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Abstract – Thermal decay may be one of the causes of 
monzogranite deterioration. In this work, we study the 
chemical, mineralogical and petrographic 
characteristics and the physical properties of the 
monzogranite of Elba Island as a building material, to 
better understand the main effects of the degradation 
caused by artificial thermal cycles on this rock. 

 I. INTRODUCTION 
As part of the research aimed at studying the physical 

and mechanical characteristics of the stones used in the 
monumental building of the city of Pisa [1-8], we focus 
this work on the monzogranite of Mt. Capanne (Elba 
Island). This stone material, well known from a chemical, 
mineralogical and petrographic point of view, has been 
cultivated since Roman times and even in the city of Pisa, 
we can observe its wide use as a building material, for 
example, in some columns of the leaning Tower, in some 
parts of the paving of a Borgo Stretto, in the curbs of the 
sidewalks. 

The main purpose of this work is to identify and assess 
the effects of degradation on this rock produced by thermal 
oscillations. 

To achieve this goal, we needed to fine-tune some 
methodologies for measuring the physical properties of the 
studied material. The monzogranite sampling took place in 
some active quarries in the south-eastern area of Elba 
island. The samples collected were characterized from a 
chemical, mineralogical, petrographic, and physical point 
of view. The analyses  of the physical properties were 
repeated on the same samples after subjecting them to heat 
treatments. The obtained dataset was used to attempt an 
interpretation of the relationships between the various 
characteristics of the studied samples and the thermal 
degradation. 

 II. GEOLOGICAL SETTING 
The Elba Island, located in front of the southern Tuscan 
coast in the Northern Tyrrhenian Sea, relates to the so 
called Tuscan Magmatic Province. During the late 

Miocene-Pleistocene an intense magmatic activity, related 
to the post-collisional phase of the Apennine orogeny, took 
place along the Tyrrhenian border of the Italian Peninsula 
[9-11] emplacing a wide variety of rock, from intrusive to 
volcanic, from strongly alkaline to calc-alkaline [12-17]. 
There are mainly two different monzogranitic plutonic 
masses outcropping both in the west and east of Elba 
Island: Monte Capanne, 6.9 Ma and La Serra-Porto 
Azzurro, 5.9 Ma, respectively, along with their 
microgranite, aplite and pegmatite dyke swarms [18–25].  
The monzogranitic Monte Capanne pluton [26–31] is fed 
by different magma pulses that then coalesced into one 
single intrusion [32]. It is possible to distinguish three 
main facies in the pluton where the first two are the most 
important: 1) the monzogranitic Sant’Andrea facies, 
characterized by numerous large K-feldspar megacrysts 
and mafic enclaves; 2) the granodioritic-monzogranitic 
San Piero facies, typically quarried for its homogeneous 
texture almost devoid of large megacrysts and mafic 
enclaves, and therefore studied for the purposes of this 
work; 3) San Francesco facies show intermediate features 
between the 1) and 2) facies [26, 31]. 
The study of the thermal degradation of a rock is 
fundamental to understand the durability of the rock itself 
and it becomes of extreme importance for the building 
materials. Temperature variations can generate tensions 
inside the rock developed due to the different thermal 
behaviour of the minerals. For this reason, when a granular 
disintegration process occurs it can lead to the 
transformation of the material into an incoherent mass of 
granules. The granular disintegration is one of the most 
relevant phenomena that cause the disruption of 
monzogranite building and ornamental works. In this work 
we try to evaluate whether thermal oscillation can be one 
of the causes of the disintegration of the monzogranite 
itself. 

 III. USES OF MONZOGRANITE FROM ELBA 
ISLAND AS A BUILDING MATERIAL 

The exploitation of the monzogranite from Elba Island 
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traces back to Roman times (Pantheon) and it is still 
possible to see traces of the ancient cultivation methods 
used on the island of Elba [33]. Some ancient abandoned 
quarries near the village of Cavoli show the excavation 
technique practiced in Roman: in particular, in a small 
quarry front we can still observe the holes where wooden 
wedges were forced in, then repeatedly wet until the wood, 
swelling, cracked the rock apart. Numerous remains of 
Roman monzogranite columns, currently covered by thick 
vegetation, were found in the areas surrounding the village 
of Cavoli. There are other artifacts, found on the island, 
attesting extraction and processing of the monzogranite 
during Roman times like the altar of Attiano, found near 
Seccheto and the so-called “ship”, a semi-finished product 
with two protrusions along a stone cylinder recalling the 
prow of a ship. The exploitation process of the 
monzogranite resumes during the Pisan domination of the 
island in the Middle Ages; this is witnessed by the 
appearance of this stone material in some medieval 
buildings in Pisa, mainly for producing columns used in 
the interior of the buildings, rarely as external ones [34]: 
mainly re-used material (for example some columns of the 
portico of San Zeno, of the Pieve di Calci, etc.), but there 
are also news related to medieval works, for example, 
some columns of the Cathedral of Pisa, of the Church of 
San Paolo a Ripa d'Arno and also of some columns, or 
parts of them, of the Leaning Tower. This stone material is 
currently used in Pisa, and other major cities, as a building 
material (for example small parts of the paving of Borgo 
Stretto, some portions of the coverage of the banks of the 
Lungarno, curbs of the sidewalk). 

There are numerous monzogranite quarries on Monte 
Capanne, especially on the south western side of the 
pluton, most of which, unfortunately, are inactive due to 
the lack of manpower. There are only three active quarries 
today, two are in San Piero area, and one in Seccheto. The 
exploited material is used both for ordinary constructions 
(windowsills, stairways, enclosure walls, curbs of the 
sidewalk) and city paving and for ornamental purposes. 
Over the past few years, some of these quarries had 
troubles due to price competition of granite from China, 
sold at significantly lower prices.  

 IV. ANALITHICAL METHODS 
We collected five different samples of granite from 

Monte Capanne pluton, on Elba Island, come from three 
different quarries, two in S. Piero area and one in Seccheto 
area. The five samples were analysed using the analytical 
techniques as listed below: 

-  chemical analysis through X-ray fluorescence [35] 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% [36-37]. 

- mineralogical analysis through X-ray diffractometry 
(XRD) λ = 1.5406 Å, angle range 4-66°2θ; 

- petrographic analyses: transmitted light microscopic 
observation of thin sections (Zeiss Axioplan microscope); 

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 and saturation index have been 
determined following EN standards [38-40]; 

- real density (ρr) has been determined using a gas 
pycnometer (ultrapycnometer 1000 by Quantachrome 
Corporation) [38]. 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 
[38]. The volume of the specimens was measured by 
means of a hydrostatic balance on water-saturated samples 
[41]; 

- water absorption coefficient by capillarity has been 
determined on the same samples used for apparent density 
determination following [39]. Measurements were taken 
after 1, 3, 5, 15, 30, 60, 120, 180, 240, 300, 360, 420, 480, 
1440, 2880 minutes; 

- the total porosity has been calculated according to (1) 
 
        P (vol. %) = 100 ∙ (1– ρa / ρr)       (1) 
 
- thermal degradation. Four different thermal 

degradation tests using 15 cylindric samples. Before 
performing the thermal degradation, each specimen was 
brought to constant weight and subjected to a water 
absorption cycle both by capillarity and by total immersion 
for at least 14 days. After the sample preparation the 
following tests were carried out: a – heating at 110 °C use 
12 specimens, three for each of the 4 samples, with the help 
of a stove; b - heating at 150 °C using the same specimens 
used for the 110 °C test, with the aid of a muffle; c - heating 
at 350 °C using the same specimens for the 150 °C, with 
the help of a muffle; a heating at 150 °C using three 
cylindrical specimens of the same sample, with the help of 
a stove.  

The goal of this last heating was to degrade only one 
base of the specimen, taking care to always rest the same 
base on the plate of the stove: to avoid degrading the 
specimen homogeneously over the entire volume, the 
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carrot was removed from the stove when the base not  
resting on the plate began to heat up. At this point it was 

left to cool to room temperature and degraded again, all for 
50 cycles. At the end of each of the four different types of 
degradation, all 15 specimens were again subjected to a 
water absorption cycle trying to evaluate whether the 
degradation somehow determined the alteration of the 
samples under study. 

 V. RESULTS AND DISCUSSION 
The main mineralogical phases identified by XRPD 

analysis are feldspars, quartz and then biotite and chlorite. 
According to the XRD data and the petrographic study, the 
chemical analysis by means of XRF are reported in Table 
1. As can be seen, the four samples have a SiO2 content 
between 65.89% and 68.23%, an Al2O3 content between 
15.85% and 16.16% and a K2O content between 3.90% 
and 4,43%. As for the other components, their content is 
less than 4% and their sum is less than 13%; the sum of 
MnO, TiO2 and P2O5 does not exceed 1%. 

The petrographic analysis of twelve thin sections 
showed that the material under examination represents a 
homogeneous, holocrystalline, hypidiomorphic rock, 
made up of disequigranular minerals, with medium grain. 
By far the most abundant mineral is plagioclase, 
characterized by direct or oscillatory zoning with, in 
general, the core enriched in anorthite. The most frequent 
twinning is albite, the albite-Carlsbad is rare. Plagioclase 
sometimes includes small biotite crystals and has some 
secondary sericite flakes. Compared to quartz, in addition 
to having a slightly higher refractive index, plagioclase has 
a greater degree of idiomorphism. The other main minerals 
present are quartz, K-feldspar and biotite. The values of 
the modal analysis of the rock, compared with the 
literature data, are shown in Table 2. From the table it 
appears that the percentage of plagioclase is variable from 
36 to 39%, the percentage of quartz varies from 28 to 30%, 
while the K-feldspar varies from 17 to 20% and the 
percentage of phyllosilicates and secondary minerals from 
14 to 15%. 

Following the IUGS diagram for the classification of 
plutonic rocks, the analysed samples can properly be 
defined as monzogranite. 

In table 3 ed the physical properties for the analysed 
samples are report. The real density, ρr, ranges between 2.6 
and 2.7 g/cm3, while the values of the apparent density, ρa, 
are close to the former one, confirming the low porosity of 
the monzogranite, also according to the low values of 
imbibition coefficients.  

 
Table 1: Chemical composition of five monzogranite 

samples coming from Elba Island determined by XRF 
analysis: the major elements are expressed in oxides wt.%. 
*, data from literature; M., mean; st. D., standard 
deviation.  L.O.I.: loss on ignition. Fe2O3: total iron 
expressed as Fe2O3. 

 

 
 
Table 2: Modal analysis of five monzogranite samples 

coming from Elba Island after petrographic analysis, 
wt.%. *, data from literature [42]; M., mean; st. D., 
standard deviation.   

 
 
Table 3: Physical properties of monzogranite samples: 
ρr real density; ρa apparent density; P, porosity; Cip 
weight  related imbibition; Civ volume related 
imbibition; S.I. saturation index; * data from literature: 
1[43], 2[44]. 
 

 
 
We used water absorption by capillarity as method to 

relate the variations of the water absorption speed 
compared to different degradation states. Figures 1-4 show 
the different curves for water absorption by capillarity of 
the analysed samples with different degradations. During 
the first 24 hours the curves show a steeper slope, while 
after a day they are less steep, asymptotically aiming to a 
constant value. This means that over time the absorption 
rate slows down, and the filling of the residual porosity 
becomes slower. The dotted lines in the graphs represent 
the verso surface of the specimens. The water absorption 
curves by capillarity for heating at 60 °C and 110 °C do 
not show great differences, while the curves relating to the 
samples heated up to 150 °C show a greater increase in 
absorption. Samples degraded at 350 °C show the highest 
rate of water absorption. In addition, as can be seen, in 
each graph the verso surface has a lower water absorption 
rate than the average of the other surfaces.  

 L.O.I. Na2O MgO Al2O3 SiO2 K2O CaO Fe2O3 <1%  
G2 0,77 2,75 2,86 15,90 65,89 4,37 2,77 3,77 0,92 
AA 0,60 2,72 2,45 15,91 67,97 3,90 2,52 3,16 0,77 
AB 0,47 2,58 2,81 15,95 66,83 4,43 2,63 3,44 0,86 
BA 0,41 2,57 2,61 15,85 67,72 4,37 2,49 3,19 0,80 
CA 0,42 2,70 2,29 16,16 68,23 4,26 2,31 2,92 0,71 
* 0,54 3,23 1,51 15,91 66,98 4,11 3,17 3,78 0,77 
M. 0,53 2,66 2,60 15,95 67,33 4,27 2,54 3,30 0,81 
st. D. 0,14 0,07 0,21 0,11 0,86 0,19 0,15 0,29 0,07 

 Quartz Plagioclase Feldspars Phyl. + 
acc. 

G2 28 38 19 14 
AA 30 39 17 14 
AB 29 36 20 15 
BA 30 36 19 15 
CA 30 38 18 14 
* 26,9 39,5 18,3 15,3 
M. 29,4 37,4 18,6 14,4 
st. D. 0,80 1,20 1,02 0,49 

sample G2 AA AB BA CA * 

ρr (g/cm3) 2,696 
±0,003 

2,698 
±0,002 

2,696 
±0,002 

2,696 
±0,002 

2,687 
±0,002 2,6-2,71 

ρa (g/cm3) 2,650 
±0,002 

2,647 
±0,003 

2,647 
±0,003 

2,651 
±0,008 

2,630 
±0,003 2,63 2 

P (%) 1,72 
±0,08 

1,890 
±0,152 

1,816 
±0,178 

1,661 
±0,289 

2,121 
±0,104 0,5-1,51 

W.A.C. 0,217 
±0,010 

0,186 
±0,10 

0,212 
±0,30 

0,215 
±0,20 

0,238 
±0,30 - 

Cip (%) 0,43 
±0,01 

0,40 
±0,01 

0,40 
±0,01 

0,41 
±0,01 

0,45 
±0,01 - 

Civ (%) 1,13 
±0,03 

1,06 
±0,03 

1,06 
±0,03 

1,09 
±0,04 

1,18 
±0,02 - 

S.I. (%) 66 ±4 56 ±2 58 ±3 65 ±9 56 ±6 - 
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Fig. 1: Water absorption by capillarity curves for sample CA, degraded 

at 60 °C, 110 °C and 150 °C. 

 
Fig. 2:Water absorption by capillarity curves for sample BA, degraded 

at 60 °C, 110 °C and 150 °C. 

 

 
Fig. 3: Water absorption by capillarity curves for sample AA, degraded 

at 60 °C, 110 °C and 350 °C. 

 
Fig. 4: Water absorption by capillarity curves for sample AB, degraded 

at 60 °C, 110 °C and 350 °C. 

 VI. CONCLUSIONS 
The carried-out analyses clarify some aspects related to 

the evaluation of the physical characteristics of the water 
circulation within a rock, connected with the thermal and 
mechanical degradation to which the monzogranite can be 
subjected. In the five studied samples it was found that the 
verso fracture surface absorbs water less quickly: this is 
probably due to the presence of greater fractures parallel 
to the verse compared to the other two, due to 
microfiltration caused by the cooling of the pluton or to 
fracturing induced by post intrusion regional tectonic 
phases.  

According to what has been affirmed by Marre [45] in 
his structural studies on granite plutons, this fracturing 
should be connected with the late phases of the cooling of 
the pluton and consequent decrease in the volume of 
solidifying magma. The monzogranito proved to be a fairly 
resistant lithotype to the effects of thermal degradation: it 
should be observed how the values of water absorption and 
apparent volumes vary very little by heating the sample to 
110 °C; the observed volume variations show a standard 
deviation of the measure corresponding to the precision of 
the scale used. Analysing the other types of degradation, it 
is possible to observe an increase in the values of the 
physical characteristics, and above all in the capillarity 
coefficient, after heating to 150 °C using the stove, an 
increase that becomes more sensitive with heating to 
350 °C, so it can certainly affirm that, unlike the other 
degradations, a cycle at 350 °C leads to a variation in the 
quantity of absorbed water related to a modest increase in 
the apparent volume, and to the formation of open porosity. 
It turns out that the thermal cycles produce a degradation 
of the monzogranite even if it seems difficult to attribute 
the effects of insolation entirely to the mechanism that 
leads to an effective disintegration of the granites since it 
is essential to reach high temperatures to have a significant 
variation in the physical characteristics of the quantity of 
water absorbed. However, it seems necessary to 
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hypothesize the intervention of any mechanisms connected 
with the interaction with water to try to justify further an 
effective disintegration of the granites.  
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