minor 
artworks. Moreover, the polychrome technique used to decorate 
these objects has been rejected by many thinkers over the cen- 
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turies [21] . Consequently, an in-depth study of polychrome terra- 
cotta artefacts is necessary, especially during their restoration. 

The object of this study, “Madonna and Child ”, is a polychrome 
terracotta relief with a temple-like shape and a superficial layer 
of papier-mâché inserts, incorporated into a stone niche placed 
on the left side of the main entrance of the Immaculate Concep- 
tion Hospital in Piove di Sacco. Fig. 1 shows the manufact be- 
fore restoration ( Fig. 1 a), during the reconstruction with a cellulose 
fibre-based mixture ( Fig. 1 b) and after restoration ( Fig. 1 c). 

Its modification by several interventions through times is justi- 
fied by the devotional value it still has for the townspeople, proba- 
bly together with the architectural renovations that have led to the 
displacement of the relief. Indeed, until the 1960s the shrine was 
in the centre of the hospital entrance, where the Lazzaretto Vecchio 
was during the 17th century plague epidemic. During the last re- 
location, the work probably fell, since lime and cement used for 
anchoring the relief to the niche was also used for a hasty inter- 
vention to rejoin a deep fracture. 

The papier-mâché has drawn attention, considering there are 
few evidences of this kind of material in the same region, like 
the important relief of “Madonna and Child ” of Castelfranco Veneto 
realized by Jacopo Sansovino [22] . During the removal of the re- 
lief, fragments of a stone frame emerged, unfortunately completely 

https://doi.org/10.1016/j.culher.2021.11.009 
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Fig. 1. Photo of the manufact before restoration (a), during the reconstruction with 
a cellulose fibre-based mixture (b) and after the restoration (c). 
damaged, which is the same of the one on the right side of the 
Sant’Angelo church in Piove di Sacco. 

The terracotta artefact presented vacuoles, lesions, exfoliation, 
suggesting impure materials rich in metals and baked in a reduc- 
ing atmosphere, with author’s fingerprints and marks left by the 
straw bed, and a surface covered by papier-mâché inserts, stylis- 
tically dated to 17th century, which turned out to be non-original 
additions during re-painting and/or restoration. 

Therefore, in agreement with the Superintendence they were 
removed, as the repaintings, thus discovering the original terra- 
cotta version with polychrome traces, stylistically characterized by 
classic late Renaissance canons, with elements recalling Francesco 
II Carrarese, who dominated Piove di Sacco (14th-15th century). 

The striking resemblance with the characteristic stiacciato tech- 
nique of Donatello and the artworks of the Madonna of Verona 
typology, copied by several apprentices, has recently raised inter- 
est, leading to more historical research, still in progress, including 
new projects for the terracotta production in Veneto. Hence, non- 
invasive and microinvasive investigations were performed on the 
relief before restoration. Fourier transform infrared spectroscopy 
and Raman spectroscopy were employed to obtain information on 
the nature of the support, papier-mâché and polychrome, radiolog- 
ical investigations to examine the artefact internal structure and its 
conservation state and ED-XRF analysis to identify the characteris- 
tic elements of the pigments and decorative elements. 

In the cultural heritage field, radiographic techniques are used 
as they allow to view any structural damage, the presence of nails 
or bars, any internal structures and to define the artefact conser- 
vation state, the historical period and even the authenticity of the 
studied manufact [23] . In this study, radiographic investigations 
aimed at assessing the condition, primarily on the boards or slats 
supporting the work, the cavity inside the cardboard, the fabrica- 
tion techniques, the surface finish, the presence of fastening sys- 
tems, their state of preservation and the type of cloth used by the 
artist. 
2. Research aim 

Non-invasive and microinvasive diagnostic investigations were 
performed before and during the restoration work of a polychrome 
terracotta relief with papier-mâché inserts from a shrine in Piove 
di Sacco (Padua, Northern Italy). The methodological approach of 
this archaeometric study exploited X-ray planar radiography and 
computed tomography to identify fractures and internal damages 
of the structure and both portable and benchtop energy dispersive 
X-ray fluorescence, Raman spectroscopy, FT-IR spectroscopy, X-ray 
diffraction were used to characterize the chemical composition of 
the pigments both of the original layer and the repainting, which 
strongly modified the original relief. In fact, the artwork being in- 
vestigated was stylistically dated to the 17th century, but it turned 
out to be Renaissance, after the identification and removal of the 

additions. The polychrome traces of blue of lapis lazuli highlighted 
a valuable artwork and the resemblance with the style of Donatello 
and his apprentices have recently led to further studies, as an ini- 
tial part of a larger research on polychrome Renaissance terracotta 
reliefs in Veneto. Each point of analyses and the techniques used 
are listed in Table 1 . 
3. Material and methods 
3.1. Energy dispersive X-ray fluorescence 

ED-XRF investigations were carried out prior to the restoration 
on the surface layer of papier-mâché to characterize its pigments 
and to identify the period of construction and the presence of sub- 
sequent restoration works. 

The analysis was performed by using a portable ED-XRF instru- 
ment designed at the University of Salento [ 24 , 25 ]. It is composed 
by an X-ray tube produced by MOXTEK with a Pd-anode operat- 
ing at 1–40 kV of voltage and 0–100 µA of current. The spectra 
were registered using a lateral resolution of approximately 1.5 cm 2 , 
15 kV of voltage, 3 µA of current and an acquisition time of 120 s. 
3.2. FT-IR and raman spectroscopy 

Infrared analysis was performed by means of a Fourier Trans- 
form Infrared (FT-IR) spectrometer Perkin Elmer model Spectrum 
One. Spectra were collected operating in attenuated total reflec- 
tion (ATR). Each spectrum is the average of 32 scans (4 cm − 1 res- 
olution) in the range from 650 to 40 0 0 cm − 1 using as internal re- 
flection element (IRE) a three-bounce 4 mm diameter diamond mi- 
croprism (SensIR Technologies, Danbury, CT, USA). Raman scatter- 
ing measurements were performed by using a MicroRaman spec- 
trometer Horiba model Xplora equipped with 532 nm, 638 nm and 
785 nm laser sources and Xplora INV microscope with CCD. For all 
the samples, the laser source at 532 nm was used and twenty ac- 
cumulations were acquired for 100 s and repeated on ten different 
points, thus obtaining an average of spectra. 

Owing to the poor preservation state, the paper material con- 
sisted of highly displaced worn and weakened fibres, so that anal- 
yses were acquired directly on the sampled paper flakes with the 
visible coloured traces. In fact, cross sections were avoided due to 
the dislocation and degradation of the fibres that would have been 
caused overlapping of the signal from the penetration of the poly- 
mer. 
3.3. Radiographic and computed tomography investigations 

The internal structure was investigated by using radiography 
with General Electric Medical System remote controlled device, ob- 
taining density images based on X-rays which highlight overlap- 
ping volumes and different materials. The images were obtained 
using 120 kV and 60 mA for 30 s. 

Computed tomography with the General Electric Medical Sys- 
tem multilayer system with spiral technique allowed to elaborate 
3D and multiplanar reconstructions. The images were processed 
with a CR AGFA system. 
3.4. XRD analysis 

X-ray diffraction analyses were performed by using a 
diffractometer Rigaku model Mini Flex with Cu-K α radiation 
( λ = 0.154 nm). The measurements were carried out with 30 kV 
accelerating voltage, 15 mA current, scan angle in 2 θ from 10 °
to 80 °, with step size of 0.01 ° and scan speed of 0.05 °·s –1 . Three 
scans for each measurement were performed. 
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Table 1 
Pigments analysed with the description of colour, analytical technique used and main result obtained. 

Layer Sample Colour Analytical technique Main result 
1 01 Skin tone (upper layer) XRF Fe I , Zn II , Ca III , Ti III , Pb III 

02 Skin tone (base) Ti I , Zn II , Pb II , Fe III , Ca III 
03 Blue Ti I , Fe I , Zn II , Pb II , Ca III , Cu tr 
04 Gilding Cu I , Zn II , Ca III , Fe tr 
05 Blue Ti I , Zn I , Pb I , Fe II , Ca III 
06 Base Fe I , Zn II , Pb II , Ca III , Ti tr 
07 Gilding Cu I , Zn II , Ti II , Pb III 
08 Base Pb I , Ca II , Fe II , Zn III , Cu tr 
09 White Ca I , Fe II , Zn III , Cu III , Pb III 
10 Red Fe I , Ca II , Pb II , Zn III , Cu III 
11 Red Pb I , Hg II , Fe III 
12 Gilding Cu I , Pb II , Zn II , Fe II , Ca III 
13 Gilding Cu I , Zn II , Fe III , Ca III , Ti tr 
14 Blue Pb I , Zn II , Ca II , Fe II , Cu II , Ti tr 
15 Gilding Cu I , Zn II , Pb II , Ti II , Fe III 
16 Blue Pb I , Ti II , Cr II , Zn II , Fe II , Cu III , Ca III 
17 Red Hg I , Pb I , Cu II , Zn III , Fe tr , Cr tr , Ti tr 
18 Child’s cheek Base FT-IR 3546, 3400, 1077 cm –1 (S–O) Gypsum 

1410, 875 cm –1 (CO 3 2–) Carbonate 
1640, 1618 cm –1 (OH) 
1725 cm –1 (C = O) 
2920, 2851 cm –1 (CH 2 ) 

Binder and paper 
Blue Raman 336, 452, 990, 1148 cm − 1 Lithopone 

19 Child’s head Base FT-IR 1019 cm –1 (S–O) Gypsum 
1416–873 cm –1 (CO 3 2–) Carbonate 
2920, 2851 cm –1 (CH 2 ) 
3525, 1640 cm –1 (OH) 
1734 (C = O) 

Binder and paper 
20 Capital Base FT-IR 3524, 3393, 1100, 900 cm − 1 

(S–O) Gypsum 
1416, 863 cm –1 (CO 3 2–) Carbonate 
1740 cm –1 (C = O) 
2915, 2840 cm –1 (CH 2 ) Binder and paper 

Raman 215, 339, 452, 984, 1149 cm –1 Lithopone 
Green FT-IR 3370 cm –1 (OH) 

2925–2850 cm –1 (CH 2 ) 
1730 cm –1 (C = O) 

Binder and paper 
1405, 862 cm –1 (CO 3 2–) Carbonate 

Raman 338, 359, 375, 405, 449, 830, 
978 cm –1 Lead chromate 
254, 273, 344, 418, 446, 478, 
603, 978, 988, 1076, 1145, 
1177 cm –1 Copper sulphate 

Red FT-IR 1112, 1045, 1066, 680 cm –1 White lead 
1306, 869 cm –1 (CO 3 2–) Carbonate 
3370 cm –1 (OH) 
2925, 2850 cm –1 (CH 2 ) 
1306, 869 cm –1 (CO 3 2–) 
1730 cm –1 (C = O) 

Binder and paper 
Raman 212, 239, 277, 320 cm –1 Vermilion or Cinnabar 

21 Frame Raman 237, 269, 328 cm –1 Vermilion or Cinnabar 
22 Floral garlands FT-IR 3523, 3396, 1052 cm –1 (S–O) Gypsum 

1404, 873 cm –1 (CO 3 2–) Carbonate 
2926, 2848 cm –1 (CH 2 ) Binder and paper 

Raman 288, 539, 581, 808, 1096, 1357 
cm –1 Lazurite 

23 Child’s foot FT-IR 3522, 3394, 1052 cm –1 (S–O) Gypsum 
2926, 2848 cm –1 (CH 2 ) Binder and paper 
1404, 874 cm –1 (CO 3 2–) Carbonate 

24 Background next to the Child Raman 268, 272, 548, 806, 808, 1096, 
1346 cm –1 Lazurite 

25 Virgin’s cheek FT-IR 1744 cm –1 (C = O) 
1640, 1618, 1406 cm –1 (OH) 
2926, 2848 cm –1 (CH 2 ) 

Binder and paper 
1404, 876 cm –1 (CO 3 2–) Carbonate 
3534, 3393, 1080 cm –1 (S–O) Gypsum 

26 Floral garlands Base FT-IR 1640, 1618 cm –1 (OH) 
2915, 2847 cm –1 (CH 2 ) Binder and paper 
1405, 873 cm –1 (CO 3 2–) Carbonate 
3544, 3404, 1071 cm –1 (S–O) Gypsum 

Green Raman 351, 832 cm –1 Lead chromate 
Blue 243, 298, 549, 578, 808, 1096, 

1352 cm –1 Lazurite 
Red 255, 287, 346 cm –1 Vermilion or Cinnabar 

( continued on next page ) 
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Table 1 ( continued ) 

Layer Sample Colour Analytical technique Main result 
27 Virgin’s mantle Raman 258, 282, 543, 580, 804, 1096, 

1360 cm –1 Lazurite 
28 Background Base FT-IR 820 cm –1 (PbCrO 4 ) Lead chromate 

2940, 2847, 1633, 1618 cm –1 
(OH) 
1732, 862 cm –1 (C = O) 

Binder and paper 
1415 cm –1 (CO 3 2–) Carbonate 

Blue Raman 260, 282, 542, 582 cm –1 Lazurite 
Yellow 256, 284, 359, 405, 844, 975 

cm –1 Lead chromate 
29 Brown FT-IR 1641, 1618 cm –1 (OH) 

1744 cm –1 (C = O) 
2923 cm –1 (CH 2 ) 

Binder and paper 
1414, 872 cm –1 (CO 3 2–) Carbonate 
3546, 3420, 1049 cm –1 (S–O) Gypsum 

30 Virgin’s mantle Base FT-IR 1640, 1618 cm –1 (OH) 
1724 cm –1 (C = O) 
2927, 2839 cm –1 (CH 2 ) 

Binder and paper 
1419, 874 cm –1 (CO 3 2–) Carbonate 
3525, 3416, 1059 cm –1 (S–O) Gypsum 

Blue Raman 235, 254, 597, 682, 749, 956, 
1037, 1145, 1341, 1456, 1532, 
1597 cm –1 Phtalocyanine blue 

Red 256, 289, 346, 412 cm –1 Vermilion or Cinnabar 
2 31 Blue Raman 260, 547, 585, 808, 1092 cm –1 Lazurite 

1364, 1637 cm –1 Carbon black 
32 Blue and black Raman 259, 549, 585, 810, 1092 cm –1 Lazurite 

1372, 1594 cm –1 Carbon black 
141, 283, 387, 947 cm –1 Blixite 

33 Red Raman 139, 362, 380, 843 cm –1 Crocoite 
258, 549, 588, 805, 1096 cm –1 Lazurite 
211, 256, 286, 347 cm –1 Vermilion or Cinnabar 
1357, 1637 cm –1 Carbon black 

34 Green Raman 256, 547, 585, 800, 1091 cm –1 Lazurite 
1357, 1646 cm –1 Carbon black 

35 Black Raman 1354 1596 cm –1 Carbon black 
36 Green Raman 141, 339, 359, 380, 407, 840 

cm –1 Crocoite 
233, 438, 612, 785 cm –1 Rutile 
1352, 1600 cm –1 Carbon black 

37 Red Raman 162, 225, 311, 387, 481, 549, 
623, 709, 871, 1086 cm –1 Minium 

38 Blue Raman 147, 195, 398, 519, 643 cm –1 Anatase 
256, 547, 586, 806, 1096 cm –1 Lazurite 
1357, 1642 cm –1 Carbon black 

39 Brown Raman 262, 545, 586, 808, 1094 cm –1 Lazurite 
136, 364, 380, 841 cm –1 Crocoite 
1366, 1642 cm –1 Carbon black 

I: main element; II: secondary element; III: minority element; tr: trace element. 
4. Results and discussion 
4.1. Structure 

The axial sections examination shows parallelepiped-shaped 
support whose thickness varies from 28 to 33 mm for the upper 
2/3, up to 40 mm in the lower sector, with a wide-ranging front 
concavity of about 350–400 UH (Hounsfield Unit), while the su- 
perposed overhang with the Madonna and Child has an average 
density of 60 0–70 0 UH. The artwork is presumably realized in sin- 
gle heat treatment, considering there is no interruption between 
the support and the overhang. 

Throughout selective scans on the projection in the lower me- 
dian section on the frame, different material composition is de- 
tected compared to the support, which has a lower density (130–
190 UH). 

The frame is mostly coated with a fragmented hyperdense foil 
on its surface, with a high density greater than 3700 UH, due to 
a metal used for a gilding decoration (corresponding to the ar- 
eas with copper identified by using ED-XRF). At the same level, 

in the support thickness, there is a spherical formation (15 mm) 
with metallic density and a hypodense nucleus connected to the 
surface. 

The 3D reconstruction with separation of densities allows to 
highlight in white the residues of the metal foil, particularly abun- 
dant on the back of the Child and the upper external sectors, on 
the support with an arborescent aspect. Planar reconstructions, 
parallel to the support, highlight a traumatic fracture from the up- 
per left external corner of the support, with an oblique profile and 
a triangular gap, stuffed by a filling in which there is a hyperdense 
metal fragment. 

The body of the work is apparently made up of multiple and 
coarse fragments with distinct margins, separated by empty space, 
due to fractures during the heat treatment phase, which appear to 
be gypsumed on the surface. 

The radiological investigation shows manual processing ob- 
tained with various jointed and consolidated terracotta masses 
heated in a single firing. Fig. 2 shows a radiography of the stud- 
ied artefact, which highlights one of the two nails of the relief. 
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Fig. 2. Radiography of the studied artefact. The dotted circle in (a) highlights one 
of the two nails of the relief, while the fractures of the frame are shows in (b-d). 

Fig. 3. Photo of the terracotta relief before the restoration work with the measur- 
ing points of the areas investigated via portable ED-XRF (circles) and of the areas 
sampled for Raman and FT-IR spectroscopy (squares) (a). Photo of the sampling ar- 
eas after the removal of the papier-mâché inserts (b). Optical microscope image (at 
100 x) of cellulose fibres and gilding traces in the sample n. 15 (c). Green stucco 
and vent hole in the sample n. 34 (d). 

4.2. Pigments 
Fig. 3 a shows the terracotta relief before restoration with the 

measuring points of investigated areas by using portable ED-XRF 
and those sampled for Raman and FT-IR spectroscopy. Fig. 3 b 
shows the sampling areas after the papier-mâché removal. The 
main experimental results are summarized in table 1 , which di- 
vides the 39 point of analysis (n. 1–17 non invasive analyses, n. 
18–39 sampled fragments) into two layers. Layer 1 (samples n. 1–
30), the upper layer, refers to the papier-mâché layer which was 
on the terracotta relief before restoration, while layer 2 (samples n. 
31–39), the underlying layer, refers to that analysed subsequently 
the papier-mâché removal and located directly on the terracotta. 
It must point out that between the non-invasive analyses and the 
sampling phase a first cleaning was performed by conservators. For 
each sample, the colour, the analytical technique and the main re- 
sult obtained are reported. 

The results obtained for the pigments by using the above- 
mentioned techniques of investigation are consistent with each 

other. Indeed, in most of the measuring points taken for the ED- 
XRF, used as a preliminary and non-invasive method, several el- 
ements belonging to different colours were detected, highlighting 
a sequence of numerous re-paintings, which were further investi- 
gated after collecting some samples analysed via Raman and FT-IR 
spectroscopy. 

Regarding the upper layer, the detection of hydrocerussite 
(Pb 3 (CO 3 ) 2 (OH) 2 ) for sample n. 20 and the widespread presence 
of lead indicate the use of white lead [(PbCO 3 ) 2 •Pb(OH) 2 ], prob- 
ably employed both as primer and white pigment. About the 
chemical groups detected via FT-IR spectroscopy, the carbonate 
group can be associated both to white lead and calcium car- 
bonate, since calcium was extensively found on the whole sur- 
face. However, the abundant presence of sulphates implies the 
use of gypsum for the ground layer of the paper additions, used 
with white lead and calcium carbonate, except for the samples 
n. 22, n. 23, n. 25 and n. 29 where gypsum was determined 
as matrix of the pigment. Regarding the binder, it was not pos- 
sible to definitively determine its animal or vegetal nature be- 
cause the eventual proteinaceous, glycoside or lipid components 
were covered by the abundant detection of the preparation ma- 
terials. In fact, despite the carbonyl group probably belongs the 
binder, methyl and hydroxyl groups are linked to cellulose, the 
main constituent of papier-mâché. Moreover, the presence of gyp- 
sum did not allow to discriminate the possible animal origin based 
on the sulphate bond, while no disulphide bridge was detected. 
Fig. S1 shows the FT-IR spectrum of sample n. 18. Zinc and tita- 
nium may be associated to non-original white pigments used in 
different interventions on the artworks, that could be re-painting 
and/or restoration. The former, despite being known since antiq- 
uity, was not used as a pigment until the end of the 18th cen- 
tury to replace the toxic white lead, being industrially improved 
around the middle of the 19th century [ 26 , 27 ]. The industrializa- 
tion of the second (TiO 2 ) began instead between 1910 and 1920 CE 
[28] . Via Raman spectroscopy, lithopone (BaSO 4 !ZnS), a white pig- 
ment discovered in the 1870s and manufactured from the late 19th 
century, was detected on some paper insertions (samples n. 18, 
n. 20). 

The skin tone was created combining white colours with a red 
pigment based on iron oxide, extensively found for the red hues 
on all the relief, which is the main component of ochres and com- 
pounds with tones from yellowish to brownish shades [29] . How- 
ever, vermilion or cinnabar (if referred to the mineral) [ 30 , 31 ], was 
detected in some areas both by X-ray fluorescence (point n. 11, n. 
17) and Raman spectroscopy (sample n. 20, n. 21, n. 26, n. 30). Fig. 
S2 shows Raman spectrum of sample n. 26. 

Regarding the blue pigments, the elements revealed during the 
non-invasive measurements were iron, usually related to Prussian 
blue (C 18 Fe 7 N 18 ), and copper to a small extent, connected both to 
azurite (Cu 3 (CO 3 ) 2 (OH) 2 ) and phthalocyanine blue (C 32 H 16 CuN 18 ) 
[32] . In particular, high copper in point n. 14 suggests the use of 
azurite. However, exact reconstruction of blue is not possible, even 
considering the various layers determined for the pigments listed 
in Table 1 . 

Thanks to Raman spectroscopy, in most of blue samples (n. 22, 
n. 24, n. 26, n. 28, n. 29) lazurite was detected, a cubic sodic-calcic 
aluminosilicate sulphate mineral [(Na,Ca) 8 [(A l ,S i ) 12 O 24 ](S,SO 4 )], 
member of feldspathoid and sodalite groups with a blue hue given 
by the presence of S 3–, usually mined in Afghanistan [33] . 

Furthermore, sample n. 30 turned out to be phthalocyanine 
blue, a modern synthetic organic pigment used from the 20th 
century, belonging to a large group of synthetic organic macro- 
molecules, which consists of macrocyclic ligand complexes with 
copper as principal metal ion chelated and chlorine and bromine 
as peripheral substituents. 
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However, Prussian blue and azurite were not determined by Ra- 

man spectroscopy, despite reasonably supposed by EDXRF, since 
they were considered fairly localized integrations, then removed 
during the cleaning treatment. 

Considering the green layers, a combination of copper sulphate 
and lead chromate was identified in sample n. 20. Given that this 
green mixture should be realized with blue and yellow pigments, 
copper sulphate has to be in the most common pentahydrate form, 
which is blue, while lead chromate, used since the first quarter of 
the 19th century, has a colour range from yellow to red, because of 
the variable surrounding which causes changes in the crystal struc- 
ture [ 34 , 35 ]. This compound agrees with the elements detected in 
point n. 16. Lead chromate was also identified in samples n. 26 and 
28 with the presence of lazurite. Fig. S3 shows FT-IR spectrum of 
sample n. 28. 

In points n. 4, n. 7, n. 12, n. 13, n. 15, characterized by the de- 
tachment of the more superficial pictorial layers, a considerable 
amount of copper was found, propably used for an imitation of 
gilding [ 36 , 37 ]. 

Fig. 3 c shows an optical microscope image of point n. 15, high- 
lighting the cellulose fibres and gilding traces. 

After removing the paper inserts, samples of several pigmented 
traces of an older layer were investigated via Raman spectroscopy. 
Sample n. 31 presents the Raman spectrum of amorphous carbon, 
which is characterized by broad bands around 1350 cm − 1 and 1640 
cm − 1 with large variability in the actual positions of these two sig- 
nals, depending on the hybridization and the allotropic form based 
on the firing temperature [38] . Their production starts with the in- 
complete combustion of carbon-rich organic materials so that the 
spectrum profile is very similar for black pigments obtained from 
different substances. Moreover, it was noticed carbon black is dis- 
tributed above all in combination with lazurite for blue samples, 
presumably to darken the shade. However, considering its spread, 
it cannot be excluded as an external contaminant due to candles 
usually placed in front of devotional artworks. 

Lazurite, related to blue of lapis lazuli, was abundantly detected 
in samples n. 31, n. 32 and n. 38. However, also in samples n. 33, 
n. 39 and n. 34 were identified few small traces of lazurite [ 39 , 40 ]. 

Considering the last one (sample n. 34) had a green shade and 
was employed as stucco. Fig. 3 d shows a green stucco and vent 
hole in the sample n. 34. 

Green fragments (n. 34, n. 36) were sampled respectively from 
a cavity located on the Child’s head and from a gap in the Vir- 
gin’s arm, therefore assumed to be a filler. Since no Raman scatter- 
ing was detected via Raman spectroscopy, X-ray diffraction analysis 
was then performed on sample n. 34, highlighting the presence of 

calcite bounded with other materials that were not identified. The 
same sample was analysed via micro-X-ray fluorescence, revealing 
barium, calcium, iron and a significant amount of lead. Therefore, 
the analysed material was a stucco admixed with white pigments 
including white lead, calcium carbonate and carbonate or barium 
sulfate. Sulfur signal (2.2 keV) can only be hypothesized as it is 
masked by line M of lead, but it is reasonable since baryte has a 
greyish-greenish colour as the sample. Iron can refer both to con- 
taminations occurred during the production processes of lead car- 
bonate and to impurities in baryte, which may have given the red- 
dish colour to some grains of the sample. Depending on the pu- 
rity of white lead, the presence of other substances and the proce- 
dures adopted in certain geographical areas, white pigments took 
different names. In the 19th century, Venice white was produced, 
consisting of lead carbonate and barium sulphate with the pres- 
ence of iron as a contaminant, especially if baryte was imported 
from Austria, so the result was an alteration of the original white 
colour. Moreover, this material can agree with the artwork loca- 
tion. The production methods and the problems deriving from im- 
purities and contaminants for the creation of white pigments con- 
taining lead are described in detail in the New universal Techno- 
logical or Arts and Crafts Dictionary , published for the first time in 
Italy in the 1930s in Venice. Baryte and white lead allows to date 
the period of probable application of this stucco between the 19th 
and first half of the 20th century. Indeed, at the end of the 18th 
century, due to the toxicity of white lead, several attempts were 
made to produce other types of white pigments. The use of barium 
white became frequent from the early decades of the 19th century, 
while white lead was banned in several countries from 19 Novem- 
ber 1921 CE due to the International Labour Organization through 
the stipulation of an agreement, signed by Italy in 1952 CE. 

Regarding red pigments, sample n. 37, taken from the deco- 
rative red leaf in the background, is based on minium, a mixed 
lead oxide containing Pb 2 + and Pb 4 + ions used as a pigment 
since antiquity, while sample n. 33 has vermilion or cinnabar 
(HgS). Nonetheless, traces of crocoite (PbCrO 4 ) were identified, 
rarely used in the past and usually related to a contemporary pig- 
ment made from an orange-red lead chromate mineral first found 
in 1770 CE in Ekaterinburg, Russia [41–43] . The same was de- 
tected in samples n. 39 and n. 36, where rutile was found, in- 
dicating titanium white. Other traces of inauthentic pigment em- 
ployed during restorations were detected in sample n. 32 with 
blixite (Pb 8 O 5 (OH) 2 Cl 4 ), a pale-yellow mineral discovered in 1958 
CE [ 35 , 44 ], and in sample n. 38 with anatase, the other allotropic 
form of titanium oxide. Fig. S4 shows Raman spectrum of sample 
n. 38 ( Fig. 4 ). 

Fig. 4. Photo of the sampling areas of the sample n. 31 (a), optical microscope image at 50 x (b) and Raman spectrum (c). 
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5. Conclusion 

Diagnostic investigations supported the step-by-step restoration 
of a terracotta relief covered by a layer of papier-mâché. Radiolog- 
ical studies provided information on the terracotta processing, the 
presence of important fractures and traces of metal foils. The lat- 
ter, on the basis of the analysis carried out using portable EDXRF, 
were found to be made of copper. It was supposed that such metal 
foils were used in the realisation of the terracotta work to imitate 
the gilding process. 

The FT-IR and Raman spectroscopies allowed to identify that 
the artwork had undergone several repaintings in the course of dif- 
ferent restorations that changed its appearance several times over 
time. 

For example, the surface layer of papier-mâché turned out to 
be a later addition that was hiding the original glazed Renaissance 
terracotta surface. 

Only a few fragments remained of the original polychrome dec- 
oration, which were analysed in this paper. In particular, the spec- 
troscopic characterisation of these polychrome remains revealed 
the presence of different pigments such as lapis lazuli blue on the 
background and red minium and vermilion on the crowns. This in- 
formation was then used by the conservators to proceed with the 
painting restoration. 
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