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LETTER FROM THE EDITOR-IN-CHIEF 
 

 

Dear readers, 

 

As the New Year begins, it’s heartening to see the numerous issues that we 

addressed throughout 2018—from mathematics, biology, physics, medicine, 

earth sciences to environment and nanotechnology. While we strive to 

become even more attractive to the Albanian scientific enterprise and helpful 

to the young researchers, very little has been said and done about the 

underrepresented fields and their subfields like health care policies, 

environmental policies, civil engineering policies, food security etc.—all 

affecting our everyday life. 

As science and scientific enterprise are dear to anyone of us, revitalizing 

the Editorial Board seems indispensable. To make a lasting difference in the 

quality of the Journal, I would encourage each of you to address the less 

discussed topics in the fundamental fields like mathematics, physics, biology, 

and chemistry, and their respective subfields.  

Expanding our editorial board with eminent personalities both inside and 

outside the country is crucial. 

The members have been selected after a long discussion at the Section’s 

annual report meeting for consultation about future activities and action plans 

based on their scientific performance both at a national and international 

level. Other criteria included closer relationships with the state institutions 

they represent, both inside and outside the country, and their contribution to 

the selection of the best reviewers of the manuscripts of our journal (JNTS). 

So, after the long consultation, I would like to introduce all the Members of 

the Editorial Board team, eminent personalities in the scientific research in 

various areas like medicine, ecology, environment, genetics, nanotechnology, 

mathematical engineering etc. 

Acad. Adnan Kastrati, cardiologist and cardiovascular surgery, Academy 

of Sciences of Albania and German Heart Center; Prof. Alban Ylli, 

epidemiologists, from the Institute of Public Health, Albania; Prof. Aleko 

Miho, biologist, University of Tirana, Albania; Acad. Alik Ismail Zadeh, 

mathematical engineer, the Institute of Applied Geosciences Karlsruhe and 

Institute of Technology, Karlsruhe, Germany and Institute of Earthquake 

Prediction Theory and Mathematical Geophysics of the Russian Academy of 

Sciences (RAS); Prof. Andrea Maliqari, architect from the Polytechnic 

http://www.agw.kit.edu/
http://www.kit.edu/english/index.php
http://www.kit.edu/english/index.php
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University of Tirana, Albania; Acad. Andrea Pieroni, ethnobotanist, 

ethnobiologist and gastronomic sciences, University of Torino, Italy; Acad. 

Arben Merkoçi, chemist (nanotechnology), Albanian Academy of Sciences 

and Institut Català de Nanociencia i Nanotecnologia, Spain; Professor Arben 

Myrta, plant virologist, Certis Europe B.V, Italy; Acad. Arian Durrësi, 

computer scientist, Albanian Academy of Sciences and Indiana University 

Purdue University (USA); Acad. Bardhyl Golemi, electrotechnician, 

Academy of Sciences of Albania; Acad. Besim Elezi, surgeon, Albanian 

Academy of Sciences; Prof. Detlev Ganten, medical doctor, the Founding 

President of the World Health Summit and Chairman of the Board of the 

Charité Foundation; Acad. Dhimitër Haxhimihali, chemist (industrial 

chemistry), Albanian Academy of Sciences; Acad. Domenico Schiavone, 

geoscientist (in earth sciences, geo-environment), the University of Bari, 

expert in earth sciences, geo-environment; Prof. Doncho Donev, public 

health specialist (health and epidemiology policies), Ss. Cyril and Methodius 

University and Institute of Social Medicine and Introduction to Medicine, 

Faculty of Medicine, North Macedonia, Acad. Efigjeni Kongjika, biologist 

(in vitro culture, bioecology) Albanian Academy of Sciences; Prof. Elton 

Pasku, mathematician, University of Tirana, Albania; Prof. Fatmir Hoxha, 

mathematician, the University of Tirana, Albania; Acad. Felix Unger, cardio-

surgeon, the European Academy of Sciences and Arts and Alma Mater 

Europaea, Austria; Acad. Fetah Podvorica, electrochemist, nanotechnologist, 

Academy of Sciences and Arts, Prishtina, Kosova; Acad. Floran Vila, 

physicist, Academy of Sciences of Albania; Acad. Giuiseppe Baldassarre, 

geophysicist (earth sciences, geo-environment), the Academy of Bari and 

University of Bari; Acad. Gudar Beqiraj, mathematician and computer 

scientist, Albanian Academy of Sciences; Prof. Ilia Mikerezi, geneticist, 

from the Faculty of Natural Sciences, University of Tirana; Acad. Ilirian 

Malollari, chemist (food technology), Albanian Academy of Sciences and the 

University of Tirana; Acad. Jani Vangjeli, botanist, Albanian Academy of 

Sciences; Dr. Massimo Chiappini, physicist (geomagnetism, aeronomy, 

seismology and environmental geophysics), the National Institute of 

Geophysics and Volcanology (INGV), Rome, Italy; Prof. Mimoza Hafizi, 

astrophysicists, from the University of Tirana, Albania; Acad. Nazim Gruda, 

agriculture biologist, Albanian Academy of Sciences and Humboldt-

Universität zu Berlin; Acad. Neki Frashëri, computer science (mathematics 

and information technology), Albanian Academy of Sciences; Dr. Peter 

McGrath, scientific policy advisor, agricultural Zoologist (insect 

transmission of plant viruses), IAP/ TWAS, Trieste Italy; Acad. Petraq 

Petro, mathematician, Albanian Academy of Sciences; Prof. Pranvera Lazo, 

chemist, (analytical chemistry), the University of Tirana, Albania; Acad. 

Salvatore Bushati, earth scientist (geophysics) and science policies, advisor, 

https://www.researchgate.net/institution/Ss_Cyril_and_Methodius_University
https://www.researchgate.net/institution/Ss_Cyril_and_Methodius_University
https://en.wikipedia.org/wiki/European_Academy_of_Sciences_and_Arts
https://en.wikipedia.org/wiki/Alma_Mater_Europaea
https://en.wikipedia.org/wiki/Alma_Mater_Europaea
https://www.researchgate.net/institution/National_Institute_of_Geophysics_and_Volcanology
https://www.researchgate.net/institution/National_Institute_of_Geophysics_and_Volcanology
https://www.researchgate.net/institution/Humboldt-Universitaet_zu_Berlin
https://www.researchgate.net/institution/Humboldt-Universitaet_zu_Berlin
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national and international programmes and project evaluator; Albanian 

Academy of Sciences and Polytechnic University of Tirana; Acad. Vlado 

Matevski, botanist, the North Macedonian Academy of Sciences and Arts and 

Ss. Cyril and Methodius University.  

 

Sincerely,  

 

Acad. Salvatore Bushati 

Editor-in-Chief 

Chairman, Section of Natural and Technical Sciences,  

Albanian Academy of Science 

 

https://www.researchgate.net/institution/Ss_Cyril_and_Methodius_University


 
6 JNTS No 48 / 2019 (XXIV) 

  



JNTS No 48 / 2019 (XXIV)  
7 

 
 
 

 

PRELIMINARY RESULTS OF THE ALBANIAN 

GEOTECHNICAL MAP AT THE SCALE 1:200 000: A CASE 

STUDY 

 

Ylber MUCEKU 

Institute of Geo Sciences, Energy, Water and Environment, Polytechnic 

University of Tirana, Albania 

Mentor LAMAJ 

Geological Survey of Albania 

Ibrahim MILUSHI 

Institute of Geo Sciences, Energy, Water and Environment Polytechnic 

University of Tirana, Albania 

Kujtim ONUZI 

Institute of Geo Sciences, Energy, Water and Environment, Polytechnic 

University of Tirana, Albania 

Albert AVXHIU 

Geological Survey of Albania 

 

____________________________________________________________ 

 

 

ABSTRACT 
 

A study about the “Albanian geotechnical map at the scale 1:200 000" was carried out 

in 2012 in Albania for civil engineering purposes and the results about Sazani, 

PeriAdriatic Depression and Ionian geotectonic zones are here reported. The study 

was based on the physical-mechanical properties of soils and rocks, lithological and 

hydrogeological characteristics and geodynamics phenomena (landslides and sand 

liquefaction zones). Consequently, the whole territory has been classified into several 

geotechnical areas providing sufficient and accurate data for the urban planners and 

civil designers and some recommendations for the stakeholders. 

Keywords: Geotechnical zone, physical mechanical properties, soils, rocks, landslide, 

sand liquefaction 
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1. INTRODUCTION  

 

In the present paper the compilation process of the geotechnical map at 

scale 1:200000 is reported. The study about the map was carried out in 

Sazani, PeriAdriatic Depression and Ionian geotectonic zones from 2012 to 

2018 for regional planning purposes. After the 1990s several geotechnical 

mappings have been carried out at the scale from 5000 to 1:10 000 and 1:25 

000 for the main towns and touristic areas in Albania and used for various 

purposes concerning urban planning and infrastructure development (Muceku 

and Zeqo 2002; Muceku and Lamaj 2005; 2009; Muceku et al., 2009; 

Muceku 2010; Muceku and Dushi 2011; Muceku 2012; Muceku et al., 2013; 

Muceku et al., 2014). As such a map for the whole country has not been 

compiled yet, geotechnical mapping at the scale 1: 200 000 has been carried 

out in Albania for regional planning purposes during 2012. 

Various data and methods were used for map compilation. The 

outcropping rocks and soils were evaluated basing on soils and geo-

mechanical classifications (Brown 1981; ASTM 2011) as a means to address 

the geotechnical map compilation. In addition, scientific data and methods 

reported in (UNESCO 1976; Dahms 1981; Rohde et al., 1981; Zuquette 2003; 

Rozos et al., 2004; Mesina 2006; Grana et al., 2013) were of great help. 

Moreover, detail desk study, many field works, and laboratory tests were 

carried out. The present paper aims to provide accurate geotechnical data 

about the Albanian territory for regional planning purposes and to serve as a 

guideline for geotechnical map compilation in a near future.  

 

2. METHODS AND MATERIALS 

 

Several geotechnical investigations have been carried out from 2012 to 

2018 in south and west Albania (Fig. 1). Sazani, PeriAdriatic depression and 

Ionian geotectonic zones were included. The method applied for the map 

compilation is in the forthcoming paragraph described. The criteria applied 

based on (UNESCO 1976; Dahms 1981; Zuquette 2003; Rozos et al., 2004; 

Muceku and Lamaj 2005; Mesina 2006., Muceku et al., 2009; Muceku and 

Lamaj 2009; Muceku 2010; Muceku and Dushi 2011; Muceku 2012; Grana et 

al., 2013; Muceku et al., 2013; Muceku et al., 2014) included: i) lithological 

characteristics, e.g. soils and rock types, soils thickness, etc; ii) 

hydrogeological characteristics, e.g. depth of ground water table and 

aggressive waters; iii) geodynamics phenomena like landslides and sand 

liquefaction and, iv) physical and mechanical properties of rocks and soils. 

The process of map compilation comprised several phases (Dahms 1981; 

IAEG 1981; Mesina 2006; Muceku and Lamaj 2009; Muceku and Dushi 
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2011; Muceku 2012; Grana et al., 2013) and was based on the aforementioned 

criteria: i) data collection and literature review, ii) field mapping and 

geotechnical investigation, iii) laboratory analysis, iv) interpretation and 

correlation of the date obtained from field-laboratory works and, iv) 

preparation and publication of the geotechnical map together with text. 

In the first phase, published and unpublished data about the lithological 

and hydrogeological characteristics, geodynamics phenomena and physical 

and mechanical properties of rocks and soils (Shehu and Dhima 1983; Zeqo et 

al., 1995; Guri et al., 1999; Xhomo et al., 1999 Muceku and Zeqo 2002; 

Xhomo et al., 2002; Muceku et al., 2008; Aliaj 2010; Eftimi 2010; Pambuku 

2015) were collected, studied and reviewed. The second phase concerned the 

field mapping and geotechnical investigations. This phase was carried out at 

the determined site and at the scale 1:25 000 to 1:50 000 (Muceku et al., 

2018) to evaluate soil and rock types, soils thickness, weathering crust of 

rocks, faulting zones and discontinuities, hydrogeological characteristics 

(ground water table and aggressive water), fluvial and coastal changes and 

mass movements of the outcropping rocks and soils. Moreover, during this 

phase many explorations works (pits 3.0-5.0m and boreholes10.0-30.0m 

deep) were completed and soils and rock samples were collected for 

laboratory analysis to determine the physical and mechanical properties such 

as the particle size analysis, bulk density, Atterberg’s limits, moisture content, 

specific density and uniaxial compressive strength test. The data were 

processed and analyzed in terms of geotechnical map compilation and 

publication of map’s text. Furthermore, based on the physical and mechanical 

properties and geotechnical classifications (Brown 1981; ASTM 2011) of 

soils and rocks, the Albanian territory was classified into seven geotechnical 

zones: i) zone of strong rocks, ii) zone of moderately hard rocks, iii) zone of 

weak rocks, iv) zone of very weak rocks, v) zone of cohesionless soil, vi) 

zone of cohesive soils and, vii) zone of organic soils etc. In addition, the 

geotechnical map illustates soils thickness, ground water table level, 

aggressive water, river and hill erosion, earth flow, earth slides, rock falls, 

debris slides, subsidence, liquefaction and tectonic zones, the river system, 

lakes, road network and the residential areas (village, town). 
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Fig.1: Geotectonic units of southwestern part of Albania and the studied area (Xhomo et 

al., 1999)1-PeriAdriatic depression, 2- Sazani, 3- Ionian geotectonic unit, 3-5-Ionian 

geotectonic unit (Berat, Kurveleshi and Çika belt), 6-Evaporites of Dumre, 7- Thrust fault. 

 

3. RESULTS AND DISCUSSIONS 

 

The results obtained from the previous studies, field and laboratory works 

for the Sazani, PeriAdriatic Depression and Ionian geotectonic units are in 

this section reported and discussed. They are a means to address the 

compilation of the geotechnical map at scale 1:200 000 based on the 

aforementioned criteria as they make up the key geo-factors related to 

foundation problems. A brief review of these geo-factors is here made: 
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3.1. Lithology 

Figure 2 depicts the investigated region lithologically consisting of 

gravels, sands, silts and clay soils, flysch, molasses, limestones and gypsum 

rocks. Soil deposits were found in the delta of the river and valleys (alluvium 

deposits) of Drini (Lezha area), Mati, Ishmi, Erzeni, Shkumbini, Semani, 

Vjosa and Bistrica and in the Adriatic and Ionian coast (beach, lagoon and 

swamp deposits) and in the hill and mountain slopes (diluvium deposits). 

Mountain and hill chains with a northwest – southeast extension and elevation 

range from 100.0-500.0m (west) to 1500.0-2189.0m (M. Nemerçkës, south) 

consist of rock formations. 

 

 
Fig. 2: A part of Albanian geological map (Vlore region), scale 1:200 000. (Xhomo et 

al.,2002). 1. Holocene-Qh2-beach sand; 2. Holocene-Qh2-lagoon and swamp deposits, clay, silt 

and organic matter; 3. Holocene-Qh1-alluvial and proluvial deposits, gravel, sand, clay, silt; 4. 

Pleistocene-Holocene-Qp-h-deluvial deposits, silt-sand-gravel mixture; 5. Middle Pliocene-

N2
2rr (Rrogozhina unit), conglomerate and sandstone; 6. Lower Pliocene-N2

1h (Helmasi unit), 

claystone and siltstone; 7. Pliocene-N2, claystone, siltstone and sandstone; 8. Messinian-N1
3m, 

massive sandstone, gyps, claystone and siltstone; 9. Tortonian-N1
3t, claystone, siltstone and 

sandstone; 10. Serravallian-N1
2s, claystone, siltstone and sandstone; 11. Burdigalian-N1

1b, marl 

claystone, marl, siltstone and sandstone; 12. Aquitanian-N1
1a, flysch, claystone-siltstone-

sandstone intercalation; 13. Oligocene-Pg3, flysch claystone-siltstone-sandstone intercalation; 

14-17. Paleocene-Upper Eocene-Pg1-Pg2
3, bedded limestone; 18. Upper Cretaceous-Cr2, 

dolomitic limestone, dolomite; 19. Lower Cretaceous-Cr1, limestone; 20-24. Lower-Upper 

Jurassic-J1-J3, limestone and dolomite; 25. Upper Triassic-T3; 26. (a) fault, (b) thrust fault. 
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3.2. Hydrogeology 

The region consists of several hydrogeological complexes (Muceku and 

Zeqo 2002; Muceku and Lamaj 2005; Muceku et al., 2009; Muceku and 

Lamaj 2009; Eftimi 2010; Muceku 2011; Muceku and Dushi 2011; Muceku 

2012; Pambuku 2015; Muceku et al., 2018) like gravels, sands, molasses, 

flysch, gypsum and limestone complexes. The ground water in the studied 

area is mainly related to the gravels, sands, multiple and mixed 

hydrogeological complexes (intercalation of gravels layers with sand layers) 

which could be met in the rivers delta and valleys of Drini (Lezha), Mati, 

Ishmi, Erzeni, Shkumbini, Semani, Vjosa and Bistrica and in the Adriatic and 

Ionian coast and form locally important aquifers (water wells) for the family 

and regionally important aquifers from which are supplying several residential 

centers with water of very good quality. The ground water table in the coast 

area is from 0.5-0.8 to 2.5-3.0m deep and towards east is from 3.5-5.0 to 7.5-

10.0m deep. Chemical elements concentration in the shallow ground waters 

were measured in the dug well, 4.5-5.5m deep, and ground waters measured 

in the boreholes from 20.0-30.0m to 100.0-150.0m deep, differ from one 

geotechnical zone to other. The geotechnical zone of the cohesionless soil 

consists of the gravel-sand-silt mixtures and sands of good quality. The mean 

chemical composition of ground waters of Durrës-Kavajë alluvial plain (Lalzi 

Bay to the delta of the Shkumbini River) is here reported: Na
+
 = 8.26-60.04 

mg/liter, K
+
 = 0.51-2.12 mg/liter, Ca

2+
= 3.14-8.99 mg/liter, Mg

2+
 = 8.55-30.52 

mg/liter, HCO3
-
= 6.55-6.79 mg/liter, CO3 = 1.20 mg/liter, NO3 = 1.75-6.3 

mg/liter, NH4 = 1.12-3.75 mg/liter, SO4 = 1.41-18.12 mg/liter, Cl = 2.2-100.9 

mg/liter, Ph = 7.1-7.2 and electrical conductivity ECw = 1.5-10.3 (Muceku 

and Lamaj 2009; Muceku et al., 2018). The ground waters of alluvial plain 

between the Shkumbini River and Semani River have the mean chemical 

content: Na
+
 + K

+
=427.82 mg/l, Ca

2+
= 97.19mg/l, Mg 

2+
 = 185.32mg/l, Fe 

2+3+
 

= 0.04mg/l, NH4
+ 

= 0.07mg/l, HCO3
-
 = 994.3mg/l, Cl

-
 = 388.73mg/l, SO4

2-
 

=385.58mg/l, NO3
-
=176.0mg/l, NO2

-
=0.2mg/l, H2SiO3=4.54mg/l, general 

mineralization= 2665.07mg/l and hardness=56.25 (German grade) (Muceku 

2012; Muceku et al., 2018). The ground water in the geotechnical zone of 

organic soils (organic silts and clays highly organic soils-peat) has the 

following the chemical parameters: Na
+
 + K

+
 =23381.14mg/l, Ca

2+
= 

876.75mg/l, Mg
2+

 = 2793.76mg/l, Fe 
2+3+

 =1.51mg/l, NH4
+ 

= 1.4mg/l, HCO3
-
 

= 566.08mg/l, Cl
-
 = 41091.25mg/l, SO4

2-
=5150.75mg/l, NO3=0.2mg/l, NO2

-

=0.2mg/l, H2SiO3=5.19mg/l, general mineralization= 73863.04mg/l and 

hardness =765.94 (German grade), (Muceku 2012; Muceku et al., 2018).  

The elements concentration in the ground water of the geotechnical zone 

with cohesionless soils found in the alluvial plain of the Bistrica River is as 

following: Na
+
 + K

+
 = 12.19, Ca

2+
= 110.22 mg/l, Mg 

2+
 = 18.24 mg/l, Fe 

2+3+
 

https://en.wikipedia.org/wiki/Alluvial_plain
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= 0.08 mg/l, NH4
+ 

= 0.0mg/l, HCO3
-
 = 280.6mg/l, CO3

2-
 = 0.0 mg/l, Cl

-
 = 

21.3mg/l, SO4
2-

 = 111.93mg/l, NO3
-
= trace, NO2

-
= 0.0mg/l, PH = 7.18 

(Muceku and Dushi 2011). The mean value of the chemical content in the 

ground water in geotechnical zone of weak rocks (flysch rocks) is: Na
+
 + K

+
 = 

63.83mg/l, Ca
2+

= 119.23mg/l, Mg
2+

 = 44.99mg/l, Fe
2+3+

 = 0.02mg/l, NH
+ 

4= 

0.0mg/l, HCO
-
3= 469.70mg/l, CO3

2-
=0.0mg/l, Cl

-
 = 72.78mg/l, SO4

2-
 = 

120.98mg/l, NO
-
3 = 7.2mg/l, NO

-
2=0.04 mg/l, PH =7.39 (Muceku et al., 

2018). Regarding the ground water in the geotechnical zone of hard rocks 

samples were collected from the karst springs (Pambuku 2015): i) Blue Eye 

(Saranda), where mean chemical content value is Na = 5.29-5.52mg/liter, K = 

0.84-1.06mg/liter, Ca = 73.15-105.21mg/liter, Mg = 29.18-12.77 mg/liter, 

Fe
2+3+

= 0.02-0.12mg/l, HCO3 = 198.25-210.45 mg/liter, CO3 = 0.0 mg/liter, 

NO3 = 0.74-1.42 mg/liter, NO2 = 0.0-0.01 mg/liter, SO4 = 125.51-

130.86mg/liter, Cl = 14.2-15.98mg/liter, Ph = 7.68-7.74 H2SiO3=1.04-

1.3mg/l, general mineralization= 447.96-482.62mg/l and Hardness=16.94-

17.64 (German grade), ii) Borshi (Himara), where the mean chemical content 

value (Pambuku 2015) is as following: Na = 1.61-24.84 mg/liter, K = 0.37-

0.39 mg/liter, Ca = 42.08-53.11 mg/liter, Mg = 6.69-8.51 mg/liter, Fe
2+3+

= 

0.04-0.06 mg/l, NH4 = 0.05 mg/liter, HCO3 = 164.70-168.36 mg/liter, CO3 = 

0.0 mg/liter, NO3 = 0.60-1.06 mg/liter, NO2 = 0.0 mg/liter, SO4 = 9.47-

10.29mg/liter, Cl = 7.10-21.30 mg/liter, Ph = 7.96-8.12, H2SiO3=1.56-1.78 

mg/l, general mineralization= 447.96-482.62 mg/l and hardness=7.84-8.96 

(German grade), iii) Uji i Ftohtë (Vlora) the mean chemical content value 

(Pambuku 2015): Na = 7.59-11.04 mg/liter, K = 0.8-0.82  mg/liter, Ca = 49.1-

54.11 mg/liter, Mg = 10.94-15.2 mg/liter, Fe
2+3+

= 0.04-0.07 mg/l, NH4 = 

0.01mg/liter, HCO3 = 167.75-204.35 mg/liter, CO3 = 0.01-12.0 mg/liter, NO3 

= 1.51-2.05 mg/liter, NO2 = 0.0-0.01mg/liter, SO4 = 19.34-19.75 mg/liter, Cl 

= 15.98-12.43 mg/liter, Ph = 7.83-7.94, H2SiO3=1.04-1.04 mg/l, general 

mineralization=317.95-286.92mg/l and Hardness=10.36-10.08 (German 

grade). 

The data showed that the chemical elements are not aggressive to concrete 

iron, except for the chemical elements met in the geotechnical zone with 

organic soils (organic silts and clays highly organic soil-peat), where the 

ground waters are aggressive to concrete iron due to the Mg 
2+

 and SO4
2-

values overpassing the limit (Rohde and Becker 1998). Moreover, some 

aquifers (sands and gravels) located close to Adriatic seaside have low to high 

amounts of saline waters. The ground water in the molasses and flysch 

complexes relate to the sandstone and conglomerate layers, which represent 

the locally important aquifers for the public water wells. Geotechnical 

mapping for these rocks reported that the water flow of the springs ranges 

from 0.05 lit/sec to 0.2 lit/sec. The level groundwater level of these complexes 

is less than 15.0m (Muceku et al., 2018).  
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The groundwater in the limestone and gypsum hydrogeological complexes 

relates to karstified and fissured bedrocks. Eftimi (2010) reported that the 

karst phenomenon is well developed in the carbonate’s massif extending 

along the Ionian coast, from Vlora to Saranda and carbonates massif of Mali i 

Gjerë. This complex generates several water springs with discharge ranging 

from 2.5-4.0m
3
/sec to 12.0-20.0m

3
/sec. Water discharge from the karst 

springs in the Ionian Sea is 20 m
3
/s water. The water is of good quality 

(Eftimi 2010). Here we can mention Uji Ftohtë which mean discharge is 

2.5m
3
/s and Syri i Kaltër, largest karst spring in Albania, which mean 

discharge is 18.4 m
3
/s (Eftimi 2010). Field exploration (Muceku and Zeqo 

2002; Muceku et. al., 2008; Muceku et. al., 2018) reported that the ground 

water in these complexes could be met very deep, e.g. the ground waters in 

the carbonic formations which are the effluents of the Ionian Sea. Many 

springs flow out of these formations. They are in contact with the flysch 

formations. The latter are located in south of the investigated area and 

discharged in the sea. Caves and sinkholes have been created in the Dumreja 

gypsum rocks by the karst’s development. Eighty-five karst lakes have been 

created from water surface ranging from 0.005- 0.375 km
2 

(lake of Çartallozi- 

Degë from 8.75 to 9.7 km
2
) and 14.2 km

2 
(lake of Seferani and Çestinja). 

Springs flow out of this formation with a discharge from 0.028-0.166 lit/sec 

up to 0.194-0.416 lit/sec. The ground water along this complex relates to 

sinkholes, caverns and fissures. It could also be met very deep.  

 

3.3. Geodynamics phenomena 

Neotectonics and seismicity: The investigated area comprises the Sazani 

and Ionian geotectonic zones which are part of the external tectonic zones and 

the PeriAdriatic Depresion (Aliaj et al., 2010). The Sazani and Ionian zones 

consist of carbonate formations dating Cretaceous-Paleogene and carbonate 

formations dating Mesozoic-Eocene and flysch dating Oligocene-Lower 

Miocene, respectively. The PeriAdriatic Depresion, which extends in the west 

of the external tectonic zone, from the Vlora-Tepelena transversal fault 

(south) to the Shkodra- Peja fault (north), comprises the flat areas and hills of 

the Albanian lowlands and molasses formations that are deposited in the 

Middle Miocene-Pliocene and is intensely influenced by post-Pliocene 

compressional movements and Pliocene-Quaternary Foreland in Adriatic and 

Ionian off-shore (Aliaj et al., 2010). This area is strongly affected by active 

thrust and back-thrust faults, reverse fault, normal fault, strike-slip, flexure 

and diapir evaporite dome types (Aliaj et al., 2010). Aliaj et al., (2010) said 

that one longitudinal and two transversal active fault zones could be met: i) 

the Ionian-Adriatic thrust fault zone, NW to almost NNW tendency, ii) the 

Shkodra-Tropoja normal fault zone with NE tendency and, iii) the Elbasani-

Dibra normal fault zone, NE tendency (Aliaj et al., 2010). As earthquake 
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events from moderate (M= 5.5-5.9) to large magnitude (M> 6.5) have been 

recorded, it could be concluded that it is characterized by high seismic activity 

(Aliaj et al., 2010).  

Landslides: The present zone is highly affected by mass movements. The 

types, distribution and their consequences are here briefly described. The 

present results are obtained from a detailed engineering geological mapping 

carried out in this area at the scale 1:25000 (Muceku et al., 2008). Most of the 

area represents a hilly terrain with angles varying between 11
o
-25

o 
to 35

o
-55

o
 

and consists of rocks with low geotechnical parameters (very weak and weak 

rocks) and soils— the source for mass movement phenomena. Mass 

movement occurrences in this zone and their location show that their activity 

is closely related to the geomorphology, lithological formations, geotechnical 

properties of bedrocks and soils, seismic and neotectonic activity, 

precipitation and anthropogenic activities. The mapped landslides on studied 

area are classified based on earth flow, earth slides, rocks fall and debris 

slides (Cruden et al., 1996). Earth slides and earth flow occurred on the hill 

slope areas consisting of molasses and flysch rocks. They are 15.0-35.0m to 

80.0 m long, 15.0-40.0 m to 110.0 m wide, and 1.7 - 4.0m to 7.0 - 8.5m thick. 

The earth slide body consists of inorganic silts and clays with sands and 

gravels. The earth flows are 20.0-50.0 m to 60.0 m long, 8.0-25.0 m up to 

40.0 m wide, and from 1.0 - 3.0m to 4.5 - 5.5m thick. The rocks fall and 

debris slides could be met in the southwest and south of the studied area. They 

occurred on the limestone rocks with an extension from Vlora-Tepelena to 

Konispol-Përmeti zone. The rockfalls and debris slides materials consist 

respectively of broken limestones rocks (cobbles, blocks) and gravels-sands 

mixtures with little fines. These phenomena mostly occurred on hill slopes 

with angle exceeding 45
o
. The debris slides are 10.0-25.0m to 40.0 m long, 

5.0-15.0 m to 60.0 m wide, and 0.7 - 1.5m to 2.5 - 3.5m thick. Earth slides 

occurred in hill slopes that consist of molasses and flysch rocks prevail. Field 

work data recorded 1270 landslides events. These landslides lead to major 

disasters (1-2 stores households destroyed and damaged, affected road 

infrastructure and agriculture) hampered the development of the area.  

Subsidence: Many sinkholes and caves in the Dumrea region were created 

due to dissolution of gypsum depositions. It is an ongoing well-known and 

phenomenon. Eighty-five lakes have been formed due to this phenomenon. 

Four sinkholes were formed in 1982, 1998 and 1999 (Fierza village). A 

sinkhole with a diameter of 30.0 m and 100.0 m deep was formed in 2009 in 

the village of Shala (Muceku et al., 2018). Consequently, this region 

represents a real risk to local population. 

Liquefaction: The studied area is subject of the sand liquefaction 

phenomenon. Aliaj (2010) said that in last century occasionally have been 

occurred the sands liquefaction in Albania, which we are briefly discussed 
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here. The earthquake of June 01, 1905 with magnitude M=6.6 triggered sands 

liquefaction along Drini and Buna River. As a result, subsidence ground 

fissures were created. The earthquake of December 27, 1926, with magnitude 

M=6.0 caused sand liquefaction (sand-boils type) in the Shijaku and Durrësi 

region. Subsidence and ground fissures were caused in the following events: 

the earthquake of August 17, 1948, with magnitude M=5.5 created sand 

liquefaction (sand-boils type) in Trush village, Shkodër, where some 

subsidence were created; the earthquake of March 18, 1962, in Fieri, with 

magnitude M=6.0.Sand liquefaction was triggered on river's bank of Gjanica 

(Rërës village, Fieri) and Vjosa (Novosele and Mifolvillages) and Semani 

delta area. The earthquake of September 1, 1959, in the Kuçi village, Lushnje 

region, with magnitude M=6.2 caused sand liquefaction in Ngurëz e Vogël 

and Arapaj village (Lushnje region); Kurjan dam, Struma and Çuka village, 

(Fieri region); Kozara village (Kuçove region); Çiflik-Poshnje and Pashalli 

village (Berat region). The earthquake of April 15, 1979, with the magnitude 

M=6.9 and epicenter in the Montenegrin coast, hit the Shkoda region. It 

triggered sands liquefaction in the riverbanks of Drini and Buna and Velipoja 

region (Dibra, 1983; Shehu and Dhima, 1983). The field investigations 

involved the geotechnical mapping, boreholes, SPT tests, seismic 

observations and laboratory analysis carried out from 2000 to 2018 (Muceku 

and Zeqo 2002; Muceku et al., 2008; Muceku et al., 2018) to identify 

potential liquefaction areas. Several potential liquefaction areas along the 

Drini River extending from Bahçallëk Square to Shirq-Trush-Dajç-Reç 

village were identified in addition to those in Adriatic coastal area (Velipoja 

village); the area between Shëngjini and Tale villages; from Hamallaj to 

Bishti i Pallës (Lalzi Bay-Adriatic Coast); in Durrësi urban area; in area 

between the delta of Shkumbini River to Karavasta Lagoon; several areas in 

first terrace and delta of Semani and Vjosa River and along the seaside from 

Vlora to Zvërneci Village. 

 

3.4. Physical and mechanical properties  

Many soil and rock samples were collected during the field works 

(Muceku et al., 2018). Once collected, laboratory investigation was carried 

out and data about the physical and mechanical properties (Shehu and Dhima 

1983; Zeqo et al., 1995; Guri et al., 1999; Muceku and Zeqo 2002; Muceku et 

al., 2008) were used for the compilation of the Albanian geotechnical map at 

the scale 1:200 000. The results of the physical and mechanical properties of 

soils and outcrop rocks, including the particle size analysis, bulk density, 

Atterberg’s limits, moisture content, specific density and uniaxial 

compressive strength are in the Table 1-4 reported. 
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Table 1. Type of soils  

 
Geotechnics zone Gravel Sand Silt Clay  

USCS  % % % % 

Cohesionless 

Soils 

(RT) 

57.7 

63.3 

20.6 

26.3 

12.1 

24.8 

1.9 

3.5 

GM-GP 

 

(RB) 

47.8 

53.3 

24.7 

29.5 

16.4 

26.3 

2.2 

4.1 

SC, GP 

Cohesionless 

Soils-BSa 

 80.4 

84.4 

8.3 

12.1 

6.8 

7.1 

SM, SW 

 

Cohesive 

Soils 

 36.2 

42.2 

48.7 

68.5 

9.10 

25.3 

ML, CL 

(Pro, Del) 0.0 

7.5 

20.2 

31.4 

54.8 

58.6 

11.3 

19.2 

ML, CL 

Organic 

Soils 

1.2 10.6 

19.7 

55.5 

61.2 

32.7 OH, OL 

RT-river terrace soils; RB-river bed soils; Bsa-beach sands; Pro & Del-proluvial and 

deluvial soils; 

 

Table 2. Physical properties of soils 

 
Geotechnics 

zone 

LL PL Wn γ γo  

USCS 

 % % % kN/m
3
 kN/m

3
 

Cohesionless 

Soils 

(RT) 

- - 0.0 

35.7 

19.9-

21.6 

24.0 

26.3 

GM-GP 

 

(RB) 

- - 18.8 

25.7 

19.2 

19.6 

26.42 

26.50 

SC, GP 

Cohesionless 

Soils-BSa 

- - 25.2 

33.8 

17.0 

17.5 

26.1 

26.5 

SM, 

SW 

 

Cohesive 

Soils 

29.8 

33.8 

20.7 

21.5 

24.9 

29.4 

18.8 

19.1 

26.6 

27.1 

ML, CL 

(Pro, Del) 37.4 

40.5 

21.2 

22.8 

22.7 

26.4 

19.0 

19.5 

26.7 

26.9 

ML, CL 

Organic 

Soils 

45.5 

54.5 

32.5 

35.8 

44.8 

48.3 

16.0 

16.9 

27.0 

27.1 

OH, OL 

 107.0 

113.0 

74.0 

85.0 

121.0 

130.0 

10.08 

10.59 

13.43 

15.50 

Pt 

 

PL-Plastic limit; LL-liquid limit; Wn- natural water content; γ-bulk density; γo-specific 

density;  
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Table 3. Physical properties of rocks 

 
  Physical properties 

Nr Geotechnics Zone Wn γ γo 

  % kN/m
3
 kN/m

3
 

1 Hard rock 0.11-0.14 26.7-27.4 27.2-27.9 

  0.01-0.04 2.72-2.77 28.0-28.4 

2 Moderately hard 

rock  

0.27-0.31 25.76-

26.94 

27.94-

28.97 

  - 22.4-25.8 24.7-27.3 

3 Weak rock 2.5-3.4 25.21-

25.40 

25.94-

26.01 

  4.7-1.9 24.76-

25.22 

27.62-

28.10 

4 Very weak rock 4.5-7.3 22.20-

23.20 

24.60-

27.90 

  2.7-3.9 24.76-

25.22 

25.35-

25.81 

 
Wn- Natural water content; γ-bulk density; γo-specific density;  

 

 

Table 4. Mechanical properties of rocks 

 
  Mechanical properties 

Nr Geotechnics Zone τc Rock type 

  MPa  

1 Hard rock 89.1-99.4 LM 

  580-632 LThB 

2 Moderately hard rock 25.84-47.66 Sast,Cong 

  26.1-31.6 Gyp 

3 Weak rock 6.8-17.7 FL-Sast-Clast 

  5.47-8.13 Mo-Cong 

4 Very weak rock 2.04-2.43 Mo-Cong 

  3.3-3.6 FL-Clast-Sast 

 

τc - uniaxial compression strength; LM-massive limestones; LThB-thin bedded limestones; 

Sast-sandstone; Cong-conglomerates, Gyp-Gypsum; FL-flysch: Sast-Clast-sandstones & claystones; 

Mo-molasses: Cong-conglomerates; Mo-molasses: Clast-claystones; FL-flysch: Clast-Sast-

claystones &sandstones; Claystones & sandstone. 
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3.5. Geotechnical map 

The geotechnical map at the scale 1:200 000 for the Sazani, 

PeriAdriatic Depression and Ionian geotectonic zones was compiled 

based on many studies, field and laboratory works and the application 

of the geotechnical classifications (Brown 1981; ASTM 2011). 

Geotechnical zones and sites were classified based on lithology and 

physical-mechanical properties of rocks and soils (Fig. 3). However, 

hydrogeology and geodynamics phenomena were of greater 

importance. Seven geotechnical zones were defined based on these 

characteristics: i) zone of strong rock, ii) zone of medium rocks; iii) 

zone of weak rocks, iv) zone of very weak rocks, v) zone of 

cohesionless soils, vi) zone of cohesive soils and, vii) zone of organic 

soils.  

i) Geotechnical zone of hard rock-L. 

This zone consists of limestones with thin-medium strata ranging 

from 0.2-0.3m to 1.0-1.5m, light gray in color. It is located in the 

south and southwest of the area.  

 

ii) Geotechnical zone of medium strong rocks-Mco. 

It consists of medium strength rocks-molasses, which are the 

conglomerate formations. This zone is found between of the 

geological unit of Rrogozhina and lie from Durrësi-Kavaja up to 

Lushnja-Vlora.  

 

iii) Geotechnical zone of weak rock-FlSa, Msa, Mco, 

This geotechnical zone consists of flysch, molasses and gypsum 

rocks. The flysch consists of combination of clay stones and siltstones 

layers, whereas the molasses are represented by sandstones and 

conglomerates.  

 

iv) Geotechnical zone of very weak rock-Msi, Mcl,Flcs. 

It is represented by molasses and flysch rocks. It is a combination 

of clay stones and siltstones layers. 

 

v) Geotechnical zone of cohesionless soils:  

There are two geotechnical sites: v.1) the gravel-sand-silts 

mixtures-GM and, v.2) sands (SW, SP) and sands with fines (SM, 

SC). 

 

v.1) The gravel-sand-silts mixtures-GM: consists of soils rich in 

gravel-sand-silts mixtures, saturated and medium to dense state. This 

zone extends along the rivers delta and river’s valleys of Drini 
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(Lezha), Mati, Ishmi, Erzeni, Shkumbini, Semani, Vjosa and Drinosi 

Bistrica. Here, the soils are 70.0-80.0 m (River basin of Ishmi) to 

230.0-250.0 m thick (Divjaka area).  

 
Fig. 3: A part of Albanian geotechnical map (Vlore region), at the scale 1:200 

000. 1. Geotechnical zone of cohesionless soils-sands (SW, SP, SM, SC); 

2.Geotechnical zone of organic clays, silts and peat (OL, OH, Pt); 3.Geotechnical 

zone of cohesive soils, inorganic silts and clays (ML, CL); 4.Geotechnical zone of 

very weak rock, claystones-siltstones-sandstones intercalation (Fla, Ma, Mo); 5. 

geotechnical zone of weak rock, sandstone, conglomerate, marl (Sast, Cong, Mar); 

6.geotechnical zone of hard rock, limestone, dolomite(LM, LThB, Dol); 7. landslide; 8. 

(a)fault, (b) thrust fault; 9. Lake; 10. Residential center; 11. Traffic road. 
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v.2) The sands (SW, SP) and sands with fines (SM, SC).  

They lie along Adriatic and Ionian coast, creating the sandy beach. 

These soils are represented by clean (SW, SP), sands, sand-clay (SC) 

and sand-silts mixtures SM. Here, the soils are 2.0 5.0 to 12.0-30.0 m 

thick.  

 

vi) Geotechnical zone of cohesive soils 

They are represented by the inorganic silts (ML) and clay (CL) 

with very fine sands soils type, low plasticity and moderate to stiff 

consistency. These soils could be met in most of the area, creating the 

flat areas and hill slopes. Generally, they are 2.5-5.0m to 12.0-15.0m 

thick.  

 

vii) Geotechnical zone of organic soils-OL, OH, PT. 

These soils consist of organic silts and organic silty clays of low 

plasticity (OL), organic clays of medium to high plasticity (OH) and 

highly organic soil-Peat (PT). They could be met along the western 

lowlands, from Shëngjini Village (north) to Vlora town (south) in east 

of sandy beach belt. 

These soils are from 5.0-6.0 m to 10.0-15.0 m thick. In addition, 

the geotechnical map at scale 1:200 000 shows these geodynamic 

phenomena occurred: erosion, earth flow, earth slides, rocks fall and 

debris slides, subsidence, liquefaction areas and tectonic zones, which 

are represented by the red colored symbols as explained in the legend 

(Fig.3). Moreover, river system, lakes, road network and the 

residential areas (villages, town) are also given. Consequently, the 

geotechnical map represents a very important database for civil 

engineering.  

 

4. CONCLUSIONS  

 

The Geotechnical map of Albania at the scale 1:200 000 was 

compiled based on geofactors like the lithology, physical-mechanical 

properties of rocks and soils, hydrogeology and geodynamic 

phenomena. In addition, field and laboratory works and the 

application of the geotechnical classifications were carried out for the 

geotechnical map at the scale 1:200 000 for the Sazani, PeriAdriatic 

Depression and Ionian geotectonic zones classified into seven 

geotechnical zones: i) zone of strong rocks, ii) zone of moderately 

hard rocks, iii) zone of weak rocks, iv) zone of very weak rocks, v) 
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zone of cohesionless soil, vi) zone of cohesive soils and, vii) zone of 

organic soils etc. 

The area is highly affected by mass movements, neotectonics and 

seismicity, subsidence (sinkholes and caves in the Dumre area) and 

sand liquefaction phenomenon (Adriatic coast and Lowland). The 

mapped landslides on studied area are classified into earth flow, earth 

slides, rocks fall and debris slides. Earth slides prevail. They occurred 

on hill slopes that consist of molasses and flysch rocks. Field work 

reported that about 1270 landslides were mapped in this area. These 

landslides lead to major disasters (1-2 stores households destroyed 

and damaged, affected road infrastructure and agriculture) hampered 

the development of the area.  

Geotechnical mapping reported that the geotechnical zone of 

organic soils (OL, OH, PT) consists of organic silts and organic silty 

clays of low plasticity (OL), organic clays of medium to high 

plasticity (OH) and highly organic soil-peat (PT) making civil 

engineering activities very difficult.  

Chemical analysis of the ground waters reported that most of 

chemical elements are not aggressive to concrete iron, except 

forthegeotechnical zone of organic soils (organic silts and clays 

highly organic soils-peat), where the ground waters are aggressive to 

concrete iron due to the Mg 
2+

 and SO4
2-

 values overpassing the limit. 
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ABSTRACT 

 
Statistical properties of the aftershock sequence of July 4, 2018 earthquake, ML=5.1, 

near Durrës, Albania are here described in time, space and magnitude by means of p-

value, Dc-value and b-value, respectively. We used 151 aftershocks with local 

magnitude ML1.3 between the time span of July 4, 2018 and September 29, 2018. 

Aftershock catalog has a time period of about 90 days. A probability model of 

aftershock sequence based on the combination of Gutenberg-Richter and Modified 

Omori laws is here described. In addition, fractal analysis was used to investigate 

spatial properties of the aftershock sequence. Mc-values were taken as 1.8 and b-

value was computed as 0.68±0.06 by maximum likelihood method. Temporal decay 

parameters of sequence were estimated asp=0.94±0.06, c=0.022±0.019, 

K=15.55±2.09 by considering the aftershocks with MLMc=1.8 and elapse time since 

mainshock as 0.0048 day. The smaller than 1.0 b-value might show a higher stress 

release to be built up over time and be released by next earthquakes. Also, the 

relatively small p-value might be due to the slow decay rate of the aftershock activity. 

Dc-value was estimated as 1.86±0.03 and it means that aftershocks show 

homogeneous distribution. Also, we estimated the number of large aftershocks that 

might follow the mainshock and we evaluated the probability of specific magnitude of 

aftershock. Probability for magnitude level of 4.3 was estimated as 67.88 % and the 

expected numbers of aftershocks for magnitude level of 2.5 was calculated as 19.66. 

Consequently, we suggested that aftershock hazard evaluation to be developed by 

considering the space-time-magnitude evaluations of aftershocks in this part of 

Albania. 

Keywords: Albania, Gutenberg-Richter, modified Omori, fractal dimension, 

aftershock hazard 
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1. INTRODUCTION 

 

A strong, ML=5.1, earthquake near Durrës, Albania, occurred on July 4, 

2018 with epicenter coordinates 41.466
o 

N and 19.495
o 

E. The Institute of 

Geosciences, Energy, Water and Environment (IGEWE) reported that the 

earthquake occurred at 09:01:07 GMT (11:01:07 a.m. local time) around 18 

km underground near the Lalësi Bay, northwest of Durrës and some 30 km 

west of Tirana. It was followed minutes later by a series of weaker 

aftershocks, with the strongest measuring magnitude 4.3. In addition, no 

injuries or damages were reported and there were no initial reports of damage 

except for small cracks in buildings. High-rise structures were evacuated 

following the tremor. In recent years, some strong earthquakes occurred in 

and around Albania,e.g., October 15, 2016 and July 3, 2017 earthquakes. 

Some strong and large earthquakes in and around Durrësi region occurred 

historically and in last century and these earthquakes were resulted in human 

victims and enormous material loss (Aliaj 2012; Aliaj et al., 2010; Aliaj and 

Meço 2018). 

The African Plate moves to the northward, towards Europe by 4-10 mm 

annually and thus, earthquakes occurred in this part of the world which 

resulted in regular earthquakes alongside the Eurasia-Africa plate boundary, 

mainly in Turkey, Greece, Sicily and Italy. An accurate and reliable 

aftershock probability evaluation is of fundamental importance for further 

studies for the implications on aftershock risk and hazard. Considering human 

victims, property damage, and social and economic disruption due to 

earthquakes, analyzing the space-time-magnitude parameters of aftershocks 

may present a perspective for the seismogenic environment and potential 

earthquake hazard in the aftershock region. 

Almost all major earthquakes are followed by a series of aftershocks and 

hence, this type of assessment must be used as a complementary part of 

earthquake hazard studies. Space-time-magnitude analyses of aftershock 

sequences have been carried out by different authors for different aftershock 

sequences and, some significant outcomes are obtained (Sulstarova and 

Lubonja 1983; Sulstarova 1985; Muco 1986; 1993; Guo and Ogata 1997; 

Wiemer and Katsumata 1999; Aliaj et al., 2010; Polat et al., 2002; Bayrak and 

Öztürk, 2004; Kociu, 2005; Öztürk et al., 2008; Öztürk and Ormeni, 2009; 

Ormeni and Öztürk 2017; Öztürk and Bayrak 2009; Aliaj et al., 2010; Feng-

Chang 2011; Ormeni et al., 2011; Zhang et al., 2013; Hainzl et al., 2016; Liu 

et al., 2017; Öztürk and Şahin 2019). An assessment of aftershock hazard 

refers to statistically expressing and evaluating the frequency that an 

aftershock of a certain magnitude will occur. The modified Omori formula 

(Utsu 1961) forecasts the number of aftershocks that will occur. Also, it is 

necessary to combine this formula with the Gutenberg-Richter (Gutenberg-
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Richter 1944) formula for the probability assessment of aftershock sequences. 

Also, one of the most effective tools to analyze the space-time-magnitude 

distribution of the aftershock sequence is to estimate the fractal dimension 

which may be used as a quantitative measure of the heterogeneity degree of 

earthquake activity in a region, and it can be controlled by the heterogeneity 

of the stress field and the pre-existing geological structures (Öncel et al., 

1996). Probability of one or more aftershocks by statistical processing of the 

mainshock-aftershock pattern has been defined based on the combination of 

modified Omori law and Gutenberg-Richter relation. Also, these types of 

models for aftershock hazard evaluations clarify the number of events 

forecasted. Thus, the contents of these applications include items for 

judgments of whether a case is the mainshock-aftershock pattern and a study 

not only of the probability of the aftershocks’ occurrence, but also the number 

of events estimated. 

Aftershocks always followed the occurrence of large shallow earthquakes 

within a short period. After the main rupture is completed, the mainshock 

gradually propagates outward into the surrounding small faults (or weak 

zones) causing the stress change. The interaction of stresses and faults plays 

an important role in the occurrence of aftershocks (Ansari 2017). Because 

strong aftershocks are not usually predictable, they may be dangerous, and 

they can cause an extensive structural damage. The structure already damaged 

from the mainshock and not yet repaired, which may be incapable of resisting 

the excitation of the strong aftershocks, may be collapsed or become 

completely unusable under mainshock-aftershock sequences. Region-time 

magnitude distributions of aftershocks have significant information about the 

earthquake nucleation, fault geometry, material properties in the fault zone, as 

well as the distributions of stress, strength and temperature. Also, strong 

aftershocks can give an important additional hazard associated with damaging 

earthquakes (Kisslinger 1996). Therefore, the study of space-time-magnitude 

distribution of the aftershocks is very significant and interesting for protecting 

against and mitigating earthquake disasters (Hu et al., 2013). 

The present study involved hazard evaluation on the aftershock occurrence 

based on the combination of Gutenberg-Richter relation and modified Omori 

law to forecast the number of the large aftershocks that might follow the 

mainshock and to make an aftershock hazard assessment i.e., a randomly 

chosen event is larger than or equal to a certain magnitude of aftershock. So, 

we made an analysis on the aftershock hazard evaluation methods for the 

aftershock sequence of July4, 2018 strong earthquake (ML=5.1), in which 

occurred near Durrës, Albania. 
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2. Aftershock sequence of July 4, 2018 strong earthquake 

 

In the present study the aftershock sequence of July 4, 2018 strong 

earthquake near Durrës region, Albania was analyzed to make an appraisal on 

the characterizing of the seismic cycle and hazard assessment. The data used 

in this study were compiled from the Albanian seismological stations, 

Montenegro seismological stations and from INGV, MEDNET, and AUTH 

networks.  

Complete and homogenous catalog of aftershock data were provided for 

the mainshock with local magnitude ML=5.1, occurred at 41.466
o
N and 

19.495
o
E, and at 09:01:07 GMT on July4, 2018. The aftershock catalog 

includes approximately a period of three months, that is from the time of the 

main earthquake (July 4, 2018) to September 29, 2018. A total of 151 

aftershocks with magnitude ML larger than and equal to 1.3 were used in a 

time period of about 90 days. The earthquake of July 4, 2018 and its 

aftershocks were recorded by permanent broadband seismological stations 

that are part of the Albanian Seismological Network (bci, puk, dhr, php, vlo, 

kbn, lsk, bpa1, bpa2 and srn), as well as by the neighbouring seismic 

networks, namely, AUTH (fna, igt, nest, the, lkd2, mev), MSO (pdg, bey, bry, 

bdv, hcy, nky, pvy, ulc), INGV (mrvn, noci, scte, sgrt) and MEDNET (tir). 

The epicentres were located using P and S onsets, a local velocity model 

(Ormeni, 2011) and the Hypo inverse program (Klein 2002). The smallest 

magnitude events 1.3 to 3.0 (Richter) are recorded at least by the closest 

station to the epicenters (dhr, tir, bpa1, bpa2, ulc). Figure 1 depicts the 

epicenters of aftershocks. Graphic 1 plots the changes in cumulative number 

of aftershocks in approximately a period of three months.  
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Fig. 3: The tectonic fault map of Albania (Aliaj 2000) and epicentral distribution of 

aftershock data of July4, 2018 earthquake near Durrës, Albania. Data from small to great 

magnitude sizes of the aftershocks plotted by different symbols and colors. 

 

 
 

Graph. 1:Cumulative number of aftershocks in about 90 days after July 4, 2018 

earthquake. 
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3. Aftershock parameters and aftershock probability evaluation 

method 

 

Space-time-magnitude distributions of aftershocks provide sufficient 

information about the Earth’s crust, geometry of the fault, stress distribution 

associated with the earthquake occurrence, physical properties of the 

materials in the fault zone and source properties of large earthquakes (Öztürk 

and Şahin 2019). Although there are different techniques to analyze the 

aftershock activity after the mainshock, aftershock properties can be described 

in space (fractal dimension, Grassberger and Procaccia 1983), time (modified 

Omori [MO] law, Utsu 1961) and magnitude (Gutenberg-Richter [G-R] law, 

Gutenberg and Richter 1944).  

The relation between magnitude and frequency of aftershock occurrences 

was described by Gutenberg and Richter (1944) as following: 

 

  
bMaMN )(log10        (1) 

 

where N (M) is the cumulative number of aftershocks with magnitudes 

equal to or larger than M, b-value describes the slope of the magnitude-

frequency distribution, and a-value is proportional to the activity rate of 

aftershocks. The b-value is one of the most significant parameters in 

seismology and aftershock hazard. It is summarized that b-values change 

roughly in the range 0.3 to 2.0, depending on region (Utsu 1971). Frohlich 

and Davis (1993) suggested that the mean b-value in global scale could be 

given as equal to 1.0. 

Temporal distribution of the aftershocks is empirically well described by 

the modified Omori law (Utsu 1961) as following: 
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where n(t) is the occurrence rate of aftershocks per unit time, t, after the 

mainshock. K, c, and p-values are empirically derived positive constants. K-

value depends on the total number of aftershocks, c-value on the rate of 

activity in the earliest part of the sequences. The c-value changes between 

0.02 and 0.5 and all the reported positive c-values result from incompleteness 

(Hirata 1969). Among these three parameters, p-value is decay parameter and 

the most important, which changes between 0.6 and 1.8 (Wiemer and 

Katsumata 1999). 
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Fractal dimension of aftershocks distributions can be defined by using 

two-point correlation dimension, Dc, and correlation sum C(r) given by 

(Grassberger and Procaccia 1983): 
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where C(r) is the correlation function, r is the distance between two 

epicenters and N is the number of aftershocks pairs separated by a distance 

R<r. If the epicenter distribution has a fractal structure, following equation 

can be given:  

 

 
DcrrC ~)(

    (5) 

 

where Dc is a fractal dimension, more definitely, the correlation 

dimension. If the Dc value close to 2, the earthquake epicenters are 

homogeneously distributed over a two-dimensional fault plane. Fractal 

dimension may be estimated to avoid the possible unbroken fields, and these 

unbroken regions are suggested as potential seismic gaps to be broken in the 

future (Öncel et al., 1996). Thus, fractal analysis based on the correlation 

integral can be used to evaluate the regional features of the aftershock 

sequence. 

Quantitatively, when the magnitude of aftershocks increases, their number 

declines exponentially. The expected number of aftershocks N (Tl, T2) greater 

than M magnitude during the time from Tl (beginning time) to T2 (ending time) 

is calculated by: 
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Here, K is a parameter from MO law; b is a parameter of G-R relationship 

and Mth is magnitude of the smallest earthquake (Ogata, 1983). A (T1, T2) can 

be written as: 
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where c and p-values are constants from MO formula. The probability Q 

of one or more aftershocks of M magnitude or larger occurring since the 

mainshock, from the time Tl to T2 is found by Equations 8 and 9 (e.g., 

Reasenberg and Jones 1989): 
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In these equations, K-value is approximately proportional to the total 

number of aftershocks; p-value represents the extent of time damping; c-value 

compensates for complex aspects immediately after the main shock. The  

represents the relationship of b and 10lnb =2.30b.  is closely related to 

the number of small aftershocks/that of large aftershocks ratio and, its great 

value indicates relatively small number in large aftershocks. Mth is the 

magnitude of the smallest earthquake processed using the MO law or the G-R 

relation. It is premised that all aftershocks greater than Mth are observed 

without omissions. Tl to T2, which represent the beginning and the end of the 

period during the aftershock probability, is evaluated; both represent elapsed 

time following the main shock. As a remarkable fact, Equation 9 does not 

indicate an aftershock possibility that matches the conditions which occurs 

exactly once; it indicates the possibility of it which occurs more than one 

time. 

 

4. RESULTS AND DISCUSSIONS FOR AFTERSHOCK 

PARAMETERS AND HAZARD EVALUATION 

 

Cumulative number of aftershocks in about 90 days after the mainshock is 

in Graph 1 plotted. If we consider the aftershock activity from the mainshock 

time to 90 days in which many aftershocks are recorded, Graph 1 could be 

divided into two sub-regions. The first month could be considered as the first 

region and the following 50 days as the second region. There were 136 

aftershocks in the first month after the mainshock. Fifteen events were 

recorded in the remaining 50 days. Thus, aftershock activity shows slower 

decrease in comparison with the activity of the first month. 
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In the analyses related to space-time-magnitude distribution of the 

aftershocks, especially in the estimation of b and p-value, the use of complete 

data set for all magnitude levels is quite important for reliable results in 

seismicity-based studies. Consequently, using the maximum number of events 

would be advisable. As one of the most important processes, the minimum 

magnitude of completeness, Mc-value, based on the assumption of G-R power 

law distribution of magnitudes could be estimated. Mc-value can be 

theoretically described as the smallest magnitude of all the recorded 

earthquakes. In other words, it can be defined as the minimum magnitude of 

complete reporting. It means that Mc level contains 90% of the events which 

can be sampled with a power law fit (Wiemer and Wyss 2000). The 

estimation of Mc-value is a very important stage for all seismicity-based 

studies since the usage of the maximum number of aftershocks is necessary 

for reliable analyses. The variations in Mc-value as a function of time for the 

aftershock sequence of July 4, 2018 earthquake is in Graph 2 plotted. Mc-

value is estimated for samples of 10 events/window. Mc-value is the largest at 

the beginning of the sequence (in the first ten hours) and varies from 2.0 to 

2.8. Then, it shows a value between 1.8 and 2.2 after two days from the 

mainshock. Mc-value generally changes between 1.7 and 2.1, average 

Mc=1.8, after 10 days from the mainshock. Thus, it can be said that Mc-value 

generally shows a non-stable value in the aftershock sequence and is selected 

as 1.8 in order to estimate the b-value and p-value. 

 

 
 

Graph. 2. Temporal variations of magnitude completeness, Mc, for the aftershock sequence of 

July 4, 2018 earthquake. Mc-value estimated for overlapping temporal windows, containing 10 

earthquakes. 

 

For aftershock sequence, the variations in magnitude levels in the time 

period about 90 days are in Graph 3 plotted. Clearly, the largest aftershock 

with ML=4.3 occurred in the first hour after the mainshock. However, the 

occurrences of the aftershocks larger than ML=3.0 come to an end in ten days 

after the main shock. There are also a few aftershocks whose magnitudes 

changes between 3.5 and 4.5 in the first four days after the mainshock. There 
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is a decreasing trend in the number of aftershocks with magnitude ML=3.0 

after the first 35 days from the mainshock, and magnitude of aftershocks 

mostly changes between 1.3 and 2.0. As a result, an average value of 

magnitude variation is observed between 1.5 and 2.0.  

Magnitude and time histograms of the aftershock sequence are plotted in 

Graph 4 and 5, respectively. Magnitudes of the aftershocks change between 

1.3 and 4.3 and shows a decrease in their numbers from the smaller to larger 

magnitudes. As shown in Graph 4, the size of the many aftershocks varies 

from 1.5 to 4.0 and a maximum is observed for ML=2.0. The number of 

aftershocks with 1.3≤ML<2.0 are 61. However, there were 79 aftershocks with 

2.1≤ML<3.5, and 11 aftershocks with 3.6≤ML. Thus, the aftershock 

occurrences having magnitudes between 1.8 and 2.1 are more dominant in the 

aftershock region. 

 

 
 

Graph. 3. Magnitude variations as a function of time during 90 days for the aftershock 

sequence of July 4, 2018 earthquake. 

 

 
 

Graph. 4. Magnitude histogram of the aftershock sequence of July 4, 2018 mainshock. 
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Graph 5 shows the time histogram of aftershocks. There was a large 

aftershock activity in the first days and the number of aftershocks in the first 

days was about 70. There was also a decrease in the number of aftershocks 

after 15 days. A stableness can be clearly seen after the first month and, the 

average number of aftershocks after the first month was less than 10. Thus, 

these types of analyses are a means to address the analyses of statistical 

properties of aftershock sequence which is associated with the aftershock 

probability evaluation and seismic hazard in this aftershock region of Albania. 

 

 
 

Graph. 5. Time histogram of the aftershock sequence of July 4, 2018 earthquake. 

  

It is well known that application of hazard evaluation methods requires on 

a statistical base and involves the problem of determining whether it is 

possible to accurately calculate the parameters such as K, c, p, b-values 

(Ogata 1983). If the average parameters are known for the aftershock activity 

immediately following the mainshock, there is a possibility that they can be 

used effectively as preliminary data until the actual data is available. For this 

reason, specific parameters of the aftershock statistical model including G-R 

relation, MO law and fractal dimension are compared, and their results are 

discussed in this study. Cumulative magnitude-frequency of July 4, 2018 

aftershock sequence is shown in Graph 6. We used Mc=1.8 considering the 

temporal variations given in Graph 2. The b-value and its standard deviation, 

as well as the a-value of G-R relation, were calculated with the maximum 

likelihood method. The b-value is estimated as 0.68±0.06 and this value is 

lower than mean value of b=1.0. Frohlich and Davis (1993) suggested the 

smaller b-values may be related to the low heterogeneity degree of medium, 

the higher stress concentration and high strain in the aftershock region in 

recent years. Graph 7 shows the decay rate of aftershock activity versus time 
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after the mainshock for aftershocks with magnitude Mc Mmin. In order to 

estimate the p, c and K-values, the maximum likelihood procedure was used, 

and the aftershock occurrence was modeled by the modified Omori model. 

p=0.94±0.06, nearly close to the global p-value 1, is calculated for the 

sequence assuming to be Mmin=1.8, Tstart=0.0048. The c-value and K-value 

are 0.022±0.019 and 15.55±2.09, respectively. The small p-value for a given 

aftershock sequence indicates a slow decay of aftershock activity and thus, the 

occurrence of aftershocks of July 4, 2018 earthquake shows a slow decay rate. 

Graph 8 plots the fractal dimension of aftershock epicenter distributions for 

July 4, 2018 earthquake. The Dc-value is calculated as 1.860.03 for 

epicenter distribution of 151 aftershocks with 95% confidents interval by the 

least squares’ method. This log-log relation displays a clear linear range and 

scale invariance in the self-similarity statistics between 4.59 and 20.36 km 

(indicated in Graph 8 as “Range”). If there is an increasing complexity in the 

active fault system with higher Dc-value and smaller b-value, the stress 

release occurs on fault planes of smaller surface area (Öncel and Wilson, 

2002). Also, the larger Dc-value is sensitive to heterogeneity in magnitude 

distribution. The Dc-value calculated as 1.860.03 in this study suggests that 

aftershocks are more clustered at larger scales or (in smaller areas) and this 

large Dc-value may be a dominant structural characteristic for aftershock 

region. Since Dc-value is close to 2.0, we can imply that aftershocks of July 4, 

2018 earthquake are homogeneously distributed. 

 

 
 

Graph. 6: Gutenberg-Richter relation of aftershock sequence. B-value, its standard deviation, 

Mc-value, a-value in the Gutenberg-Richter relation. 
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Graph. 7. Modified Omori model and decay parameters aftershock activity of July 4, 2018 

earthquake, aftershock parameters such p, c and K-values in the modified Omori formula, the 

minimum magnitude, starting time for the data and the number of aftershocks. 

 

 
 

Graph. 8. Fractal dimension of aftershock epicenter distributions for July 4, 2018 

earthquake. 

 

The expected number of aftershocks and aftershock occurrence probability 

versus the magnitude are plotted in Graph 9 and 10, respectively. As seen in 

the Equation 7 and 9, all aftershock parameters were considered for the 

estimations, in addition to the starting and ending time intervals of the 

aftershock sequence. The magnitude of randomly chosen aftershock is 

considered as ML=2.5 and expected number of this magnitude band is in 

Graph 9 plotted. The maximum expected number of aftershocks for ML=2.5 

was computed as 19.66. The probability of aftershock occurrence was 

calculated for the largest aftershock ML=4.3 (Graph 10). Probability of the 

largest aftershock was estimated as 67.88 %. Thus, one can calculate any 

other probability and numbers for a specific size of aftershocks.  
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The b-value in G-R relationship is estimated by maximum likelihood 

method, because it yields a more robust estimate than least-square regression 

method (Aki 1965). The parameters in MO law can be estimated accurately 

applying the maximum likelihood method, assuming that the seismicity 

follows a non-stationary Poisson process (Ogata 1983). General information 

for the earthquake occurrence of July 4, 2018 is in Table 1 provided along 

with the maximum (Mamax) and minimum (Mamin) magnitudes of aftershock 

sequence. The number of aftershocks (N), completeness magnitude (Mc), 

beginning (T1) and ending (T2) times for the sequence, b, K, p, and c-values 

for the aftershock sequence are in Table 2 provided.  

 

 
 

Graph. 9: Expected number of aftershocks for one or more events. Estimation made by using 

all aftershock parameters as well as beginning and ending times of the aftershock sequence. 

 

 
 

Graph. 10: Probability of aftershocks for one or more events. Estimation made by using all 

aftershock parameters as well as the beginning and ending times of the aftershock sequence. 
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Table 1. Characteristics of the July 4, 2018 near Durrës, Albania 

earthquake. 

 

Year Month Day 
Origin Time 

(GMT) 
Longitude Latitude 

Depth 

(km) 
(ML) Mamax Mamin 

2018 07 04 09:01:07 19.495 41.466 18.4 5.1 4.3 1.3 

 

Table 2. Aftershock parameters and statistics used in the probability 

assessment. 

 

Earthquake N 
T1 

(day) 

T2 

(day) 
Mc b-value K-value c-value p-value 

July 4, 2018 151 0.0048 80.8396 1.8 0.68±0.06 15.552.09 0.0220.019 0.940.06 

 

 

5. CONCLUSIONS  

 

A statistical space-time-magnitude analysis for the aftershock sequence of 

July 4, 2018 ML=5.1 near Durrës, Albania, earthquake was carried out. Here, 

the b-value from Gutenberg-Richter law, p-value from the modified Omori 

law, Dc-value from fractal dimension were estimated along with the expected 

number of aftershocks and aftershock occurrence probability for specific 

magnitude levels. Aftershock catalog was homogenous for local magnitude, 

ML, and contained about 90 day-time period. The catalog with magnitude 

ML1.3 contained 151 aftershocks. By using a moving window approach and 

starting at the origin time of the mainshock, Mc-value was estimated as 1.8 for 

samples of 10 events/window. The b-value was computed as 0.68±0.06 with 

this Mc level. The small b-value might be related to the low heterogeneity 

degree of medium, the higher stress concentration and high strain in this 

region in recent years. The decay parameters of aftershock activity were 

calculated as p=0.94±0.06, c=0.022±0.019 and K=15.55±2.09 by fitting the 

data Mc1.8. This relatively small p-value shows that aftershock activity after 

the main shock shows a slow decay rate. From the estimated fractal 

dimension, Dc=1.86±0.03, it could be concluded that aftershocks of July 4, 

2018 earthquake are homogeneously distributed over a two-dimensional fault 

plane.  

A model for aftershock occurrence probability based on the combination 

of Gutenberg-Richter relation and modified Omori law is used to predict how 

many large aftershocks may follow main shocks and in order to evaluate 

aftershock probability that a randomly chosen earthquake is greater than or 

equal to a certain magnitude of aftershock. As an example, we used ML=2.5 

for the expected number of aftershocks and ML=4.3 for the probability of the 

largest aftershock occurrence. Probability for magnitude level of the largest 
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aftershock with ML=4.3 was estimated as 67.88 % and the expected numbers 

of aftershocks for magnitude level of 2.5 was computed as 19.66. We 

suggested that all other possibilities or numbers for a specific magnitude 

values in the aftershock sequence could be estimated from these applications. 

Reliable and accurate space-time-magnitude analyses and hazard evaluations 

of the aftershock sequence are a means to address the future studies on the 

implications on seismic risk and hazard, and a perspective for the seismogenic 

environment and the potential aftershock hazard in this aftershock region of 

Albania. 
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ABSTRACT 

 
Shear Wave Velocity (Vs) down to seismic bedrock provides information about 

subsurface geological structures and is an essential parameter for evaluating seismic 

hazard evaluation and reducing of earthquakes consequences. Shear Wave Velocity 

can conventionally be evaluated applying several seismic methods, but non – invasive 

shallow seismic methods like S – wave refraction and Multichannel Analysis of 

Surface Waves (MASW) appear to be the most appropriate in terms of time and cost 

efficiency, and urban area complications if using invasive methods for Vs evaluation. 

When surveyed in urban areas, other difficulties might be present. S-wave refraction 

method has a restricted depth penetration because of weak source while MASW 

method is restricted in penetration depth because of high frequency waves. Horizontal 

to Vertical Spectral Ratio (HVSR) is based on ambient noise measurements and is 

effective when surveying in urban areas to determine the predominant frequency of 

the soil. The Shear – Wave velocity could be obtained by inversion modeling of 

HVSR. The application of Vs model obtained from MASW to HVSR curves is a 

means to address the generation of a Vs soil model for higher depth level. Combining 

MASW results with Horizontal to Vertical Spectral Ratios (HVSR) method might be 

a reliable solution to soil characterization and S – wave velocity estimation. In the 

present paper, the data obtained from a test point in Tirana city for the Vs estimation 

by the combination of MASW and HVSR methods are reported.  

Keywords: Shear Wave Velocity, HVSR, MASW, soil model, ambient noise 
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1. INTRODUCTION 

 

The behavior of seismic waves during an earthquake is very important for 

the specialists involved in the area and site amplification is a determinant 

factor in understanding that behavior. Shallow, soft surface layers may 

modify seismic signal characteristics by ground motion amplification. This 

phenomenon is called site effect and produces earthquake damages at a larger 

scale than expected. Several earthquakes in the past (Mexico 1989, Kobe 

1995, Izmir 1999 etc.) showed the effect of seismic waves amplification. 

Albania is a seismically very active country. Duni et al., (2010) said that the 

strongest earthquake hitting Tirana had these characteristics: Ms=5.4 and 

intensity Io=7-8 degree (MSK-64). The induced surficial effects showed the 

effect of ground conditions to the intensity of the earthquakes. Tirana is 

characterized by several earthquake events with Io=8 degree (MSK-64). 

Several earthquakes of magnitude M=5.3-5.6 hit Tirana in the last century 

(Duni et al., 2010).  

The buildings with natural period of vibration equal or close to ground 

natural period has been damaged seriously compare with other buildings 

vibrating in different period because of resonance phenomena that can 

increase vibration amplitude (Keçeli and Cevher 2015) of the buildings. 

The Shear – Wave Velocity (Vs) is a key parameter for buildings 

construction because of dependence of elastic stiffness on the near surface 

material with response of the buildings. Vs estimation is valuable for the soil 

response to earthquakes and seismic susceptibility analysis in urban areas 

(Stephenson et al., 2015). Several seismic methods can be used to evaluate 

shear – wave velocity. Some invasive seismic methods like cross – hole, 

down – hole, up – hole or PS logging tests have an accurate evaluation of Vs 

but using these methods is very difficult in urban areas in terms of cost, time 

and infrastructure. Other non-invasive methods like S wave Seismic 

Refraction, Multichannel Analysis of Surface Waves (MASW), Spectral 

Analysis of Surface Waves (SASW) Spatial Autocorrelation (SPAC) or 

Refraction Microtremor (ReMi) are more appropriate to be used in evaluating 

shear – wave velocity in urban areas. Conventionally, the problem of Vs 

estimation in greater depth is resolved by combination of Horizontal-to-

Vertical Spectral Ratios (HVSR or Nakamura’s) technique, which is based on 

ambient noise measurements and seismic methods such as Multichannel 

Analysis of Surface Waves (MASW) method. 

 

Horizontal to Vertical Spectral Ratio (HVSR) method 

The HVSR method was presented from Nakamura (2000) who used 

Vertical to Horizontal Spectral Ratio to estimate fundamental frequency (f0) in 

presence of artificial tremors. This technique has been used successfully in 
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site characterization (Gosar and Lenart 2010; Manne et al., 2012; Tun et al., 

2016) and is well – accepted as very effective in urban areas. The H/V method 

has been widely used in microzonation studies to predict site response to 

earthquake seismicity, to estimate unconsolidated sediment thickness and to 

map the bedrock surface and fault locations. 

HVSR method is considered as “passive” seismic method because it does 

not require an artificial seismic source, such as an explosive charge or 

hammer blow (https://water.usgs.gov/ogw/bgas/hvseismic/). Microtremors 

induced by wind, ocean waves, human activity etc. are the main natural 

sources that are measured in three components to determine and evaluate the 

fundamental seismic resonance frequency of a site through spectral ratio 

analysis of horizontal and vertical ambient seismic noise.  

Ibs-von Seht and Wohlenberg (1999) said that for a two-layer model 

relation of the seismic resonance frequency and sediment thickness is given 

by: 

      
  

For sites that can be approximated as a two-layer model (Figure 1), the 

seismic resonance frequency, f
rn

, of the n
th

mode is related to sediment 

thickness, Z:  

f
rn

= (2n+1) (V
s 
/ 4Z) where: 

 

V
s 

- average shear-wave velocity of the sediment layer overlying bedrock 

(in m/s), 

If n= 0, fundamental resonance frequency, f
r0

 is obtained. Delgado et al., 

(2000) computed the H/V spectral ratio as:  

 

        
                

       
 

where: 

 

[S(ω)
NS 

and S(ω)
EW

] term is the horizontal spectra of the ambient seismic 

noise 

[S(ω)
V
] is the vertical spectra of the ambient seismic noise 

ω- the angular frequency. 

 

Sediment thickness, Z, and resonance frequency can be given by relation: 

Z = af
r0 

b

 

https://water.usgs.gov/ogw/bgas/hvseismic/
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Where a and b are determined empirically from non-linear regression of f
r0 

data acquired at sites where Z is known. 

 

Multichannel Analysis of Surface Waves (MASW) technique 

The MASW technique was introduced by the Kansas Geological Survey 

(Park et al., 1999). The MASW method involved multichannel recording and 

processing techniques that are similar to those used in conventional seismic 

reflection surveys (Olafsdottir et al., 2018). The MASW method has 

improved the characterization of dispersion relationship by sampling spatial 

wave-field with multiple receivers. It makes identification and isolation of the 

noise possible and only one-shot gather is needed. Vertically polarized 

Rayleigh wave is used for the geotechnical surface wave surveys. The 

propagation velocity of a Rayleigh wave in heterogeneous medium is 

dependent upon the wavelength (or frequency) of that wave. Short wavelength 

will be influenced by material closer to the surface, while longer wavelength 

Rayleigh waves are reflecting the properties of deeper material. Dispersion of 

Rayleigh waves (dependence of phase velocity on frequency) is used in 

sampling shallow and deeper materials. Dispersion is used to produce 

dispersion curves or correlations between velocity and frequency (or 

wavelength). By inverting this curve shear wave velocity can be obtained, 

considering that S – wave velocities are the main influence on dispersion 

curve. This inversion is updated until the synthetic dispersion curve closely 

matches the field curve. 

 

Geology and geomorphology of Tirana  

Tirana city is part of the PreAdriatic depression, in southern part of 

Molasses synclinal of Tirana which gradually deeps northwest, towards the 

Adriatic Sea. Tirana syncline is around 80 km long and 10 – 12 km wide and 

is considered an asymmetric syncline. Aliaj et al., (2003) said that it consist of 

Miocene molasses (overlaying transgressively the carbonate – flysch 

structures of Ionian and Kruja zones) and partly by Pliocene molasses in the 

north. Miocene molasses is represented by Serravallian, Tortonian and 

Messinian deposits. 

Serravallian deposits are 600 m thick and are represented by lithotamnic 

and organogenic limestones in the lower part and clays and sandstones in the 

upper part. Tortonian sediments are represented by clays and in upper part by 

clay – sandstone combination, 100 -200 m thick. Messinian sediments are 

represented by massif sandstones with clay and alevrolites interlayers. They 

are approximately 1500 m thick. Pliocene deposits are represented by a 500 m 

thick and stone – alevrolites – clays combination. From Tirana city towards 
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northwest, the syncline is covered by alluvial Quaternary sediments 

overlaying molasses Miocene – Pliocene deposits (Figure 1).  

 

 
 

Fig. 1: Geological section of Shijak – Dajti Mountain line (Aliaj, 2000) Q- Quaternary 

sediments mostly represented by coarse gravels combined with clay – sand layers, N1
2-3–

Neogene deposits (Pliocene – Miocene deposits) mostly lithotamnic and organogenic 

limestones, sandstone- alevrolite clays combination. Pg3 – mostly Flysch of Kruja zone, Cr2 – 

Pg2– Limestones, limestones flysch. 

 

The Quaternary sediments are represented by the coarse gravels combined 

with clay – sand layers. These deposits are around 15 – 20 m thick in Tirana 

city and gradually thicker towards north (up to 200 m, near Mati River).  

Tirana city is located at the most southeastern part of lowland area, around 

100 – 140m above the sea level. The depression is surrounded in the East, 

South and West by hills of low altitude, mainly consisting of molasses 

deposits dating since the Miocene. The structure is graben like, bounded in 

the west from Preza backthrust and in the east from Dajti thrust (Aliaj et al., 

2001). Compressional faults are currently active and generate earthquakes. 

Aliaj et al., (2010) said that earthquakes of magnitude 5.7 Richter and 

epicentral intensity VIII MSK-64 are generated and registered in this fault 

area. 

 

Estimation of VS by HVSR and MASW methods combination  

Active source MASW methods and HVSR method have been applied to 

estimate the VS and the predominant frequency f0 estimation, respectively, at 

the test points in Tirana (Karriqi 2016). A 24 channels Geode seismograph 

was used for the MASW surveys. Tromino was used for the microtremors 

surveys. Also, historical geotechnical data (Koçiaj et al., 1988; Konomi et al., 

1988) were considered and used to generate the H/V curves of geotechnical 

models involving the Grilla software (Moho srl). It employs codes that 

generate synthetic H/V curves based on the simulation of the surface-waves 
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field in plane-parallel multi-layered systems. Synthetic generated curves are 

compared with factual H/V curves from micro-tremor surveys. An equal 

procedure was used for the Vs generated from MASW surveys. In the present 

paper, data obtained from the Test Point 1, in Tirana, Albania, to illustrate Vs 

estimation by the combination of MASW and HVSR methods are reported.  

Figure 2 depicts the Test Point 1 located in an old football field, near 

“Qemal Stafa” stadium and surrounded by a construction site (new stadium, 

different buildings etc.). 

 

 
 

Fig.2: Location of Test Point 1 (from Google Earth). 

 

Historical data from “Seismic Microzonation of Tirana” project (Koçiaj et 

al., 1988; Konomi et al., 1988) categorized this site as part of geotechnical 

zone IV3
b
 which parameters are in the Table 1 reported. These parameters 

were used to generate synthetic H/V curve for this site (Figure 3) and to 

compare it with the factual curve from micro-tremors survey. Results reported 

that the geotechnical model does not generate the same curve in terms of 

frequency picks as the factual one. The factual H/V curve shows three 

frequency picks: 45 Hz, 2.8 Hz and 1.53 Hz. Synthetic H/V curve generates 

two picks: 26.5 Hz and about 7 Hz.  
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Table 1. Geotechnical model of zone IV3
b
 (Koçiaj et al., 1988; Konomi et 

al., 1988) 

 
Thickness (m) Vs (km/s) Volumetric weight (T/m

3
) 

1.0 150 1.45 

1.5 250 1.6 

1.5 350 1.74 

3.5 350 1.74 

5.0 450 2.0 

 700 2.1 

 

This geotechnical model does not represent this specific site but rather a 

broader area. This might be the reason that synthetic H/V curve generated 

from this model does not fit with factual curve generated from micro-tremors 

surveys at Point Test 1. 

 

 
 

Fig. 3: Comparison of factual and synthetic curve generated from geotechnical model 

IV3
bat Test Point 1 

 

A Vs profile model was generated from MASW data processing and 

interpretation for the Test Point 1. This Vs profile model can be used to 

generate a synthetic H/V curve. Figure 4 depicts the Vs profile model 

generated from MASW data processing. MASW data processing generates a 

Vs profile model represented by two layers. Layer 1 has these characteristics: 

Vs = 270 m/s and a thickness of 21 m. Layer 2 has these characteristics: Vs = 

500 m/s and undefined thickness. The mean volumetric weights of layers 

material for this Vs interpretation are 1.6 (T/m
3
) and 1.8 (T/m

3
), respectively. 

Data reported that Vs30 = 310.7 m/s. The depth interval where MASW data 

are confident is from 2m to 38 m deep (Duni 2011).  
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Fig. 4: Vs profile model generated from MASW data processing at Test Point 1. 

 

The Vs and volumetric weights of layers interpreted from MASW surveys 

are used for the synthetic H/V curve generation (Figure 5).  

 

 
 

Fig. 5: Comparison of actual curve and synthetic curve generated from MASW 

 in the Test Point 1. 

 

As can be denoted by the comparison of synthetic and factual H/V curves, 

all the curves match at 3.8 Hz pick. Picks at frequencies 45 Hz and 1.53 Hz 

are not represented in the synthetic curve due to the 45 Hz pick caused by the 
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near surface layer (from the surface to around 1m thick) consisting of grated 

coal and fine coarse gravel mixture used for better drainage of surface waters. 

At this depth MASW has a lack of data. Also, the 1. 53 Hz pick is caused by a 

layer located deeper than MASW maximal depth of study.  

To determine the layer that causes predominant frequency pick at 1.53 Hz, 

a model is generated with the same parameters of MASW interpretation from 

the surface to the 38 m of depth (which parameters proved to generate a 

synthetic H/V curve fitting factual H/V curve) and, using different 

parameters, try to model a layer at depth which will generate a pick at 1.53 

Hz, fitting with factual H/V curve (Figure 6).  

 

 
 

Fig.6: Modeling a layer at depth which will generate a pick at 1.53 Hz at Test Point 1. 

 

The pick at frequency 3.8 Hz is related to Vs model obtained from MASW 

data interpretation and is caused by a layer boundary located at 21 m of depth. 

The upper layer (or the first Layer) has a Vs = 270 m/s while the lower layer 

(Layer 2) has a Vs= 500 m/s. The 1.53 Hz pick is caused by a layer boundary 

located at 100 m of depth. According to HVSR interpretation the third Layer 

has a Vs= 900 m/s. The Vs model obtained from the H/V synthetic curve in 

the Test Point 1 for a three-layer model is in Figure 7 depicted. 
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Fig. 7: Vs model by synthetic H/V curve for a three-layer model at Test Point 1. 

 

 

2. CONCLUSIONS 

 

The Horizontal to Vertical Spectral Ratio (HVSR) method reveals valuable 

information about the characteristics of the subsurface and helps us to 

construct the subsurface model. Combining and integrating information 

obtained from HVSR and MASW methods results in a more reliable 

subsurface model. Such combination provide the Vs model for the uppermost 

tens of meters (MASW results) while, HVSR method provides additional 

information and constraints for the subsurface model for significantly greater 

depths. 

Generating and comparing synthetic H/V curves obtained from 

geotechnical model with factual H/V curve generated from micro-tremors 

surveys of the site where Test Point 1 is located does not show any match to 

the actual specific site.  

Synthetic H/V curves generated from MASW data interpretation matches 

with factual H/V curve at 3.8 Hz pick. Picks at frequencies 45 Hz and 1.53 Hz 

caused by a near surface layer and from a deep layer respectively are not 

represented at synthetic H/V curve. MASW method suffers a lack of data in 

near surface (first two meters) and at greater depths.  



JNTS No 48 / 2019 (XXIV)  
55 

This lack of study at greater depth may be compensated by HVSR method. 

To determine the layer that causes predominant frequency pick at 1.53 Hz, a 

model is generated which maintain the same parameters of MASW 

interpretation and, try to model a layer at depth using different parameters, 

which will generate a pick at 1.53 Hz, fitting with factual H/V curve. If the 

best fit is obtained, a Vs profile from the near surface to the greater depths 

could be generated. In our case at Test Point 1, a boundary at 100 m of depth 

is determined. MASW and HVSR methods combination results very effective, 

practical and easy to use (comparing with other methods) in urban areas, 

helping to determine Vs profiles of underground layers.  
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ABSTRACT 

 

The graptolite biostratigraphy of the Lower Devonian tuffaceous shale 

sequence of the Muhurr area is here dated. Currently, Lochkovian and 

graptolite faunas represent the youngest of the graptolite assemblages in the 

Muhurr area. It is characterized by abundant moderate diversity or extremely 

abundant monospecific biozonal assemblages and includes a total number of 8 

graptolite species of the Uncinatograptus, Slovinograptus?, Neomonograptus 

and Linograptus geners. Their stratigraphic distribution allows us to recognize 

three graptolite biozones: i) the uniformis, tentatively recognized for the first 

time, ii) praehercynicus and, iii) hercynicus biozone. It includes cosmopolitan 

species the Lochkovian graptolite biozones correlated with other European 

and worldwide graptolites schemas. The Silurian/Devonian boundary placed 

in continuous shale sedimentation at a drastic lithological change coincides 

with the first appearance of Uncinatograptus uniformis, whereas the boundary 

within biozones has not been defined due to tectonic disruption. 

Keywords: Lower Devonian (Lochkovian), graptolite biostratigraphy, 

Muhurr, Albania 

 

1. INTRODUCTION 

 

The graptolite black shales are part of the Ordovician-Devonian marine 

sedimentary succession that makes up the Lower Paleozoic Variscan 

basement of the Korabi Zone and occur in the Muhurr Caja-Malësia e Korabit 

subunit (Aliaj and Kodra 2016). It covers a time interval from Lower Silurian 

(Llandovery) to Lower Devonian (Lochkovian stage) and represents the 

unique graptolitic shale outcrop within the Dinarides-Albanides-Hellenides 

Belt. The Silurian fossil faunas have been found and studied during 

stratigraphical and paleontological research on the Paleozoic deposits of the 

Korabi Zone and reported in the first unpublished studies, in 1985. This fossil 
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fauna predominantly consists of abundant, diversified, mostly well-preserved 

graptolite assemblages. A level with abundant crinoids columnals 

Scyphocrinites and extremely rare bivalvia is also found. The first Silurian 

stratigraphical succession has been obtained and preliminary Silurian 

graptolite biozonal schemas have been dated based on the stratigraphical 

distributions of the graptolite species. The first Lower Devonian graptolites 

from Muhurr area (Figure 1) have been subsequently collected, recognized 

and reported in unpublished report, in 1988. The most complete description of 

the Silurian-Devonian sequence and fossil faunas’ graptolites, tentaculites, 

Orthoceras and conodonts from the Muhurr Caja-Malësia e Korabit subunits 

has been made. For the graptolite shale sequence there are two 

lithostratigraphic units distinguished: i) the Silurian Muhurr Black shale 

formation and, ii) Lower Devonian Fushë-Muhurr tuffaceous shale formation. 

The first record of Lower Devonian (Lochkovian) graptolites from the 

Muhurr area was obtained from the measured stratigraphic sections of 

Hurdhë-Muhurri and Fushë-Muhurri and from Bulaci and Sharakane 

exposures that were sampled in detail (Figure 1). The more complete Fushë- 

Muhurr sections show continuous Lochkovian succession and detailed 

graptolite collections allow a biostratigraphic subdivision in graptolitic 

biozones. Lower Devonian graptolitic shale sequence consists of a continuous 

sequence of yellow tuffaceous shale (Fushë-Muhurr Fm) that forms 

uppermost part of the complete graptolite shale successions, only partially 

preserved due to all geological background of the Korabi Zone (Pashko 1989; 

2004b). Data about the biostratigraphy of the Silurian-Lower Devonian 

graptolite shale sequence could be found in (Pashko 2005; 2006; 2016; 

Pashko et. al., 2014), and the documents related to the field Meeting of IGCP 

Project No 276, in Alger (Pashko 1990; 1992; Xhomo et al., 1990; 1992).  

Lower Devonian sequence occurs only in the Muhurr area and yields 

abundant well-preserved, but moderately diverse graptolite assemblages. 

Seven Lower Devonian important graptolite species corresponding to 

Lochkovian stage have been identified. Three successive assemblages of 

lower uniformis tentatively recognized praehercynicus and upper hercynicus 

biozones were recognized in the Muhurr area, within 25 Silurian-Devonian 

biozones (Pashko 1989; 2004b). Higher, Devonian succession followed by 

shale-limestone intercalations with Tentaculites, Cephalopods and Conodonts 

shows continuous marine sedimentation from the Lochkovian to the Pragian-

Eifelian and forms the base of the Korabi Shale-Limestone Formation of 

Devonian Age (Pashko 1989; Xhomo et al., 1992; 2006). Currently, 

Lochkovian graptolite assemblage represents the youngest graptolite 

assemblage in the Muhurr area. 

The present paper aims to review the synthesis of a new more detailed 

investigation and re-evaluation of the Muhurr Lochkovian graptolitic 
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biostratigraphy (subdivision and correlation) based on both previous 

unpublished and published works and current investigation. The Lower 

Devonian (Lochkovian) graptolites are here for the first time illustrated.  

 

 
 

Fig.1: Muhurr area: the main sites of Lochkovian graptolites and tentaculites collection. 

Graptolite location: 1- Hurdhë-Muhurr section, 2- Fushë-Muhurr section, 3- Sharakane outcrop, 

4-Bulaci outcrop, 5- Outcrop with Pragian Tentaculites. 

 

 

2. Geological Setting 

 

The Silurian-Lower Devonian graptolite shale succession of the Muhurr 

area is part of the Ordovician-Devonian marine sedimentary succession and 

represents the Lower Paleozoic Variscan basement of the Korabi structural 

Zone. The Korabi structural Zone with a general NW-SE direction was part of 

the Dinaric-Albanian-Hellenic Belt and its geotectonic picture has been 

discussed and different interpretations have been proposed. Recently it has 

been included within the inner Albanides as a continental microblock was 

subdivided in eastern Kollovozi and western Muhurr-Caja-Malësia e Korabit 

subzones (Aliaj and Kodra 2016). Its Lower Paleozoic basement during the 

Hercynian orogenesis, was affected by strong tectonic deformation, 

metamorphism and magmatic activity, subsequently eroded and 
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unconformably covered by the Permian-Lower Triassic sandstones and 

conglomerates of Verrucano Serias. The continuous Silurian-Lower Devonian 

graptolite shale sequence occurs throughout the western part of Muhurr-Caja-

Malësia e Korabit subzone and extends from Muhurr area where it is 

represented by the most complete Llandovery-Lower Devonian sequence to 

Buzëmadhe and Nimcearea, where only the lower Silurian sequence is 

preserved. In general, graptolitic shale sequence is of great scientific interest 

due to its characteristics. The continuous Silurian-Lower Devonian graptolite 

shale overlay Ordovician silty-schists and quartzite intercalations without 

graptolites, and more upwards, up to Pragian-Eifelian shale-limestone 

intercalations with tentaculites (Pashko 2004) and conodonts (Meco 1987; 

2010). The Silurian-Lower Devonian graptolite shale succession represents 

euxinic basinal facies. The complete Muhurr graptolitic shale sequence was 

subdivided into two formations: i) Muhurr black shale formation (Silurian 

age) represented mostly by black shale with thin bedded lydites, particularly 

in Lowermost Silurian (Llandovery) to almost totally black-dark shale and 

varied intrusive beds, and ii) Fushë-Muhurr tuffaceous shale formation 

(Lower Devonian age), that consists of mostly yellow, argillaceous-tuffaceous 

shale with Lochkovian graptolites. Due to the strong tectonic activity occurred 

in Korabi Zone throughout its geological history and disruption of the shale 

sequence, the Silurian-Lower Devonian and Llandoverian graptolitic fauna in 

particular, mostly derived from the discontinuous sections and outcrops. 

However, the Silurian and Lower Devonian sequences in general are well-

dated based exclusively on important graptolitic assemblages.  

 

 

3. MATERIALS AND METHODS 

 

The Figure 1 depicts the abundant important graptolite faunas collected 

from all the fossil levels of detailed Hurdhë-Muhurr and Fushë-Muhurr 

stratigraphic sections and Bulaci and Sharakane outcrops. A continuous 

detailed sampling for paleontological investigation has been carried out. The 

fossil graptolites that were collected from individual layers involve also the 

rhabdosome remains of the both parts of the rock slabs which are of low 

contrast against the surrounding rock, particularly the Uncinatograptus 

hercynicus specimens. Graptolitic rhabdosomes were concentrated on distinct 

relatively thin bedding planes with mass occurrence and particularly in Upper 

Lochkovian hercynicus biozone are extremely abundant, ranged more 100 

specimens, and occur in one 5-7-centimeter-thick beds only. The Lochkovian 

graptolite species are represented mostly by the small to medium-sized, 

straight to moderately curved rhabdosomes, particularly with 10-15, but the 

longest specimens bear to 29 (U. uniformis) or 31 (U. hercynicus) thekae. The 
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graptolitic rhabdosomes were studied and illustrated using binocular 

microscope with a drawing mirror. The drawings in black ink were used. 

These graptolite faunas have been deposited in the paleontological collection 

of Geological Research Institute, partially now as a personal collection.   

 

4. Biostratigraphy and Correlation 

 

The Lower Devonian (Lochkovian) graptolites have been recognized from 

tuffaceous shales of the best exposed Hurdhë-Muhurr (Figure 2) and Fushë-

Muhurr (Kodra e Krizës) (Figure 3) measured sections and two isolated 

outcrops. The stratigraphical sections occurred along the rural road, from 

Fushë-Muhurr to Hurdhë-Muhurr village (Locality 1 in the Figure 1), whereas 

the two outcrops located in the riverside of Bulac River (Locality 4 in the 

Figure 1) and Sharakane area (Locality 3 in the Figure 1). Stratigraphical 

ranges and relative abundance of abundant well-preserved and moderately 

diverse Lochkovian graptolite from the Muhurr area are depicted in the Figure 

2 and 3. Lochkovian graptolite assemblage consists of 8 species of the 

Uncinatograptus, Slovinograptus? (sensu Chen et al., 2015), Neomonograptus 

and Linograptus genres which are illustrated as drawings in three paleonto-

logical tables (Figure 4-6). Three biozones which have been recognized by 

presence of their index graptolite species are depicted in Figure 7. 

 
 

Fig. 2: Biostratigraphical ranges of the Lower Devonian (Lochkovian) graptolite species 

from Hurdhë-Muhurr section. 
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The biostratigraphical subdivision and correlation of the Lower Devonian 

Lochkovian stage is well known in many regions of the world, almost in the 

Peri-Gondwanan, Europe: (Bohemia, Germany) and Baltic area (East 

European Platform). Like in the stratotype section (Klonk section, the Czech 

Republic), the Lochkovian stage in Muhurr area is defined by the first 

appearance of the biozonal index taxa Uncinatograptus uniformis. In the 

evolution of the Silurian-Devonian graptolite faunas, the Lochkovian 

assemblage shows a greater increase in abundance and in diversity of 

graptolite than the preceding uppermost Gorstian Biozones. Detailed re-

examination of the graptolites of the measured Hurdhë-Muhurr and Fushë-

Muhurr sections and Bulac and Sharakane outcrops allowed us to recognize 

three successive Lochkovian graptolitic assemblages: the early uniformis, the 

middle tentatively recognized praehercynicus and the later hercynicus 

graptolite biozones, although its boundary has not been defined due to 

tectonic disruption. The Silurian/Devonian boundary coincides with the 

drastic change in the lithological compositions of sequence from Silurian 

black-dark (Hurdhë-Muhurr Fm) to Devonian dominant yellow tuffaceous 

shale (Fushë-Muhurr Fm) and is correlated with the base of the uniformis 

biozone. 

The biostratigraphical subdivision and correlation of the Lower Devonian 

Lochkovian stage is well known in many regions of the world, almost in the 

Peri-Gondwanan, in Europe: (Bohemia, Germany) and Baltic area (East 

European Platform). Like in the stratotype section (Klonk section, the Czech 

Republic), the Lochkovian stage in Muhurr area is defined by the first 

appearance of the biozonal index taxa Uncinatograptus uniformis. In the 

evolution of the Silurian-Devonian graptolite faunas, the Lochkovian 

assemblage shows a greater increase in abundance and diversity of graptolite 

than the preceding uppermost Gorstian Biozones. Detailed re-examination of 

the graptolites of the measured Hurdhë-Muhurr and Fushë-Muhurr sections 

and Bulac and Sharakane outcrops allowed us to recognize three successive 

Lochkovian graptolitic assemblages: the early uniformis, the middle 

tentatively recognized praehercynicus and the later hercynicus graptolite 

biozones, although its boundary has not been defined due to tectonic 

disruption.  

 

 



JNTS No 48 / 2019 (XXIV)  
63 

 
 

Fig.3. Biostratigraphical ranges of the Lower Devonian (Lochkovian) graptolite species 

from Fushë- Muhurri section. 

 

The Silurian/Devonian boundary coincides with the drastic change in the 

lithological compositions of sequence from Silurian black-dark (Hurdhë-

Muhurr Fm) to Devonian dominant yellow tuffaceous shale (Fushë-Muhurr 

Fm) and is correlated with the base of the uniformis biozone. 

The best section through the Silurian and Lower Devonians sequences 

includes only the lowermost part of the Lochkovian shale and is exposed in 

the east of Hurdhë-Muhurr (Figure 2, locality 1 in the Figure 1), where the 

Silurian/Devonian boundary has also been documented based on graptolite 

faunas. In this continuous shale sedimentation cross the Silurian/Devonian 

boundary the Pridoli (Silurian) dark shale (interval 15/2) with index biozonal 

taxon Monograptus perneri Boucek followed by the Lochkovian (Lower 

Devonian) tuffaceous shale (interval 16) and at the base of this shale 
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sequence, the first appearance of Uncinatograptus uniformis accompanied by 

abundant U. angustidens, Slovinograptus? microdon microdon and 

Neomonograptus aequabilis, marks the base of the uniformis Biozone and 

defined the Lochkovian stage, also.  

 

 
 
Fig.4: A-C. Uncinatograptus uniformis (Pribyl, 1940), A, 6668, int. 1; B, 6658, int 1, C- nr 

6661, int. 1. Fushe Muhurr, uniformis biozone; D-G, Uncinatograptus angustidens (Pribyl, 

1940), D, 6650, int. 1, E, 5468, int. 10; F, 5357, int 3, 5518, int. 11, Fushë-Muhurr uniformis 

Biozone; H-L, Slovinograptus ? microdon microdon (Richter, 1875), Fushë-Muhurr uniformis 

Biozone, H, 5530 int. 11, I, 6595, int10, J, 5329, int. 2, K, 6661, int. 1, L. 5432, int.7, Fushë-

Muhurr uniformis Biozone; M-O, Slovinograptus ? microdon silesicus (Jaeger, 1959), M, 

5370/1, int. 3, N, 5532, int 2, O, 5432/1 ? int 7, Fushë-Muhurr, uniformis Biozone. All scale 

bars represent 1 mm. 
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Fig. 5: A-D, Uncinatograptus hercynicus (Perner 1899), A, 6440, B, 6436, C, 6461, D, 

6463 Muhurr, sample 179, hercynicus Biozone; E, Slovinograptus ? microdonsilesicus (Jaeger, 

1959), Fushe Muhurr uniformis Biozone, 5333, int. 2, Fushë-Muhurr uniformis Biozone; F, 

Neomonograptus aequabilis (Pribyl,1941); 3755, Sharakane, uniformis Biozone. All scale bars 

represent 1 mm. 

 

The most complete sequence of the uniformis biozone could be met in the 

Kodra e Krizës, along rural road from Fushë-Muhurr to Hurdhë-Muhurr 

(locality 2, Figure 1) and shows a continuously exposed succession range in 

age, from Ludlow to the Lower Devonian uniformis and a tentative 

subhercynicus biozones. The Lower Devonian part of the section includes 

relatively abundant graptolite assemblage: U. uniformis (Perner), U. cf. 

uniformmis (Perner), U. angustidens (Perner), Slovinograptus? microdon 

microdon (Richter), S.? microdon silesicus (Jaeger), Neomonograptus 

aequabilis (Pribyl), Linograptus posthumus (Richter). Detailed re-

examination of the Lochkovian graptolite assemblage of the uppermost part of 

the Fushë-Muhurr section allowed us to recognize the probably tentative 

species identification of Uncinatograptus cf. praehercynicus (Jaeger) based 

on the two specimens (nr 6655-6656), with poor preservation and are 

recorded for the first time in Muhurr. In this section, the Silurian/Devonian 

boundary has not been reconstructed because Silurian dark shale sequence 

(interval 13) with a mixture of Upper Silurian zonal species ranging from the 
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Gorstian scanicus-chimaera to the Ludfordian tenuis biozones is interrupted 

by a 16 m thick (interval 12) dark shale sequence without graptolites. Further 

to the north, on the left side of Bulac tuffaceous shale exposed in Sharakane 

(locality 4 in Figure 1), rests conformably on the latest Silurian dark shale 

(formosus Biozone) and includes rare Uncinatograptus uniformis (6787-6789) 

corresponds in age with the uniformis Biozone. 

 

 
 

Fig.6: A-Uncinatograptus angustidens (Pribyl, 1940), 5513, int. 11, Fushë-Muhurr, 

uniformis Biozone; B-Uncinatograptus cf. uniformis (Pribyl, 1940), 6636, int. 10, Fushë-

Muhurr, uniformis Biozone; C-Uncinatograptus hercynicus (Perner, 1899), 6450, sample 179, 

hercynicus Biozone; D-Uncinatograptus hercynicus (Perner 1899), 6437, sample 179, 

hercynicus Biozone; E-F, Neomonograptus aequabilis (Pribyl, 1941), uniformis Biozone, E- 

6594, Fushë-Muhurr, int. 10, F- 3745 Sharakane, uniformis Biozone.  

All scale bars represent 1 mm. 
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The late Lochkovian hercynicus biozone has been documented on the 

downward riverside of Bulac (locality 3 in the Figure 1). This Bulac outcrop 

represents a shale sequence which show a graptolite succession ranges in age 

from the mix upper Silurian assemblage with Spinograptus spinosus (Wood), 

Colonograptus cf. ultimus (Perner), Monograptus cf. transgrediens (Perner) 

(sample 177) to the Lower Devonian (Lochkovian) Uncinatograptus 

uniformis (Perner) biozone (sample 178), following upwards of abundant 

monospecific assemblage of Uncinatograptus hercynicus (Perner) biozone 

(sample 179). In the evolution of the Lower Devonian graptolite faunas the 

assemblage of the hercynicus biozone shows greater increases in abundance 

and representation of a monospecific assemblage of the biozonal hercynicus 

taxon. 

The latest Devonian sequence of Muhurr area is represented by the 

Pragian-Eifelian dark shale-limestone intercalations (locality 5 Figure 1) with 

Tentaculites (Pashko 2004). In general, exempt of the Silurian/Lower 

Devonian boundary in the Hurdhë-Muhurr section the boundaries within 

Lochkovian biozones, also within Lochkovian and Pragian stages has not 

been reconstructed due to the unclearly exposed transitional layers. 

The graptolite assemblage of the Lochkovian sequence from Muhurr area 

composed of species with high value for correlations, shows a remarkable 

similarity in species and faunal succession to the other well-known 

Lochkovian graptolite assemblages from European areas: Bohemia (Chlupac 

1988), Germany (Jaeger 1979), Poland (Porebska 1984), Southwestern 

Europe (Catalonian Coastal Ranges) and Sardinia (Lenz et al., 1996), 

Lochkovian graptolite biozonation of the Muhurr also reminds to Lochkovian 

global standard biozonation (Loydell 2012). 

 

5. Biozones 

 

Detailed examination of the vertical distribution of the Lochkovian 

graptolite assemblages in the Muhurr area sequence allowed author to 

recognize three Lochkovian biozones: i) the earlier uniformis, ii) tentative 

recognized praehercynicus and, iii) the latest hercynicus graptolite biozones 

which are based on the lowest occurrence of its Lochkovian biotaxons: the 

earlier uniformis, tentative recognized praehercynicus and the latest 

hercynicus graptolite biozones, which are based on the lowest occurrence of 

its biozonal index taxa. Based on the cosmopolitan character of the 

graptolites, the Lochkovian graptolites zones are elsewhere known (Figure 7). 

 

5a. Uncinatograptus uniformis biozone is the lowest Lochkovian biozone. 

It is characterized by moderate diversity and changed density of the well-

preserved graptolite species. The graptolite assemblage are: Uncinatograptus 
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uniformis (Pribyl), U. angustidens (Pribyl), Slovinograptus? microdon 

microdon (Reinchard Richter), S.? microdon silesicus (Jaeger), 

Neomonograptus aequabilis (Pribyl) and Linograptus posthumus (Reinchard 

Richter). 

The lower boundary of biozone has been defined by the first occurrence of 

index taxa Uncinatograptus uniformis within continuous shale sedimentation, 

in the upper part of the Hurdhë-Muhurr section. Here, the base of the biozone 

(interval 11 of 15 m thick) is defined by the lowest relatively rare appearance 

of the U. uniformis species that correspond to the particularly highest 

occurrence of the Uncinatograptus angustidens, accompanied by abundant 

Slovinograptus? microdon silesicus, Linograptus posthumus and rare S.? 

microdon microdon, Neomonograptus aequabilis. Slightly higher, in the 

interval 10to 12 m thick, except relatively rare U. angustidens, rare S.? 

microdon microdon and L. posthumus, the biozonal taxa U. uniformis and 

other biozonal species appears in great number of specimens. Upwards, in the 

medium part of the biozones, from 9 to 4 intervals of 32 m thick, the poor 

zonal graptolite assemblage although inclusion of all zonal species, appears in 

small number of specimens. In the uppermost part (interval 3-1/2) of the 

biozone U. uniformis and S.? microdon microdon have increased particularly 

very rapidly in abundance, and present also extremely rare occurrence of U. 

angustidens, S? microdon silesicus and Linograptus posthumus. 
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Fig. 7: Biozonal subdivision of the Lower Devonian (Lochkovian) sequence in the Muhurr 

area (Albania) and correlation with the European graptolite schemas, in addition to (Loydell, 

2012). 

  

5b. Uncinatograptus praehercynicus biozone. The identification of this 

biozone till now has in the Muhurr area remains a tentative as it is based only 

on the two specimens of not well-preserved index species recognized as 
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Uncinatograptus cf praehercynicus (Jaeger). Rhabdosomes are not well 

preserved and are found in the uppermost part of the Fushë-Muhurr section 

(interval 1/1) accompanied by rare U. uniformis and S.? microdon microdon. 

5c. Uncinatograptus hercynicus biozone. Is the latest Lochkovian 

biozone, defined and characterized by the abrupt occurrence of large numbers 

in specimens of monospecific assemblage of the biozonal taxa. In the 

evolution of the Lochkovian graptolite faunas, the assemblage of the 

hercynicus biozone shows a much greater increase in abundance of specimens 

than the preceding biozones. This broadly defined biozone is a most 

recognized throughout the European area particularly in Bohemia Basin, 

Germany, Sardinia, Barcelona regions, and “is easily recognized globally 

based solely on the biozonal species Uncinatograptus hercynicus” (Lenz 

2013). 
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ABSTRACT 

 

The basic characteristics of the Mirdita Zone structure are in the present paper 

reported. The structural model was built based on cartographic data and the analysis 

of major tectonic events in periods with extensional and comprehensional regimes: i) 

the period with extensional regime during Triassic and Jurassic characterized by: a) 

continental rifting (Early-Middle Triassic), b) continental break-up (Later Anisian) 

resulting in the separation of the Korabi - Pelagonian microcontinent from the Adria = 

Apulia plate, c) oceanic spreading during Triassic and Jurassic accompanied by the 

installation of a graben megastructure with the oceanic basin in the center, the two 

slope - basins, the passive continental margins (Qerret - Miliska in the west and 

Mbasdeja to the east) and two restrictive platforms (Hajmeli in the west and Gjallica 

in the east), ii) the period with a comprehensional regime during the Middle Jurassic, 

the beginning of the Late Jurassic characterized by the closure of the Mirdita's 

oceanic basin where two deformational stages are distinguishable: a) stage M-1, J2. 

Plunge and bidivergent interoceanic paleoemplacement of Jurassic ophiolites above 

the Triassic ones, and formation of metamorphic sole within them, and, b) stage M-2, 

J2
c
-J3

ox1
. This stage was characterised by the plunging of continental margins and 

bidivergent obduction of Triassic and Jurassic ophiolites onto the continental margins 

have. As a result of these two stages, Mirdita's “megasinclinorium” structure was 

formed, iii) period after closure of Mirdita oceanic basin (Late Jurassic - Cretaceous) 

with a very little deformed structures of flysch, flyschoidal and molassic Upper 

Jurassic and Cretaceous formations, covering with underwater unconformity or 

transgression ophiolites and Triassic – Jurassic continental formations, after closure 

of oceanic basin, v) during the deformational phase of the Late Eocene - Early 

Oligocene (M-3, Pg2
3
 - Pg3

1
), occurred overthrusting of Mirdita Zone onto the Outer 

Albanides and, vi) quasi-vertical faults during Pliocene - Quaternary has influenced 

on today's relief configuration. 

Keywords: Mirdita Zone, ophiolites, continental margins, megasinclinorium, 

ophiolitic bidivergent interoceanic and marginal emplacement 
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1. INTRODUCTION 

 

The Mirdita Zone, and especially its ophiolites, represents one of the most 

important structures of the Mediterranean alpine belt. It is part of the Dinaric 

belt s.l. 

Aliaj and Kodra (2016) distinguished in the Dinarides s.l: the Dinarides s. 

s. - north of Shkodra - Peja trasversal fault, Albanides - between the Shkodra - 

Peja and Sperchios transversal fault and Hellenides - south of Sperchios 

transversal fault. 

 

Table 1. Tectono - stratigraphic zones and subzones of Albania 

 

 
 

The three basic units of the Dinarides s.l. are divided into inner and outer 

tectono-stratigraphic zones (Table 1). The main difference between them is 
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that the internal zones have been subject to Jurassic and Tertiary 

deformational stages, and are characterized by the presence of ophiolites, 

whereas in the outer zones their Mesozoic sections are continuous and 

subjected only to deformational tertiary stages and are characterized by 

missing of ophiolites. 

Two zones could be distinguished in the Inner Albanides: Mirdita and 

Korabi zones. 

Many scholars have considered the border of ophiolite with continental 

formations at their east side as the boundary between Mirdita and Korabi 

zones. There is however a contradictory interpretation since continental 

formations outcropped to the west of the ophiolites up to their overthrust 

planes over the Krasta flysch are included in the Mirdita Zone. 

Shallo et al., (1980) and Shehu et al., (1990) included the ophiolite and 

carbonate peripheries in the Mirdita Zone. 

Kodra and Gjata (1982), Kodra et al., (2000), Xhomo et al., (2002; 2005) 

and Aliaj and Kodra, (2016) included all the ophiolitic and carbonatic 

formations that were part of the construction of graben megastructure during 

the Triassic-Jurassic oceanic spreading in the Mirdita Zone (Fig. 1, 2).  
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Another regionalization of the Mirdita Zone can be used: the Mirdita 

ophiolites in the centre, two tectono-stratigraphic zones part of the Adria plate 

in the west (Hajmeli and Gjallica), and two zones, part of the Korab - 

Pelagonian microcontinent in the east (Mbasdeja and Gjallica). 

Basically, the two recent regionalizations do not differ from one another, 

only the second converts the tectono-stratigraphic subzones into zones. In the 

present paper, the authors mention the regionalization widely used for four 

decades 

The forthcoming paragraph describes the geological structure of the 

Mirdita Zone. 

 

2. MIRDITA ZONE 

First, the authors describe the subzones with continental formations on the 

both sides of the ophiolites and then to the later ones. 

 

2.1. Tectono- stratigraphic subzones to the west of the ophiolites 

The Hajmeli and Qerret - Miliska (part of the Adria plate) subzones are 

located in the west of the ophiolites. 

 

2.1.1 Tectono-stratigraphic Hajmeli subzone  

Hajmeli subzone is located in the westernmost part of the Mirdita Zone. 

To the east, its formations are submerged under the Qerret - Miliska subzone 

formations or below ophiolitic massifs. In the west the Hajmeli Subzone has 

intensively overthrusted the flysch formations of the Krasta Zone. The Figure 

3 depicts the formation of the Hajmeli subzone. In the framework of the 

geotectonic evolution of the Inner Albanides, Hajmeli's subzone has 

represented the southwestern bounded platform of the large Mirdita graben 

megastructure that had Mirdita oceanic basin at its centre (Fig. 2).  

Geological structure of Hajmeli subzone is generally monocline structure, 

dipping east, complicated by apparent western vergence and rarely 

represented by reversed folds. Monocline strikes are encountered in many 

places, but the area where can be widely observed and followed for many and 

many kilometres, is from Gurra e Madhe, south of Klosi, Plani i Bardhë up to 

Staveci, etc. Reversed folds with western vergence are evidenced in Mali i 

Hajmeli, Gurrë e Vogël and Derstila. There are only asymmetric folds with 

western vergence in Mali i Velës and Mali me Gropa due to the significant 

thickness of limestones. The foldings of Hajmeli subzone formations have 

initially happened during obduction of ophiolites onto the continental margin, 

and later, Mirdita Zone overthrusted the flysch formations of Krasta Zone. 

As for Hajmeli Subzone, it could be noted: i) for all the hundreds of 

kilometers strikes of the Hajmeli Subzone, in no case have been documented 

foldings with eastern vergence, and ii) many condensed limestones outcrops 
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of red ammonitic with manganese stains of Lower - Middle Jurassic age 

(reddish Staveci limestones), overlain platformic limestones of Upper Triassic 

- Liassic (Kodra et al., 1979). 

The Staveci limestone appear very soft, slightly or too little deformed and 

unmetamorphosed. Even the many microfossils such as Involutina liassica, 

Protoglobigerina sp., embryonic ammonites, Trocholina sp., echinodermate, 

Lenticulina sp., lagenidae, ostracoda, radiolarie, Dentalina sp. etc, that are 

met within, appear undeformed and very well preserved (Xhomo et al., 2002). 

Reddish Jurassic limestone Staveci have the smallest degree of 

metamorphism as the coeval of Jurassic red ammonitic limestone in the Ionian 

Zone, Valbona Subzone or in Lisna and Spiteni sections. 

The same thing can be also said for the radiolarite cherts of Middle 

Jurassic that follow above the Staveci limestone. The radiolaria of these cherts 

are very well preserved, just like coeval radiolaria in the radiolaritic cherts on 

the roof of ophiolites. These data prove that this part of the Hajmeli Subzone 

which is exposed to ophiolites surface today has never overthrust this surface, 

i.e., the boundary of the ophiolites with the Hajmeli Subzone formations, in 

general has been the old boundary of ophiolite obduction onto the 

southwestern margin of the Mirdita ocean basin. Based on the aforementioned 

data, we oppose the interpretations of (Robertson and Shallo 2000; Dilek et 

al., 2007) etc., according to which the ophiolites originate in a spreading 

oceanic basin in the Krasta - Pindi trough, and then they are obducted 

eastward over the Korabi - Pelagonia platform, part of which they also 

considered the Hajmeli subzone. Such obduction of ophiolites over Hajmeli 

subzone, would undoubtedly be associated with deformations in folds with 

eastern vergence of formations of this Subzone. Even the Staveci limestone 

and radiolarite and other depositions above them, would have been subjected 

to deformations, schistosity and metamorphism by such an overthrust of large 

masses of several kilometres thickness of ophiolites.  
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2.1.2. Tectono - stratigraphic subzone of Qerret – Miliska 

Qerret - Miliska Subzone formations are spread mainly in the northern 

areas of Miliska, Qerreti, Komani, Kçira and, rarely in the southern most 

areas. 

Less outcrops like tectonic windows below ophiolites are exposed in 

Fregeni, Nderbunga, etc.  

Qerret - Miliska subzone is largely covered by volcano - sedimentary 

Porava formations and the western Mirdita ophiolites. The litostratigraphic 

column of this Subzone is in the Figure 3 depicted. The main rocks of the 

Qerret - Miliska Subzone are represented by pelagic limestone of "Hallstatt" 

facies of Middle Triassic - Middle Jurassic that served as the basin - the slope, 

the southwestern passive continental margin of the Mirdita oceanic basin (Fig. 

2). Among the main structures of this Subzone, we distinguish the Miliska 

anticline formations perform west - east strike and clear periclinal closure 

towards the east, submerged below ophiolitic formations (Fig. 1, 4). Folded 

structures with north-western vergence are observed in Qerreti and west of 

Komani. In Kçira, anticline cores have predominantly western vergence. 

 

2. 2. Tectonono - stratigraphic subzones to the east of ophiolites 

To the east of the ophiolites, in the framework of the Mirdita Zone, as 

western part of the Korabi - Pelagonian microcontinent, are distinguished into 

two subzones: Mbasdeja and Gjallica subzones (Tab. 1, Fig. 1, 2). 

 

2. 2. 1. Tectono - stratigraphic subzone of Mbasdeja 

The distribution of Mbasdeja formations is limited, as it is largely covered 

by the eastern ophiolites. The figure 3 depicts the synthesized 

lithostratigraphic column of Mbasdeja subzone. The present column shows 

the presence of Middle Triassic - Middle Jurassic pelagic limestone of 

"Hallstatt" facies. In western direction, formations of Mbasdeja subzone are 

clearly submerged below Kukësi, Bulqiza, Lura and Shebeniku Triassic and 

Jurassic ophiolites. In eastern direction, formations of Mbasdeja Subzone 

have tectonically thrusted the Çaja subzone. The formations of Mbasdeja 

subzone are considered as highly folded, north - south strike, with eastern 

vergence or reversed vergence to the east. Axial planes of folds dip toward 

west at 30
0 
- 75

0
. 
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In area Volljaku - Çupeva - Kralane (Kosova) (Fig. 5) are exposed tectonic 

windows of the Callovian-Oxfordian formations of the Mbasdeja subzone 

below the Mirdita ophiolite formations, obducted above them. Ophiolitic 

breccia, Çupeva radiolarite of Oxfordian - Kimmeridgian*, along with 

Volljaku flysch of Kimmeridgian - Lower Tithonian*
2
 cover with 

unconformity, like depositions and tectonic windows of Mbasdeja Subzone, 

as well as ultrabasic formations, obducted above them (Elezaj and Kodra 

2008; 2012; Kodra et al., 2009; Sukaj 2015). Çupeva radiolarite and Volljaku 

flysch are very little deformed.  

In Mbasdeja area, Triassic and Jurassic ophiolitic formations and 

“Hallstatt” limestones, along with their Jurassic cover are covered with 

unconformity by” Firza” flysch of Upper Tithonian - Valanginian and 

Cretaceous platformic limestones little deformed (Fig. 6) (Shehu et al., 1983; 

1990; Xhomo et al., 2002; 2005). It is possible that, at the lowest levels of 

discordant depositions can be found limited Kimmeridgian - Titonian flysch. 

                                                           
* Paleontological definitions by prof. Chiari, M. *1 Paleontological definitions by prof. 

Pirdeni, A. 
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In the palaeotectonic context, after the continental break-up of the Late 

Anisian, during the spreading of the Mirdita ocean (Ladinian to Middle 

Jurassic), the Mbasdeja Subzone was a slope-basin at the northeastern 

continental margin of Mirdita's oceanic basin, where mainly the Hallstatt 

facies limestones were deposited. In the northeast, the Mbasdeja basin –slope, 

through the listric faults, was bordered by the Gjallica platform (Fig.2). 

Mirdita's ophiolites were obducted during the Late Callovian - Early 

Oxfordian onto the Mbasdeja Subzone. Sedimentary deposits of Çupeva and 

Volljaku of Upper Jurassic post - date the obduction of the ophiolites onto the 

eastern continental margin. 
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2.2.2. Gjallica tectono - stratigraphic subzone  

Figure1 depicts the Gjallica subzone widely spread in eastern part of 

Mirdita Zone. In the west, it is tectonically plunged below the formations of 

Mbasdeja Subzone and is partly covered by Mirdita ophiolites. To the east, it 

tectonically thrusts Çaja subzone. 

Figure 3 depicts the synthesized litostratigraphic column of Gjallica's 

subzone. Unlike the "Hallstatt" pelagic limestone of Mbasdeja subzone, the 

Triassic-Liassic limestones of the Gjallica subzone belong to shallow waters 

and have a considerable thickness. 

Kodra (1976; 1986), Godroli (1992), Kodra and Gjata (1996), Xhomo et 

al., (2002), Hoxha (2006) and Kodra and Hoxha (2015) clarified the tectonic 

characteristics of the Gjallica subzone, which, to a large extent depend on the 

tectonic deformations occurred in the Late Callovian - Early Oxfordian and 

are related to the obduction of ophiolites onto northeastern continental margin 

during the process of closing the Mirdita oceanic basin. As a result, we have 

almost a full coverage of Mbasdeja subzone and western part of Gjallica 

subzone. 

The basic feature of the Gjallica subzone structure is in general monocline 

strike of the western slopes of its formations (western part of Mali i Thatë, the 

formations at the east of the Shebenik, Bulqiza, Lura and Kukësi ultrabasic 

massifs). Unlike the neighbouring zones with pelagic formations (Mbasdeja, 

Çaja), which appear highly folded up to reversed with eastern vergence, in 

Gjallica subzone, because of the large thickness of limestones their folding 

has been limited, but always with eastern vergence. 

It could be noted that structures of the Gjallica subzone are from the south 

to the north step by step subject to deviations from the Dinaric strike to 

meridional, whereas in Kukësi territory, are evidenced deviations of structures 

to northeastern direction. These deviations, among other things, are related to 

the role of the transversal faults, especially the northern ones, such as the 

Vlora - Dibra, Mbasdeja – Selishta, Kurbneshi - Arrëmolla, and especially 

Rrësheni - Prizreni transversal fault. The latter is very important and parallel 

to Shkodra - Peja transversal fault. As a result, Elezaj and Kodra (2008; 2012) 

said that the northern paleogeographic end of the entire Korabi - Pelagonian 

microcontinent extends from the east of Kukësi towards Prizreni and further. 
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In the Gjallica subzone, the dips of the formations are steep and very steep 

towards the west, and in its the western they are overturned towards west-

northwest due to the events occurred during the obductions of ophiolites onto 

the formations of the eastern continental margin in the Late Callovian – Early 

Oxfordian. Under comprehensive regime, the listric paleo-faults of the eastern 

part of the Mirdita graben structure has passed to inverse faults, generating 

steep dip angles, and in many cases, overturning of the formations among 

inverted listric faults (Gjegjani, Gryka e Vanave, Skavica, Fushë-Lura etc. 

This tectonic style explains the cases of the overturning of formations of 

Gjallica subzone and those further in the west (Kodra 1976; Godroli 1992; 

Hoxha 1996; Xhomo 2002; 2005). 
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Formations of Gjallica subzone represent the lowest grade of 

metamorphism. Particularly this is evidenced in the condensed limestones of 

red ammonitic type of Lura (Lower - Middle Jurassic) that follows above the 

Triassic - Liassic platformic limestones. Lura reddish limestones are similar to 

the Staveci limestones of Hajmeli subzone. The lack of metamorphism is 

evidenced by the composition of the field outcrops and the numerous 

microfossils like Involutina liassica, embryonic ammonite, protoglobigerina, 

radiolaria, etc. that are very well preserved. The same thing should be said 

about the radiolarites that follow above the Lura, limestone, which are almost 

metamorphosed, just like their coeval analogues in the radiolaritic cover of 

the ophiolites. 

The above data prove that this part of the Gjallica subzone, exposed to the 

surface, has never been subjected to the emplacement of ophiolites, as 

interpreted by many scholars, the place of origin of the Mirdita ophiolites is in 

Vardar, (Çollaku 1992; Bortolotti et al., 2005; Gawlick et al., 2008; Trembley 

et al., 2015). Such an east-over-west obduction from Vardar's giant ophiolitic 

masses, some kilometres thick, would have been associated with folding with 

western vergence formations, intensive schistosity and elevated grades of 

metamorphism, in particular of Lura reddish limestones and other Jurassic 

deposits on top of them; which in fact are quite the opposite. These facts also 

testify that the paleoboundary of ophiolites with eastern continental 

formations is generally quite close to today's boundary. This is also evidenced 

in the Mbasdeja (Fig. 6), Vrrini i Arrnit and Kobaja (Kosova) area, where the 

Cretaceous platformic limestones unconformity cover both ophiolites and 

Mbasdeja and Gjallica Subzone formations (Shehu et al., 1983; Peza et al., 

1983; Xhomo et al., 2005; Knoblock and Legler 2006). 

 

2.3. Ophiolites of Mirdita 

Mirdita's ophiolites are the main components of Albanides, and they are 

the largest metal assets of Albania. Along with the wide distribution, in 

Albania's ophiolites are encountered full sections, from deep mantle 

sequences to the oceanic crust formations and their radiolaritic cover. 

Numerous researchers have worked for many years to offer the most detailed 

explanation of their geology and metallogeny. Shehu et al., (1990), Meço et 

al., (2000), Xhomo et al., (2002) and many others reported on the ophiolites 

of Mirdita. 

Figure 7 depicts the Triassic and Jurassic ophiolites and the metamorphic 

sole of Middle Jurassic met in the ophiolites of Mirdita. 

 

2.3.1. Porava volcano - sedimentary formation (Triassic ophiolites) 

The Porava formation could be met in the periphery and on the floor of the 

Jurassic ophiolites. They are mainly represented by Porava volcano - 



JNTS No 48 / 2019 (XXIV)  
87 

sedimentary formation and some small massifs in the western part of the 

Jurassic ophiolites. The Porava formation is composed by basalts, radiolarites, 

shales, rarely metamorphized limestone etc. Thickness ranges from 150 - 800 

m. Basalts of Porava formations belong to MORB type (Bortolotti et al., 

2004). The age of this formation, based on the numerous determinations of 

radiolaries, is the Middle Triassic (Ladinian) and the Upper Triassic 

(Marcucci et al., 1994; Këlliçi et al., 1994; Kodra et al., 1995; Hoxha 1995; 

Chiari et al., 1996; Xhomo et al., 2002). Based on our interpretations, the age 

of the Porava formation should include also the levels of Lower Jurassic. 

Xhomo et al., (2005) said that the Porava formation has numerous 

widespread areas and sections of up to 800 m. Important Cu deposits of VMS 

type, such as Gjegjani, Palaj - Karma, Rubiku, Porava etc. are related to this 

formation. 

Porava formation has everywhere tectonically overlapped the "blocks in 

matrix" mélange of Upper Callovian - Lower Oxfordian and below the 

ultrabasic massifs of mantle sequence. In most cases, in this boundary are 

encountered metamorphic sole (Fig. 4). Thanks to the polarity of the pillow 

lavas, it is documented that in the western part of the Porava formation cases 

is presented with normal polarity and foldings with western vergence. In the 

eastern ophiolite areas, the Porava formation has a western dip and is 

complicated in folds with eastern vergence. There are many cases when the 

Porava formation is overturned as in Gjegjani, Surroji etc. (Kodra 1976, 

Trembley et al., 2015). 

The Porava formation and the small Triassic ophiolitic massifs are the 

remains of Mirdita oceanic basin, which, after the continental break - up of 

the Late Anisian, was spread under conditions of a MOR (Mid - Oceanic - 

Ridge) at a very low spreading speed (Kodra and Gjata 1982; Kodra et al., 

1994; 1995) (Fig. 9). This spreading has proceeded to the Jurassic oceanic 

spreading. 
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2.3.2. Jurassic ophiolites 

Figure 1 depicts the Jurassic ophiolites widespread distribution. Numerous 

scholars distinguished two types of Jurassic ophiolites: Western and Eastern 

type of ophiolites (Ndojaj 1967; Tashko 1975). 

Western type ophiolites are incomplete ophiolites, formed under 

conditions of MOR, at low spreading speeds. Basalts belong to MORB type. 

Ultrabasic formations contain low chrome - bearings and chromite is mainly 

alumochromite. 

The ophiolites of the eastern type are complete ophiolites. Many scholars 

said that they were formed under conditions interoceanic subduction (SSZ). 

There are also other options for the ophiolite formation (Tashko 1990; Kodra 

and Gjata 1982; Meshi and Hoxha 2008). An alternative point could be found 

in (Nicolas et al., 1999). Here it is stated that the EOB as "typical ophiolitic" 

due to the characteristics of the WOB that contains an upper mantle sequence 

with milonitic lherzolites ascribed to successive episodes of active magmatic 

spreading and tectonic, non - magmatic extension with strong subhorizontal 

shearing at slow spreading rates. 

Ophiolites of eastern type, or as they are called ophiolites of hartzburgitic - 

type (Nicolas et al., 1999), are chromium-bearing and chromium itself belong 

to magnochromitic type. The essential difference with respect to the chromite 

between the western and eastern ultrabasic formations is related to the 

different degrees of melting of the mantle. Eastern mantle has had a higher 

degree of melting which has led to more abundant chromitic release and the 

formation of important deposits. 

The age of Jurassic ophiolites is defined as Middle Jurassic based on 

numerous studies about the Kaluri radiolarites, among the volcanic ophiolites 

and as their primary sedimentary cover. Kaluri radiolarites provide 

extensional radiolaritic associations of Bajocian - Bathonian up to Callovian 

(Marcucci et al., 1994; Këlliçi et al., 1994; Kodra et al., 1995; Prela 1996; 

2000; 2010, etc.). In some sections, like Lumzi (Marcucci and Prela 1996), 

Qafa Bari (Marcucci et al., 1994), Perlat (Kodra et al., 1995, Xhomo et al., 

2002), the radiolarites located in the roof of ophiolites go up to the levels of 

Upper Callovian - Lower Oxfordian (index 8, UAZ95 - Baumgartner). 

Isotopic dating of ophiolitic plagiogranites give ages 160.3 to 165.5 My, close 

to those of the Kaluri radiolarites located in the roof of ophiolites (Tashko and 

Gjata 1990, Gjata et al., 1992, Bebien et al., 1999). Dilek et al., (2007) stated 

that the age of the Mirdita ophiolites is constrained by U/Pb zirconium age of 

164.8 ± 3.1 My to 160.3 ± 0.4 My (Fig. 1). 

In the sedimentary ophiolitic cover of the Middle Jurassic Kaluri 

radiolarites lies the Simoni mélange of Upper Callovian - Lower Oxfordian, 

which can be characterized as a "block-in-matrix" type, polygenetic mélange, 
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the evolution of which occurred during the tectonic and sedimentary 

processes (Kodra 1987; Kodra et al., 1996; Xhomo 2002; Trembley et al., 

2015). Simoni mélange, and coeval to it of ophiolitic breccias, are formed 

along the ophiolite obduction process above continental margin. On top of the 

obducted ophiolitic formations on the formations of the continental margins 

were deposited with underwater unconformity ophiolitic breccias, Çupeva 

radiolarites of the Oxfordian - Kimmeridgian and Volljaku flysch of 

Kimmeridgian - Tithonian (Elezaj and Kodra 2008; 2012; Kodra et al., 2009, 

Sukaj 2015). The Oxfordian Age of the base of this formational group, post-

date the age limit of the bidivergent ophiolite obduction onto the continental 

margins, namely the closure of the Mirdita oceanic basin. 

Timely obduction interval is very short, and may be included between 165 

and 160 million years. Even zircon fission tracks age of 156 ± 17 million 

years (Muceku et al., 2006), is very close to the age of completion of ophiolite 

obduction onto the continental margins. 

In the central part of the Mirdita Zone, during Kimmeridgian and 

Berriasian - Valanginian, in addition to the flysch and flyschoidal terrigenous 

deposits in the local extensional regimes in the limited areas, are also 

deposited the conglomeratic molasses and platformic limestones (Melo et al., 

1971; Meço 1977; Meço et al., 1975; Peza et al., 1983; Peza 2006; Gawlick et 

al., 2008; Schlagintwit et al., 2008; Uta 2018). In this context, we don’t agree 

with the opinions in (Gawlick et al., 2008; Schlagintwit et al., 2008), for 

broad carbonated platforms during Kimmeridgian and Berriasian - 

Valanginian. To us, the most accurate is interpretation of seamounts, where 

shallow water carbonates are deposited in the environment of a deep sea, 

where Volljaku and Firza flysch and flyshoidal terrigenous sediments were 

deposited on the top of ophiolites, and so on. 

After the Hauterivian conglomeratic lifting of Barremian (?) and 

Cretaceous platformic limestones of, widely and cover transgressively 

underlayered formations. (Peza et al., 1981; Xhomo et al., 2005).  

On the Cretaceous limestone, which rarely reaches the Paleogene levels, 

lie with the discordance molasses of Eocene, Oligocene and Miocen – 

Pliocene.  

 

2.3.3. Metamorphic sole 

Figure 1 depicts the metamorphic sole rich in amphibolite garnets, garnet-

mica-schist and green shales spread to the lateral parts of Mirdita ophiolites. 

Metamorphized lenses of limestones, quartzites, etc. could be rarely met. 

Intensive metamorphic sole studies carried out in Mirdita Zone, have 

determined its rigorous position between the Triassic volcanic-sedimentary 

formation Porava (below) and the ultrabasic mantle sequences (above). This 

position could be noted in tens of dozens of field cuttings (Kodra 1976; 1986; 
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Kodra and Gjata 1982; Kodra et al. 1993; Godroli 1992; Hoxha 1996; Dimo 

1997; Xhomo et al., 2000; 2002; 2005). Mainly harzburgitic mantle 

sequences, at their lower part, near the metamorphic sole boundary, appear 

under conditions of HP-LT (Fig. 12) (Meshi 1995; Meshi et al., 2005). 

Vertical changes in the metamorphic sole are quick, inverse, with the 

principle of ironing mechanism (Çollaku 1992). The transition from the 

metamorphic sole to the Porava volcano-sedimentary formation occurred 

gradually through green schists. 

The geochemistry of the metabasic rocks of the metamorphic sole shows 

mainly MORB affinities. In rare cases, we have WPB and OIB affinities 

(Godroli 1992; Shehu et al., 1990; Xhomo et al., 2002). 

Numerous isotopic definitions, mainly 39Ar/40Ar document age 159, 7 - 

172, 6 Ma for metamorphic sole (Ivanaj 1992; Gjata et al., 1992; Kodra et al., 

1994; 1995; Dimo 1997; Dilek et al., 2007) (Fig. 1), i.e., the Middle Jurassic 

Age very close to the Age of the ophiolites and Kaluri radiolarites on the roof 

of ophiolites. 

The microstructural analysis of the metamorphic sole rocks has resulted in 

contradictory data, showing west-over-east and east – over - west shear - 

sense indicators (predominantly in the garnets). (Çollaku 1992; Godroli 1992; 

Dimo 1996; Hoxha 1996). In contrast, structural data prove in favour of the 

west - over - east paleoemplacement of eastern Jurassic ophiolites onto the 

Porava volcano - sedimentary formation. In the eastern regions of Mirdita 

Zone, many cases of folded metamorphic sole or with microfolds with eastern 

and rarely northeastern vergence were reported. The axial planes of folds dip 

to the west at angles 10° - 70°. Schistosity S1 in amphibolites, in green and 

micaceous shales have predominantly north - south strike and western dip. 

In Greece, some microstructural studies have been focused on the infra - 

ophiolitic rocks, especially from Vourinos massif etc. Data reported that the 

obduction of the ophiolites on the continental Pelagonian formations has been 

in the west – over - east direction (Rassios and Moores 2006; Ghikas et al., 

2015).  

The formation of the metamorphic sole is explained as follows: in the 

combined tectonic regime, the marginal parts of the new and hot Jurassic 

oceanic lithosphere, progressively overlap in two opposite directions over the 

uppermost parts of old lithosphere, submerged below it, by forming 

respectively metamorphic sole on both sides of these emplacements (Kodra 

and Gjata 1982). The boundary between the oldest (Triassic - Liassic) and the 

newest (Jurassic) lithosphere as the decoupling boundary, is in conformity 

with Nicolas, Le Pichon 1982 submissions, that such a boundary would be 

preferable among the lithosphere with different elastic properties. 

The radiometric data demonstrate that western and eastern metamorphites 

have about the same age in the same their extent (Fig. 1), which supports the 
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interpretations that the two-sided emplacement of the Jurassic ophiolites onto 

the Porava formation (βT2 - J1) occurred almost at the same time (Kodra and 

Gjata 1982; Godroli 1992; Dimo 1997). For the explanation of the 

diachronism about 10 million years, which is evidenced in the age of the 

metamorphic sole (μ
s
J2) from the central areas (169 - 174 My) to the north 

(159 - 164 My), it is assumed as a variant of interpretation that the process of 

interoceanic paleoemplacement has started more rapidly in the central areas of 

ophiolites, rejuvenating northward. These changes apparently relate to the 

transformational transversal faults, where each segment of the oceanic crust 

between the two transversal faults has its location and own age formation. Not 

excluded in this interpretation the role of the north - northwestern (strike - 

slipe) component of paleoemplacement of Jurassic ophiolites (Meshi 1995; 

Carosi et al., 1996; Nicolas et al., 1999) has undoubtedly influenced on the 

different ages of the metamorphic sole, from the central part of the ophiolites, 

to north of them. 

 

2.3.4. Data on the structure of ophiolites and their position in the 

megastructure of the Mirdita zone 

After briefly reviewing the basic data for ophiolites, we will focus more 

extensionally on their structure, incorporated in the Mirdita megastructure, 

which has its major developments due to important events during Triassic and 

Jurassic. 

During the Early Triassic - Middle Triassic in the extensional regime, 

continental rifting occurred, which was followed during Late Anisian by the 

continental break-up, dividing the Korabi - Pelagonian microcontinent from 

the Adria = Apulia plate. Following the extensional regime, the oceanic 

spreading was carried out, which was associated with the installation of the 

graben paleostructure with of the oceanic basin extending into the central part, 

two basin - slopes, passive continental margins, and two lateral limited 

platforms (Fig. 8).  

This large Triassic - Jurassic paleostructure was completely restructured as 

a result of the powerful deformational phases that led to the closure of the 

oceanic basin during the Middle Jurassic until the beginning of the Late 

Jurassic (Fig. 9). The deformational phases of Inner Albanides were treated by 

many authors (Kodra and Gjata 1982; Kodra 1987; Kodra et al., 1993; 1996; 

2000; 2015; Peza and Shkupi 1988; Peza et al., 1983; Peza 2000; Gawlick et 

al., 2008; Elezaj and Kodra 2008; 2012; Meshi and Hoxha 2010; Xhomo et 

al., 2002; 2005; Trembley et al., 2015; Aliaj and Kodra 2016). 

Jurassic restructuring is finalized with the assemblage of two major 

"sinclinorium" structures: the "sinclinorium" of the continental formations on 

the periphery, and the basement of the ophiolites and the "sinclinorium" of the 

ophiolites with triassic ophiolites in the peripheral parts and mantle 
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formations on top of them. Plutonic and oceanic crustal formations occupy 

central part of the ophiolitic "sinclinorium”. 

The paleomegastructure of the assemblages of the "sinclinorium" 

structures, is conditioned by plunges and interoceanic bidivergent 

paleoemplacement during the closure of the Mirdita oceanic basin. First, 

during the Bajocian - Early Callovian, the interoceanic bidivergent 

paleoemplacement of the Jurassic onto the Triassic ophiolites and the 

formation of the metamorphic sole between them occurred. Second, during 

the Late Callovian - Early Oxfordian, the bidivergent obduction of the 

ophiolites occurred mainly on the Apulian continental margin in southwest, 

and to a lesser extent onto the Korabi - Pelagonian continental margin in the 

northeast. So, there has been an asymmetry in the emplacement of ophiolites 

onto the continental margins (Fig. 1, 9). 

Deformations of oceanic and continental formations, to folds with eastern 

vergence to the east, and western vergence to the west are mainly related to 

these two important deformational stages.  

 

The tectonic style with interoceanic and marginal bidivergent plunge 

and emplacement, is a fundamental feature of the Mirdita Zone 
The final stages of the closure of the oceanic basin were characterised by 

many thrusts and overthrusts in the east - west direction, particularly in the 

central Mirdita Zone, such as Reps - Perlat, Mashterkora - Kurbneshi, Qafë 

Bari - Gurthi - Kodër Spaçi, Truni - Sakati etc. Some of them might belong to 

back - thrust type, as responses to obduction of ophiolites onto the eastern 

continental margin. Consequently, further studies would be necessary.  

Meshi and Hoxha (2008) described the closure of the Mirdita oceanic 

basin in two stages: firstly, the completion of ophiolite paleoemplacement to 

the east, and then (always within Jurassic), overlapping to west - northwest 

direction occurred. 

During the Hoterivian time almost rising of the Mirdita Zone occurred, but 

there were also areas where the deposits of ? Hoterivian - Barremian 

conglomerates and Aptian platformic limestones continued (Peza et al., 1981; 

Xhomo et al., 2002) (Fig. 9). 

Many geophysical studies, mainly based on gravimetry and magnetometry 

helped define the thickness of the ophiolitic massifs, the geometry of their 

basement, and so on (Bushati and Dema 1985; Bushati 1988; 1997; Bushati et 

al., 1994; Frashëri et al., 2003; Langora et al., 1983; Kodra and Bushati 

1991). 
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Another basic characteristic of Mirdita composite structure is the sharp 

curvature of the ophiolitic and continental formations, from the "Dinaric" 

NNW - SSE direction in the southern and central part, to the SW- NE in the 

northern part (Fig. 1). 

There have been different opinions about this problem (Tashko 1990; 

Shallo 2018). Our opinion is that, the important role in this great structural 

deviation has played transversal faults. For many decades the great Shkodra - 

Peja and Vlora - Dibra transversal faults have been known. Some of the other 

transversal faults were introduced years ago. Among them, Korça, Selishta - 

Radomira, Kurbneshi - Lura (Kodra et al., 2000; Xhomo et al., 2002). 

In the present paper the authors have made a significant modification to 

the scheme (Kodra et al., 2000), after identification of Rrësheni - Prizreni 

transversal fault parallel to Shkodra - Peja transversal fault (Fig. 10). 

All these transversal faults have the right-side sense. 

The main deviation of the ophilitc and continental structures of the Mirdita 

Zone has occurred between the Shkodra - Peja transversal fault in the north, 

and Rrësheni - Prizreni transversal fault in the south. 

The regional significance of the Shkodra - Peja transversal fault is 

emphasized by many scholars. Kober (1929) separated the Dinarides s. s. to 

the north, and Hellenides to the south based on the Shkodra - Peja transversal 

fault. 

Aliaj and Kodra (2016) separated the Dinarides s.s in the north from the 

Albanides in the south based on Shkodra - Peja transversal fault. The later 

continues in the Greek territory to the Sperchios transversal fault, followed by 

the Hellenides to the south (Fig. 10). 

Dercourt (1968), Xhomo et al., (1969), Aubouin and Dercourt (1975), 

Papa et al., (1991), have considered the Shkodra - Peja transversal fault as a 

transversal fault that conditioned the paleogeographic closure of the Albanian 

Alps Zone. In its northeastern part, the paleogeographic closure of the Mokna 

platform unit is otherwise known as Golia or Drina - Ivanjica (Elezaj and 

Kodra 2008; 2012). 

Rrësheni - Prizreni transversal fault is the main source not only for the the 

sharp turnaround of the ophiolites, but also for the continental formations to 

the east of the ophiolites and has conditioned the northern paleogeographic 

closure of the Korabi - Pelagonian microcontinent (Elezaj and Kodra 2008; 

2012). 

Other transversal faults in the south of Rrëshen - Prizren transversal fault 

and particularly of the Kurbneshi - Lura one, have played a noteworthy role. 

These transversal faults have their beginnings in the Late Anisian. Their 

installation is related to the fundamental regional changes of the Tethysian 

oceanic basin spreading in the Dinaric segment, starting with the continental 
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break - up that separated the Korabi - Pelagonian microcontinent from the 

Adria = Apulia plate and continued with the Mirdita ocean spreading etc. 

Transversal fault issues in framework of entire Dinarides s. l. need detailed 

studies to highlight their importance in geological evolution. There are still 

many questions to be addressed to, e.g. the reason why plutonic (gabbro, 

mesoacidic rocks) and oceanic crust formations have been subjected to drift 

towards the northeast, while foliation in the mantle sequences continues to 

maintain generally a north-western strike. The same thing was observed in 

Kosova; in many years of investigations carried out in the north-eastern areas 

of Albania's ophiolites, we noted that such northwestern strikes also prevail in 

the rocks sequence formations in the Qafë Prushi - Deva - Ponosheci areas 

(the eastern part of the Tropoja massif) and in the Rahovec massif, which 

represents the northeastern extremity of the ophiolites of Mirdita Zone (Kodra 

et al., 2009). As for northern part of Albania, the foliation strikes of the 

ultrabasic massifs of the eastern part of the ophiolites and the southern part of 

the Tropoja massif, differ with the strike of banded texture of Kaptina gabbros 

massif structures to understand this pronounced structural unconformity 

(Nicolas et al., 1999; Xhomo et al., 2005; Meshi et al., 2005) (Fig. 11). Hoxha 

(1993), Nicolas et al., 1999 and Meshi et al., (2005) provided very interesting 

data about the north-eastern lineation of Kukësi massif, in contrast to the 

generally north - south lineation in the other massifs of the eastern belt. 

The composition and orientation of dykes is very important to the progress 

of the oceanic basin spreading and its structural aspects. The composition of 

dykes is very well studied. Meshi et al., (2005; 2010) made 558 measurement 

and stereograma northeastern strike. 

 

 

 

 



 
98 JNTS No 48 / 2019 (XXIV) 

 
 

 



JNTS No 48 / 2019 (XXIV)  
99 

 

The internal structure of ophiolitic massifs of Albania was studied 

involving new ideas and innovative methods for several decades by (Meshi 

1995; Meshi, et al. 2005; Nicolas et al., 1999; 2010). These studies are very 

important as they address the internal structure of the Mirdita ophiolites.  

Another important structural feature of the Mirdita Zone is the striking 

with spread of regional structural unconformities of sedimentary deposits on 

ophiolites and continental formations on their periphery after the closure of 

the Mirdita oceanic basin. 

In these deposits are included: i) ophiolitic breccias and Çupeva 

radiolaritic cherts of Oxfordian - Kimmeridgian, and Volljaku flysch of 

Kimmeridgian - Lower Tithonian, continuing in the Çupeva cherts (Elezaj, 

Kodra 2008; 2012; Kodra et al., 2009; Sukaj 2015). These depositions have 

very limited distribution in Mirdita Zone, ii) flysch and flyschoidal deposits of 

Upper Tithonian - Valanginian (Firza flysch) and locally limestone of the 

shallow waters and conglomerates of Berriasian - Valanginian (Gjata et al., 

1989; Peza et al., 1981; 1983; Shehu et al., 1990; Xhomo et al., 2002; 2005, 

Bortolotti et al., 1996). Until now, no section with continuous depositions 

from Volljaku to Firza flysch has been met, iii) basal conglomerates of 

Barremian and Cretaceous platformic limestones (Peza et al., 1991; Shehu et 

al., 1983; Xhomo et al., 2002).  

Regardless of the underwater unconformity or transgressive layering of 

above - mentioned depositions, there is no apparent structural unconformity 

between them. In general, all these depositions present slight deformations in 

gentle brachysyncline, unlike the ophiolite formations and their primary 

sedimentary cover which are very deformed. They perform unconformity 

strikes in both uppermost levels of the ophiolites (basalt, Kaluri chert and 

Simoni mélange) and up to the lower levels represented by the mantle 

sequences as well as up to the Triassic - Jurassic continental formations 

(Shehu et al. 1983; 1990; Xhomo et al., 2002; 2005). 

In the Kralana - Volljaku - Çupeva areas, are mapped of structural 

unconformities between the Çupeva radiolarite and Volljaku flysch on the 

tectonic window of Upper Callovian - Lower Oxfordian deposits and the 

ultrabasic formations that are charriaged on them (Elezaj and Kodra 2008; 

20012; Kodra et al., 2009; Sukaj 2015). Çupeva radiolarite and the Volljaku 

flysch that follows normally and gradually above, appear with minimal 

deformities into syncline brachyfolds (Fig. 5).  

In the central part of the Mirdita Zone, sedimentary deposits, after the 

closure of the Mirdita ocean basin, were widely spread. For example, in the 

Shenjti and Deja Mountain ranges, ranging from Xhuxha to the north to 

Mbasdeja to the southwest, the Firza flysch of Jurassic - Cretaceous and the 

Cretaceous platformic limestone strike over different ophiolitic formations 
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and reaching the peripheral continental formations (Fig. 1, 6) (Peza et al., 

1981; 1983; Shehu et al., 1983; 1990; Xhomo et al., 2002; 2005).  

In the Perlati area, on top of Kaluri radiolaritic cherts, located over 

andesite, are followed by breccias and radiolarites. 

Gawlick et al., (2008) distinguished the Triassic and Jurassic radiolarites 

in the Perlati area, overlaying the volcanic rocks, and on top of them 

ophiolitic breccias. Gawlick et al., (2008) consider Middle Jurassic 

radiolarites and breccias on top located over ophiolitic mélange. They call it 

the Perlati formation and date them the Late Bajocian – Early Oxfordian. 

They show that the Triassic radiolarites (defined as of Carnian - ? Norian) 

overlay the Perlati volcanics. 

After a long research period, study and surveys carried out in Perlati area, 

no Triassic radiolarites in the Perlati's volcanics was recorded. Undoubtedly, 

in this case, we are dealing with the Triassic radiolarite olistoliths of 

originating from the Porava volcano - sedimentary formation, redeposited in 

the Simoni mélange of Callovian - Oxfordian. Such examples can be 

evidenced in many regions of the Mirdita zone. The Perlati volcanic rocks 

belong to Middle Jurassic Age, just like all other volcanics of the Jurassic 

ophiolites widely documented by radiolarites in the roof and within the 

volcanics. Triassic volcanics belong to the volcano - sedimentary formation 

on the periphery, and to the basement of the Jurassic ophiolites.  

The Kaluri radiolarite of Perlati volcanic roof rocks are considered by 

(Gawlick et al., 2008) to be of Late Bajocian to Early Bathonian Age, while 

with their stratigraphic studies their age was determined in (Prela 1996; Prela 

2000) and so on, as of Bathonian - Lower Callovian (index 7 UAZ 95 

Baumgartner). From this, it emerges that the "wild flysch" of the Perlati 

formation doesn’t belong to the Bathonian - Oxfordian, but Callovian - 

Oxfordian Age, which is in full compliance with the definitions of the 

Callovian - Oxford boundary of radiolarites, met near the Perlati mine shaft, 

like an interbed within the ophiolitic breccia (Kodra et al., 1994; 1995; 

Xhomo et al., 2002). Even the appearance of depositions in the wider areas 

from Konaj to the northeast of Uraka, is wrong. Deposits beneath the 

Cretaceous platformic limestone of the Mali i Shenjtë, do not belong to 

Bathonian - Oxfordian, as the authors say. They belong to the Firza flysch of 

Tithonian - Valanginian Age. Surprisingly, according to (Gawlick et al., 

2008) the Firza flysch depositions for the entire Central Mirdita Zone, are 

represented by only some hectares near Kurbnesh (?!). In the geological map 

of Albania at the scale 1: 200 000 (Xhomo et al., 2005) are shown very 

clearly and more precisely Simoni mélange (depositions before closure of the 

Mirdita oceanic basin), compared to Firza flysch (deposits after closure of the 

oceanic basin). 
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Generally, during the Oxfordian - Kimmeridgian and Tithonian - 

Valanginian, in broad areas of the Mirdita zone, there was a large and deep 

basin where flysch and flyschoidal sediments were deposited. In the axial - 

eastern part of the Mirdita Zone, the synsedimentary and quasi-vertical faults 

(Milushi 1996), is also responsible for the presence of elevated seamount, 

where limestones of shallow waters were deposited (Uta 2018). 

It is possible that in graben troughs, has continued sedimentation process 

(Shallo et al., 1980; Shehu et al., 1983). Generally, regarding the age of the 

deposit base, the oldest age is preserved in the central parts, while towards the 

periphery of the Mirdita zone there is a rejuvenation of the age of the deposit 

base. For this, it is sufficient to observe the map of the Jurassic - Cretaceous 

and Cretaceous deposits in Shenjti - Deja mountain range. (Xhomo et al., 

2005). It is evidenced that in the western and central parts, potent cretaceous 

limestone overlays almost transversely all the Jurassic - Cretaceous deposits 

of Firza flysch. In the eastern part of this range, the Jurassic - Cretaceous 

deposits beneath Cretaceous limestone, appear like small in size only in Krej - 

Lura and Kumbulla (Peza 1983; Shehu et al., 1983; Xhomo, et al., 2005). In 

the Arren - Vrri, the Cretaceous depositions are clearly rejuvenated from the 

centre to the east. The same thing can be said for the Cretaceous of Pashtriku - 

Has mountain (Xhomo et al., 2005; Knoblock and Legler 2006). 

The tectonic movements mainly of up and down character during the 

Cretaceous to Eocene, have had more local influence, and did not bring 

significant structural reconstructions in the Mirdita Zone. Prior to the Middle 

Eocene (Lutetian), researchers point out a lot of tectonic activity, which is 

reflected in the Middle Eocene molasse that have a wide distribution in the 

southern part of the Mirdita zone. 

 

2.3.5. Late and new tectonics 

It is well - known and all accepted the deformational stage of the Late 

Eocene - Early Oligocene, characterized by the displacement of the Mirdita 

Zone and the whole Inner Albanides in the outer territories of Krasta, Cukali 

and the Albanian Alps. The thrust plane is among the most remarkable plane 

in the entire Albanides structure. However, there is a lot of discussion among 

specialists about the size of the overthrust. The charriage was not of the same 

step. The front part of the Mirdita Zone has moved faster than the rest, as a 

result was created what Nopcsa in 1929 named "post-front depression" where 

in the beginning were deposited powerful molasses. 

Unlike the tectonic style of deformational Jurassic stages of the closure of 

the Mirdita ocean basin, characterized by interoceanic and marginal 

bidivergent paleoemplacement, the tectonic style of the Late Eocene - Early 

Oligocene has only been displaced from east to west and northwest. 
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The Pliocene - Pleistocene faults in many instances has been extremely 

powerful and has influenced in the geometry of the relief. 
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3. CONCLUSIONS 

 

The following conclusions could be drawn: i) Mirdita ophiolites originate 

in the oceanic basin at the center of the graben megastructure, between the 

Adria plate in the southwest, and the Korabi - Pelagonian microcontinent in 

the northeast, ii) the Mirdita Zone performs a "megasinclinorium" structure, 

consisting of two “sinclinorium” overlapping each other: a) the "sinclinorium" 

structure of the continental formations on the periphery and the floor of the 

ophiolites, b) the "sinclinorium" structure of the ophiolites with Jurassic 

ophiolites in the centre and the Triassic ones on the periphery and their floor. 

Jurassic ophiolites on the periphery consist of ultrabasic formations of mantle 

sequences, while in the center they are composed of gabbro - plagiogranitic 

plutonic massifs and oceanic crust formations, iii) the "megasinclinorium" of 

the Mirdita Zone is formed in two deformational stages: a) The first stages 

(M-1, J2) belongs to the plunges and bidivergent interoceanic 

paleoemplacement of the Jurassic ophiolites onto the Triassic ophiolites and 

the formation of metamorphic sole among them, b) the second stage (M-2, J2
c
 

– J3
ox1

) is related to the ophiolitic bidivergent obduction onto the continental 

margins that marked the closure of the Mirdita oceanic basin. The tectonic 

style with bidivergent paleoemplacement, is a fundamental feature of Jurassic 

deformational stages, iv) the structure of the formations, which cover with 

weathering unconformity or transgression ophiolites and Triassic - Jurassic 

continental formations after the closure of the Mirdita oceanic basin, is 

slightly deformed. The tectonic style that prevailed during the Late Jurassic 

and Early - Cretaceous, was mainly of the horst-graben type. During 

Hoterivian it performed a general rise, v) the structural curvature of Mirdita 

Zone in its northen part is conditioned mainly by Shkodra - Peja and Rrësheni 

- Prizreni transversal faults, vi) during the Late Eocene - Early Oligocene, the 

Mirdita Zone has been overthrust over the Outer Albanides areas in the east-

west direction and, vii) during the Pliocene - Quaternary, the quasi-vertical 

faults has had a significant influence on the morphology of the relief. 
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ABSTRACT 

 
Heart failure (HF) is a concerning public health burden in Western society because, 

despite the improvement of medical treatments, it is still associated with adverse 

outcomes (high morbidity and mortality), resulting in one of the most expensive 

chronic diseases in Western countries. Hospital admission particularly is the most 

expensive cost driver among the several resources involved in the management of HF. 

The present study aimed to investigate the cost of hospitalization before and after the 

enrolment to a new strategy (GISC) in the management of patients with HF. 

Keywords: evaluation, health services research, public health, heart failure, GISC 

 

1. INTRODUCTION 
 

The substantial transformations which the Healthcare systems went 

through in the late XX century saw a further acceleration during this first 

phase of the third millennium, showing a series of new criticalities, above all 

in terms of disequilibrium between the resources available and the emerging 

needs, in respect of which it is necessary to activate deeply innovating 

instruments and methods able to ensure the development of care processes 

which are “highly clinically efficient” and low cost. 

In this perspective, the levers of change are represented by a strong 

reinforcement of the Sanitary Districts activities and, at the same time, by a 

“total delegation” to GPs of the care processes.  
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In such a new context, also the Sanitary District (ethics organization with 

business constraints) is set to undergo substantial changes, reinforced in terms 

of importance, with high-level specialized services, able to fulfill the complex 

management role of the care processes of intermediate care, that is to say of 

patients in subcritical phase or immediately after the critical phase, which is 

highly-intense and complex from a care point of view (protected hospital 

discharge). 

We live, therefore, in a historical transition phase, whose main 

components are: a) demographic (population aging), ii) epidemiological 

(increase in chronic-degenerative diseases, with high resources consumption), 

iii) economic (globalization, energy crisis, recession and development of new 

economic powers), iv) political (increasing crisis between Cristian west and 

Arab world) and, v) cultural (emergence of new trends, cultural contrasts, 

ethical and bioethical problems). 

The main transition effects in healthcare terms have been the following: i) 

increase in the care intensity; ii) increase in the care complexity; iii) increase 

in the costs concerning new technologies, iv) increase in the citizens’ 

expectations and, v) increase in the gap between needs and traditional 

resources (waiting lists and clinical risk). 

The evidence of the transition critical effects, together with limited 

economic resources, highlights a progressive and constant impoverishment of 

the complex system capability to effectively meet the patient’s needs.  

A particular criticality derives from the costs growth level of the 

Healthcare processes, which are linked, in particular, to the increase in the 

levels of care intensity and complexity and which could only be opposed by a 

simultaneous development of “synergy” within the system. 

In other terms, in standard conditions of clinical effectiveness and patient’s 

safety, the costs are directly proportional to the level of care intensity and 

complexity and inversely proportional to the levels of appropriateness and 

efficiency reached. 

On the basis of such considerations, the current difficult situation, further 

aggravated in the least developed regions by possible inequality effects 

caused by the devolution, suggests the urgent necessity to transfer the 

management of the intermediate care to the periphery (district, local care), 

taking care to guarantee the effectiveness and clinical safety to the patient. 

Among the diseases mainly involved in this phenomenon, we find 

complex chronic diseases which are subject to frequent severe exacerbation 

episodes, heart failure and OCBP. They could find a valid local alternative to 

the hospitalization, which could be equally valid as regards the clinical 

outcome and strongly positive in terms of economic outcome (significant cost 

reduction). 
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In the management of chronic diseases, the GP and the same Sanitary 

District, will take care, in addition to the primary care, of the global and total 

management of the entire intermediate care process, by activating new 

organization forms and new services able to guarantee high levels of 

effectiveness and safety at the lowest possible cost. 

The problem concerning the intermediate care apparently seems easy to fix 

but, in fact, some elements of particular criticality still have to be solved: i) 

the difficulty in correctly defining the boundary between intermediate and 

hospital care, in order to avoid, on the one hand, a high rate of unwarranted 

hospitalizations (and consequent wastefulness) and, on the other hand, the far 

more serious increase in the clinical risk for the patient, linked to low levels of 

care safety; ii) the technical and organizational difficulty in creating a local 

care service network, very often conditioned by strained, sometimes 

opposing, relationship between hospital and territory; the lack of optimization 

of the continuity care process (e.g. lack of shared care paths). 

Coleman et. al., (2009) said that the Chronic Care Model (CCM) is the 

reference organizational model in the management of chronic diseases able to 

reduce the criticalities by guarantying an approach which is: i) 

multidimensional (evaluation of the person as a whole), ii) multidisciplinary 

(involvement of several professionals), iii) multilevel (integrated service 

network) and, iv) continuous (care continuity/taking charge) 

It aims at: i) improving the quality of life; ii) preventing the disability and 

the lack of self-sufficiency; iii) containing and rationalizing health costs 

through care systems based on the integration and the innovation using 

organizational systems of GPs (group medicine, etc.), by leveraging the 

relationship of trust between GPs and patients, following multidisciplinary 

settings.  

It intervenes in the decision processes: i) definition of the precise clinical 

processes for each pathology; ii) support of the integration among GPs, 

nurses, specialists and patients; iii) definition together with the patient of the 

personalized care plans. 

It uses the information system: i) a software which has the function of 

medical records, which becomes the decision support and permits the data 

collection for the evaluation of chosen indicators and the quality checking. 

Self-management support: i) supporting the patients also with the help of 

nurses, trained in communication techniques and patient’s coaching and, ii) 

making patients responsible by helping them to keep their attention high on 

the objectives of the care plan. 

Application fields: it applies to all complex chronic diseases at high care 

intensity rate (cardiovascular diseases, chronic respiratory diseases, dementia, 

rheumatic diseases, malignancies). 
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CCM develops in processes and applies to the different care levels, which 

have to be in line in advance with the GP: i) the first care level is assigned to 

GPS and it takes place, in particular, in the context of the most developed 

association forms (group medicine), through the institution of: a) devoted 

clinics (e.g. for diabetes, heart failure, OCBP), where the so-called first care 

level for such diseases operates. The “Disease and Care Management” operates 

in this context too. It employs nurses specifically trained in the development of 

educational projects (improvement of lifestyles), in order to globally manage the 

disease, b) model based on General Medicine Units with the presence of the 

Care Manager nurse and, c) district nurse clinics and LCC linked to General 

Medicine, ii) the second care level is the area of “Disease and Care 

management” integrated care. It is the revisiting of the present specialized care, 

which is a merely “impromptu” consultancy, transferring it to clinics for its 

chronicity, where a teamwork, together with GPs, is expected. 

 

The first level of Chronic Care Model (CCM) 

The main protagonist of the first level of CCM is the GP, above all if we 

take into consideration the always growing adhesion to advanced care models 

(Group Medicine expected by National Contract). 

The main, but absolutely substantial, innovations introduced by the 

agreement are the local teams, which deeply transform the figure of GP, who 

no longer merely provides services, but they are introduced in their own right 

to the responsibility of care service management within the district. 

The cooperation among doctors has the aim of reaching the following 

goals: i) effective care homogeneity thanks to DTCP (common diagnostic and 

therapeutic care path) sharing; ii) care continuity; iii) solution to the waiting 

lists dealing with the most serious and common diseases and, iv) promotion of 

health education activities for the citizens. 

 

The second level of CCM: the evolution of specialized care 

The second level of “Chronic Care Model” must be realized through a 

slow but constant and permanent process of the specialized care services 

transformation, with the transition to more and more specialized models for 

the management of the main and most serious chronic diseases, going from 

chronic diseases clinics, integrated clinics, to more advanced systems as the 

Day Service Clinics(DSC), which deal with the management of the most 

complex clinical records, with multidisciplinary, even invasive, services and 

Integrated Multidisciplinary Services (I-MDS), which represent the highest 

integration level, Day Hospital (or Day Surgery) and of Integrated Home Care 

(IHC). 
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Heart failure epidemiology  

Heart failure is one of the main failures of all the heart diseases. There are 

more and more patients who, thanks to new medical and surgical therapies, 

survive and who later develop a heart failure. Its predominance dramatically 

increases with age, occurring in 2% of people whose age ranges between 50 and 

59 and up to 10% of people older than 75 (Bleumink et al., 2004). 

Furthermore, it also represents the first cause of hospitalization, in patients 

older than 65 (Framingham Study). 

Heart failure affects over 14 million of European people and over one million 

of Italian people. It is estimated that the number of people who will face this 

disease is growing and will double within 2030. 

In Italy 170000 (Figure 1) new cases are reported every year and there are 

500 hospitalizations every day (Gigli et. al., 2009). 

 

 

 
 

Fig.1: Heart failure in Italy3. 

 

 

Heart failure in Italy  

HF concerns 1,5% of the population and represents around 2% of 

health costs.  

 

                                                           
3 In Italian 
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HF concerns 1,5% ((1) Health Search Database) of 

the population, around 1000000 patients in Italy 

   ↓ 

Average growth in the next 10 years – 2.3% 

   ↓ 

Hospitalization for heart failure 

in a year ((2) Istituto Superiore Sanità  

Italian DRG) – 190000 

   ↓ 

Heart Failure is the second cause of hospitalization  

after natural childbirth  

   ↓ 

High rate of rehospitalizations 

   ↓ 

First cause of death in Italy 

   ↓ 

> 11000 € 

Average management expenditure  

per patient/year ((3) Crack-HF study) 

   ↓ 

3000 €: one of the highest items of expenditure 

for the NHS (2% of the total costs)   

 

In Apulia Region, the data related to the ordinary hospitalizations with 

DRG 127 (Acute Heart Failure) highlight the trend and increase in these 

hospitalizations (around 150000 per year), mainly in the older age group. 

Apulia is the seventh region for hospitalization rate: 372.6 hospitalizations 

out of 100.000 inhabitants versus the national average of 307.4. 

In particular, ASL/LE has a hospitalization rate for heart failure of 326.8 

out of 100.000 inhabitants.  

The above hospitalization rates (Ministry of Health source 2007-08) refer 

to a population between 50 and 74 years old and they are underestimated.  

In addition to the increase in hospitalizations, there is a significant 

percentage of re-hospitalizations equal to 40% within 6 months; mortality 

rate, which is itself high, is equal to 50% within 5 years and to 80% within 10 

years; i.e., extremely complex and ineffective clinical management of these 

patients. 

Since 2003 heart failure has been the second cause of re-hospitalization 

after childbirth in Italy. 

The need for innovative management solutions for the chronic heart failure 

arises from the dimension of the problem and the characteristics of natural 

history: in fact the clinical evolution not always shows a gradual and 
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progressive and thus predictable trend but, on the other hand, it is often 

characterized by “unexpected” instabilities, not always connected or linked to 

new cardiovascular events. 

The coordinated management of the heart failure, chronic disease at high 

risk and high costs, is considered to be able to provide a high quality level of 

care together with a consistent saving of health costs: it is about ensuring a 

care management in a structured manner, both in the acute phases and above 

all in a long term care, with a global vision of the patient and an integration 

among the different care settings. 

In recent years different organizational models of heart failure 

management have been proposed. They aimed at the disease management 

with an accurate medical practice and with the active involvement of the 

patients in the treatment of their diseases (Salvin et al., 2012).  

In the Anglo-Saxon world some organizational models were above all 

experimented. They were realized by involving nurses, with mainly telephone 

interventions and aimed at teaching the patients to manage themselves 

autonomously (self-care). These programs have not reduced the 

hospitalization episodes, nor the mortality, nor costs.  

In Italy reference is made to model of the dedicated clinic type, which 

reduced re-hospitalization and mortality, but not to an acceptable extent, 

despite the significant development occurred in the last decade of the 

pharmacological therapy associated to the progresses in the electric therapy 

through the ventricular resynchronization and automatic defibrillators. So, the 

heart failure continues to be a highly lethal and high-cost disease for the 

healthcare systems. 

The GISC (Gestione Integrata Scompenso Cardiaco) experience, which 

takes charge of patients affected by heart failure on the model Chronic Care 

Model realized by two Health System Districts of ASL Lecce, demonstrated 

that for this type of patients the activation of a continuous, intense and 

integrated clinical assistance (at the hospital, clinic or home), with the close 

collaboration of the general practitioners, ensures a better quality of patients’ 

life affected by it, a mortality reduction, re-hospitalization reduction and 

consequent expenditure control. 

The evolution of the care model to apply in the future is the Chronic Care 

Model Information and Communication Technologies Assisted (CCM ITC), 

able to further improve the communication among the different participants, 

through the routine and up-to-date use of web based computerized medical 

records and the support of Telemedicine which facilitates the immediate 

identification of a clinical problem of the patient affected by Heart Failure and 

the immediate activation of the care path (Buccoliero, 2010). 

These new innovative systems are part of the integration network between 

Hospital and Territory for the management of patients with Heart Failure.  
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Our project on the Integrated Management of Heart Failure “GISC” 

Innovation and integration are the pillars of the GISC experimentation, 

which is taking place in the Healthcare Districts of Poggiardo and Gagliano.  

It is a care model which is inspired by Chronic Care Model and based on 

the Clinical Governance principle. 

Chronic Care Model is a functional model and an operative instrument, 

which contributes to improve the quality of care processes and reduces the 

costs (optimization of resources use) of chronic diseases management during 

the non-acute phase (primary and intermediate care). 

It is a model able to fulfill a double role: on the one hand it contributes to 

improve the quality and effectiveness of the care processes; on the other hand, 

it helps to reduce the care costs thanks to the improvement of the required 

appropriateness levels. 

The G.I.S.C. project is based on the Clinical Governance principle, that is 

to say the participated and shared management mode of all the health, 

healthcare and social problems. 

It is a model which marks the landmark transition from the so-called 

defensive medicine to the affirmation and development of the preventive 

medicine, which realizes itself through a global approach to the disease 

(Disease Management Approach) and to the citizen user (To Care). 

In brief, it is a model which guarantees: i) management and control of 

chronicities thanks to pro-active interventions (you intervene before the 

disease occurs), ii) care homogeneity thanks to DTP (common diagnostic and 

therapeutic care path) sharing, iii) families, patients and community 

involvement, iv) integration between primary and secondary care; v) shared 

care paths and guidelines, vi) risk stratification, vii) differentiated 

management of the gravity level, viii) care continuity for citizens, also in case 

of deferrable urgent conditions; ix) solution to the waiting lists connected to 

the most serious and common diseases and, x) health education activities for 

citizens. 

The present care model is not appropriate, since it is centered around 

hospitalization and specialized services, which solve emergency/urgency, but 

are not able to deal with chronicity.  

The consequence is that if on the one hand a reduction of hospital 

mortality is demonstrated, on the other hand there is no parallel reduction in 

the mortality out of the hospitals, because of a high precocious mortality after 

discharge (30% of mortality within 6 months). 

The lack of a substantial improvement of the prognosis is due to an under-

utilization of home drugs, to inadequate follow-ups, to deficient information 

to the patient regarding their lifestyle or lack of assistance, to late request of 

medical intervention in the presence of warning symptoms.  
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These are the reasons which led the Local Health Authority of Lecce to 

start on the 30
th
 May, 2011, in the territories of the Healthcare Districts of 

Gagliano del Capo and Poggiardo an experimental project of “Integrated 

Management of Heart Failure”, for deliberation n. 2658 of 06/08/2009 and 

inserted in the economic document of Apulia Region, year 2010/2012. 

The experimentation proposed an integrated model of diagnosis and care, 

shared among General Practitioners (75 from each Districts), hospital Doctors 

from the Divisions of Cardiology and Internal Medicine of both Districts, 

outpatient Cardiologist and the Care Manager, supported by a powerful and 

effective computerized communication system which the network guarantees 

(Figure 2). 

 

 
 

Fig. 2: GISC Care Model4 

 

 

 

GISC Care Model  

 

GP    Outpatient Specialist   Hospital Doctor  

 

 

    “WEB-Based” Computerized  

Medical Records” 

 

Care Manager Nurse     AUSER 

Volunteers 

         

  

 

                                                           
4 In Italian 
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Clinical instrumental data of the patients with heart failure are transferred 

from the cardiologist, at the moment of the diagnosis, real-time on a web-

based computerized platform to GPs. The GP accepts the suggestions, shares 

the path, constantly updates the medical records and communicates the 

clinical picture and all the following treatment variations to the outpatient 

and/or hospital cardiologist if necessary. 

The following check-ups are carried out on a fixed-term basis at home for 

the unable patients and at the district clinic, twice a month at the GPs’ and 

every three months at the outpatient cardiologist’s, every time warning 

symptoms make it is necessary. 

If the course does not present any instability, the patients are checked up 

after three months, six months or one year.  

We followed these two strategic lines which are interconnected: i) taking 

charge of patient: a) planned clinical-diagnostic-instrumental monitoring, 

able to follow the disease in different evolution phases; b) hospital-territory 

integration through an effective communication (web-based computerized 

platform); c) implementation of the most effective therapies with follow-up 

personalization according to the patient’s health needs and, ii) global 

education process, patients and relatives counseling: a) involvement of 

families supported by the volunteering associations (AUSER) for many 

disadvantage and poverty situations. 

The objective was to demonstrate that a Multidisciplinary and 

Multidimensional Integrated Management Model can: i) improve the quality 

of life of patients with heart failure; ii) reduce hospitalizations; iii) reduce 

mortality; iv) have a remarkable impact on management costs of such a 

complex chronic disease. 

The real experimental phase was preceded by the signature of 

Memorandum of Understanding among the General and Health Directorate, 

District Directors, managers of Complex structures of Tricase, Gagliano, 

Poggiardo Hospitals, GPs and their Union representatives, outpatient 

Specialists, provincial AUSER Manager (Associazione Nazionale Servizi 

Anziani).  

There was a period of training for all the professionals involved, including 

associations and volunteers.  

 

Follow up results one year after the enrollment 

The reference area includes the two healthcare districts of Gagliano del 

Capo and Poggiardo (Figure 3), where there are 30 municipalities with an 

overall population of about 130,000 inhabitants (tab. Figure 3). 75 General 

Practitioners of both districts, the hospital cardiologist and the district 

outpatient cardiologist from Gagliano del Capo and Poggiardo joined the 

study. 
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Fig. 3: Lecce. 

 

ASL di Lecce, Distretti Socio Sanitari di Poggiardo e Gagliano del Capo 

130 000 Inhabitants 

31Municipalities 

Department of Cardiology Tricase Hospital 

75 General Practitioners 

1 Outpatient Cardiologist  

 

The updated data to 31/10/2018 concern the taking charge of 600 patients 

from the 01/07/2011: 55.03% of WOMEN and 42.80% of MEN, with an 
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average age of 71. The instrumental clinical controls carried out by the 

doctors taking part in the test were a total of 12088. 

The General Practitioners carried out 9287 and the Outpatient Cardiologist 

2801. 

 

Etiology 

The etiological classification of the observed patients with heart failure 

concerns a large percentage of 50% hypertensive Cardiopathy, followed by 

25% ischemic heart disease, 14% Valvulopathies, 8% dilated Cardiopathy, 

and in a small part mixed forms: 1% Hypertensive + Valvopathy, 2% 

Ischemia + Valvopathy (see chart 1). 

 

 
 

Chart 1: Etiology statistics5. 

 

600 Patients at 31/10/2018 

Etiology Statistic 

Ischemia + Valvulopathy (2%) 

Hypertensive Cardiopathy (50%) 

Dilated Cardiopathy (8%) 

Hypertensive + Valvulopathy (1%) 

Valvulopathies (14%) 

                                                           
5 In Italian. 

600 Pazienti al 31-10-
2018 

Statistiche Eziologia 

Ischemia + Valvolopatia (2%) 
Ipertensiva + Valvolopatia (1%) 
Cardiopatia Ipertensiva (50%) 
Valvolopatie (14%) 
Cardiopatia Dilatativa Primitiva (8%) 
Ischemia (25%) 
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Ischemia (25%) 

 

Prevalence of females (about 55%) for all etiologies except for the 

prevalent male Dilated Cardiomyopathy. All patients had at least three risk 

factors, and at least two co-morbidities (Graph 1). 

 

 
 

Graph. 1: Etiological statistics for men and women. 6 

 

 

600Patients at 31/10/2018 

Etiology Statistic 

Hypertensive + Valvulopathy (1%) 

Ischemia + Valvulopathy (2%) 

Dilated Cardiopathy (8%) 

Valvulopathies (14%) 

Ischemia (25%) 

Hypertensive Cardiopathy (50%) 

Total women men 

 

The total number of observations was 12088 from 01/07/2011, with a 

gender difference, higher for women (7697 observations) than for men (4315 

observations). 

9287 general medicine check-ups and 2801 specialized check-ups were 

carried out on 507 patients. 

At the time of enrollment, 64% of patients were in NYHA III-IV 

functional class; 39% had pulmonary hypertension; 36% had an ejection 

                                                           
6 In Italian 

0 75 150 225 300 

Ipertensiva + Valvolopatia (1%) 

Ischemia + Valvolopatia (2%) 

Cardiopatia Dilatativa Primitiva (8%) 

Valvolopatie (14%) 

Ischemia (25%) 

Cardiopatia Ipertensiva (50%) 

600 Pazienti al 31-10-2018 
Statistica Eziologica  

Totale Donne Uomini 
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fraction between 35% and 50%, while 13% had an ejection fraction lower 

than 35%; 26% of patients had diastolic heart failure (Graph. 2). 

 

 
 

Graph. 2 Functional evaluation of patients at the time of enrolment7 

 

Functional evaluation of patients at the time of enrollment (Graph 2) 

NYHA Class (from III to IV) (64%) 

Pulmonary hypertension (39%) 

Ejection Fraction 35%- 50% (36%) 

Ejection Fraction 35% (13%) 

Diastolic heart failure (25%) 

Percentage cases at the time of enrolment 

 

During the follow-up of the first 3 months, we optimized home drugs 

therapy, customizing it according to international guidelines (McMurray et. 

al., 2012), and we evaluated the need for electrical therapy in patients with 

extremely compromised ventricular function (Graph 3). 

 

                                                           
7 In Italian.  
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Graph 3. Drugs trends every three months 

 

Patients were subject to instrumental and laboratory clinical check-ups. 

The reference standards were left ventricular function (FE), heart rate, 

pulmonary pressure and the dosage of atrial natriuretic hormone (Bnp), renal 

function, blood count liver function, vit. D, the PHT, PCR, etc. 

If F.E. < 40% are semestrial, if F.E> 40% control is annual (Figure 4). 

 

 
 

Fig. 4: A model for the integrated management of the patient with heart failure: the ICT 

PDTA in ASL/ Le. 
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The GP every 15/30 days currency controls lifestyle adherence, taking 

medication, symptoms (dyspnea, palpitations, asthenia), objective findings 

(HR, PA, weight, edemas, pulmonary and/or peripheral congestion, 

respiratory acts /min): to return to web-based clinical briefcase. 

If one of the parameters included in the web-based clinical record is not 

normal, our software reports an alert: in this case the cardiological check is 

immediately anticipated.  

The results to date are very relevant (Chart 2 - 4). 

The controls clinical and instrumental after 1 year from the beginning of 

the program checks demonstrate an improvement in the functional class, a 

significant recovery of the ejection fraction, as well as a clear decrease in 

pulmonary pressure, decrease in atrial natriuretic hormone (TAB 9- 12). 

 

 
 
Chart. 2: The model for the integrated management of the patients with heart failure: ICT 

PDTA in ASL/Le. 
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Chart. 2: The model for the integrated management of the patients with heart failure: ICT 

PDTA in ASL/Le. 

 

 
 

Chart. 3: The model for the integrated management of the patients with heart failure: ICT 

PDTA in ASL/Le. 
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Chart 4: The model for the integrated management of the patients with heart failure: ICT 

PDTA in ASL/Le. 

 

A very interesting fact is the trend of creatinine. 

All this shows that despite the important renal impairment, which these 

patients often have for etiological, comorbidity and pharmacological (diuretic 

therapy) reasons, they maintained a moderate compensation and improved 

renal function (Chart.5). 

 

 
Chart 5. Creatinine – Follow Up after one year8 

                                                           
8 In Italian.  
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Creatinine – Follow Up after one year 

Final Spread – 9,31% 

Initial Average 1,246 

Final Average 1,130 

Creatinine mg/dl 

 

These results prove that an innovative care path guarantees the clinical 

effectiveness and safety to patients affected by Heart Failure and improves 

their quality of life (Epping-Jordan, 2004). In addition, it proves the clinical 

effectiveness and safety and the economic sustainability. 

In the economic calculation we evaluated the impact of hospitalization 

before and during the experimentation. 

204 of the total number of the patients observed needed re-hospitalization 

in the year before the enrollment, and simultaneously, there were 84 accesses 

to the emergency room for heart failure (see Chart 6). 

The end of the first year of program we only had 39 re-hospitalizations, 

with 80% reduction in re-hospitalizations. 

 

 
Chart 6: Hospitalization for SCC. 

 

Among the same patients who had 68 accesses to the Emergency Room for 

emergency interventions in the year before the enrollment, only 4 needed an 

emergency treatment during the year of observation (Chart 7). 
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Chart 7. Access to the emergency room. 

 

In the second phase of our path (years 2015-2017), with the creation of the 

Medical Centre for Heart Failure and with an efficient and tested integrated 

assistance system, we observed a reduction in ex novo accesses to the hospital 

thanks to a natural evolution towards a form of home hospitalization. 

 

Mortality 

In evaluating the mortality in heart failure patients, we took into account 

the data related to the Tavazzi IN-HF study (Tavazzi et. al., 2013). All-cause 

mortality in heart failure patients within a year is 17.6% (Graph 6). 

 

 
Graph.6, IN-HF OUTCOME STUDY9 

                                                           
9 In Italian.  
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IN-HF OUTCOME STUDY 

All-cause Mortality after one year 

Acute worsened heart failure: 27,7% 

Acute heart failure de novo: 19,2% 

Chronic heart failure: 5,9% 

Days from the enrollment 

 

The all-cause mortality in the patients observed within a year in the GISC 

Study was 6.7%  

We can conclude that the care model of the GISC project, dealing with the 

taking charge of patients with Heart Failure, produced extremely important 

results from both the clinical, prognostic and management costs point of view 

of such complexity, and these results were the subject of publication on the 

“Journal of Evaluation in Clinical Practice”. These are the results of 90 

patients who were over 80 years old and who were taken in charge during the 

GISC experimentation. 

The cost of every hospitalization of these patients, 6 and 12 months before 

and after the enrollment, was calculated using the cost of DRG 127. 

Comparing the cumulative costs for each patient before and after the 

enrollment we demonstrated that the integrated management of patients with 

heart failure was less expensive for the National Health Service. 

The saving was about € 439,322.00 within six months and € 832,276.80 

after a year from the enrollment. 

This shows that our intervention represents a cost-saving strategy in the 

follow-up of patients with heart failure after 6 months from the enrollment in 

the GISC program, compared to the costs of hospitalization before the 

enrollment (Tavazzi et al., 2013).  

 

The GISC Software platform  

The software platform provides the Integrated Management of Heart 

Failure and consists in a web-based IT platform in the telemedicine / tele-

monitoring area, which realizes the interaction between GP, outpatient 

cardiologist and hospital cardiologist on the clinical, instrumental and 

haemato-chemical data-therapy of the cardiopathic patient. The software 

platform creates a network which allows the collection of medical data in 

order to process them statistically and bring out correlations between 

apparently heterogeneous data, improving the performance in terms of costs 

and efficiency of the health system. The constant interaction between the 

doctors, who use the same “database”, drastically reduces the patient’s 

hospital admissions thus allowing them to experience their disease more 
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normally. The product, designed according to the “three-tier” dynamics, uses 

technological innovations both in terms of architectural patterns and in terms 

of design patterns; the reference pattern remains the MVC (Model-Viewer-

Controller); this guarantees access to all features through all channels (web, 

smartphone, tablet). The system is equipped with two sub-systems of statistics 

based on an expert system and on neural networks. The first one, centered on 

the patient, guarantees the extraction and the synthesis of statistics which 

report the dynamic evolution of the clinical status in the patient’s time. The 

second sub-system deals with the extraction of the data and the synthesis of 

statistics which have the entire patient population present in the system as a 

focus. Particular attention was paid to the design and development of UX 

(User experience) to support the study. The interfaces are developed using the 

most modern client-side programming systems (first of all Ajax and 

JavaScript frameworks). Users have access to powerful tools for quickly and 

securely entering all the necessary data. The system functions are provided in 

SaaS mode (software as a service). The system, hosted on a server, is 

accessible from any location connected to the internet through any channel. 

The information is navigated according to the “lead me” paradigm during the 

data entry and management phases of the personal data and according to the 

“follow me” paradigm during the research and summary phases of the 

statistics. The engine is ready to work through big data and appropriate 

algorithms for the prediction of acute decompensation events among the 

patients in the study. Moreover, the system is able to bring out correlations 

between apparently uncorrelated data by bringing out the phenotype of 

particular conditions of the patients. 

 

 

CONCLUSIONS 

 

Given the need to reorganize health management (hospital à territory), we 

need to think about new organizational solutions for the management of 

chronic diseases. 

The DTCP (diagnostic and therapeutic care path) ICT (Information and 

Communication Technologies) ASSISTED proposed offers concrete support 

to the territorial and multidisciplinary management of the patient with heart 

failure (Pisano et al., 2015). 

The implemented management strategies have enabled the construction of 

an effective and efficient care system, reducing economic waste, improving 

clinical outcomes and quality of life in chronic heart failure.  

It is strongly desirable the development of research in healthcare 

management to devise modern, comparable and competitive solutions that 
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lead to a homogeneous treatment of the chronic heart failure throughout the 

national territory. 

In short, the real challenge of our journey has been cultural: i) we believed 

in the development of E-Health, ii) but we have maintained a balance between 

"high tech" and "high touch" based on attention to human contact and, iii) to 

the clinical preparation conjugated with innovation, there is no lack of the 

necessary empathic sensitivity towards those who live a disability. 
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ABSTRACT  

 
European beech (Fagus sylvatica L.) is the most important broad-leaved tree species 

in Kosovo, both in economic and environmental terms. It is found as a dominant and 

a subordinate species in mixture with conifers. As the changing demands of today 

require a widened scope of forest management for sustainable forestry emphasizing 

biodiversity and naturalistic forest management, adjustments have been made through 

a conversion to more site adapted beech forests. The high diversity in site conditions, 

ownership, economic and socio-cultural conditions require strategies adapted to the 

local and regional needs like seeds genetically qualitative. Higher resistance of forests 

will increase economic and social benefits of forests and reduce the risks by 

maintaining sustainable forestry. Seed stand establishment is a means to address 

genetic qualitative seeds. In addition, improved seed quality and ease of cone 

collection provide extra benefits. To realize these benefits detailed procedures for 

stand selection, mapping, inventory, thinning, isolation, registration and future 

management are required which are suitable for application in the unmanaged forests 

stands of beech. The selection and establishment of seed stands represents a quick and 

inexpensive method of obtaining seed of improved genetic quality. This paper aims to 

set down establishment procedures for seed stands in the natural beech forests of 

Kosovo. A seed stand may be defined as a plus forest stand upgraded, opened by 

removal of undesirable individuals and cultured for abundant seed production. This 

description corresponds with the OECD (Organization for Economic Cooperation and 

Development) category of “selected reproductive material” and that seed stands 

should follow these guidelines. The continuous cutting of forest trees for industrial 

and fuelwood purposes in Kosovo is the source of severe dysgenic exploitation which 

can be mitigated by putting aside high-quality stands for seed production. In the 

natural beech forests of Kosovo, comprehensive surveys to locate the best stands is 

challenging for the staff of Kosovo Forest Agency (KFA). In the present study, KFA 

has been very helpful for the selection of sites and inventory of seed stands. The 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/sustainable-forestry
https://www.sciencedirect.com/topics/social-sciences/social-benefits
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inventory of seed stands aimed at providing information about the quantitative data 

such as number of trees per hectare, tree height, diameter, basal area and qualitative 

traits such as stem forking, stem straightness, branch characters and natural pruning. 

Keywords: European beech, genetic quality, seed stand, reproductive material, 

regeneration 

 

1. INTRODUCTION  

 

European beech (Fagus sylvatica L.) is widely distributed across Europe 

and is one of the dominant forest tree species in Central Europe 

(Ellenbergh1988). In total, beech covers an area of roughly 14 million 

hectares and, thus, is ecologically and economically one of the most important 

species in European forestry (Gavranovićet al., 2013). In Kosovo, beech is the 

most common tree species as well. Forest area in Kosovo is fairly stable at 

approximately 481.000 ha (44.7% of total area). Pure broadleaved forests 

cover almost 83% of the forest area (KNFI 2013). Amongst the trees, Fagus 

species contribute with 46% of the volume, whereas Quercus species 

represent 23%. The selection and establishment of seed stands represents a 

quick and inexpensive method of obtaining seed of improved genetic quality. 

Up to now all seed collection in Kosovo has been made in the form of general 

collections of provenance identified material with control to avoid collection 

from particularly poor phenotypes. 

The use of seed from forest tree species of known origin is explicitly 

prescribed by European Union regulations-1999/105/EC (Anonymous 1999). 

These set out the importance of demarcation of regions of provenance to 

control the movement of forest reproductive material and to avoid its being 

used in unsuitable environmental conditions (Ballian 2011). Seed regions are 

thus the first and fundamental level in the management of genetic resources 

for the production of forest reproductive material. This paper aims to set down 

establishment procedures for seed stands in the beech natural forests in 

Kosovo in terms of stand selection, inventory, stand treatment, isolation and 

their future management. This research will thus form the basis for the future 

planned use of beech reproductive material, the preservation of its indigenous 

genofund and the definition of regions of provenance.  

A seed stand may be defined as a plus stand that is upgraded and opened 

by removal of undesirable individuals and then cultured for abundant seed 

production (Barner1973). This description corresponds with the OECD 

(Organization for Economic Cooperation & Development) category of 

"selected reproductive material" (OECD 1974) and it is intended that selected 

seed stands should follow these guidelines. A further important role of seed 

stands is the conservation of genetic resources. The high rate of cutting for 

industrial uses and fuelwood in many parts of Kosovo has created a situation 
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of severe dysgenic exploitation which can be mitigated by setting aside high-

quality stands for seed production. General aspects of seed stand 

establishment have been frequently reviewed in literature (Barrett 1980). 

These three main objectives of seed stand establishment have been widely 

recognized) production of seed of improved genetic quality, ii) increase in the 

quantity and physical quality of seed produced and, iii) concentration of seed 

collection in small areas thereby lowering costs and making control easier. 

 

2. MATERIALS AND METHODS 

 

Comprehensive surveys in the natural beech forests to locate the best 

stands are challenging for the Kosovo Forest Agency (KFA) staff. In the 

present study, KFA has been very helpful for the selection of sites and the 

inventory of seed stands. In addition, aerial photographs proved to be useful 

for stand selection. Finally, all available information on stand history in terms 

of regeneration, thinning and fires served as a further guide for final selection. 

Stand selection is based on a complex factors and represents one of the most 

critical and problematical stages in seed stand establishment. First, it was 

important to locate seed stands in the most important provenance regions and 

factors like altitude, climate and soil where considered as making up the 

representative conditions. Second, the area of stand required to supply enough 

seed to meet likely demands. 

 

2.1. Inventory  

The inventory of seed stands is very important because of: i) the 

comparability of two or more alternative stands for stand selection, ii) the 

calculation availability of the selection intensities for thinning and, iii) the 

assessability of the changes in stocking and phenotypic quality after thinning. 

The inventory should aim to yield information on both quantitative characters 

such as number of trees per ha, tree height and diameter, and basal area and 

qualitative traits such as stem forking, stem straightness, branch characters 

and natural pruning. These phenotypic characters may be divided into quality 

classes to form a basis both of qualitative inventory assessment and guidelines 

for marking thinning. The study was carried out in the predetermined 

experimental plots of beech seed stands—each plot 706.5m
2
. In each plot, a 

census of all living trees with diameter at breast height (DBH)>2.5 cm was 

performed. For each tree, the following data were collected: x, y coordinates 

according to polar coordinates; DBH measured by a Caliper; total tree height 

and height-to-base of the live crown, measured with Vertex-Forestor 3 and 

crown projection was inventoried, measuring crown radii in 8 cardinal 

directions with crown mirror. Age was assessed using a sample of cores 
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extracted at a height of 1.3 m above ground. Rings were counted in the 

laboratory. 

 

3.2. Mapping  

A map at the scale between 1:5.000 and 1:10.000 would help to define 

seed stand boundaries, designing inventory sampling, fixing isolation zones, 

control of thinning and for subsequent registration and control of seed 

collection. The map should outline roads, tracks, rivers, gullies, ridges and the 

stand limits and can be readily drawn from aerial photographs which also help 

in studying topography and stand distribution. Stand boundaries may be 

demarcated on the map and where possible should follow features such as 

tracks, rivers or ridges. 

 

3.3. Selecting of Seed Stands  

Criteria for the acceptance of seed stands  

All the stands proposed for inclusion in the National Register were 

inspected and the followingcriteria for the selecting and acceptance of seed 

stands (OECD 2013) were considered: 

Origin: The clear designation of the stands as material of indigenous and 

non-indigenous origin. 

Location and isolation: Stands need to be at an appropriate distance from 

poor stands of same species. 

Effective size of population: Stands must consist of groups of trees, well 

distributed & sufficiently numerous to ensure adequate interpollination. 

Age and Development: Stands need to consist of trees of an age at which 

acceptance criteria can be clearly judged. 

Uniformity: The individuals of the stand must show a normal degree of 

variation in morphological characters. 

Adaption: There must be evidence that the material is acceptably adapted 

to the region of provenance or seed zone. 

Health and resistance: Stands should be healthy and show maximal 

resistance to harmful organisms and to external conditions. 

Production and wood quality: Where volume production is an essential 

criterion for approval it must be superior to the accepted mean under similar 

ecological conditions. 

Form or growth habit: Proposed stands need to show particularly good 

morphological features especially straightness and circularity of stem, small 

size of branching and natural pruning; a low proportion of forked trees. 
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3. RESULTS 

 

3.1. Stand structure 

Number of stems per hectare, basal area per hectare, volume per hectare, 

canopy cover and average parameters of trees are in the Figure 3 depicted. A 

volume exceeding 1000 m
3
/ha, like that recorded in FS-Ahishta, is unusual 

even for old-growth beech forest stands (Calamini et al., 2011) and it is 

almost 4.6 times larger than the mean volume (245 m
3
/ha) estimated by 

Kosovo National Forest Inventory (2013) for beech forests located in the 

same region. The stem number-diameter distribution is in Figure 4 depicted. 

Forest stand structure before/after thinning operation in FS-Ahishta is in the 

Figure 5 depicted.  

 

3.2. Stand Selection 

In general, it is preferable to locate stands on nationally owned land. 

Access must be adequate to allow entry of a 4-wheel drive vehicle for cone 

collection operations. The lack of a market for small round-wood can be a 

major obstacle to thinning and this should be considered before selecting the 

stand. Finally, the ease of protection of the stand from serious fires or illegal 

cutting may also influence stand selection. Given such a large number of 

factors it may not be possible to satisfy all criteria and find the ideal stand. In 

Kosovo, the stand requirements can usually be met for two or more alternative 

locations within a given provenance region for F. sylvatica and final selection 

can be based on the all-important factors of access, sale of thinning and 

protection.  

 

      
 

Fig. 1: Forest cover in Kosovo, Beech Forest in Sharri Mountain 
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Fig.2: Beech stand selected as seed stand 

 

 
 

Fig.3: The distribution of trees by diametric categories   
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Fig.4: Structure of the beech stand 

 

     
 

Fig.5: Forest stand structure before and after thinning operation in FS Ahishta. 

 

3.3. Selection of plus trees 

Schreiner (1963) said that plus trees are used for: i) the establishment of 

seed orchards, ii) direct silvicultural purposes, if a clonal propagation by 

means of cuttings is possible and, iii) use in hybridization, i.e. in tree breeding 

work. A number of problems and authors’ views about plus tree selection are 

here discussed. The selection of plus trees should be carried out in seed 

production areas where an inventory was previously made. Besides other 

characters, a plus tree should surpass in diameter B.H. the stand mean tree by 

over 1.1. Requiring and practising intense selection is easier if we are 

concerned with characters that are measurable, rather than with those which 
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are expressed in a descriptive manner. Schreiner (1963) recommended that 

selection should be restricted to those trees which exceed the mean by two or 

three. Andersson (1962) stated that selection of plus trees has been performed 

so far on the basis of a relative estimation of the growth rate, stem form, saw-

timber grade, wood quality, seed production and resistance. Selection of plus 

trees is much more successful if it is made for one or two from this tree 

characters. Moreover, it is very difficult to find a tree which is excellent in 

many characters.   

The correlation between individual characters is very important for the 

selection of plus trees. Selection process requires excellent acquaintance of 

biological aspects of the individual species. Such data on local species and 

ecotypes enables selection of the most suitable trees for further improvement 

work and establishment of seed orchards, or for immediate use for 

silvicultural purposes. Beeches have different flushing time within 

provenances and between provenances Hoffmann (1959). It is also very 

important to know the range of variability of characters to which we pay 

special attention in the selection of plus trees. In tree improvement work more 

and more attention is paid to wood quality, i.e. anatomical and physical 

properties of wood. Mitchell (1956) said that the most important properties 

are: density, ratio between early wood and latewood within the growth ring, 

number of growth rings per centimeter, fiber length and fibril orientation. 

 

3.4. Control and registration of plus trees 

The supply of forest tree seed in Sweden has been especially actualized in 

the last decades. Consequently, a national programme for the production of 

forest seed in plantations has been elaborated (Andersson 1963). In order to 

obtain the requisite material for breeding and plantation work intensive and 

comprehensive selection has been carried out for several years and is still 

continuing in certain regions or provenance areas. The plus trees selected are 

carefully measured and assessed in respect of wood specific gravity, growth 

rate, stem form, and branch characters - a so-called phenotype control 

(Forshell1963). 

 

3.5. Choice of stands for plus trees selection 

Many theoretical and practical problems arise related to plus tree selection. 

One important question is the types of stand for the plus tree selection. Plus, 

trees - in respect of one or two desirable properties - can be found in any type 

of stand. If we desire to select plus trees which are plus, e.g. in growth rate 

and other characters influenced by competition, this selection can most readily 

be made in stands where the trees have the best opportunity of revealing their 

inherent constitution, i.e. in sparsely to normally stocked stands on good sites. 

In addition to these aspects of stands selection, plus tree selection should be 
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concentrated on seed stands or seed production areas (Matthews 1963) which 

consist of plus stands and almost plus stands, and on middle-aged stands 

which, in relation to age, site and climatic conditions, are well-developed and 

show particularly good morphological features. Selection of these seed stands 

is a great achievement in the preservation of valuable tree populations for 

silviculture. 

 

3.6. Isolation 

Isolation of seed stand from inferior pollen sources outside the seed stand 

is very important for an appropriate genetic improvement. Complete isolation 

is impossible due to long-distance travel of windborne pollen and location of 

seed stand in heavily forested areas. Heavy production of pollen within a seed 

stand is most important for diluting outside contamination effects. Area and 

shape of the seed stand are also important as contamination decreases rapidly 

away from the stand boundaries towards the center. The most practical way to 

isolate a stand is to create a 100 m wide isolation fringe around the stand 

which is thinned to remove all inferior phenotypes. However, well-formed 

trees remain within the isolation fringe as a physical barrier and source of 

significant quantities of pollen. Seed collection is restricted to the central part 

of the stand surrounded by this 100 m wide dilution zone. The prevailing 

wind direction and topography define the isolation zone 

 

4. Registration  

The Local Office, the District Office and the Central Office of the National 

Forest Authority (NFA) are the responsible bodies for the inventory seed 

stands. The inventory provides information about location and stand 

boundaries. In addition, land ownership is an unavoidable data. 

 

5. Future management and seed collection 

Long-term studies addresses the management of seed stands for the future. 

Depending on the response of the tree crowns, it is likely that a further 

thinning will necessary within five years to reduce stocking to the final goal 

of around 150 stems per hectare.  

Application of nitrogenphosphate fertilizers is the most generally accepted 

means of increasing cone crops. However, information on dosage rates, 

timing of application and cost benefit analysis of such operations lacks. The 

response of cone and seed production to fertilization should be assessed based 

on small-scale trials as seed stands are established. Cone collection in seed 

stands must be strictly controlled as collection ought to remain within the 

limits in the isolation zone. Preventing trees from damages is of paramount 

importance for the cone crops in the coming years. The careful use of cone 

cutters and trained seed collectors are important for the sound fruits.  
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6. CONCLUSIONS 

 

Seed stand establishment provides a useful interim measure to obtain seed 

of improved genetic quality until more highly selected material is available 

from seed orchards. Despite the limited selection intensities that can be 

achieved through thinning, genetic gains for highly heritable characters such 

as stem straightness as high as 5-6% are expectable from seed stands which is 

of great benefit to national reforestation programs and higher prices for seed 

exports. In addition, qualitative seeds and greater ease of cone collection 

provide extra benefits.  

Data show that in Kosovo thinning wood is profitable for the seed stand 

establishment as costs could be covered. Seed stands are important for the 

conservation of genetic resources. The continuous cutting of forest trees for 

industrial and fuelwood purposes in Kosovo is the source of severe dysgenic 

exploitation which can be mitigated by putting aside high-quality stands for 

seed production which will act as in situ conservation stands. Only a very 

small area of seed stands has been currently established in the natural beech 

forests of Kosovo. Ideally a sufficient area of seed stands to supply seed for 

both national use and export should be established in each important 

provenance region.  
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In memoriam  
_______________________________________________________________ 

 

Aleksandër Flloko (1946–2019) 

 
Alexandër Flloko was a biologist 

specialized in fisheries and aquaculture. 

After his studies, he was appointed 

specialist in the fishery sector in Vlora, 

Albania until 1980 and professor at the 

University 'Eqerem Çabej', Vlora, Albania, 

from 1974-1979. He worked at the Durrësi 

Fisheries Research Institute from 1981-1991 

and as professor at the Faculty of Natural 

Sciences, University of Tirana and 

Agriculture University of Tirana from 1986-

1992. He was appointed Director General of 

Fisheries at the Ministry of Agriculture and 

Food in 1991, a position held up to 1998. 

In addition to his academic carrier, he has been involved in different FAO 

fisheries and aquaculture projects and studies in the Mediterranean in the 

1990s. He received the "Doctor of Science" degree in the field of biology in 

1998 with the thesis in the artificial reproduction of sea fishes in Albania. In 

2005, he becomes Associate Professor and Director of the Fish Conservation 

Plant in Durrës, in 1998. He worked as a National Coordinator in a World 

Bank pilot project from June 2000 to June 2004. 

He was the Head of the Department at the Institute for Veterinary 

Research from July 2004 to January 2007 and Director of the Directors in the 

Council of the Agrobusiness Experts from 1999 to 2006. In 2003 he returns to 

the Agriculture University of Tirana as professor of Ichthyology and Fishery 

Management. He was appointed First Secretary of the Albanian Mission to 

the EU, Brussels for agriculture, food and fishery resources. He served as 

Secretary General during the Presidency of Bamir Topi from 2007–2012. 

He authored over forty studies and many manuscripts Albanian and 

foreign scientific journals. He participated in many international events, 

congresses, conferences, symposiums, etc. He also co-authored the 

monograph "Ichthyology of Albania" and some university textbooks such as 

Ichthyology, Fishery Management, Aquaculture, etc. 

https://royalsocietypublishing.org/doi/full/10.1098/rstb.2014.0312

