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Sommario 
INTRODUZIONE .................................................................. Errore. Il segnalibro non è definito. 

 
 

 

  



Consiglio Nazionale delle Ricerche 
Istituto di Scienze del Patrimonio Culturale 

Sede Secondaria di Firenze 
Via Madonna del Piano, 10 / 50019 Firenze 

Email segreteria.ispc@ispc.cnr.it – responsabile.firenze@ispc.cnr.it 3

Samples 

 
R1 a  Saggio Rl  Tile filling mortar 
R1 b  Saggio R1  Mortar 
Rl c  Saggio Rl  New red tile 
Rl d  Saggio R1  Mortar, connection between roof tile and wall 
Rl e  Saggio Rl  Remaining part to simulate a stone (now disappeared or reduced) 
R2 a  Saggio R2  Mortar, connection between roof tile and wall 
R2 b  Saggio R2  Insulating, connection between roof and wall 
R3 a  Saggio R3  Mortar 
R3 b  Saggio R3  Insulating, connection between roof and wall 
R3 c  Saggio R3  Insulating, liquid (mortar + organic portion) 
R3 d  Saggio R3  Glue 
F1  Sottotetto Falda 22  Pumice, filling of the Roof #22 
F2  Sottotetto Falda 22  Mortar (cement), filling of the Roof #22 
S1  Collected North side Wall stone 
S2  Drum near R3 Wall  stone 
S3  West side Basement   stone 
S4  Interior Wall   Stone 
S5  Provided stone slab  roof stone 
S6  Apse South-East side Wall  stone 
S7  Cornice North side Cornice   stone 
S8  Cornice West side Cornice   stone 
T (red) 1 a  Provided old tile - Xll sec 
T (red) 1 b  Provided old tile - Xll sec 
T (red) 2  Interior old tile - XVI sec 
T (white)  Provided new white tile 
M.Xll-a  Provided, from Xll tile mortar Xll sec 
M.Xll-b  Provided, from Xll tile mortar, to check if Xll sec 
M.Xll-b  Provided, from Xll tile mortar, to check if Xll sec  glaze 
M.Xll-c  Provided mortar, to check if Xll sec 
M.XVI  Provided mortar XVI sec 
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Analytical methods 

 
The following analysis has been performed: 
 
- determination of the mineralogical composition through X ray diffraction (XRD) (X’Pert PRO 
diffractometer by PANalytical equipped with X’Celerator detector and HighScore software for 
acquisition and interpretation of data according to the following operative conditions: CuK α1= 
1.545Å radiation, 40 KV, 30 mA, 2Ɵ = 3-70°);  
 
- observations at the optical microscope in transmitted polarised light on thin section; 
 
- samples R2b, R3b, R3c, R3d and S2 were subjected also to Fourier Transform Infrared 
Spectroscopy (FTIR) in order to investigate the nature of the organic compounds. The analyses 
were performed using an ALPHA Bruker spectrometer with SiC Globar source and DTGS 
detector, using the Platinum single reflection diamond module for attenuated total reflectance 
(ATR). Operating conditions: spectral range 4000-400 cm-1, resolution 4 cm-1, 24 scans. The 
spectra were processed with OPUS 7.2 software. 
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Results: mineralogical and petrographical analyses  

R1 a  Saggio Rl  Tile filling mortar 
 

 
R1 a - Cross section image 
 
 
X ray diffraction analysis 
 
The mortar is made of calcite, quartz, micas (muscovite), feldspars (andesine). 

 
R1 a - XRD diffraction pattern 
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Petrographic observation in thin section 
 
The mortar shows a scarce binder (Binder/Aggregate  1/3) with a micritic texture and a pure 
aspect of possible hydraulic nature. The aggregate is made of quartz, feldspars, micas, fragments 
of porphyric and granitic rocks. The grains are subrounded in shape with a bimodal grain-size 
distribution (400-500 µm and 1.5-2 mm). The macropores are subrounded in shape. 
 
 

 
R1 a - Thin section image, transmitted light, crossed nicols 
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R1 b  Saggio R1  Mortar 
 

 
R1 b - Cross section image 
 
 

X ray diffraction analysis  

 
The mortar is made of calcite, quartz, micas (muscovite), feldspars (andesine) with traces of 
gypsum.  

 
R1 b - XRD diffraction pattern 
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Petrographic observation in thin section 

 
The mortar shows a scarce binder (Binder/Aggregate  1/3) with a micritic texture and a pure 
aspect of possible hydraulic nature. The aggregate is made of quartz, feldspars, micas, fragments 
of porphyric and granitic rocks. The grains are subrounded in shape with a bimodal grain-size 
distribution (400-600 µm and 1.5–2.5 mm). The macropores are subrounded in shape. 
 
 

 
R1 b - Thin section image, transmitted light, crossed nicols 
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Rl c  Saggio Rl  New red tile 
 

 
R1 c - Cross section image 
 

X ray diffraction analysis 

The crystalline phases present in the tile are andesine (feldspar), hematite and traces of quartz 

 
R1 c - XRD diffraction pattern 
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Petrographic observation in thin section 

 
The tile shows a slightly birefringent groundmass rich in bonherz (iron rich lumps). The 
framework is abundant, made of feldspars and scarce quartz with an unimodal grain size 
distribution (100 - 300 µm). The grains have an angular shape. The macropores show an 
elongated shape. 
 
 

 
R1 c - Thin section image, transmitted light, crossed nicols 
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Rl d  Saggio R1  Mortar, connection between roof tile and wall 
 

 
R1 d - Cross section image 
 
 

X ray diffraction analysis 

 
The mortar is made of calcite, quartz, micas (muscovite), feldspars (albite). 
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R1 d - XRD diffraction pattern 
 
 

Petrographic observation in thin section 

 
The mortar shows a scarce binder (Binder/Aggregate  1/3) with a micritic texture and impure 
aspect of possible hydraulic nature. The aggregate is made of quartz, feldspars, micas, fragments 
of porphyric, granitic and basaltic rocks. The grains are subrounded in shape with a bimodal 
grain-size distribution (200-400 µm and 1–2 mm). The macropores are irregular in shape. 
 
 

 
R1 d - Thin section image, transmitted light, crossed nicols 
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Rl e  Saggio Rl  Campione parte restante per simulare pietra 
 

 
R1 e - Cross section image 
 

X ray diffraction analysis 

 
The material is constituted by calcite followed by quartz and feldspars (orthoclase) 

 
R1 e - XRD diffraction pattern 
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Petrographic observation in thin section 

 
The mortar shows an abundant binder (Binder/Aggregate 1/1-1/2) made of air hardening lime 
with a micritic texture. The aggregate is made of brick fragments, quartz, feldspars. The grains 
are angular in shape with a bimodal grain-size distribution (100-300 µm and 800 µm –1.5 mm).  
Rare lime lumps are present. The macropores are sub-spherical in shape. 
 

 
R1 e - Thin section image, transmitted light, crossed nicols 
 
 
 
 
  



Consiglio Nazionale delle Ricerche 
Istituto di Scienze del Patrimonio Culturale 

Sede Secondaria di Firenze 
Via Madonna del Piano, 10 / 50019 Firenze 

Email segreteria.ispc@ispc.cnr.it – responsabile.firenze@ispc.cnr.it 15 

R2 a  Saggio R2  Mortar, connection between roof tile and wall 
 

 
R2 a - Cross section image 
 
 

X ray diffraction analysis 

 
The mortar is made of calcite, quartz, micas (muscovite), feldspars (anorthite), clinochlore 

 
R2 a - XRD diffraction pattern 
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Petrographic observation in thin section 

 
The mortar shows a quite abundant binder (Binder/Aggregate 1/2- 1/3) with a microsparitic 
texture and impure aspect of possible hydraulic nature. The aggregate is made of quartz, 
feldspars, micas, fragments of sandstones and porphyric, granitic and basaltic rocks. The grains 
are angular in shape with a bimodal grain-size distribution (200-300 µm and 1–1.5 mm). The 
macropores are sub-spherical in shape. 
 
 

 
R2 a - Thin section image, transmitted light, crossed nicols 
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R3 a  Saggio R3  Mortar 
 

 
R3 a - Cross section image 
 
 

X ray diffraction analysis 

 
The mortar is made of calcite, quartz, micas (muscovite), feldspars (anorthoclase) 

 
R3 a - XRD diffraction pattern 
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Petrographic observation in thin section 

 
The mortar shows a quite abundant binder (Binder/Aggregate 1/2- 1/3) with a microsparitic 
texture and impure aspect of possible hydraulic nature.. The aggregate is made of quartz, 
feldspars, micas, fragments of sandstones and porphyric, granitic and basaltic rocks. The grains 
are angular in shape with a bimodal grain-size distribution (300-400 µm and 1–1.5 mm). The 
macropores are sub-spherical in shape. 
 
 

 
R3 a - Thin section image, transmitted light, crossed nicols 
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R3 b  Saggio R3  Insulating, connection between roof and wall 
 

 
R3 b - Cross section image 
 
 

Petrographic observation in thin section 

 
The sample shows a darker portion constituted by a mortar with a quite abundant binder 
(Binder/Aggregate 1/2- 1/3) with a microsparitic texture and impure aspect of possible hydraulic 
nature. The aggregate is made of quartz, feldspars, micas, fragments of porphyric, granitic and 
basaltic rocks. The grains are angular in shape with a bimodal grain-size distribution (300-400 
µm and 1–1.5 mm). The macropores are sub-spherical in shape.  
The whitish portion shows a scarce organic binder (Binder/Aggregate  1/3) and an aggregate 
made of quartz and feldspars. The grains are angular in shape with a unimodal grain size (150-
200 µm). 
 
 

 
R3 b - Thin section image, transmitted light, crossed nicols:  
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in the bottom is the whitish portion with the organic binder 
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R3 c  Saggio R3  Insulating, liquid (malta + parte organica) 
 

 
R3 c - Cross section image 
 
 

X ray diffraction analysis 

 
The mortar is made of calcite, quartz, micas (muscovite, phlogopite), feldspars (anorthoclase) 
with traces of gypsum 
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R3 c - XRD diffraction pattern 
 
 
 

Petrographic observation in thin section 

 
The mortar shows a quite abundant binder (Binder/Aggregate 1/2- 1/3) with a microsparitic 
texture and impure aspect of possible hydraulic nature. The aggregate is made of quartz, 
feldspars, micas, fragments of basaltic rocks, siltites and limestones. The grains are sub-rounded 
in shape with a bimodal grain-size distribution (300-400 µm and 1–1.5 mm). The macropores 
are sub-spherical in shape. 
 
 

 
R3 c - Thin section image, transmitted light, crossed nicols 
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F1  Sottotetto Falda 22  Pumice, filling of the Roof #22 
 

 
F 1 - Cross section image 
 
 

X ray diffraction analysis 

 
The crystalline phases of the rock are constituted by feldspars (andesine, anorthoclase), 
pyroxenes (diopside) and hematite 

 
F 1 - XRD diffraction pattern 
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Petrographic observation in thin section 
 
The rock is constituted by a completely vitreous groundmass and porphyroblasts with 
dimensions of 400-800 µm, made of prevailing feldspars (andesine, anorthoclase) and 
secondarily by pyroxenes. Suspheric pores are abundant with dimension of 400-500 µm.  
 
 

 
F 1 - Thin section image, transmitted light, crossed nicols 
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F2  Sottotetto Falda 22  Mortar (cement), filling of the Roof #22 
 
 

 
F 2 - Cross section image 
 
 

X ray diffraction analysis 

 
The mortar is made of calcite, quartz, micas (muscovite), feldspars (albite) 

 
F 2 - XRD diffraction pattern 
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Petrographic observation in thin section 

 
The mortar shows a quite abundant binder (Binder/Aggregate 1/2- 1/3) with a microsparitic 
texture and impure aspect of possible hydraulic nature. The aggregate is made of quartz, 
feldspars, micas, fragments of porphyric rocks, siltites and marble. The grains are sub-rounded 
in shape with a bimodal grain-size distribution (400-500 µm and 1–1.5 mm). The macropores 
are sub-spherical in shape 
 
 

 
F 2 - Thin section image, transmitted light, crossed nicols 
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S1  Collected North side Wall stone 
 

 
S 1 - Cross section image 
 
 

X ray diffraction analysis 

 
The stone is made of calcite, dolomite with a little amount of quartz. According to this 
composition it can be classified as dolomitic limestone 

 
S 1 - XRD diffraction pattern 
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Petrographic observation in thin section 

 
The stone shows a microsparitic texture with rare intraclasts and quartz grains. Rare calcite veins 
are present. The macropores are rare, with an elongated shape.  
According to the petrographic aspect the rock can be classified as “intraclasts bearing micrite” 
(Dunham 1962) and mudstone (Folk 1959).  
According to the mineralogical composition it can be classified as a dolomitic limestone 
 
 

 
S 1 - Thin section image, transmitted light, crossed nicols 
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S2  Drum near R3 Wall stone 
 

 
S 2 - Cross section image 
 
 

X ray diffraction analysis 

 
The stone is made of dolomite with a little amount of calcite and quartz. According to this 
composition it can be classified as dolomitic rock 

 
S 2 - XRD diffraction pattern 
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Petrographic observation in thin section 

 
The stone shows a microsparitic texture with rare intraclasts and quartz grains. Macropores of 
subrounded shape are abundant with presence of dolomite crystallization.  
According to the petrographic aspect the rock can be classified as “intraclasts bearing micrite” 
(Dunham 1962) and mudstone (Folk 1959).  
According to the mineralogical composition it can be classified as a dolomite rock. 
 
 

 
S 2 - Thin section image, transmitted light, crossed nicols 
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S3  West side Basement   stone 
 

 
S 3 - Cross section image 
 
 

X ray diffraction analysis 

 
The stone is made of dolomite with a little amount of calcite and quartz. According to this 
composition it can be classified as dolomitic rock 

 
S 3 - XRD diffraction pattern 
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Petrographic observation in thin section 

 
The stone shows a microsparitic texture with rare intraclasts constituted by sparitic calcite with 
dimension of 400-600 µm. Calcite veins are present. Macropores are scarce. According to the 
petrographic aspect the rock can be classified as “intraclasts bearing micrite” (Dunham 1962) 
and mudstone (Folk 1959).  
According to the mineralogical composition it can be classified as a dolomite rock 
 
 

 
S 3 - Thin section image, transmitted light, crossed nicols 
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S4  Interior Wall  Stone 
 

 
S 4 - Cross section image 
 
 

X ray diffraction analysis 

 
The stone is made of dolomite with a little amount of calcite and quartz. According to this 
composition it can be classified as dolomitic rock 

 
S 4 - XRD diffraction pattern 
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Petrographic observation in thin section 

 
The stone shows a microsparitic texture with rare intraclasts and quartz grains. Macropores of 
subrounded shape are abundant with presence of dolomite crystallization.  
According to the petrographic aspect the rock can be classified as “intraclasts bearing micrite” 
(Dunham 1962) and mudstone (Folk 1959).  
According to the mineralogical composition it can be classified as a dolomite rock. 
 
 

 
S 4 - Thin section image, transmitted light, crossed nicols 
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S5  Provided Stone slab roof stone 
 

 
S 5 - Cross section image 
 
 

X ray diffraction analysis 

 
The crystalline phases present in the stone are feldspars (andesine) and pyroxenes (diopside). 
This stone can be referred to an effusive rock (andesite/basalt). 

 
S 5 - XRD diffraction pattern 
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Petrographic observation in thin section 

 
 
The stone shows a trachytic texture constituted by small aligned feldspars and phenocrysts 
constituted by pyroxenes. The macroporosity is abundant with pores of irregular shape. 
According to the mineralogical composition and petrographic aspect the rock can be referred to 
an effusive rock (andesite/basalt). 
 
 

 
S 5 - Thin section image, transmitted light, crossed nicols 
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S6  Apse South-East side Wall  stone 
 

 
S 6 - Cross section image 
 
 

X ray diffraction analysis 

 
The stone is made of dolomite with a little amount of calcite and quartz. According to this 
composition it can be classified as dolomitic rock 

 
S 6 - XRD diffraction pattern 
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Petrographic observation in thin section 

 
The stone shows a microsparitic texture with rare intraclasts and quartz grains. Macropores of 
subrounded shape are abundant with presence of dolomite crystallization.  
According to the petrographic aspect the rock can be classified as “intraclasts bearing micrite” 
(Dunham 1962) and mudstone (Folk 1959).  
According to the mineralogical composition it can be classified as a dolomite rock 
 
 

 
S 6 - Thin section image, transmitted light, crossed nicols 
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S7  Cornice North side Cornice   stone 
 

 
S 7 - Cross section image 
 
 

X ray diffraction analysis 

 
The stone is made of ankerite, with traces of feldspars (orthoclase) and gypsum. Ankerite 
[Ca(Fe,Mg) (CO3)2] is a dolomite where part of magnesium has been replaced by iron ferroan 
dolomite). According to this composition it can be still classified as dolomitic rock.

 
S 7 - XRD diffraction pattern 
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Petrographic observation in thin section 

 
The stone shows a microsparitic texture with rare intraclasts and quartz grains. Macropores of 
subrounded shape are abundant with presence of dolomite crystallization.  
According to the petrographic aspect the rock can be classified as “intraclasts bearing micrite” 
(Dunham 1962) and mudstone (Folk 1959).  
According to the mineralogical composition it can be classified as a dolomite rock 
 
 

 
S 7 - Thin section image, transmitted light, crossed nicols 
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S8  Cornice West side Cornice   stone 
 

 
S 8 - Cross section image 
 
 

X ray diffraction analysis 

 
The stone is made of dolomite with a little amount of calcite and quartz. According to this 
composition it can be classified as dolomitic stone 

 
S 8 - XRD diffraction pattern 
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Petrographic observation in thin section 

 
The stone shows a microsparitic texture with rare intraclasts and quartz grains. Macropores of 
subrounded shape are abundant with presence of dolomite crystallization.  
According to the petrographic aspect the rock can be classified as “intraclasts bearing micrite” 
(Dunham 1962) and mudstone (Folk 1959).  
According to the mineralogical composition it can be classified as a dolomite rock 
 
 

 
S 8 - Thin section image, transmitted light, crossed nicols 
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T (red) 1a  Provided old tile - Xll sec 
 

 
T (red) 1a - Cross section image 
 
 

X ray diffraction analysis 

 
The crystalline phases present in the tile are quartz, hematite and pyroxenes (enstatite) 

 
T (red) 1a - XRD diffraction pattern 
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Petrographic observation in thin section 

 
The tile shows an opaque groundmass with rare bonherz (iron rich lumps). The framework is 
abundant, made of quartz and secondarily pyroxenes. The grain-size distribution is bimodal (100 
- 200 µm and 400-500µm) with grains of angular shape. The macropores show an elongated 
shape. 
 
 

 
T (red) 1a - Thin section image, transmitted light, crossed nicols 
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T (red) 1 b  Provided old tile - Xll sec 
 

 
T (red) 1b - Cross section image 
 

X ray diffraction analysis 

 
The crystalline phases present in the tile are quartz, hematite and feldspars (microcline) 

 
T (red) 1b - XRD diffraction pattern 
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Petrographic observation in thin section 

 
The tile shows a birefringent groundmass with abundant bonherz (iron rich lumps). The 
framework is abundant, made of quartz and feldspars. The grain-size distribution is bimodal (100 
- 200 µm and 400-500µm) with grains of angular shape. The macropores show an elongated 
shape. 
 
 

 
T (red) 1b - Thin section image, transmitted light, crossed nicols 
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T (red) 2  Interior old tile - XVI sec 
 

 
T (red) 2 - Cross section image 
 
 

X ray diffraction analysis 

 
The crystalline phases present in the tile are quartz, hematite and feldspars (microcline) 

 
T (red) 2 - XRD diffraction pattern 
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Petrographic observation in thin section 

 
The tile shows an opaque groundmass with rare bonherz (iron rich lumps). The framework is 
abundant, made of quartz and secondarily pyroxenes. The grain-size distribution is bimodal (100 
- 200 µm and 400-500µm) with grains of angular shape. The macropores show an elongated 
shape 
 
 

 
T (red) 2 - Thin section image, transmitted light, crossed nicols 
 
 
 
 
 
 
  



Consiglio Nazionale delle Ricerche 
Istituto di Scienze del Patrimonio Culturale 

Sede Secondaria di Firenze 
Via Madonna del Piano, 10 / 50019 Firenze 

Email segreteria.ispc@ispc.cnr.it – responsabile.firenze@ispc.cnr.it 49 

T (white)  Provided new white tile 
 

 
T w - Cross section image 
 
 

X ray diffraction analysis 

 
The crystalline phases present in the tile are quartz, feldspars (microcline) and gehlenite. This 
mineral forms when a marly clay is fired to realize earthenwares 

 
T w - XRD diffraction pattern 
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Petrographic observation in thin section 

 
The tile shows a slightly birifrengent groundmass. The framework is scarce, made of quartz and 
feldspars. The grain-size distribution is unimodal (50-100µm) with grains of angular shape. The 
macropores are scarce, of regular shape 
 
 

 
T w - Thin section image, transmitted light, crossed nicols 
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M.Xll-a  Provided, from Xll tile mortar Xll sec 
 

 
M XII a - Cross section image 
 

X ray diffraction analysis 

 
The mortar is made of calcite, quartz, feldspars (orthoclase), micas (muscovite), with traces of 
clay minerals) kaolinite) 

 
M XII a - XRD diffraction pattern 
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Petrographic observation in thin section 

 
The mortar shows an abundant binder (Binder/Aggregate  1/2) constituted by an air hardening 
lime with a micritic texture. The aggregate is made of quartz, feldspars, micas, and carbonate 
rock fragments. The grains are angular in shape with a unimodal grain-size distribution (400-
800 µm). Lime lumps are present. The macropores are constituted by shrinkage fractures. 
 
 

 
M XII a - Thin section image, transmitted light, crossed nicols 
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M.Xll-b  Provided, from Xll tile mortar, to check if Xll sec 
 

 
M XII b - Cross section image 
 
 

X ray diffraction analysis 

 
The crystalline phases present in the tile are quartz, hematite and feldspars (orthoclase) 

 
M XII b - XRD diffraction pattern 
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Petrographic observation in thin section 

 
The mortar shows an abundant binder (Binder/Aggregate  1/2) constituted by an air hardening 
lime with a micritic texture. The aggregate is made of quartz, feldspars, micas, and carbonate 
rock fragments. The grains are angular in shape with a unimodal grain-size distribution (400-
800 µm). Lime lumps are present. The macropores are constituted by shrinkage fractures. 
 
 

 
MXII b - Thin section image, transmitted light, crossed nicols 
 
 
 
 
 
 
 
 

M.Xll-b  Provided, from Xll tile mortar, to check if Xll sec  glaze 
 

X ray diffraction analysis 

 
The crystalline phases present in the glaze are cerussite –PbCO3-, hydrocerussite-
Pb3(CO3)2(OH)2- and calcite. The presence of hydrocerussite points out a decay process in the 
glaze. 
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M XII b glaze - XRD diffraction pattern 
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M.Xll-c  Provided mortar, to check if Xll sec 
 

 
M XII c - Cross section image 
 

X ray diffraction analysis 

 
This mortar is made only of calcite 

 
M XII c - XRD diffraction pattern 
 
 



Consiglio Nazionale delle Ricerche 
Istituto di Scienze del Patrimonio Culturale 

Sede Secondaria di Firenze 
Via Madonna del Piano, 10 / 50019 Firenze 

Email segreteria.ispc@ispc.cnr.it – responsabile.firenze@ispc.cnr.it 57 

Petrographic observation in thin section 

 
The sample is constituted by an air hardening binder without presence of aggregate. Lime lumps 
are present. The macropores are frequent, of irregular shape 
 
 

 
MXII c - Thin section image, transmitted light, crossed nicols 
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M.XVI  Provided mortar XVI sec 
 

 
M XVI - Cross section image: the mortar is in the left side  
 

Xray diffraction analysis 

 
The mortar is made of calcite, quartz, feldspars (orthoclase), micas (muscovite) and clay minerals 
(halloysite) 

 
M XVI  - XRD diffraction pattern 
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Petrographic observation in thin section 

 
The mortar shows an abundant binder (Binder/Aggregate  1/2) constituted by an air hardening 
lime with a micritic texture. The aggregate is made of quartz, feldspars, micas, and carbonate 
rock fragments. The grains are angular in shape with a unimodal grain-size distribution (400-
800 µm). Lime lumps are present. The macropores are constituted by shrinkage fractures 
 
 

 
M XVI - Thin section image, transmitted light, crossed nicols 
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Results of the FTIR analyses 

R2 b  Saggio R2  Insulating, connection between roof and wall 
 
The sample appears as a thin, non-brittle, elastic fragment. Macroscopically it is possible to 
distinguish an external light brown layer, a blue layer and an internal non-continuous layer of 
adhesion with the material underlying the fragment. 
 

 
Sample R2 b 
 
 
The outer layer (spectrum 1) is basically composed of calcite and silicates. The blue layer 
(spectrum 2) shows typical C-H stretching and C-H bending signals of aliphatic compounds, 
which could indicate the presence of a paraffin wax. 
 
 

 
 R2 b – FTIR spectrum 1, external layer  
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R2 b – FTIR spectrum 2,  – intermediate blue layer 
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R3 b  Saggio R3  Insulating, connection between roof and wall 
 
The sample appears as a thin, non-brittle, elastic fragment, similar to R2b. It is possible to 
distinguish an external light brown layer, a whitish layer, a blue layer and an internal non-
continuous layer of adhesion with the material underlying the fragment. 
 

 
Sample R3 b 
 
 
The outer layer (spectrum 3) is basically composed of calcite and silicates. The intermediate 
whitish layer (spectrum 4) shows a peak at 1733 cm-1 (carbonyl C = O), which could indicate 
the presence of a wax other than paraffinic, probably partially saponified. The blue layer 
(spectrum 5) shows typical C-H stretching and C-H bending signals of aliphatic compounds, 
which could indicate the presence of a paraffin wax.  
 
 

 
R3 b – FTIR spectrum 3,  – external layer 
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R3 b – FTIR spectrum 4, whitish intermediate layer 
 
 

 
R3 b - FTIR spectrum 5 – blue layer 
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R3 c  Saggio R3  Insulating, liquid (mortar + organic portion) 
 
The sample consists of 3 irregularly shaped fragments, in which layers are not macroscopically 
distinguished as in the previously analysed samples. The fragments subjected to analysis are less 
elastic, and indeed tend to shatter under pressure from the measuring head of the instrument. 
 

 
Sample R3 c 
 
 
The outer layer (Spectrum 6) exhibits the signals of calcite and silicates, but also the signals of 
what could be a saponified wax. The inner layer (Spectrum 7) is basically calcite and silicates. 
 
 

 
R3c - FTIR spectrum 6 – external layer 
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R3c – FTIR spectrum 7 – internal layer 
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R3 d  Saggio R3  Glue  
 
 
The sample consists of 2 irregularly shaped fragments, in which layers are not macroscopically 
distinguished. 
 
 

 
Sample R3 d 
 
The fragments subjected to analysis are less friable than the R3c sample, but the FT-IR spectrum 
of the outer layer (Spectrum 8) shows  the presence of what could be traces of  wax. 
 

 
R3 d – FTIR spectrum 8 – external layer 
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S2  Drum near R3 Wall 
 
The sample, previously analysed from a mineralogical-petrographic point of view, has a 
translucent brown surface treatment 
 

 
Sample S2 
 
 
The sample is not easy to analyse with the ATR accessory, and the resulting spectra are very 
noisy and therefore difficult to read. Nevertheless, some peaks attributable to organic compounds 
are visible, even if not better identifiable (Spectrum 9). 
 
 

 
S2 - FTIR spectrum 9 – translucent brown surface 
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Discussion of the results 

 
The mineralogical-petrographic study of the mortar, stones and tile samples made it possible to 
investigate their composition.  
 
Mortars 
 
Samples R1d, R2a, R3a, R3b, R3c, F2 show a Binder/Aggregate ratio of 1/2- 1/3 with an impure 
aspect of possible hydraulic nature. The aggregate is made of quartz, feldspars, micas, fragments 
of porphyric, granitic and basaltic rocks. The grains are from subrounded to angular with a 
bimodal grain-size distribution (300-500 µm and 1– 2 mm). The macropores are from irregular 
to sub-spherical in shape. 
 
Samples R1a and R1b are quite similar to the previous group with the difference of a binder of 
pure aspect still of hydraulic nature 
 
Sample R1e shows an abundant binder (Binder/Aggregate 1/1-1/2) made of air hardening lime. 
The aggregate is made of brick fragments, quartz, feldspars. The grains are angular in shape with 
a bimodal grain-size distribution (100-300 µm and 800 µm –1.5 mm). Rare lime lumps are 
present. The macropores are sub-spherical in shape. 
 
Samples M XII a, MXII b, M XVI show an abundant binder (Binder/Aggregate  1/2) constituted 
by air hardening lime. The aggregate is made of quartz, feldspars, micas, and carbonate rock 
fragments. The grains are angular in shape with a unimodal grain-size distribution (400-800 µm). 
Lime lumps are present. The macropores are constituted mostly by shrinkage fractures. 
 
Sample M XIIc is constituted by an air hardening binder without presence of aggregate 
 
Tiles  
 
Samples MXII b, T red 1a, T red 1b, T red 2 show an abundant framework with a bimodal grain-
size distribution (100 - 200 µm and 400-500µm), and a variable amount of bonherz (iron rich 
lumps). The macropores show an elongated shape. The groundmass is opaque except for T red 
1b with a birefringent aspect due to a lower firing temperature. 
 
Sample R1 c shows a slightly birefringent groundmass rich in bonherz (iron rich lumps) with an 
abundant framework of fine grain-size 
 
Tw shows a slightly birifrengent groundmass and scarce framework of fine grain size (50-
100µm) The macropores are scarce, of regular shape. The presence of gehlenite in the 
mineralogical composition points out the use of a marly clay as raw material.  
 
Stones  
 
Samples S2, S4, S6, S7, S8 show a microsparitic texture with rare intraclasts and quartz grains. 
Macropores of subrounded shape are abundant with presence of dolomite crystallization.  
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According to the petrographic aspect the rock can be classified as “intraclasts bearing micrite” 
(Dunham 1962) and mudstone (Folk 1959). According to the mineralogical composition it can 
be classified as a dolomite rock. 
 
Sample S1, from the petrographical point of view, can be classified as the sample of the previous 
group but calcite is prevalent in the mineralogical composition therefore is defined as dolomitic 
limestone. Another difference is that the  macropores are rare.  
 
Also sample S3, from the petrographical point of view, can be classified as the sample of the 
previous group, but it is characterized by the presence of intraclasts of sparry calcite. 
 
Sample S5 shows a trachytic texture constituted by small aligned feldspars and phenocrysts 
constituted by pyroxenes. The macroporosity is abundant with pores of irregular shape. 
According to the mineralogical composition and petrographic aspect the rock can be referred to 
an effusive rock (andesite/basalt). 
 
Sample F1 is a pumice (effusive rock) constituted by a completely vitreous groundmass and 
porphyroblasts with dimensions of 400-800 µm, made of prevailing feldspars (andesine, 
anorthoclase) and secondarily by pyroxenes. Suspheric pores are abundant with dimension of 
400-500 µm. 
 
Insulating materials 
 
In sample R2 b, the outer layer is basically composed of calcite and silicates, the blue layer is a 
paraffin wax 
 
In sample R3 b, the outer layer is basically composed of calcite and silicates, the intermediate 
whitish layer is a wax other than paraffinic, probably partially saponified, the blue layer is a 
paraffin wax.  
 
In sample R3 c, the outer layer is composed by calcite and silicates together with a saponified 
wax. The inner layer is basically calcite and silicates 
 
In sample R3 d there are traces of  wax. 
 
The translucent brown surface treatment of sample S2 is an organic compounds that has not been 
possible to identify 
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