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a b s t r a c t 

The scientific and multidisciplinary approach to the restoration of Bernini’s Cornaro Chapel, at Santa 

Maria della Vittoria church in Rome, is reported as a fruitful example of the synergic cooperation between 

scientists and restorers for the planning and implementation of suitable conservative interventions. 

This study reports the cycle of scientific and diagnostic investigations carried out on the great Baroque 

masterpiece before the restoration started in 2020. 

Before the restoration, the technique of execution, the raw materials, and the state of preservation of 

Bernini’s extraordinary sculptural cycle were scrupulously investigated with different and complementary 

analytical techniques on suitably selected micro-samples. Specifically, the original constituent materials 

were characterized, sometimes together with those resulting from decay processes or previous restora- 

tion interventions, through different techniques such as polarizing optical (OM) and fluorescence mi- 

croscopy (FM), Electron Probe Microanalyses (EPMA) coupled with Energy Dispersive Spectrometry (EDX) 

and Fourier Transform Infrared Spectroscopy (FT-IR). 

Particular attention was paid to the frescoed vaulted ceiling of the chapel, enriched by scenes modeled 

in white stucco and gilding, to better understand the manufacturing as well as the accuracy adopted by 

Bernini in layering, investigating from the most superficial to the innermost layers. 

Scientific and diagnostic analyses were successfully performed to design the most convenient restora- 

tion intervention, to verify its correctness and ensure the use of non-invasive cleaning and conservative 

procedures. The results obtained from nine micro-samples, mainly composed of stucco and fragments 

of frescoes, contributed to dispelling the doubts raised by restorers, especially regarding the use of spe- 

cific raw materials (notably the gilding, type of binder and aggregates, superficial patinas, etc.) and the 

presence of retouches in certain areas of the masterpiece, deriving from previous conservation interven- 

tions. The identification of these raw materials and the layering of the samples supported cleaning and 

restoration interventions through the use of suitable materials compatible with the originals. 

© 2024 The Author(s). Published by Elsevier Masson SAS on behalf of Consiglio Nazionale delle Ricerche 

(CNR). 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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. Introduction and historical background 

In Rome, the Cornaro Chapel located in the shallow arm of the 

eft transept of Santa Maria della Vittoria ( Fig. 1 ) is hailed by many

rt historians as one of the greatest masterpieces of the Baroque 

 1 , 2 ]. As such, the extraordinary artistic and sculptural cycle also 
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epresents one of Gian Lorenzo Bernini’s major achievements and 

nest effort s [ 2 ], commissioned by Cardinal Federico Cornaro of 

enice in 1647 for his burial chapel. The client’s request was to 

reate a commemorative architecture in the transept of the church 

n memory of the Cornaro family, beyond a common sepulcher 

hapel. Hence Bernini’s invention of conceiving the chapel as a 

mall theater and of staging the mystical experience of St. Teresa 

f Avila while Cardinals and Doges of the Cornaro family watch 

he scene from flanking box seats. The whole chapel is enriched 

y architectural elements, sculptures, paintings, and marble intar- 
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Fig. 1. General aerial (A) and front (B) view obtained from Google Earth of the Santa Maria della Vittoria church in Rome, and detail of the Cornaro Chapel (C). 
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Fig. 2. Sampling points from the Cornaro Chapel vault. 
ia, and decorated with stuccos and frescoes which converge in a 

armonious space, to frame a scene of intense spiritual fervor that 

epicts the mystical vision of St. Teresa, which the artist created 

ogether with a consolidated group of trustworthy collaborators. 

In Bernini’s conception of the vision, St. Teresa, carved in white 

arble, seems to float weightlessly beneath a golden light accom- 

anied by an angel in a niche above the altar, both lit by natural

ight that comes from a hidden window, showing a perfect har- 

ony between architecture, warm light, and decorations [ 3 ]. The 

pace in which the scene takes place emerges from the rear wall 

nd it is framed by paired columns, isolating the scene from the 

est of the chapel while highlighting it as the centerpiece. Be- 

ow, along the sidewalls of the chapel, there are marble reliefs 

epresenting eight members of the Cornaro family, who kneel in 

rayer. The ceiling of the chapel is also frescoed to give a vision of 

eaven where angels on cloud banks circle around the dove of the 

oly Ghost. Aside from the frescoes, the ceiling vault is enriched 

y figures modeled in white and gilded stucco on the arch that 

rames the chapel, while four stuccoed scenes, depicting moments 

rom Teresa’s life, decorate the back and side walls under the 

ault [ 4 , 5 ]. 

In this paper, particular attention was devoted to the study of 

he chapel’s vault that, at the beginning of the latest restoration 

ntervention, led in 2020 by the “Soprintendenza Speciale Arche- 

logia Belle Arti e Paesaggio’’ of Rome and performed by the com- 

any “Restauro Opere d’Arte’’, was rather damaged, with both the 

rescoed ceiling and figures modeled in white and gilded stucco 

eing altered. Although several restoration interventions had been 

arried out in the past, following the fire that struck the church in 

833, many critical issues had not yet been addressed. 

A scientific approach was therefore necessary to correctly ad- 

ress the entire restoration process, starting from the study of the 

tate of conservation of the artifact and planning the most appro- 

riate scientific investigations to carry out. 

The diagnostic investigations to support the restoration were 

lso aimed at characterizing the materials, their originality, and 

valuating any raw materials/products deriving from previous 

estoration work [ 6 ]. To this end, different samples from the vault 

i.e., stuccoes, frescoes, and finishing layers) were investigated. 

. Research aim 

The main purpose of the diagnostic campaign was to character- 

ze the raw materials, in order to provide restorers with the neces- 

ary information for the planned restoration project in areas of the 

hapel suffering from a serious state of deterioration. The method- 

logical approach adopted involved: i) choosing the study area in 

ine with the requests of the experts and restorers in charge of 

he Church maintenance; ii) an in-situ inspection and evaluation 
255
f selected areas to be sampled; iii) a micro-sampling campaign 

ollowed by laboratory investigations. 

. Sampling and analytical methods 

.1. Sampling 

During the restoration intervention at the Cornaro Chapel, 

hich began in 2020 and continued in 2021, various micro- 

ragments of stucco decorations were retrieved from the 
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Table 1 

List of the examined micro-fragments, brief description, and purpose of the investigations to answer the restorers’ questions. 

Sample 

ID 

Brief description Purpose of the investigation and requests from restorers 

B1 Whitish stucco micro-fragment with a thin 

brownish finishing layer from the scroll-form 

- To characterize the stratigraphy and raw materials from a compositional point of view; 

- To evaluate whether they are original materials or deriving from past restoration 

interventions. 

B2 Golden micro-fragment with a thin brownish 

superficial patina from the scroll-form 

- To characterize the stratigraphy and raw materials from a compositional point of view, with 

particular attention to the finishing layer; 

- To evaluate whether they are original materials or deriving from past restoration 

interventions; 

- Application of the mission gilding technique? 

B3 Golden micro-fragment with a thin brownish 

superficial patina from the crown 

- To characterize the stratigraphy and raw materials from a compositional point of view, with 

particular attention to the finishing layer; 

- To evaluate whether they are original materials or deriving from past restoration 

interventions; 

- Application of the mission gilding technique? 

B4 Golden micro-fragment with a thin brownish 

superficial patina 

- To characterize the stratigraphy and raw materials from a compositional point of view, with 

particular attention to the finishing layer; 

- To evaluate whether they are original materials or deriving from past restoration 

interventions; 

- Application of the mission gilding technique? 

B5 Greyish micro-fragment from the edge of a 

painted area 

- To characterize the stratigraphy and raw materials from a compositional point of view, with 

particular attention to the mortar and the finishing layer; 

- Compare with sample B6; are they both original materials or could the B5 sample come 

from a previous restoration? 

B6 Colored fresco micro-fragment from the edge 

of a painted area 

- To characterize the stratigraphy and raw materials from a compositional point of view. 

B7 Stucco micro-fragment from the hair of Christ - To characterize the stratigraphy and raw materials from a compositional point of view; 

- To evaluate whether they are original materials or deriving from past restoration 

interventions. 

B8 Golden micro-fragment from the festoon of 

the triumphal arch 

- To characterize the stratigraphy and raw materials from a compositional point of view. 

B9 Micro-fragment of rough coat layer from a 

frescoed area, right side of the angel 

- To characterize the stratigraphy and raw materials of the mortar from a compositional point 

of view. 
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onument to study the raw materials used, their state of conser- 

ation, and the artist’s technique of execution. This information 

ould be useful for a greater knowledge of the artwork and to 

upport the most appropriate design of the restoration work. 

The sampling activity was performed with the assistance of the 

estorers in charge of the conservation of the artwork, to define 

he most suitable areas to investigate and to collect representative 

amples whose study would be decisive in choosing the most ap- 

ropriate conservation interventions. Minimally invasive sampling 

rocedures were adopted for the collection of 9 micro-fragments 

dimensions less than � 2.5 mm2 ) from different areas of the 

culptural cycle, and were undertaken using suitable stainless-steel 

ools such as small tweezers and micro-scalpels. Specifically, sam- 

les were taken near existing detached and micro-cracked areas, so 

s not to cause further visible damage. A summary and a brief de- 

cription of the micro-samples examined are given in Table 1 . The 

ame table also reports (for each sample) the aims of the inves- 

igations and the questions posed by the restorers, for use in the 

ubsequent restoration work. Fig. 2 highlights the documentation 

nd the sampling points inside the vault. 

.2. Analytical methods 

The samples were subjected to a complementary analytical ap- 

roach, specifically involving polarizing optical (POM) and fluo- 

escence microscopy (FM), Electron Probe Microanalyses (EPMA) 

oupled with Energy Dispersive Spectrometry (EDX), and Fourier 

ransform Infrared Spectroscopy (FT-IR). The polarizing optical mi- 

roscopy (POM) studies of thin stratigraphic sections were con- 
256
ucted in order to define the mineralogical and textural features of 

he examined micro-fragments, such as type, grain size, and distri- 

ution of the sandy aggregate, along with properties of the binder, 

y using an Axiolab microscope coupled with a digital camera to 

apture images. 

Electron microprobe analysis (EPMA), fitted with a brand-new 

DX system, was used to examine the layers’ microstructure and 

he major element compositions of the samples. The measure- 

ents were performed on polished thin sections coated with a 

hin and highly conductive graphite film. 

UV epi-fluorescence microscopy (FM) was used to locate any 

ossible organic compounds present within the samples’ stratigra- 

hy. UV fluorescence emission for each layer may enable a detailed 

tudy of the sample’s inner structure and this is particularly use- 

ul when samples exhibit multiple layers in cross-sections. Obser- 

ations were performed using an FL-800 Optech epi-fluorescence 

icroscope. 

FT-IR spectroscopy was used to obtain information about both 

he organic components and the inorganic materials through 

he interpretation of the characteristic vibrational modes of the 

unctional groups when they interact with NIR light [ 7-9 ]. In- 

rared spectra acquisitions were performed in Attenuated To- 

al Reflectance (ATR) mode using a Perkin Elmer Spectrum 100 

pectrophotometer, in the 50 0–40 0 0 cm−1 wavenumber range, 

ith a resolution of 4 cm−1 . Due to the complexity of the FT- 

R absorbance profiles, the samples’ bands were also compared 

ith those of standard inorganic and/or organic compounds from 

atabases [ 10 ] and literature [ 11 ] for a reliable assignment of the

bsorption peaks. 
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. Results and discussion 

.1. Optical microscopy (OM) results 

The petrographic results are described for each sample, high- 

ighting their main features, so as to group them. Some represen- 

ative photomicrographs are shown in Fig. 3 , while Table 1 in the 

upplementary Materials reports the main petrographic features 

etected for each sample, as follows: (i) samples B1, B3, and B8 

re micro-fragments of stucco characterized by a brownish micritic 

inder in CPL (crossed polarized light), in which the aggregate frac- 

ion is well sorted and mainly constituted by angular mono and 

olycrystalline calcite fragments (spatic calcite), probably deriving 

rom marble crushing. The aggregate shows a packing of about 60–

0 % (area) [ 12 ] with sizes ranging from coarse silt (0.04–0.06 mm) 
ig. 3. Representative photomicrographs of the studied samples; A) Sample B3 (CPL); B) S

ample B7 (CPL). Legend: Cal = Calcite; Vf = Volcanic fragment. 

257
o fine sand (up to 0.25–0.30 mm). In addition, traces of bioclasts 

ave been recognized in the binder of sample B8, probably deriv- 

ng from the incomplete calcination of the limestone/biocalcarenite 

sed for lime production; (ii) samples B2 and B4 have mineralog- 

cal and petrographic properties very similar to the previous sam- 

les (i.e., B1 and B3), differing from the latter ones in for the pres- 

nce of glassy scoriae fragments in addition to calcite grains; (iii) 

s far as sample B5 is concerned, investigations allowed us to dis- 

inguish between two main layers: a) the main core and b) a fin- 

shing layer superimposed on the previous one. The finishing layer 

b) shows similar compositional properties to samples B2 and B4, 

resenting a micritic binder and an aggregate consisting of abun- 

ant calcite crystals and a few fragments of glassy scoriae. The 

acking of the sandy aggregate is about 80 % (area) [ 12 ] with par-

icle sizes in the order of coarse silt (0.04–0.06 mm). Otherwise, 
ample B5 (CPL); C) Sample B8 (CPL); D-E) Sample B6, respectively CPL and PPL; F) 
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he main layer (a) looks completely different. The petrographic ob- 

ervation shows a poorly sorted aggregate with a heterogeneous 

istribution mostly made of volcanic fragments (mainly glassy sco- 

iae), varying in size from coarse silt (0.04–0.06 mm) to coarse 

and (up to 1–1.5 mm). The micritic binder also displays clear re- 

ction rims due to the pozzolanic reaction with the volcanic frag- 

ents; (iv) as for samples B6 and B7, they are both characterized 

y a brownish micritic binder, in which the aggregate is poorly 

orted and principally composed of volcanic fragments. In B6 frag- 

ents of calcareous rocks were also observed. The aggregate shows 

 packing of about 60–70 % (area) [ 12 ] with dimensions varying 

rom coarse silt (0.04–0.06 mm) to coarse sand (up to 1.5 mm). 

ioclasts traces have been recognized in the binder, most likely de- 

iving from the incomplete calcination of the limestone used for 

aking lime. Reaction rims with volcanic fragments, lime lumps, 

nd thin shrinkage cracks are also observed; (v) finally, sample 

9 exhibits a poorly sorted aggregate with a heterogeneous distri- 
ig. 4. EPMA-EDX images of thin sections showing the stratigraphy and details of repres

nd EDX spectrum related to layer (B) made of lead white; Sample B5 with evidence of t

onsisting of an aerial lime; Sample B6 with evidence of three layers named (A), (B) and 

258
ution predominantly made of volcanic fragments, varying in size 

rom coarse silt (0.04–0.06 mm) to coarse sand (up to 1–1.5 mm). 

he micritic binder also shows clear reaction rims with the vol- 

anic components and thin shrinkage cracks. 

.2. EPMA-EDX results 

The investigations made it possible to study both the morphol- 

gy of the micro-fragments, paying attention to the finishing lay- 

rs, and their chemical composition (in terms of major elements). 

iven the diversity in the finishing layers, which was not clearly 

istinguishable employing OM, the samples are discussed sepa- 

ately, as follows: 

Sample B1 shows two further layers (A and B) superimposed on 

he stucco. The most superficial layer (A, scialbatura ), probably the 

nishing one, shows thicknesses ranging from 5 to 10 μm, while 
entative samples; Sample B4 with evidence of three layers named (A), (B) and (C) 

wo layers named (A) and (B) and EDX spectrum representative for both layers and 

(C) and EDX spectra related to a scoria (S). 
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he immediately underlying layer (B) is about 30 μm thick and dis- 

lays continuity with the underlying stucco portion. From a com- 

ositional point of view, the EDX reveals the presence of calcium 

xide (CaO) as the only compound for layer B, suggesting the use 

f an aerial lime binder, while in layer A a low percentage of silica

SiO2 ) was also detected. 

Regarding sample B2, it shows ( Fig. 4 ) four layers that overlap 

he stucco (A-E), with thicknesses between 10 and 30 μm. Com- 

ositionally: 1) the stucco layer (A) and the immediately overly- 

ng layer (B) consist of calcium oxide (CaO) and a small amount 

f magnesium oxide (MgO), suggesting the presence of a weakly 

agnesian aerial lime. Furthermore, the same layers show a fair 

ontent of silica (SiO2 ), probably deriving from the finest fraction 

f sandy aggregate (mainly quartz granules), further confirming the 

bservations by OM; 2) also in layer C , CaO and MgO were de- 

ected in addition to fair quantities of phosphorus (P) and iron 

Fe). Such elements suggest both the presence of a black pigment 

btained from the pyrolysis of animal bones, mainly composed of 

arbon and organic phosphates (i.e. bone black or bone white, Ca- 

 with variable amounts of organic material), and that of a red- 
ig. 5. EPMA-EDX image of thin section showing the whole stratigraphy and details of s

elated to layers named (A), (B) and (C) where the brightest features in (B) represent the 

259
ish pigment mainly consisting of hematite; 3) layer D is com- 

osed almost exclusively of lead white ((PbCO3 )2 ·Pb(OH)2 )) with 

mall amounts of Ca and K, and finally 4) the finishing layer E is 

lmost exclusively made of gold (Au) with a very small amount of 

iO2 , suggesting a gold finish layer (i.e., gilding) [ 13 ]. 

In addition to the stucco layer, sample B3 is superimposed by: 

) a preparatory layer for gilding, in which 2 further sub-levels 

A1-A2) are distinguished; 2) a level of browning (B), and 3) a 

uperficial layer (C1-C2). As for the preparatory layer, it consists 

xclusively of CaO in the portion in contact with the stucco (A1) 

nd lead white (PbCO3 )2 Pb(OH)2 , with small amounts of Ca and Si 

n the level below the gilding (A2). Layer B consists almost exclu- 

ively of Au with a very small amount of CaO and SiO2 , while the

ost superficial level shows a similar composition in the two in- 

estigated areas (C1-C2) with slight differences for the compounds 

dentified. In particular, the presence of Cu, which suggests that the 

se of silico-aluminate mixtures of Na, Mg, and K, known as green 

arth and widely used in antiquity and up to the 19th century, is 

vident. However, further investigation is needed to confirm this 

ypothesis. 
amples B8 with evidence of three layers named (A), (B) and (C) and EDX spectra 

gilding layer. 
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Table 2 

Synthesis of data detected by EPMA-EDX. 

Sample ID N. layers Main chemical composition by EDX Identified materials 

B1 2 (A-B) A: CaO + SiO2 

B: CaO 

Lime-based scialbatura. 

B2 5 (A-B-C-D-E) A: CaO + MgO 

B: CaO + MgO + SiO2 

C: CaO + MgO + P + Fe 

D: (PbCO3 )2 ·Pb(OH)2 ) 

E: Au 

Low magnesium aerial lime-based binder for the preparatory layers (A-B-C), 

with carbon and organic phosphates (bone black or bone white) and a red 

pigment consisting of hematite (C). Preparatory layer (D, lead white) for 

gilding (E). 

B3 4 (A1-A2-B-C1/C2) A1: CaO 

A2: CaO + (PbCO3 )2 ·Pb(OH)2 ) 

B: Au 

C1 = C2: Cu + silico-aluminates of Na, 

Mg, K 

Aerial lime-based binder (A1). 

Preparatory layer (A2, lead white) for gilding (B). 

C1-C2: Green earth. 

B4 3 (A-B-C) A: C + N 

B: C + (PbCO3 )2 ·Pb(OH)2 

C: C + CaO 

Organic layers (A + C). 

Preparatory layer with organic component + lead white (B). 

B5 2 A = B: CaO Marmorino (crushed marble + slaked lime) 

B6 3 A: CaO + SiO2 + Al + K + Mg 

B: CaO + SiO2 + Al + K + Mg + (C + P) 

C: CaO + SiO2 + Al + K + Mg 

Aerial lime-based binder with evidence of pozzolanic reactions with the 

volcanic glassy scoriae (A + C). 

The additional presence of organic compounds containing C and P (B). 

B7 2 (A-B) A: CaO + SiO2 + Al + K + Mg 

B: CaO 

Aerial lime-based binder with evidence of pozzolanic reactions with the 

volcanic glassy scoriae (A). 

Aerial lime-based binder (B). 

B8 3 (A-B-C) A: CaO + SiO2 

B: Au + Ca, Pb and Si 

C: CaO + SiO2 + Al2O3 + FeO 

Aerial lime-based binder with evidence of pozzolanic reactions with the 

volcanic glassy scoriae (C + A), (B) mixed preparatory layer made of CaO and 

lead white + gilding (Au). 

B9 1 (B) B: CaO + SiO2 Aerial lime-based binder with evidence of pozzolanic reactions with the 

volcanic glassy scoriae. 
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Sample B4 shows three layers ( Fig. 4 ) above the stucco (A-B-C). 

ayer C in contact with the stucco consists exclusively of C associ- 

ted with very small quantities of CaO, suggesting the presence of 

 preparatory layer of organic nature. The intermediate level (B) 

lso shows an organic composition with small amounts of lead 

hite (PbCO3 )2 ·Pb(OH)2 . The outermost layer A also exhibits an or- 

anic coating. 

Sample B5 confirms the observations under OM with the pres- 

nce of a single layer above the substrate made of CaO, suggesting 

he presence of an aerial lime ( Fig. 4 ). 

Apart from the fresco layer, already identified under optical 

icroscope observation, sample B6 shows three further superim- 

osed layers. All layers (A, B, and C) are made up of an aerial lime-

ased binder that has reacted with the vitreous scoriae constitut- 

ng the sandy aggregate (pozzolanic-type reactions). Furthermore, 

n layer B, small quantities of carbon (C) and phosphorus (P) have 

een detected and are probably attributable to the presence of or- 

anic compounds. 

The stucco sample B7, very similar to the previous one (B6) in 

ts compositional properties, has only two layers, a layer (B) char- 

cterized by aerial lime and the second (A) with the presence of 

itreous aggregate, which also in this case gave pozzolanic reac- 

ions. 

In addition to the stucco layer, sample B8 shows three further 

ayers ( Fig. 4 ). Regarding their chemical composition, the inner- 

ost layer (C) and the most superficial one (A) both consist of an 

erial lime-based binder given the main presence of CaO, followed 

y lower amounts of SiO2 , Al2 O3, and FeO. The latter components 

eem to be linked to the aggregate fraction. The intermediate layer 

B) is characterized by the presence of a gilding layer (Au), which 

as most likely spread over a preparatory layer (i.e. bole , gilding 

reparation layer) [ 14 ] based on aerial lime and white lead, given 

he presence of elements such as Ca, Pb and Si. 

Sample B9 ( Fig. 5 ) confirmed observations with OM that 

howed a volcanic fragment (B, probably a glassy scoria) sur- 

ounded by a layer of stucco (A). Regarding the composition, the 

nnermost layer B consists of SiO2 , CaO, Al2 O3 , MgO, K2 O, and FeO, 

hich can be associated with volcanic aggregates. Layer A, on the 
260
ther hand, appears to be made up of an aerial lime-based binder 

ith a modest% of SiO2 , probably deriving from grains of sandy 

ggregate. 

The main chemical composition and features detected for each 

ample are shown in Table 2 , while some representative images 

re given in Figs. 4 and 5 . 

.3. Epi-fluorescence microscopy (FM) results 

Observations under fluorescence microscopy were preliminar- 

ly performed to verify the possible presence of organic com- 

ounds such as binders or varnishes, attributable to previous pro- 

ective treatments [ 15 ]. When observing samples by fluorescence 

icroscopy with a UV excitation light, different com pounds can 

xhibit characteristic colors and fluorescence intensities, which can 

rovide information on their spatial distribution within the cross- 

ection layers. However, while the fluorescence images indicate the 

ossible presence of fluorescence matter, they do not allow univo- 

al identification [ 16-19 ], so in the present study, the method was 

seful as a qualitative examination as concerns the detection of or- 

anic matter within the layers, offering valuable data before the 

estoration. Although all nine samples were investigated, fluores- 

ence in the visible range only occurs in samples B2, B3, B4, and 

8 (see Supplementary Materials, Fig. S1). Understanding these has 

een extremely helpful in studying the artist’s technique better, 

espite the limitations associated with the technique. The results 

chieved by UV Epi-Fluorescence Microscopy, while ascertaining 

he presence of organic-based compounds, clearly underline the 

ecessity to apply further analytical techniques to allow the iden- 

ification of the organic matter observed under UV fluorescence. 

.4. Fourier transform infrared spectroscopy (FTIR) results 

FTIR analysis allowed for the identification of both inorganic 

nd organic compounds from the samples’ surfaces and further 

trengthened the investigations performed by EPMA-EDX. Due to 

he small amount of material, samples B7 and B9 could not be an- 

lyzed. 
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In all the analyzed samples (see Supplementary Materials, Fig. 

2), the stretching vibrations of calcite, which peaked at � 1409, � 

75, and � 711 cm−1 , could be ascribed to the preparatory layers 

in the case of samples B1, B5, B6) and/or to the binder (in the case

f samples B2, B3, B4 and B8), as also suggested by the EPMA-EDX 

nalysis. 

The absorbance band that peaked at � 1020 cm−1 was recog- 

ized in all samples except for fragment B8. This can be ascribed 

o the stretching of the Si–O bond, suggesting silicate compounds, 

robably deriving from sandy raw materials used as inert in the 

reparatory layers or as pigmenting agents (ocher). 

Samples B2 and B3 also showed signals due to the presence of 

alcium oxalate (whewellite), respectively peaked at � 1630, 1320, 

nd 781 cm−1 . 

In addition to inorganic compounds, the FTIR spectra of sam- 

les B2, B3, and B8 also confirmed the stretching bands of the 

–H group, which peaked at � 2852 and 2922 cm-1 , suggesting 

he presence of an organic substance that is probably correlated 

ith a protein-based binder. 

. Discussion and conclusion 

Diagnostic investigation of cultural heritage generally provides 

he clarification of stylistic and conservation problems and knowl- 

dge of raw materials and techniques, both the original ones and 

hose used in previous restoration interventions. The main purpose 

f the present research was to establish adequate conservation pro- 

edures based on the properties of the materials and alteration de- 

osits, and to promote the suitable preservation of such a mas- 

erpiece. Specifically, in this study, a multimethod approach based 

n different and complementary analytical techniques was success- 

ully applied to what is considered to be one of Gian Lorenzo 

ernini’s great Baroque masterpieces, the Cornaro Chapel, in the 

hurch of Santa Maria della Vittoria in Rome, Italy. 

The analytical investigations performed on nine micro-samples 

rom the Cornaro Chapel, mainly consisting of stucco and fresco 

ragments, allowed us to obtain valuable information for the re- 

torer in charge of the conservation intervention. In fact, in the 

ontext of scientific studies conducted on Cultural Heritage, this 

pproach represents a necessary prerequisite for designing the best 

estoration plan. A systematic and integrated approach should al- 

ays be a pillar requirement for the preservation of cultural her- 

tage, prior to planning and management of any restoration inter- 

entions. 

As far as the study of the raw materials is concerned, the opti- 

al microscope investigations highlighted the presence of a micritic 

inder in which the dominant mineralogical component is calcite 

n almost all the samples. There are also fragments of rocks, vol- 

anic and rarely carbonate, except for B1, B3, and B8. In particular, 

olcanic rocks, mainly as glassy scoriae, were observed in samples 

5, B6, B7, and B9. Samples B6, B7, and B8 also show remains of 

ioclasts. Among other things, the B6 sample seems to be a frag- 

ent collected from an original portion of the stucco according to 

he first survey made in situ by the restorers. 

A comparison of the results obtained by all the analytical tech- 

iques used made it possible to respond to the requests of the re- 

torers ( Table 1 ). More specifically: 

Sample B1 is a whitish stucco micro-fragment (A) with a thin 

rownish finishing layer (B). The layering appeared clear on EPMA- 

DX, showing a composition of CaO and SiO2 for layer A and CaO 

nly for layer B. It is a lime-based scialbatura [ 20 ], which is com-

ositionally similar to B6 due to the presence of dominant CaO, 

lthough in B6 the composition of the layers also contains compo- 

ents such as SiO2 , Al, K, and Mg related to the pozzolanic reac- 

ions with the glassy volcanic scoriae present in the sample. B1 is 
261
lso stratigraphically different from the original sample B6, above 

ll in the absence of volcanic inclusions, and bioclasts. 

Samples B2, B3, B4, and B8 are golden micro-fragments with 

 thin brownish superficial patina, sampled from different areas 

f the artifact. They are very similar from a minero-petrographic 

oint of view, with the presence of calcite as the dominant min- 

ralogical phase. The samples’ stratigraphy is different and quite 

omplex, but the presence of a preparatory layer made of CaO 

long with organic compounds and lead white is always detected. 

he gilding layer is clearly visible only on B2, B3, and B8. Given 

he presence of organic components, the investigations suggest the 

pplication of the mission gilding technique [ 14 , 21 , 22 ]. 

Sample B5 is compositionally and stratigraphically different 

rom B6. Sample B5 shows a single layer, above the substrate, made 

f CaO, suggesting the presence of an aerial lime compatible with 

 marmorino plaster (crushed marble + slaked lime) [ 23 , 24 ]. Sam-

le B6, on the other hand, has a more complex stratigraphy with a 

nishing layer of organic nature. 

Sample B7 is very similar to the original sample B6 from a 

inero-petrographic point of view. However, in B7 no organic 

ompounds are detected. 

B9 is a micro-fragment of a rough coat layer from a frescoed 

rea. It consists of an aerial lime-based binder with evidence of 

omponents deriving from the pozzolanic reactions with the glassy 

olcanic scoriae present in the sample. 

The diagnostic investigations, the characterization of the raw 

aterials of the micro-fragments, and the knowledge of the dif- 

erent layering made it possible to resolve many of the doubts the 

estorers had before the restoration. The results from the multi- 

nalytical approach adopted allowed us to discern the originality 

f the majority of samples, which were composed of similar raw 

aterials, and to understand their distributions within the sam- 

les’ layering. Regarding the technique for execution, the mission 

ilding technique was ascertained. Thanks to the information ac- 

uired, the restorers were able to choose the appropriate mate- 

ials/compounds for each phase of the restoration, including the 

nitial cleaning step, as well as subsequent reintegration, consoli- 

ation and protection. 
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