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Abstract 

Natural stones provide a wealth of construction materials including stones for use as aggregates 

or rock fill. Stone is one of our traditional building materials and even now there is a great 

demand for stone as building materials. Geological and geotechnical properties of natural stones 

(rocks) therefore are a pre requisite for optimal use of them. Knowledge about certain rock types, 

their age and origin, as well as exploitation methods, can give additional information on their 

importance and preservation. Due to its geological setting Albania is a rich country in 

sedimentary, magmatic and less in metamorphic rocks. Therefore, natural stones can be 

considered as a valuable Albanian geoheritage and moreover Skanderbeg Square an urban 

geoheritage. Tirana, the capital city of Albania has a strong connection with building stones used 

in the city not only with historical usage of local rocks but even from abroad. The main aim of 

this study is related to the possibility of using certain types of sedimentary rocks, as decorative 

stones for Skanderbeg Square (Tirana, Albania) and as common material involved in 

construction. Macroscopic observations carried out in the quarries and in geological outcrops, 

made possible the identification of some problems related with cutting, grinding and polishing 

natural stones as slabs. These observations were completed through laboratory study of the most 

representative samples taken from the field with special attention in determine under microscope 

possible deleterious minerals, mineralogical composition, texture, micro and macro structures. 

Measurements were also performed to determine some geotechnical properties such as specific 

density, bulk density, water absorption, compressive strength and bending resistance. 
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Introduction 

 

The city centers have always had an important historical, cultural and social value, and usage of 

natural stone as traditional building materials, as well as construction techniques (Miletic 2016). 

They represent important tourist attractions and are often considered part of urban geoheritage 

which need to be preserved for future generations (Fio Firi 2020). The Skanderbeg Square is the 

main plaza in the center of Tirana, Albania. The total area is about 40,000 square meters. The 

city plan for Tirana was initially designed by Armando Brasini in 1925 and continued by 

Florestano Di Fausto in a Neo-Renaissance style with articulate angular solutions and giant order 

fascias. Following the Italian invasion of Albania, the master plan was updated in 1939 by 

Gherardo Bosio. Many buildings including the Palace of Culture, the National Opera, the Ethem 

Bey Mosque, the Clock Tower, the City Hall, National Historical Museum etc. are situated at the 

square. After 2004, an urban regeneration plan drawn up by a foreign studio advocated 

densifying the city center by constructing several free-standing tall towers. However, in 2016, a 

new project which, wholly financed by state funding from Kuwait, and had three main aims. 

First, it sought to create a large area exclusively for pedestrian use, eliminating the traffic and 

concealing parked vehicles in an underground car park. A second objective was to highlight the 



value of all the heritage buildings surrounding the square, and to endow them with some kind of 

unitary order (Public Space 2017). Finalized in 2017, the reforms eventually carried out have 

turned Skanderbeg Square into a public space of more than ten hectares exclusively for the 

pedestrian use. Rather than being flat, the esplanade is shaped like a four-sided Roman pyramid 

with a slope of 2.5% and a height of two meters at its tip (Figure 1). The absence of a continuous 

façade to delimit the circumference of the esplanade has now been compensated for with the 

introduction of a green strip circling the square in the form of twelve gardens with leafy trees. 

Having knowledge on types and usage of natural stones should be creative and include a cultural 

and artistic aspect, to show not only the history of a place or a city but also the fundamental 

geological history of the area (Prikryl 2017). 

 

 

 

 

 

 

 

 

 

 

 

 

 

This study deals with the geotechnical, macroscopic and microscopic characterization of the 

most representative sedimentary rocks taken in different quarries in Albanian territory and to test 

their use as polished slabs for Skanderbeg Square. Stylolite networks and their insoluble residues 

(IR) are among the major concerns and the fundamental controls on the mining and processing of 

sedimentary decorative stones. 

 

Geological Setting 

 

The geological, tectonic and geomorphological setting of Albania has conditioned its 

morphology and has made possible the presence of all rock types in its territory. Albania, from 

the tectonic point of view, is part of the folded Alpine orogenic belt that lies between Dinarides 

and Hellenides. During the Alpine geological evolution Albanides, an imbricated tectonic 

thrusting system, with considerable amplitude, has been developed in the external part, while a 

series of normal faults have been developed in the internal part. The experiences have shown that 

geotechnical properties, to a large extent, depend on the geological characteristics of 

material/constructional materials. Therefore, proper knowledge of geological characteristics 

provides an insight into mechanical behavior of rocks to design, exploitation and use them 

correctly. 

Thus, the need arises that before any possible use of sedimentary rocks as ornamental rocks we 

must have coordination with specialists in the disciplines of Geology and Mining. This in the 

framework of the evaluation of these rocks for indicators and technical parameters of their use. 

Sedimentary rocks occupy about almost 85% of the territory of Albania. Based on this 

assessment, conclusions should be drawn regarding their use or not in the decorative stone 

Figure 1 Images of Skanderbeg Square before and after. 



industry. The combination of all the results obtained gives a complete picture regarding the 

possibility of using the studied material and its orientation for decorative and construction 

purposes. Thus, the main purpose of this study is to identify the petrographic characteristics of 

rocks, to determine some physical and mechanical properties, to correlate these properties with 

the mineralogical composition. Skanderbeg square was paved with tile made from sedimentary, 

metamorphic and magmatic rocks, but our study is focused only on sedimentary rocks. 

 

Materials and methods 

 

To realize our study, several field works were carried out in different periods during 2017 

(Durmishi 2017). During the field work, a macroscopic description of the rocks exposed in the 

outcrops or through different quarries was realized. From the observations and documentation 

that was carried out, it was found that the rocks present great diversity in terms of geological and 

petrographic characteristics. The observed features generally include: color, relative hardness, 

fabric, grain size, open and refilled cracks, pores, presence of macrofossils and the stylolite 

networks (Flugel 2004). They have been studied in the field, rock blocks and polished slabs and 

in hand specimen (Figure 2). As well as the continuity of layers thickness in horizontality and 

verticality, depending on the conditions and environments of formation and geological-tectonic 

processes. Samples were investigated using standard methods and equipment for basic 

petrographical research at the Department of Earth Sciences, Faculty of Geology and Mining, in 

Tirana, while determination of the geotechnical properties were carried out at Altea & Geostudio 

2000. Samples from the quarries and outcrops were further microscopically analyzed from thin 

sections to determine microfossils, present mineral grains, texture and structure (Halili et al. 

2017). The limestones classification was made according to Dunham (1962) classification 

scheme in order to determine depositional textures and energy of the depositional environment 

and subsequently modified by Embry and Klovan (1971) and Pettijohn (1975) for sandstone 

classification. Some of the thin sections were partly stained by Alizarine red S in order to 

determine carbonate component. Different levels of the studied quarries have been studied for 

their stylolite network geometries (Figure 2). The orientation, dipping, cross-cutting relations and 

filling of stylolites, extensional fractures and brittle shear zones were studied in the field 

(Laronne 2014). The shape of the stylolite network was measured by visual descriptions in two 

dimensional views and on the polished slabs and according to Buxton and Sibley (1981) and 

Railsback (1993). However, what is important in this study is the geometry of stylolites, as they 

merge and result in a rather network (Arzani 2011). The most representative and selected areas 

on the washed walls of the quarries and the surfaces of cut blocks and polished slabs were drawn 

in the notebook and photographed for further analysis of their stylolite networks (Akhil 2015) 

(Figure 2). 

 

Results and discussions 

 

There are two basic approaches used in this study, petrographic (both macro and microscopic 

scale) (Figure 3and Figure 4) and geotechnical approach. Two major groups were studied, 

terrigenous and carbonate sedimentary rocks. Terrigenous facies according to Pettijohn 1973 

represent an quartz greywacke (Permet sandstone) while the other one represent an 

orthoconglomerate (Kapshtica conglomerate) (Figure 4). The carbonate rocks are grainstone 

(Rubik) (Figure 3), packstone/grainstone (Miraka), wackstone (Milot and Bogovë), Mudstone 



(Pepallash, Korçë and Berat), boundstone (Brar and Korçë), floatstone/rudstone (Devrie) and 

bindstone (Butrint). All of the elements present in the samples are listed in the tables below 

(Table 1). The stylolite networks, developed in the studied quarries don’t show any special 

orientation except in Rubik pelagic limestone where the styliolites are perpendicular with the 

bedding. Their overall geometries are distinctive in different microfacies and often accompanied 

with veins and veinlets. However, the geometrical characteristics and morphologies of the 

studied stylolite networks vary sometimes within a single bed. There are also micro stylolite 

systems within the larger stylolite sets. Those are visible better under microscope. Those which 

are considered here are the main stylolite networks that are important and control the behavior of 

the polished rock slabs. Iron oxides and clays are the major and minor IR respectively.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 2 a) Thin to medium bedded micritic limestone, Berat. b) c) Presence of styliolites forming 

irregular network in limestone blocks, Shpirag, Berat. d) Thick bedded grey sandstone. e) Polymict, 

poorly sorted conglomerate Devoll, Korce. f) Reddish limestone, Miraka, Librazhd. g) Conglomerate-

limestone conglomerate, Burrel. 



  

Figure 3 a) General view of grainstone (PPL), Rubik. b) Internal construction of the rudist wall, 

(XPL), Rubik. c) IR between rudist shells, (PPL), Rubik. d) Carbonate grain, (PPL), Rubik. e) 

Irregular crack filled with spar cement, (PPL), Rubik. f) Porosity space, (PPL), Rubik.  

Figure 4) a) Sutured contact of different lithoclasts surrounded by dark brown insoluble residues 

(IR), (PPL), Kapshtica conglomerate. b) Bindstone clast, (PPL), Kapshtica conglomerate.  



Their concentration can be found along the stylolites and it gives rise to the reddish color (Figure 

4). It is important to know that with absorption of the water they add a pressure to the joint 

networks for disrupting the blocks and polished blocks during the mining and processing in the 

factory (Katsman 2010). If we want to use natural stone in a construction many factors must be 

considered, especially the properties and durability of the stone and the way the stone will be 

built-in. It is important to determine at what position the stone will be more durable and last 

longer, in the interior or exterior, on horizontal or vertical surfaces. Different geotechnical 

properties like specific density, average bulk density, average water absorption, compressive 

strength, bending resistance were determined in the most representative samples the. 

In terms of specific gravity and bulk density, the higher, better the rocks that can be used as 

decorative stones (ideally 2.4-2.8 gr/cm3). From the results obtained from the tests performed, 

the Kapshtica conglomerate has exceeded the lower limit (2,312 gr/cm3). The high content of 

insoluble residues (IR) and calcite veins as well, make it more vulnerable compared to the other 

rocks (Table 3). 

According to Tomašić et al. (2011) the ability of natural stone not to absorb water is an important 

technical criterion closely related to stone porosity, with huge influence on other properties and 

durability. Water absorption and related factors cause stone deterioration and degradation. It can 

especially be dangerous for stone varieties with high porosity like Lithothamnium limestones 

from Brari. The orientation of carbonate stone blocks in the construction process should be 

considered carefully, because the orientation of structural elements may either prevent or 

enhance water absorption. Based on the international standarts water absorption for sandstones 

and limestones should be <10%. We have very small values so they fulfill the condition (Table 

3). Compressive strength for good decorative stones should be between 60-200 N/mm2 (Lleshi 

2006). The measured values of the samples are between 70-101 N/mm2 thus greater than 60 

N/mm2. Same situation is valid even for bending resistance (Table 3). 

 
 

Table 1 Summary of petrographic characteristics of terrigenous sedimentary rocks. 

 

  

Site Rock type 
Quartz 

(%) 

Lithics 

(%) 
Mica(%) Etc. (%) 

Matrix 

or 

cement 

(%) 

Matrix or 

cement/ 

Grains 

Grain size 

(mm) 

Përmet Sandstone 70 3 2 

5 

(Biotite, 

glauconite, 

chlorite, 

calcite, opaque 

minerals) 

20 20/80 
0.0375-

0.0125 

Kapshtica Conglomerate 5 70 0 Calcite 20 20/80 
up to 

several cm 



Table 2 Summary of petrographic characteristics of carbonate sedimentary rocks. 

  

Site Rock type 
Bioclasts 

(%) 

Intraclasts 

(%) 

Peloids 

(%) 

Etc. 

(%) 

Matrix 

or 

cement 

(%) 

Matrix 

or 

cement/ 

Grains 

Grain size 

(mm) 

Rubik/ 

Milot 

Turbiditic 

limestone 
90 - - 

Quartz  

1 
Sparite 9 9/91 

From 0.05 up to 

several mm (2-

3)  

Miraka Limestone 60 - - 

Calcite 

vein  

2 

Micrite 

38 
40/60 

2 classes: 

0.5-2; 

0.0125-0.25 

Devrie/ 

Skrapar 
Limestone 70 - - 

Dolomite 

crystals 

Cement 

10 

Matrix 

20 

30/70 
mm sized rudists 

clasts 

Pepellash Limestone 2 - - Mud cracks 
Micrite 

80 
90/10 0.025-0.0625 

Berat Limestone 10 - - 
Opaque 

minerals  

Matrix 

90 
90/10 0.0625-0.15 

Berat Limestone 10 - - 

Unknown 

grain 

Vein 1 

Matrix 

89 
89/11 0.0625-0.15 

Berat Limestone 15 - - - 
Matrix 

85 
85/15 0.0625-0.15 

Rubik/ 

Milot 

Pelagic 

limestone 
2 - - 

Calcite 

vein 

Matrix 

98 
98/2 0.125-0.025 

Bogovë Limestone 15 - - 
FeO 

FeOH 
85 85/15 

 

0.125-0.025 

Brar 
Red algae 

limestone 
70 - - 

Quartz 10 

Mica 1 
19 19/81 

mm sized algae, 

microfauna 

0.31mm 

Korcë Limestone 85 - - 
Mica, 

quartz 5 
10 10/90 

Algae 1-5mm 

bioclasts 

Butrint 
Algae 

limestone 
70 - - 

Dolomite 

crystals 
30 30/70 Irregular shapes 



Table 3 Summary of geotechinal parameters of all characteristics of carbonate sedimentary rocks. 

 

 

Conclusions 

 

Tirana as the capital city of Albania has a great historical and cultural importance. To enhance all 

mentioned, knowledge about the natural stones which can be seen on the Skanderbeg Square but 

even on city streets, squares and buildings, their usage and preservation can give us information 

on their natural value, as well as of their exploitation and geological history of the area.  

On the basis of field investigations, petrographic and systematic analysis of structural elements, 

the following conclusions can be given. In general, our research study carried out in different 

rocks gave us a positive conclusion regarding the lack of deleterious minerals, mineralogical 

composition, textural characteristics, micro and macro structures. From this group we can 

exlcude lithothamnic limestones from Brari and Kapshtica conglomerates, which are rich in 

insoluble residues one of the factors that help cracks creation in the rock. Based on the 

petrographic description in this group of samples, even Miraka limestone may show problems as 

it shows cracks and a complicated network of dissolution seams. The geotechnical characteristics 

such as specific density, average bulk density, average water absorption, compressive strength, 

bending resistance has emerged out favorable properties for construction purpose.  

Such insights should allow a better prediction of the durability and sensitivity to weathering of 

such decorative stones used to pave Skanderbeg Square but even on walls and floors of 

buildings. 

  

Site Rock type 

Specific 

density 

(gr/cm3) 

Average 

bulk density 

( gr/cm3) 

Average water 

absorption 

(%) 

Compressive 

strength 

(N/mm2) 

Bending 

resistence 

(MPa) 

Rubik/ 

Milot 

Turbiditic 

limestone 
2.61 2.564 - - - 

Miraka Limestone 2.63 2.647 0.6 - 10.82 

Devrie/ 

Skrapar 
Limestone 2.621 2.657 - - 8.45 

Pepellash Limestone 2.61 2.654 0.65 99.36 10.7 

Berat Limestone 2.652 2.553 1.31 70.64 - 

Berat Limestone 2.654 2.551 1.4 75.5 - 

Berat Limestone 2.61 2.651 1.21 - - 

Rubik/ 

Milot 

Pelagic 

limestone 
2.59 - 1.33 - 11.2 

Bogovë Limestone 2.601 - - - - 

Brar 
Red algae 

limestone 
- - - - 7.14 

Korcë Limestone - - - - 6.64 

Butrint Algae limestone 2.63 2.641 - - - 

Permet Sandstone 2.62 2.588 1.18 101.52 - 

Kapshtice Conglomerate 2.312 - - - - 

Peshkopi Anhydrite 2.71 1.83 - - - 
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