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Abstract – The carbonate rocks outcropping in the 
area south of Florence can be useful for the 
production of binding materials. The aim of this paper 
is to characterize the rocks to be used for the 
production of cement and limes in the area south of 
Florence by means of chemical, mineralogical and 
petrographic studies and by defining their main 
physical properties. In particular, this study analyses 
rock samples from different outcroppings around the 
south of the province of Florence in the Greve in 
Chianti - Passo dei Pecorai area. Based on the 
collected data the rock samples coming from the 
Greve in Chianti area can be used for producing 
mainly eminently hydraulic lime. 

 I. INTRODUCTION 
 
Since the Roman times, the exploitation of natural 
resources has been a catalyst for the expansion and 
developments of cities and population in general. As long 
as the seeking of far more precious natural materials, like 
gold and silver, even the exploitation of limestones and 
other lithotypes of stones for building purposes, as the 
production of quicklime, hydraulic lime and cements, has 
covered and still has a great importance in Tuscany [1-3].  
The study of mortar and concrete binders has an 
important role in the knowledge of ancient and modern 
building, providing essential information about the used 
technologies [4-6], construction phases [7-9], 

characteristics and properties of building materials [10-
11], provenance of raw materials [12-13], 
binder/aggregate ratios [14] and characteristics for 
restoration project [15-16]. The use of mortars in 
architecture dates back to ancient times and in Tuscany 
there are several examples of buildings in which quick 
lime and hydraulic binders were used to produce soft and 
strength mortars, respectively [17-19]. 
The scientific bibliography on the characterization of 
binders, mortars and concretes is very extensive and 
usually it is performed by combining chemical, 
mineralogical and petrographic data collected by 
macroscopic observations, minero-petrographic analysis, 
micro-chemical techniques and thermogravimetric 
analysis [20-22].  
The limestone exploitation to produce binders for mortars 
and concretes in the territories of Florence and Prato has 
been active in the area since the Roman times [23]. In the 
southern area of Florence (Greve in Chianti, Passo dei 
Pecorai), the exploitation of limestones for the production 
of binders has been active in the past centuries and is still 
active nowadays. The most used limestone in this area is 
the so called “Pietra Alberese”, a marly limestone used 
even by the Romans [2].  
For the purpose of this preliminary work, we collected 
several samples of limestone belonging to the Mt. 
Morello Formation. The Mt. Morello formation widely 
outcrops in the area between Mt. Calvana and Mt. 
Morello north of Florence and in Passo dei Pecorai, south 
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of Florence [24]. It is an alternation of marls and 
limestones. The bottom layers are mostly fine grained, 
and its colour varies from grey to whiteish.  It then goes 
to marly calcilutite and light grey marls. It is a deep water 
turbiditic limestone-marl deposit aged between low and 
middle Eocene [24-26].  
 

 
Figure 1: Outcropping of Mt. Morello F. (ex Alberese) 
limestone close to the former quarries. It is still visible on 
right top one of the old accesses to the underground 
galleries. 

Lime was the ancient binding materials of masonry. Until 
the production and advent of Portland cement during the 
19th century, this binding medium was used almost 
exclusively in architecture, then the use of lime mortar in 
new constructions gradually declined. Lime can be 
classified according to its ability to set in air and/or under 
water. The hydraulic character of the hydraulic limes is 
produced by 'impurities' of silica and clay in the 
carbonate stone from which they are burnt. In fact, when 
carbonate stones containing impurities of silica and clay 
are burned, the impurities decompose and combine at 950 
to 1250°C with some of the lime forming silicates and 
aluminates, especially dicalcium silicate and dicalcium 
aluminate. Depending on the initial composition of the 
raw materials, the lime produced consists of a mixture in 
different proportion of quicklime (or 'freelime'), 
cementitious material and inert material such as 
uncombined silica or clay. These limes need to be slaked 
with enough water to convert only the quicklime to 
calcium hydroxide, otherwise a chemical set begins. 
 

 II. ANALYTICAL METHODS 
 
For the purpose of this preliminary work, we collected 
twenty different samples of limestone belonging to the 
Mt. Morello Formation and selected four of them for the 
sake of comparison. 
The analytical techniques as listed below: 
 

- chemical analysis through X-ray fluorescence 
[27] for the determination of major and minor 
compounds (Na2O, MgO, Al2O3, SiO2, P2O5, K2O, 
CaO, TiO2, MnO, Fe2O3). The measurement 
uncertainty results between 4-7% by weight for 
concentrations <1%, between 2-4% for 
concentrations between 1 and 10% and around 1% 
for concentrations > 10% [28-29].  
- volatile compounds content (mainly H2O+ and 
CO2) determined by thermal treatment (105-950°C) 
using a simultaneous TG-DSC thermo-microbalance 
Netzsch STA 449 C Jupiter according to the 
following operative conditions: ~25 mg fine grinded 
sample dust; thermal rate 10°C per minute; nitrogen 
flux 30 ml/min. 
- CO2 content was measured by calcimetry to 
estimate the amount of CaCO3 in the tested sample 
[30]. The content of calcite was calculated with 
reference to a calibration curve constructed by 
linking the volume of CO2 developed by acid attack 
of the powdered rock with the amount of pure 
CaCO3. 
 

 

  
Figure 2. Calcimeter. 

 
- mineralogical analysis through X-ray 
diffractometry (XRD) (D2 Phaser by Bruker with Cu 
anticathode and filter Ni Detector 1D Lynxeye; 
Diffrac.suite XRD software for acquisition and 
Diffrac.suite Eva software for interpretation of the 
data) λ = 1.5406 Å, angle range 4-66°2 ; 
- petrographic analyses: transmitted light 
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microscopic observation (Zeiss Axioplan 
microscope); and scan electron microscopy using FEI 
Quanta 450 ESEM FEG at the Centro 
Interdipartimentale di Scienza e Ingegneria dei 
Materiale of University of Pisa; 
- physical properties of the stones like real (ρr) 
and apparent (ρa) density, water absorption 
coefficient by capillarity, water absorption at 
atmospheric pressure, total and open porosity have 
been determined following EN standards [39-41]; 
- real density (ρr) has been determined using a gas 
pycnometer (ultrapycnometer 1000 by Quantachrome 
Corporation) [31]. The measurements were 
performed on approximately 10 g of very-fine-
grained powders dried at 105 ± 5 °C for 24 h under 
the following experimental conditions: ultrahigh 
purity compressed Helium with outlet pressure of 140 
kPa; target pressure, 100 kPa; equilibrium time, 
automatic; purge mode, 3 minutes of continuous 
flow; maximum number of runs, 6; number of 
averaged runs, the last three; 
- apparent density (ρa) has been determined by 
ratio between dry mass and volume of each sample. 
The specimens were placed in a stove at 60° C until 
the dry weight was reached, (i.e. when the difference 
between two successive weighing at an interval of 24 
h is not greater than 0.1 % of the mass of the 
specimen). Then the specimens were immersed in 
distilled water following [31]. The volume of the 
specimens was measured by means of a hydrostatic 
balance on water-saturated samples [34]; 
- water absorption coefficient by capillarity has 
been determined on the same samples used for 
apparent density determination following [32]. 
Measurements taken after 1, 3, 5, 15, 30 minutes, 1 h; 
- Determination of water absorption at 
atmospheric pressure has been carried out on the 
same specimens [33].  
- The total porosity has been calculated according 
to (1) 
     
          P (vol. %) = 100 ∙ (1– ρa / ρr)                  (1) 

 III. RESULTS AND DISCUSSION 
 
The analysed samples are marly limestones with a 
relatively high content of calcium carbonate; the grain 
size of the rock is fine, and its fracture is conchoidal. 
The analysed rocks are grey in colour on fresh surface, 
whitish to yellowish brown for chromatic alteration due 
to the long exposures to light or because of weathering 
process. Ochre-coloured, bluish-green veins and 
impurities due to the amount of clay minerals are often 
present.  
The main mineralogical phases identified by XRPD 
analysis are calcite, clay minerals and quartz as shown in 

Figure 3. According to the XRD data, the chemical 
analysis by means of XRF shows a high presence of 
calcium oxide, ranging from 41.8 to 44.3 wt.%. The 
amount of CaCO3 for the analysed samples measured by 
calcimetry ranges from ~74 to 77 wt.%. 

 
Figure 3: Diffractograms of the selected samples PC01, 
PC02, PC03 and PC04. Calcite, clay minerals and quartz 
are the identified mineralogical phases. Cc: calcite, Qz: 
quartz. 

Table 1: Average chemical composition of four limestone 
samples coming from Passo dei Pecorai determined by 
XRF analysis: the major elements are expressed in oxides 
wt.%. L.O.I.: loss on ignition. 

  L.O.I. MgO Al2O3 SiO2 K2O CaO Fe2O3 
Other 
<1% 

Mean 37,00 1,00 3,67 13,93 0,63 42,84 0,90 0,06 
Dev. 
St. 0,29 0,16 0,36 0,99 0,05 0,98 0,16 0,02 
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Table 2: Average mineralogical composition of four 
limestone samples from Passo dei Pecorai calculated after 
chemical analysis, wt.%. Calcite values are from 
calcimetry analysis. 

 Calcite Quartz Feldspars Clay minerals 

Mean 77 5 tr 18 

Dev. St. 2 0 - 2 

 

Table 3: Average values of the physical properties of four 
limestone samples from Passo dei Pecorai. ρr, real 
density; ρa, apparent density; w. atm., water absorption at 
atmospheric pressure. 

 ρr (g/cm3) ρa (g/cm3) 
w. 

atm. 
(wt.%)  

total 
porosity 
(Vol.%)  

Mean 2,72 2,71 0,19 0.51 
Dev. 
St. 0,01 0,01 0,01 0,02 

 

 IV. CONCLUSIONS 
Hydraulic limes have a content of carbonates ranging 
between 70 and 95 wt.%, while a content above 95 wt.% 
results in aerial limes. In fact, natural hydraulic limes can 
be divided in three different classes based on their 
carbonate content: feebly hydraulic limes, <95-90 wt.%, 
moderately hydraulic lime, <90-80 wt.%, eminently 
hydraulic lime, <80-70 wt.% [35]. According to Louis-
Joseph Vicat, the best hydraulic limes contain 0.2 part of 
clay for 1.00 of lime [35]. Based on the collected 
chemical data the analysed samples have proved useful 
for producing eminently hydraulic limes. 

REFERENCES 
[1]  E. Cantisani, A. Falabella, F. Fratini, E. Pecchioni, S. 

Vettori, F. Antonelli, M. Giamello, M. Lezzerini 
“Production of the Roman Cement in Italy: 
characterization of a raw material used in Tuscany 
between 19th and 20th century and its comparison 
with a commercialized French stone material”,  
International Journal of Architectural Heritage, 
vol.12:6, 2018, pp.1038-1050. DOI: 
10.1080/15583058.2018.1431730.  

[2] F. Fratini, P. Giovannini, C. Manganelli Del Fa, “La 
Pietra da calce a Firenze: ricerca e caratterizzazione 
dei materiali per la produzione di ‘calcina forte' e 
'calcina dolce”, Atti del Convegno di Studi “Scienza 
e Beni Culturali n° 10: Bilanci e Prospettive”, 
Bressanone Luglio 1994, pp.189-199, Libreria 
Progetto Editore, Padova.  

[3]   M. Franzini, M. Lezzerini, “The stones of medieval 
buildings in Pisa and Lucca provinces (western 

Tuscany, Italy). 1 – The Monte Pisano marble”, 
European Journal of Mineralogy, vol.15, No. 1, 
2003, pp.217-224. DOI: 10.1127/0935-
1221/2003/0015-0217. 

[4] A. Moropoulou, A. Bakolas, K. Bisbikou, 
“Investigation of the technology of historic mortars”, 
J. Cult. Heritage, vol.1, 2000, pp.45-58. 

[5] M.P. Riccardi, M. Lezzerini, F. Carò, M. Franzini, B. 
Messiga, “Microtextural and microchemical studies 
of hydraulic ancient mortars: two analytical 
approaches to understand pre-industrial technology 
processes”, J. Cult. Heritage, vol.8, 2007, pp.350-
360. 

[6] S. Pavia, S. Caro, “An investigation of Roman 
mortar technology through the petrographic analysis 
of archaeological material”, Constr. Build. Mater., 
vol. 22, 2008, pp.1807-1811. 

[7] M. Miriello, D. Barca, A. Bloise, A. Ciarallo, G.M. 
Crisci, T. De Rose, C. Garruso, F. Gazineo, M.F. La 
Russa, “Characterization of archaeological mortars 
from Pompeii (Campania, Italy) and identification of 
construction phases by compositional data analysis”, 
J. Archaeol. Sci., vol.37, 2010, pp.2207-2223. 

[8] G. Gallello, M. Ramacciotti, M. Lezzerini, E. 
Hernandez, M. Calvo, A. Morales, A. Pastor, M. De 
la Guardia, “Indirect chronology method employing 
Rare Earth Elements to identify Sagunto Castle 
mortar construction periods”, Microchem. J., 
vol.132, 2017, pp.251-261. 

[9] C. Corti, L. Rampazzi, R. Bugini, A. Sansonetti, M. 
Biraghi, L. Castelletti, I. Nobile, C. Orsenigo, 
“Thermal analysis and archaeological chronology: 
the ancient mortars of the site of Baradello (Como, 
Italy)”, Thermochim. Acta, vol.572, 2013, pp.71-84. 

[10] M. Lezzerini, S. Legnaioli, G. Lorenzetti, V. 
Palleschi, M. Tamponi, “Characterization of 
historical mortars from the bell tower of St. Nicholas 
church (Pisa, Italy)”, Construct. Build. Mater., 
vol.69, 2014, pp.203-212. 

[11] M. Lezzerini, S. Raneri, S. Pagnotta, S. Columbu, G. 
Gallello, “Archaeometric Study of Mortars from the 
Pisa’s Cathedral Square (Italy).” Measurement: 
Journal of the International Measurement 
Confederation, vol.126, 2018, pp.322-31.  
https://doi.org/10.1016/j.measurement.2018.05.057. 

[12] D. Miriello, D. Barca, G.M. Crisci, L. Barba, J. 
Blancas, A. Ortiz, A. Pecci, L. Lopez, Luján, 
“Characterization and provenance of lime plasters 
from the Templo Mayor of Tenochtitlan (Mexico 
City)”, Archaeometry, vol.53, 2011, pp.1119-1141. 

[13] M. Franzini, L. Leoni, M. Lezzerini, F. Sartori, “The 
mortar of the “Leaning Tower” of Pisa: the product 
of a medieval technique for preparing high-strength 
mortars”, Eur. J. Mineral., vol.12, 2000, pp.1151-
1163. 

[14] F. Casadio, G. Chiari, S. Simon, “Evaluation of 

93



binder/aggregate ratios in archaeological lime 
mortars with carbonate aggregate: a comparative 
assessment of chemical, mechanical and 
microscopic approaches”, Archaeometry, vol.47, 
2005, pp.671-689. 

[15] S. Sánchez-Moral, L. Luque, J.C. Cañaveras, V. 
Soler, J. Garcia-Guinea, A. Aparicio, “Lime 
pozzolana mortars in Roman catacombs: 
composition, structures and restoration”, Cem. 
Concr. Res., vol.35, 2005, pp.1555-1565. 

[16] D. Miriello, M. Lezzerini, F. Chiaravalloti, A. 
Bloise, C. Apollaro, G.M. Crisci, “Replicating the 
chemical composition of the binder for restoration of 
historic mortars as an optimization problem”, 
Comput. Concr., vol.12, 2013, pp.553-563. 

[17] M. Franzini, L. Leoni, M. Lezzerini, F. Sartori, “On 
the binder of some ancient mortars”, Mineral. 
Petrol., vol.67, 1999, pp.59-69. 

[18] E. Pecchioni, F. Fratini, E. Cantisani, “The ancient 
mortars, an attestation of the material culture: the 
case of Florence”, Per. Mineral., vol.75, 2006, 
pp.255-262. 

[19] M. Lezzerini, M. Ramacciotti, F. Cantini, B. 
Fatighenti, F. Antonelli, E. Pecchioni, F. Fratini, E. 
Cantisani, M. Giamello, “Archaeometric study of 
natural hydraulic mortars: the case of the Late 
Roman Villa dell’Oratorio (Florence, Italy)”, 
Archaeol. Anthropol. Sci., vol.9, 2017, pp.603-615. 

[20] S. Pagnotta, M. Lezzerini, L. Ripoll-Seguer, M. 
Hidalgo, E. Grifoni, S. Legnaioli, G. Lorenzetti, F. 
Poggialini, V. Palleschi, “Micro-laser-induced 
breakdown spectroscopy (Micro-LIBS) study on 
ancient Roman mortars”, Appl. Spectroscopy, 
vol.71, 2017, pp.721-727.  

[21] G.M. Crisci, M. Franzini, M. Lezzerini, T. Mannoni, 
M.P. Riccardi, “Ancient mortars and their binder”, 
Per. Mineral., vol.73, 2004, pp.259-268. 

[22] C. Genestar, C. Pons, A. Más, “Analytical 
characterisation of ancient mortars from the 
archaeological Roman city of Pollentia (Balearic 
Islands, Spain)”, Anal. Chim. Acta, vol.557, 2006, 
pp.373-379. 

[23] V. Bortolotti, “Note illustrative alla carta della 
distribuzione geografica della Formazione di Monte 
Morello (Alberese)”,  Bollettino della Società 
Geologica Italiana, vol. 83, 1964, pp.155–190. 

[24] V. Bortolotti, “Contributo alla conoscenza della 
stratigrafia della serie Pietraforte-Alberese”, 
Bollettino della Società Geologica Italiana, vol.81, 
1962, pp.226-304. 

[25] L. Ponzana, “La Formazione di Monte Morello e i 
suoi complessi di base (Appennino settentrionale, 
Cretacico superiore - Eocene medio)”, Università di 
Modena e Bologna - Tesi di Dottorato, Bibl. Naz. 
Roma e Firenze, 1988, pp. 81. 

[26] L. Ponzana, “Caratteristiche sedimentologiche e 

petrografiche della Formazione di Monte Morello 
(Eocene inferiore-medio, Appennino 
Settentrionale)”, Boll. Soc. Geol. It., vol.112, 1993, 
pp.201-218. 

[27] M. Franzini, L. Leoni, M. Saitta, “Revisione di una 
metodologia analitica per fluorescenza-X, basata 
sulla correzione completa degli effetti di matrice”, 
Rend. Soc. It. Mineral. Petrog., vol.31, 1975, 
pp.365-378. 

[28]M. Lezzerini, M. Tamponi, M. Bertoli,  “Reprodu-
cibility, precision and trueness of X-RAY 
fluorescence data for mineralogical and/or 
petrographic purposes”,  Atti Soc. Tosc. Sci. Nat. 
Mem. Serie A, vol.120, 2013, pp. 67-73. 
https://doi.org/10.2424/ASTSN.M.2013.15 

[29] M. Lezzerini, M. Tamponi, M. Bertoli, “Calibration 
of XRF data on silicate rocks using chemicals as in-
house standards”, Atti Soc. Tosc. Sci. Nat., Mem., 
Serie A, vol.121, 2014, pp.65-70. 

[30] G. Leone, L. Leoni, F. Sartori, “Revisione di un 
metodo gasometrico per la determinazione di calcite 
e dolomite”, Atti Soc. Tosc. Sci. Nat., Mem., Serie 
A, vol.95, 1988, pp.7-20. 

[31] EN 1936:2007 – “Natural stone test methods - 
Determination of real density and apparent density, 
and of total and open porosity”. 

[32] EN 1925:1999 – “Natural stone test methods - 
Determination of water absorption coefficient by 
capillarity”. 

[33] EN 13755:2008 – “Natural stone test methods - 
Determination of water absorption at atmospheric 
pressure”. 

[34] M. Franzini, M. Lezzerini, “A mercury-displacement 
method for stone bulk-density determinations”, Eur. 
J. Mineral., vol.15, 2003, pp.225-229. 

[35] L.J. Vicat, “A Practical and Scientific Treatise on 
Calcareous Mortars and Cements, Artificial and 
Natural”, John Weale, London, 1837. 

94


