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Pietraforte sandstone is the building material of the

Medieval Florence (Italy). This was due to the proximity

of its quarries to the city, its availability, ease extraction

from the quarry face and to the particular characteristics

of durability of the stone, suitable for the buildings and

monuments cladding. Florence can be defined as a city in

Pietraforte, and this makes it necessary its detailed char-

acterization. The paper reports the geological setting of

the Pietraforte sandstone, the mineralogical-petrographic

characterization, the physical parameters and also a miner-

alogical method (based on clay minerals association) for

the identification of the source quarries of the most import-

ant historical buildings. The knowledge of this lithotype

allowed to better understand its decay phenomena.

Introduction

The city of Florence, located in central Italy, is a UNESCO World

Heritage Site since 1982. It is universally recognized as one of the

most important cities of the world for its artistic and architectural heri-

tage (Fig. 1). It is located in the SE corner of the Firenze-Prato-Pis-

toia basin, one of the tectonic basins that evolved during the Neogene-

Quaternary extensional events occurring in the hinterland of the Late

Oligocene-Miocene Northern Apennines thrust and fold belt. The

substratum of the basin consists of Ligurian Units, belonging to the

Jurassic-Eocene Ligurian-Piedmontese oceanic paleogeographic area,

which are tectonically overlaid onto the Tuscan Units representing a

part of the Adriatic paleocontinental margin (Bortolotti et al., 2001;

Vai and Martini, 2001) (Fig. 2). For centuries, the sandstones of the

turbidite formations belonging to these units (Ligurian Units and Tus-

can Units) provided the building materials used primarily during the

Middle Ages and Renaissance, determining the particular colour of

the city: ochraceous shades for the aristocratic residential and public

administration buildings and flagstones for street paving made from

Pietraforte sandstone (Fig. 3a); cerulean colour for the large colon-

nades and ornamental architectonic elements of churches and import-

ant houses realized with Pietra Serena sandstone (Fig. 3b). In particular,

Pietraforte was the primary building material (from Middle Ages) of

the city, while Pietra Serena was used extensively with the advent of

Renaissance, when large blocks of this latter sandstone were required

to carve columns, capitals and other ornamental elements (Rodolico,

1964; Fratini and Rescic, 2013; Fratini et al., 2015). The extensive uti-

lization of Pietraforte was mainly due to: 1) the proximity of its quarries

to the city (the hills near to the left bank of the River Arno e.g. Bob-

oli) (Fig. 4); 2) the ease of its extraction from the quarry face favoured

by the thickness of the arenaceous beds (separated by shaly intercala-

tions) that varies from a few decimetres to 1.5 m; 3) the presence of

internal secondary discontinuities like fractures filled with calcite

veins that allow an ease shaping of the material (Fig. 5); 4) its charac-

teristics of durability.

The aim of this paper is to summarize the lithological-sedimentary,

compositional and physical features of Pietraforte, particularly of the

Florence area, define the source quarries for many important buildings

of the XIVth-XVIth centuries in the city, and also to describe the prob-

lems of its conservation.

Historical use of Pietraforte in Florence

The utilization of Pietraforte dates back to the Roman period, as

documented by the archaeological excavations near Palazzo Vecchio,

where some structures of the Roman theatre of Florentia were uncov-

ered (Sartori, 2002), however, its extensive use dates to the XIIth century

when the city began to expand and to increase in importance, with the

construction of new city walls incorporating the XIth century Matildine

walls (built on the wall of the Roman castrum). A further expansion is

related to the construction of the XIIIth-XIVth century walls (Sznura,

1975; Artusi, 2005), when Florence attained the importance of other

great European cities. The typical buildings of that period were tower

houses (to protect families from violence arising from private revenge

and from the struggle between political-social factions) (Fig. 6a) or

public buildings as the Palazzo del Bargello (Fig. 6b), that were con-

structed with mostly unworked stone blocks. After the middle of the

XIIIth century and during the XIVth century (when the municipality issued
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an order to crop all the towers to give a visible signal that the power of

the noble families had finished), other public buildings began to be

erected in Pietraforte, including Palazzo Vecchio, Loggia dei Lanzi, Catte-

drale di Santa Maria del Fiore (completely clad with white Carrara mar-

ble, bands of green serpentinite and red limestone) as well as numerous

palaces of the emerging artisanal middle class that made Florence one

of the largest and richest cities in Europe. In addition, the Loggia housing

the grain market (Orsanmichele) was built between 1337 and 1350,

with refined three lancet windows, which is one of the few examples

of sculptured Pietraforte. In the XVth century, with the advent of the

Renaissance, the families of the wealthy bourgeoisie had impressive

palaces built using quarry-faced ashlars called bugnato (e.g., bugnato

rustico of Palazzo Medici Riccardi by Michelozzo, Palazzo Pitti by

Luca Fancelli, Palazzo Strozzi by Benedetto da Maiano (Fig. 7a); bug-

nato liscio (Fig. 7b) of Palazzo Antinori and Palazzo Rucellai by Leon

Battista Alberti) (Malesani et al., 2003; Pecchioni et al., 2012). The utili-

zation of Pietraforte continued also in the XVIth century e.g. in Palazzo

Uguccioni in Piazza Signoria. In the XVIIth century, the façades were

covered less in stone and more in renders and graffito plasters. Never-

theless, Pietraforte was still utilized for the Chiesa di San Michele and

San Gaetano and for San Filippo Neri convent, which are the few exam-

ples of “Florentine Baroque”. With the advent of Art Nouveau in the late

XIXth, early XXth century, the use of natural stone materials was partly

abandoned in favour of artificial stone, thanks to the development of

modern binders (Portland cement). However, there are still many

examples of the use of Pietraforte in this period, for example for the

architectural parts of the Piazzale Michelangelo by Poggi and as for

specific houses and villas of rich families imitating Medieval architec-

ture (Neogothic or Romantic architecture as the Torre del Gallo close

to Viale Galileo). In more recent times, Pietraforte was the stone that

the architect Giovanni Michelucci used as cladding for Santa Maria

Novella railway station (1934-1935), a masterpiece of rationalist archi-

tecture (Conforti et al., 2016). He preferred this material to travertine

and marble, that were in fashion at that time. It is worth mentioning that

outside Florence, Pietraforte is also the main building material of Montal-

cino, along the Francigena road south of Siena and Poppi in Casentino,

with its imposing castle, both in Tuscany.

Geological Setting

Pietraforte sandstone was defined with this name by Brocchi (1814),

Sacco (1895) and Lotti (1910), but its main features were pointed out

by Losacco (1958). Pietraforte sandstone is a lithotype of the eponymous

formation belonging to the allochthons External Ligurid Units (Cal-

vana Supergroup or Calvana tectonic Unit) which thrust on the Sub-

Ligurian (Canetolo Unit) and Tuscan Nappes (Tuscan Nappe and Cer-

varola-Falterona Unit) (Abbate and Sagri, 1970; Bortolotti et al., 2001;

Vai and Martini, 2001; Nirta et al., 2005). The formation is dated to

the Upper Cretaceous (Bortolotti, 1962; Fontana, 1991) and it is inter-

calated as wide lenses with thicknesses variable from several tens of

metres to about 450 m and locally 700-800 m (e.g., Greve, in the Chi-

anti Mounts), in the mostly shaly basal complexes of the Calvana Unit

succession (e.g., Sillano Formation, S. Fiora Formation) that underlies

the marly limestone and marl turbiditic succession of the Paleocene-

Eocene Monte Morello Formation (Alberese Auctt.) (Bortolotti, 1962,

1963; Abbate and Sagri, 1970; Falorni, 2001). The depositional area

Figure 1. Aerial view of Florence: the most important churches and historic buildings are indicated. (1 = Cattedrale di Santa Maria del Fiore;

2 = Battistero di San Giovanni; 3 = Palazzo Medici Riccardi; 4 = Basilica di San Lorenzo; 5 = Cappelle Medicee; 6 = Piazza Santa Maria

Novella; 7 = Palazzo Antinori; 8 = Palazzo Rucellai; 9 = Palazzo Strozzi; 10 = Strozzino; 11 = Chiesa di Orsanmichele; 12 = Loggia dei Lanzi;

13 = Palazzo Vecchio; 14 = Palazzo Uguccioni; 15 = Palazzo Gondi; 16 = Palazzo Pitti; 17 = Giardino di Boboli).



Episodes Vol. 44, No. 3

261

Figure 2. Geological map of the outskirts of Florence with the locations of the ancient Pietraforte quarries (geological map 1:250.000 modi-

fied after Carmignani et al. 2004): 1 = Bellosguardo quarry; 2 = Boboli quarry; 3 = viale Galileo quarry; 4 = Monteripaldi quarry; 5 = Ema

valley quarries; 6 = Riscaggio quarry; 7 = Greve quarry. 
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of Pietraforte was the most eastern part of the Ligurian oceanic realm

close to the Tuscan sector of the Adriatic margin (Abbate et al., 1986;

Sestini et al., 1986; Abbate et al., 1994). The Pietraforte beds are made

up of graded turbiditic sandstones that are characterized inside by

Bouma intervals of which plane parallel, undulated and convoluted

current laminations (Fig. 8) (“b” and “c” interval) are well represented.

Particularly the “c” interval, produced by the action of currents and by

the ensuing discharge of water during diagenetic burial (Ricci Lucchi,

1972, 1976), is a typical feature in the Pietraforte ashlars of some

Renaissance buildings (see this detail in Palazzo Rucellai - Fig. 8).

The sandstone has a lithic composition characterized by sedimen-

tary rock fragments, feldspars (mainly plagioclases) and a high con-

tent of quartz. Carbonatic rock fragments are prevalent, consisting of

dolostone and a wide variety of limestones from micritic to sparitic.

The paleocurrent structures (groove and flute casts) show an overall

dispersion of the turbiditic flows from NW to NE quarters, but also

western sources are described by Bortolotti (1967) and Abbate and

Sagri (1970). Therefore, the main source areas of the turbiditic flows

of the Pietraforte sandstone can be identified in the northern margin of

the Adriatic plate, mostly from the Palaeozoic low-grade metamorphic

Figure 3. a) Palazzo Spini Feroni built at the end of the XIIIth century, one of the best examples of medieval residential architecture in Flor-

ence; b) pedestal of the Spedale degli Innocenti, designed by Brunelleschi in the first half of the XVth century, one of the most representative

buildings of the Renaissance: below is Pietraforte with its ochraceous shade, above the pilaster in Pietra Serena with its cerulean colour.

Figure 4. View of Florence from the bell tower of Chiesa di Santo Spirito: on the right, close to the river Arno, the hills from where the Pietra-

forte sandstone was extracted during Middle Age.
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basement and its sedimentary and volcanic cover formations of the

South Alpine area (Cipriani and Malesani, 1966; Bortolotti and Male-

sani, 1967; Cipriani et al., 1976; Sestini et al., 1986). Other authors have

alternately suggested, a source from the Tuscan Domain (Fontana and

Mantovani Uguzzoni, 1987; Fontana, 1991).

In addition to the outcrops of Pietraforte Formations in the sur-

roundings of Florence, other important outcrops of Pietraforte are located

to the NW (Calvana and Monte Morello areas), east (Riscaggio on the

western slopes of Pratomagno close to Reggello), south of Florence

(Chianti area), in Casentino Valley (eastern Tuscany) and in the south-

ernmost part of the region (Montalcino and around Monte Amiata).

Outside Tuscany, other outcrops are those of the Monti della Tolfa

(Northern Latium), Val Marecchia (Marche Region) and Monte Barigazzo

(Emilian Apennine).

From the lithological point of view, the Pietraforte Formation is

generally represented by pelitic-arenaceous, and locally also by aren-

aceous-pelitic facies. They consist of a regular alternation of graded-

medium to fine, at times coarse-grained, silicic-carbonate turbiditic

sandstones with Tb-e, Tc-e, Td-e and Ta-e Bouma’s intervals, and silty-

marly shales (traditionally called bardellone). Some horizons of vari-

coloured shales, marls and more or less marly limestones can be pres-

ent particularly in the lower and upper parts of the formation. The

thickness of the beds is generally decimetric (10-40 cm, up to 80 cm

thick), but rarely are about 1 m thick or more (Fig. 9). Centimetric - to

decimetric thick horizons of microconglomerates (cicerchina Auctt.)

can be locally recognized at the base of the thickest and coarser beds

that locally show discontinuous crude laminations. Arenaceous-pelitic,

arenaceous successions with Ta-e, Ta/c-e, Tab/de, Ta/de beds up to con-

glomeratic facies are present in the southern outcrops too, e.g. of the

Monte Amiata area (Bortolotti, 1962, 1963; Pandeli et al., 2005; Marroni

et al., 2015). 

Materials and Methods

In Table 1 the list and the number of the samples collected from the

most ancient quarries and from some historical buildings of Florence

is reported (Fig. 1).

The petrographic observations were carried out on three representa-

tive samples for each quarry and historical building by means of a

ZEISS Axio Scope. A1 microscope, with videocamera, resolution 5

Megapixel and image analysis software AxioVision.

X-ray Diffraction (Philips PW 1050/37 powder diffractometer with

a Cu anode and graphite monochromator) operating at 40 kV, 20 mA,

with 2°/min goniometry speed, investigated range 2θ=5–70° on bulk

Figure 5. Particular of the old nucleus of Palazzo Vecchio (first half

of the XIVthcentury). The whitish surface of some Pietraforte ash-

lars represent original fractures filled by calcite, which favoured

the shaping of the stone. 

Figure 6. a) Tower house made of Pietraforte, in Piazza Peruzzi; b) Palazzo del Bargello, in the image can be seen the first nucleus of the pal-

ace (half XIIIth century), built with partial shaped Pietraforte blocks.
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samples and 5-32° on the clay fraction < 4 µm (Cipriani, 1958a, b;

Cipriani and Malesani, 1972), was used for the mineralogical analy-

ses carried out on five samples for each ancient quarry and for each

historical building. X’Pert PRO and High Score software for data

acquisition and data interpretation were used.

The physical characterization of the Pietraforte was performed on

the material coming from the quarries of Monteripaldi and Riscaggio,

the only quarries that were able to provide sufficient material for the

analyses. For each quarry five specimens were tested.

Samples of size 1.5×1.5×3 cm were dried at 60°C and the dry

weight Wd was determined. The real volume Vr and the bulk volume

Vb were determined using, respectively, a Quantachrome helium pyc-

nometer and a Chandler Engineer mercury pycnometer. Then the sam-

ples were dipped into deionised water and weighed after saturation

(constant wet weight Ww). With these data the following parameters

have been determined: 

- real density (γ), = Wd/Vr;

- bulk density (γs) = Wd/Vb;

- total open porosity P% = (Vb-Vr)/Vb · 100;

- water imbibition coefficient ICw%, (expressed in weight) 

Figure 8. Convolute laminations in the Pietraforte of Palazzo Rucel-

lai (XVIthcentury).

Figure 9. The Monteripaldi quarry, on the hills along Ema valley, south

of Florence.

Figure 7. a) Palazzo Strozzi (beginning XVIth century), example of late Renaissance architecture, with a façade in Pietraforte quarry-faced

ashlars (bugnato rustico); b) Palazzo Antinori (XVth century) with the façade in bugnato liscio.

Table 1. Pietraforte stone samples of the most ancient quarries and

historical buildings of Florence

Pietraforte quarries Historical buildings

Viale Galileo* Palazzo Uguccioni

Bellosguardo Loggia dei Lanzi

Greve Palazzo Pitti

Riscaggio Palazzo Gondi

Boboli Palazzo Strozzi

Monteripaldi Palazzo Antinori

Palazzo Rucellai

Palazzo Medici Riccardi

Palazzo dello Strozzino

*Five samples for both quarries and historical buildings have been col-

lected
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= (Ww-Wd)/Wd · 100;

- water imbibition coefficient ICv%, (expressed in volume) 

= ICw · γs · 100;

- water saturation index SI % =ICv/P · 100.

The porosity in the range 0.0037–150 µm (mesoporosity) and the

relative pore size distribution were determined with a Thermo Quest

mercury porosimeter utilising different pressure systems (Pascal 140

and 240). The mesoporosity together with the total open porosity made it

possible to calculate, as a difference, the microporosity (pores with

radius ≤ 0.0037 µm), according to the classification of pore space pro-

posed in Barsottelli et al. (1998), Barsottelli et al. (2001) and Cantisani et

al. (2009).

Pietraforte Description

Petrographic characterization

Pietraforte is defined petrographically as lithic sandstone accord-

ing to Dickinson (1970), Folk (1974), Fontana (1991) and Valloni and

Zuffa (1984) (see Fig. 10a). This stone has a clastic component made

of quartz, feldspars, carbonate grains and fragments of sedimentary,

low-grade metamorphic and acidic effusive rocks. The binder consists of

recrystalized micritic calcite, a little amount of clay minerals and a second-

ary calcite cement. (Fig. 10b) (Cipriani and Malesani, 1966; Fontana,

1991).

Cipriani and Malesani (1966) highlighted in the Pietraforte Forma-

tion the high content of quartz (~43% on the average) present as single

granules, quartz inside metamorphic fragments, cherts and neoformed

quartz (diagenetic). In particular, the analyses performed by Cipriani

and Malesani (1966) and Fontana (1991) in the thicker medium to

coarse-grained arenaceous beds in the Florence area, reveal that the

silicatic components (average ~56%) generally have more or less the

same abundance of the carbonatic ones (average 44%). The carbonatic

components are mostly of clastic origin (max 25%) and the dolomitic

component largely prevails over the calcitic one (generally 2 to 8%).

The monocrystalline grains are made up of: quartz (generally 13-

21%) characterized mostly by a sharp extinction; feldspars at <4%

and represented essentially by acidic plagioclases often with calcite

alterations; micas (mainly muscovite) at <4%; carbonates (2-8%) which

are essentially dolomitic.

The lithic component (45% on the average) consists of:

- sedimentary rocks (average 24%): dolostone prevalent on limestone,

cherts/radiolarites, shales, marly shales and siltstone/fine grained sandstone.

Fontana and Mantovani Uguzzoni (1987) distinguished extra and intra

basinal carbonate clasts with Late Triassic to Cretaceous microfacies;

- metamorphic rocks (average 11%): sericitic and chloritic phyl-

lites and quartzites, micaschists and minor gneiss;

- volcanic rocks (average 10%): rhyolite and rhyodacite with quartz

and plagioclase phenocrysts and often with recrystallized glassy ground-

mass sometimes with flow textures. Accessory minerals are: tourma-

line, zircon, rutile, garnet, magnetite and pyrite.

Bioclasts are relatively common (average ~4%): ammonites, Inoce-

ramus, calcareous algae (Lithotamnium), rudists, bryozoa, bivalves,

planktonic and benthonic foraminifera of Late Cretaceous age (gener-

ally Turonian-Maastrichtian).

The relevant part of calcite is related mainly to the recrystallized

carbonatic matrix and also to the secondary calcite cement, overall for

an average 20%. The original micritic carbonates of the matrix under-

went recrystallization during diagenesis, forming a resistant binder.

The clay matrix (average ~6%) generally occurs as pseudo matrix due

to the alteration of the pelitic lithics. The packing of the granular frame-

work is middle to high.

The sandstone is grey when fresh, but easily undergoes chromatic

alteration by weathering, acquiring a warm ochre/yellowish colour.

This colour change, due to iron oxidation, proceeds very quickly from

the surface to the inner part of the beds without causing a decrease of

cohesion in the arenitic framework (Malesani et al., 2003). Neverthe-

less, some areas retain the grey colour for centuries (Fig. 11).

Pietraforte in addition to the plane-parallel and convoluted lamina-

tions, presents fractures which are completely or partially filled with cal-

cite (calcite veins), which represents a factor of weakness due to preferential

separation.

Figure 10. a) Ternary diagram (quartz, feldspars, rock fragments- modified after Folk, 1974) representing the petrographic classification

fields of Pietraforte (violet) compared to Pietra Serena (green); b) thin section photomicrograph of Pietraforte sandstone: here is visible the

clastic fraction made of quartz, micas, dolomite rock fragments and the matrix made of the micritic carbonates mixed with clay minerals

(transmitted light, xpl).
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Mineralogical characterization and provenance of sandstone

As previously stated, the most ancient quarries of Pietraforte, as

reported in Fig. 2, were located close to the left bank of the Arno river,

namely where now the Chiesa di S. Felicita is sited, and on the nearby

hill of Costa San Giorgio- Forte Belvedere). Also, the present site of

Palazzo Pitti was a quarry together with a part of the Giardino di Bob-

oli, laid out at the site of different quarries, being an example of splen-

did ante-litteram landscape recovery (Fig. 12). 

Over the centuries, the expansion of the city has suffered the pro-

gressive obliteration of these quarries, due to political and territorial

reasons, while others were opened further south (Monteripaldi, Ema

valley) (Pampaloni, 1974) (cfr. Fig. 2). A quarry in the hills west of

Porta Romana (Bellosguardo) provided the material for Santa Maria

Novella railway station (Conforti et al., 2016), while a quarry was re-

opened in Boboli to provide material for the restoration and rebuilding

the ancient Oltrarno, Por Santa Maria and Borgo S. Apostoli build-

ings after their destruction in 1944 during the Second World War. In

the second half of the XXth century, the last exploited quarries were

those of Greve (Montepomino and Santa Cristina, 20 km south of

Florence) and Riscaggio, municipality of Reggello (20 km east of

Florence) (Fig. 2). The Greve quarry has now been definitively closed,

while the Riscaggio quarry is still open. A lithotype similar to Pietra-

forte is that of some more calcareous beds named Colombino present

within the Marnoso Arenacea siliciclastic turbiditic formation exploited

in the surrounding of Firenzuola, 50 km north of Florence, along the

Apennine ridge (Cantisani et al., 2013). 

The location of the quarries that provided the stone utilized in the

monumental architecture is very important both in the historical-

architectonical study and in the restoration of monuments in order to

understand the alteration processes. For instance, in the case of marble,

many parameters can be defined like isotopic ratios δ13C-δ18O and

electron spin resonance spectroscopy (ESP) allowing a reliable identi-

fication of the source areas (Attanasio et al., 2000). 

For the Pietraforte quarries, among the several parameters consid-

ered, the paragenesis of the clay minerals was the parameter that our

research group selected as being the more reliable to distinguish, the

different historical quarries and probably even some quarried outcrops

along the Viale Galileo, that supplied Florence (Banchelli et al., 1997). 

The Banchelli’s data were implemented with new samples from Viale

Galileo, Greve, Riscaggio, Boboli and Monteripaldi. Besides another

Florentine quarry, Bellosguardo, was analysed. 

The mineralogical data for bulk samples are the same for all the

quarries: quartz, calcite, dolomite, acidic plagioclases and phyllosili-

cates, while the composition of the clay minerals association is sum-

marized in Figure 13, from which it is possible to highlight how the

differences are related to the presence/absence of kaolinite, chlorite

and illite/smectite.

At first a confirmation of the reliability of the method used to iden-

tify different quarries came from the study of the Pietraforte ashlars of

Palazzo Uguccioni in Piazza Signoria (XVIth century). Uguccioni

family owned estates around Monteripaldi where several abandoned

quarries are located and our analysis pointed to a provenance of the

Figure 11. Portion of Pietraforte showing inside the original grey

colour.

Figure 12. Palazzo Pitti (XVth-XIXth century) seen from the bell tower of nearby Chiesa di Santo Spirito: at the back is the Giardino di Boboli,

laid out within the site of a Pietraforte quarry.
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ashlars of this palace from that area. The clay minerals analysis pro-

vided interesting information also for the Loggia dei Lanzi. Indeed,

material from three different localities (Boboli, Monteripaldi and

Viale Galileo area) was highlighted. In particular, the material of the

upper part of the Loggia dei Lanzi comes from Monteripaldi, even

though this quarry was opened at the end of the XVth century and the

period of construction of the Loggia is the XIVth century. A possible

explanation is that the upper part of the building, being more exposed

to the atmospheric agents, has undergone periodic substitutions with

material coming from Monteripaldi. As for Palazzo Pitti, the materi-

als of the oldest part of the building (XVIth century) come from the

quarries that were located in the nearby Giardino di Boboli, while the

more recent south and north wings (second half of the XVIIIth century)

were realized with material coming from Monteripaldi.

Also, for Palazzo Gondi the variability of clay mineral composition is

in accordance with the different construction phases. In fact, the building

was designed by Giuliano da Sangallo in 1490, but it was enlarged in

1870 following the demolition of a nearby building. The analysis, in

fact, has shown that the ashlars of the oldest part come from the quarries

of Boboli while those of the added part are from Monteripaldi. Analyses

have been carried out also for Palazzo Strozzi, Antinori, Medici Ric-

cardi, Rucellai and Strozzino. Also, for these buildings the original

supply quarries were located in Boboli, but for Palazzo Strozzi the

partial substitutions of the ashlars carried out in 1937, with material

coming from Monteripaldi have been highlighted. Table 2 summa-

rizes the results of the Pietraforte provenance of the historical build-

ings in Florence.

Physical characterization

The physical data of the sandstone coming from Monteripaldi and

Riscaggio quarries, are similar; they show a low total open porosity,

more than a half of this porosity being represented by mesopores. The

latter favours the absorption and retention of liquid water as demon-

strated by a quite high saturation index (SI) (Table 3) (Cantisani et al.,

2009). Nevertheless, it must be considered that the presence of swell-

Figure 13. Composition of the mineral clay associations for different Florentine ancient quarries (ilt = illite; chl = chlorite; vrm = vermiculite;

sme = smectite; kln = kaolinite; ilt/sme = illite/smectite; chl/vrm = chlorite/vermiculite). The differences are related to the presence/absence of

kaolinite, chlorite and illite/smectite.
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ing clay minerals (chlorite-vermiculite, illite-smectite) also contrib-

ute to increase the SI value. 

About the mechanical characteristics, it should be noted that the

compressive strength performed normal to the stratification is an

average of 140 MPa, as reported in Pecchioni et al. (2012). 

Problems of conservation

The turbiditic genesis, the petrographic and physic mechanical

characteristics strongly affect the decay phenomena of Pietraforte

sandstone in the Florentine architectural heritage. The typical convo-

lute laminations of Bouma’s “b” and “c” intervals, particularly evident in

the upper portion of the Pietraforte beds, determines delamination and

spalling in numerous ashlars. The presence of a large number of frac-

tures and veins filled entirely or partially with calcite represents zones

of preferential detachment in the blocks. Moreover, meteoric waters

act on these fractures and veins both through dissolution of the calcium

carbonate and through freeze–thaw phenomena. In both cases, these

discontinuities are accentuated, causing the detachment of flakes and

fragments. In the presence of overhanging architectural elements such

as string courses, lintels and ashlars (bugnato rustico) a dangerous

detachment of large portion of stone blocks can occur (Fig. 14a). On

the other hand, the presence of a large amount of calcite in the matrix,

which underwent a process of recrystallization during diagenesis,

forming a very resistant binder, in addition to the calcite cement of

secondary precipitation within the original porosity, implicate a strong

cohesion of Pietraforte ashlars (compare mechanical data).

The main physical parameters (i.e. porosity and saturation index)

affect the retention of water inside the pores, favouring both mechani-

cal (freezing-thaw stress) and chemical (dissolution, hydrolysis, bio-

logical grow) decay phenomena.

The water also acts on the upper portions of the ashlars, more fine

and rich in clay minerals and plain/convolute laminations, with leach-

ing/swelling of the clay minerals, favouring flaking and intergranular

decohesion (Fig. 14b). The clay minerals association and the amount

of swelling minerals (chlorite-vermiculite, illite-smectite) strongly

influence these phenomena of decay.

Conclusions

Pietraforte is the main building material of the Medieval Florence

still characterizing the city with its ochre colour. In this sense, we can

really affirm that in Italy, Florence is one of the few cities mainly char-

acterised by a single building material. This stone was used because it

crops out extensively close to the city and the extraction was favoured

by the suitable thickness of the arenaceous beds. This sandstone dates

back to the Late Cretaceous and has a turbiditic genesis being charac-

terized by typical convoluted laminations. During the centuries, dif-

ferent supplying quarries were used because the expansion of the city

caused the obliteration of some quarries with the necessity to open

new ones. 

In this regard the possibility of recognising the source quarries of

ancient buildings and monuments through the determination of the

clay minerals paragenesis, can be an useful tool both for historical-

architectonical study and for the restoration in order to understand the

observed conservation conditions of the different ashlars. As for the

durability of this sandstone, the results of the petrographic and physi-

cal investigations, can explain the behaviour of the material. Moreover,

this can support the selection of suitable sandstones for restoration

Table 2. Clay minerals association and quarries provenance of some historical buildings in Florence

Historical buildings Clay minerals association Ancient quarries

Palazzo Uguccioni kln, ilt, chl, chl/vrm Monteripaldi

Loggia dei Lanzi
kln, ilt, chl/vrm, ilt/sme

kln, ilt, chl, chl/vrm
 ilt, chl/vrm, ilt/sme

Boboli, Monteripaldi Viale Galileo

Palazzo Pitti
kln, ilt, chl/vrm, ilt/sme

 kln, ilt, chl, chl/vrm
Boboli Monteripaldi

Palazzo Gondi
kln, ilt, chl/vrm, ilt/sme

 kln, ilt, chl, chl/vrm
Boboli Monteripaldi

Palazzo Strozzi
kln, ilt, chl/vrm, ilt/sme

kln, ilt, chl, chl/vrm
Boboli Monteripaldi

Palazzo Antinori kln, ilt, chl/vrm, ilt/sme Boboli

Palazzo Rucellai  kln, ilt, chl/vrm, ilt/sme Boboli

Palazzo Medici Riccardi  kln, ilt, chl/vrm, ilt/sme Boboli

Palazzo dello Strozzino kln, ilt, chl/vrm, ilt/sme Boboli

kln = kaolinite; ilt = illite; chl = chlorite; vrm = vermiculite; sme = smectite; ilt/sme = illite/smectite; chl/vrm = chlorite/vermiculite

Table 3. Physical parameters of Pietraforte sandstone

Pietraforte quarries γ (g/cm3) γs (g/cm3) Ptot (%)
Total porosity decomposition (%)

ICW(%) ICV(%) SI(%)
Micro Meso Macro

Monteripaldi 2.70 ± 0.01 2.57 ± 0.01 5.60 ± 0.14 2.60 ± 0.01 3.0 ± 0.01 - 1.79 ± 0.02 4.59 ± 0.06 82 ± 1.41

Riscaggio 2.71 ± 0.01 2.56 ± 0.01 5.70 ± 0.14 2.70 ± 0.01 3.00 ± 0.01 - 1.80 ± 0.03 4.60 ± 0.07 83 ± 1.51
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interventions, with aesthetical and compositional characteristics simi-

lar to original Pietraforte, also taking into account that at present only

small quarries are exploited for the supplying of this sandstone (i.e.,

Riscaggio quarry).
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