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ABSTRACT

In the present investigation, instrumental neutron activation analysis (INAA) and
inductively coupled plasma- atomic emission spectroscopy (ICP-AES) were used for
the determination of trace elements (Na, Mg, Al, K, Ca, V, Mn, Ni, Cr, Fe, Zn, Sr and Ba)
in moss samples collected from 44 sampling sites in whole national territory of Albania.
Linear regression was applied to compare the results of the most significant elements
obtained by both methods. No significant differences were found between the
concentration of K, Ca, V, Mn, Ni, Zn, Sr and Ba (linear coefficient r2 > 0.7), whereas for
Na, Mg, Al, Cr and Fe the differences were significant (linear coefficient r2 < 0.6). The
sources of high similarity and/or differences between two methods are also here
discussed.
Keywords: trace elements, atmospheric deposition, INAA, ICP-AES, moss samples,
Albania

1. INTRODUCTION

Mosses are in particular one of the most effective biomonitors of atmospheric
deposition especially for heavy metal contamination because of their
bioaccumulative properties (Rühling et al., 1987; Stihi et al., 2007). The moss
groups are good biomonitors because they are widespread, easy to handle and
they lack a cuticle and root system, thus reflecting directly atmospheric heavy
metal deposition. Since 1980, inter-Nordic surveys have been carried out every
five years (Ruhling and Tyler 1968; 1970; Ruhling et al., 1987) using the moss
Hylocomium splendent (alternatively Pleurozium schreberi). The first
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monitoring results from the moss survey in Albania relate to 2010/2011, when
Albania joined for the first time the European Moss Survey in the framework
of the International Cooperative Program on Effects of Air Pollution on Natural
Vegetation and Crops UNECE ICP Vegetation Programme.

Traditionally, trace elements and heavy metals in environmental materials
are determined using the atomic absorption spectrometry (AAS), inductively
coupled plasma mass spectrometry (ICP-MS), inductively coupled plasma
optical emission spectrometer (ICP-OES) after acid digestion of the samples.
With more convenience and multi-element measurement capability, ICP-OES/
ICP-MS have become an attractive instrument for simultaneously determining
co-contaminants in environmental samples (Han et al., 2006). ICP-OES is
characterized by high sensitivity and low detection limits, reliable recovery and
accuracy with multi-elements. Like all traditional analytical methods, it requires
chemical pre-treatment process of environmental samples followed by acid
digestion. This step is a time-consuming process and easily causes cross
contamination among samples. Neuron activation analysis (NAA) is another
multi-element technique that depends on the development of stable solid-state
detector systems of gamma-spectrometry. It was introduced first to the analysis
of silicate rocks (Gordon et al.,1968), and then instrumental neutron activation
analysis (INAA) was soon found to be applicable for other sample types of
environmental interest, such as aerosols (Dams et al., 1970), fly ash (Block et
al., 1973), water (Salbu et al., 1975), and plant tissue (Haller et al., 1987). The
strongest merits of INAA were relatively few sources of systematic errors,
better detection limits in what could be achieved by other multi-element
techniques, and the fact that no dissolution of the sample was necessary
(Steinnes, 1980). Moreover, in some cases, it is possible to analyze very small
samples for a considerable number of elements. Despite the advantages, the
main disadvantage of INAA was the poor performance for some of the elements
of great interest in environmental pollution studies, i.e., lead, copper, cadmium
and tin. Consequently, other techniques such as AAS was involved. On the
other hand, interferences from (n,p) and (n,α) reactions in the determination of
elements such as Na, Mg, Al and Cr become more troublesome, therefore
must be carefully controlled. Harmens et al., (2013c) used both ICP-AES and
INAA methods for the analysis of environmental samples and presented them
as the preferred methods for trace metal analysis in moss samples. It should
be noted that neutron activation analysis by epithermic neutrons (epithermal
neutron activation analysis, ENAA) tends to give higher metal concentrations,
as it is able to determine the total concentration of heavy metal, while ICP-
AES determines the soluble fraction in 7M HNO

3
(Steinnes et al., 1993). This

may explain the differences between results from different techniques that
exist for Fe, and partly for Cr, (Qarri et al., 2013; 2014a; Bekteshi et al., 2015)
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since these elements may be partly present in small mineral particles trapped
in the moss.

The present paper aimed at determing the content of Na, Mg, Al, K, Ca, V,
Mn, Ni, Cr, Fe, Zn, Sr and Ba in moss samples via ENAA and ICP-AES and
comparing their performance.

2. MATERIALS AND METHODS

Sampling procedure
Moss samples were collected from 44 sampling sites (Qarri et al., 2014b)

across the country, during the dry period of autumn 2010 and summer 2011,
based on the Convention on Long-Range Transboundary Air Pollution
(CLRTAP) and International Cooperative Programme on Effects of Air Pollution
on Natural Vegetation and Crops—monitoring manual for 2010/11 survey, as
well as the procedure used in the previous European moss surveys (Harmens
et al., 2010) and their distribution reported in (Qarri et al., 2013; Allajbeu et al.,
2016).

Sampling sites were situated at least 300 m from main roads, 100 m from
local roads, and 200 m from villages or single houses. Most of them were
located at small forest clearings to reduce the through-fall effects. The composite
samples of five to ten sub-samples were collected within an area of 50 m×50
m. Disposable polyethylene gloves were used during the sampling and samples
preparation to prevent the probable contamination. Samples were stored in
tightly closed paper bags and transported to the laboratory. The collected samples
were cleaned from extraneous material and the green and green-brown part
that represents 3 years of the growth of the plants, were selected and used for
the analysis.

Chemical analysis
Microwave digestion (MARS, CEM, USA) was applied for total digestion of

moss samples according to the method presented by Barandovski et al. (2008)
and Balabanova et al., (2010). All the reagents used in this study were of
analytical grade: nitric acid, trace pure (Merck, Germany), hydrogen peroxide,
p.a. (Merck, Germany), and bi-distilled water. The contents of Na, Mg, Al, K,
Ca, V, Mn, Ni, Cr, Fe, Zn, Sr and Ba were determined by ICP-AES (Varian,
715-ES), equipment with ultrasonic nebulizer CETAC (ICP/U-5000AT+). The
optimal instrumental parameters of these techniques are given by Balabanova
et al., (2010) and Barandovski et al., (2013). The ICP-AES analysis was carried
out at the Institute of Chemistry, Faculty of Science, Sts. Cyril and Methodius
University, Skopje, Macedonia.

The same elements were analyzed by INAA at the IBR-2 pulsed fast reactor

Determination of trace elements in moss samples with different multi....
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FLNP JINR Dubna, Russia, (Frontasyeva, 2011). The optimal operating
instrumental parameters of this analysis are shown in previous studies by
Frontasyeva (2011). 0.3 g of each moss sample was irradiated in Channel 1 (Cd-
lined) or Channel 2. To determine long lived isotopes (LLI): Na, K, Cr, Fe, Ni, Zn,
Sr and Ba, cadmium screened channel 1 was used. Samples were irradiated,
repacked and measured, using high purity germanium detectors with a resolution
of 2.5 keV for the 60Co 1333 keV line, with an efficiency of about 6% compared
to a 3"x 3" NaI detector for the same line. Gamma-ray spectra for LLI were
recorded twice, after 3-4 days and 20-22 days of decay, measurement time was
30 min and 90 min respectively. The quantification was based on the use of Zr as
a single comparator (in Ch1). To determine short lived isotopes (SLI): Mg, Al,
Ca, V, and Mn, irradiation channel 2 was used. Samples were irradiated for 5
minutes and gamma-ray spectra were recorded twice, after about 3 minutes (V
and Al) and 20 minutes (Mg, Ca and Mn) (Frontasyeva and Pavlov 2000). Samples
for short irradiations were packed in polyethylene bags.

Quality control
The quality control of ICP-AES results was checked by multiple analyses of

the samples and the certified moss reference materials M2 and M3 (Steinnes
et al., 1997; Harmens et al., 2013c). The measured values were in good
agreement with the recommended values. The certified and the obtained data
onto the content of the analyzed elements in M2 and M3 reference samples
are reported in a previous study (Qarri et al., 2013). In addition, the blanks
were measured in parallel with the samples.

The quality control of ENAA (LLI) results was carried out applying
simultaneous analysis of the reference material SRM- 2710 (Montana Soil,
NIST- National Institute of Standards and Technology), SRM-1632b (Trace
Elements in Coal, US, NIST), BCR-667 (Estuarine Sediment, IRMM Institute
for Reference Materials and Measurements). Whereas the quality control for
conventional NAA (SLI) results was done by carrying out simultaneous analysis
of the reference material SRM-1633b (Constituent Elements in Coal Fly Ash,
US NIST-National Institute of Standards and Technology), SRM-1515 (Apple
Leaves, NIST- National Institute of Standards and Technology) and SRM-
2709 (Trace Elements, NIST). The reference materials and 10 –12 moss
samples were packed together in each transport container.

3. RESULTS AND DISCUSSION

The 44 moss samples collected in whole territory of Albania, were analyzed
applying the ICP-AES and NAA methods for the determination of Na, Mg, Al,
K, Ca, V, Mn, Ni, Cr, Fe, Zn, Sr and Ba. Linear regression analysis was used to
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compare the data set obtained by both techniques during the analysis of these
samples. The results for equations of linear regressions of the elements
determined with NAA and ICP-AES are given in Table 1.

Table 1 The equations of linear regressions of the elements determined with
NAA and ICP-AES methods

As it is shown in Table 1, it is apparent that the two techniques allow the
determination of 13 elements. Strong linear regressions (with coefficients r2 >
0.7) were found for each element (K, Ca, V, Mn, Ni, and Sr) determined by
both techniques, whereas moderate linear regressions (with coefficients 0.6 >
r2 < 0.7) were found for Zn and Ba. The linear coefficients r2 > 0.6, indicate
that the values of the slopes  0 and F > Fcrit=0.59 (P<0.005), meaning that
the linear relationship between each of element determined by both methods is
significant.Weakly linear regressions (with coefficients r2 < 0.6) found for
elements Na, Mg, Al, Cr and Fe, show differences between the results obtained
by NAA and ICP-AES methods. The linear regression graphs of K, Mg and
Cr determined by both methods are presented in Fig. 1-a, 1-b and Fig. 2. As it
is shown in Fig. 1a, the linear coefficient (r2=0.85) shows a good agreement
between the data of K obtained by both NAA and ICP-AES methods. Good
agreements were found also for V, Mn, Ni, and Sr. Meanwhile, high differences
resulted between the data of Na, Mg and Al (see in Table 1 and Fig. 1b), since
INAA in general, and in IBR-2 in particular, have drawback from interferences
due to (n,p) and (n,σ) threshold reactions. These interferences are evident
during the determination of Mg in the presence of Al and Si, the determination
of Al in the presence of Si and P and the determination of Na in the presence
of Mg and Al. Magnesium can be determined only by its less abundant isotop
26Mg (n,γ) 27Mg. The cross section for this reaction is rather low, making this

The regression equation S r2 F P Fcrit
Na (NAA) = 295.7 + 1.455 Na (ICP-AES) 207.441 0.08 3.34 0.075 0.59
Mg (NAA) = 903.6 + 0.9982 Mg (ICP-AES) 1211.26 0.42 28.38 0.000 0.59
Al (NAA) = 1755 + 1.306 Al (ICP-AES) 1882.60 0.41 27.12 0.000 0.59
Ca (NAA) = -316 + 1.274 Ca (ICP-AES) 1388.40 0.74 113.23 0.000 0.59
K (NAA) = 1245 + 1.152 K (ICP-AES) 798.082 0.85 225.75 0.000 0.59
V (NAA) = 0.783 + 1.735 V (ICP-AES) 3.18246 0.73 104.84 0.000 0.59
Cr (NAA) = 0.766 + 3.498 Cr (ICP-AES) 39.5693 0.19 9.5 0.004 0.59
Mn (NAA) = 9.921 + 1.330 Mn (ICP-AES) 27.8535 0.86 239.70 0.000 0.59
Fe (NAA) = 1184 + 0.7416 Fe (ICP-AES) 1377.91 0.26 13.47 0.001 0.59
Ni (NAA) = 6.465 + 0.8782 Ni (ICP-AES) 12.4666 0.72 98.32 0.000 0.59
Zn (NAA) = 9.46 + 1.043 Zn (ICP-AES) 8.73140 0.69 88.17 0.000 0.59
Sr (NAA) = 4.692 + 1.054 Sr (ICP-AES) 4.04543 0.75 117.83 0.000 0.59
Ba (NAA) = 7.996 + 1.297 Ba (ICP-AES) 8.93345 0.61 60.78 0.000 0.59

Determination of trace elements in moss samples with different multi....
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measurement not very sensitive. There are some interferences, since 27Mg
can be formed from nonthermal neutrons reacting with Al as 27Al (n,p) 27Mg
and 30Si (n, α) 27Mg. Natrium is determined by 24Na isotop, 23Na (n, γ) 24Na,
which can also be produced by the reactions 24Mg (n,p) 24Na and 27Al (n, α)
24Na. Aluminum is determined by 28Al isotop, 27Al (n,γ) 28Al, which can also be
produced by the reactions 31P (n,α) 28Al and 28Si (n,p) 28Al.

It should be noted that INAA/ENAA determines the total content of elements in
the sample without sample digestion, while ICP-AES determines the elements
after wet digestion of the samples. This may explain the differences between the
results obtained from different techniques for Fe and Cr, since these elements may
be partly present in small Cr mineral particles trapped in mosses ( See Fig. 2).

a.

b.
Fig. 1 Linear regression between the results of K and Mg obtained by NAA and ICP-AES

methods
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Similarly, the determination of chromium 50Cr (n,γ) 51Cr is interfered by the
nonthermal neutron reaction 54Fe (n, α) 51Cr , but they did not affect the present
results appreciably, as the interfering effect is less than 0.1% for the given
concentration of Fe (Frontasyeva et al., 1993).

Fig. 2 Linear regression between the results of Cr obtained by ENAA and ICP-AES
methods

As it is depicted in Fig. 2, the data of Cr obtained by NAA method (maximal
value goes to 262 mg/kg) resulted higher than those obtained by ICP-AES
method (maximal values is 15 mg/kg). The maximum values were found at
chromium mineralizationareas such as Burrel, Bulqiza, Rreshen and Lbrazhd.
Chromium is partly present in small mineral particles trapped in mosses,
particularly in Cr mineralization areas, and might be difficulty digested
(Frontasyeva et al., 1993).

4. CONCLUSIONS

NAA and ICP-AES methods were applied to determine Na, Mg, Al, K, Ca, V, Mn,
Ni, Cr, Fe, Zn, Sr and Ba in 44 moss samples collected in whole territory of Albania.

As show above on the equations for linear regressions between two techniques
(using NAA and ICP-AES), both techniques provides comparable results for
K, Ca, V, Mn, Ni, Zn, Sr and Ba elements with linear regression coefficient
higher than 0.7.

NAA method performs direct sample analysis without any chemical digest,
so the NAA results are sufficiently reliable for difficulty digested samples.

Determination of trace elements in moss samples with different multi....
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The determination of  Al, Mg and Na by NAA method is not possible,
particularly in the presence of Si and P in the samples, as this technique has a
drawback from interferences due to (n,p) and (n,σ) threshold reactions.
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ABSTRACT

The present paper investigates the presence of different chlorinated organic pollutants
in water samples of Mati River which flows in Northern Albania and has a catchment
area of 2411km2. Six water samples were collected along the river, in its western side,
close to river delta. The PCBs included in this study were 7 indicator PCB congeners:
CB-28, CB-52, CB-101, CB-118, CB-138, CB-153 and CB-180. The target pesticides were
alfa-, beta-, delta- and gamma-isomers of hexachlorocyclohexane, heptachlor,
heptachlor-epoxide, aldrin, dieldrin, endrin, endrin aldehyde, DDT-related chemicals
(p,p-DDE, p,p-DDD, p,p-DDT), endosulphane, endosulphane sulphate, methoxychlor
and mirex. Most of these have already been used widely in Albanian agriculture. After
extraction and clean up, water samples were analysed with GC HP 6890 Series II gas
chromatograph equipped with a 63Ni ECD and a split/splitless injector. The
concentrations of individual PCBs and OCPs, as well as their distribution profiles are
discussed here.
Keywords: chlorinated pollutants, water sample, Mati River, PCB indicator.

1. INTRODUCTION

Mati River flows in North Albania. The catchment area of the river is around
2441 km² and its main tributary is Fani River. Patoku Lagoon, situated within
the river delta, serves as an important feeding area for some endangered species
and forests around harbor several medicinal and aromatic herbs. The area
offers a natural habitat providing feeding, roosting and nesting areas for a wide
range of birds. Economic activities, particularly irrigated agriculture, urban and
industrial development, as well as nearby marine based activities such as ports
and tourism, individually and collectively place pressure of the river environment.
Indirect pressures also arise from other sectors, e.g. service industries, and
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CHLORINATED ORGANIC POLLUTANTS IN WATERS OF
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population patterns. Other sectors and activities can also lead to alteration of
the natural landscape and its resources, as well as placing pressure on
environmental quality through pollution (UNDP 2013). Comprehensive
excavation and gravel extraction activities in the river bed in the lower part of
Mati River have been ongoing for years. The river bed in many places has
been modified beyond the limits of what is needed for maintaining good ecological
status in natural rivers. Ndini and Grevy (2011) stated that it might be verified
through monitoring and application of biological indices. The fact that some
urban and rural areas are positioned along the river makes the monitoring of
storm water runoff essential to characterize pollutant loading from different
land uses and to estimate annual pollutant loading (Paparisto et al., 2012).

Non dioxin-like polychlorinated biphenyls (ndl-PCBs) are persistent organic
chemicals that accumulate in the environment and humans and are associated
with a broad spectrum of health effects. Processing and distribution of PCBs
has been prohibited in almost all industrial countries since the late 1980s, but
they still can be released into the water environment from electrical appliances,
building paint, sealants, atmospheric depositions and waste sites (EFSA 2010).
The PCBs included in this study are 7 indicator PCB congeners, selected mainly
last years by researchers due to their relatively uncomplicated identification
and quantification in gas chromatograms and as they usually contribute a very
high proportion of the total PCB content in environmental samples. These are:
CB-28, CB-52, CB-101, CB-118, CB-138, CB-153 and CB-180 (Boalt et al.,
2013). The target pesticides were alfa-, beta-, delta- and gamma-isomer (lindane)
of hexachlorocyclohexane, heptachlor, heptachlor-epoxide, aldrin, dieldrin,
endrin, endrin aldehyde, DDT-related chemicals (p,p-DDE, p,p-DDD, p,p-DDT),
endosulphane, endosulphane sulphate, methoxychlor and mirex. Most of these
have already been used widely in Albanian agriculture.

2. MATERIALS AND METHODS

Sampling
Water samples were collected in November 2014 in 6 different stations along

Mati River, close to the sea. The figure 1 depicts the sampling stations. 1 liter
of river water was taken from each sampling station. The samples were
transported to the laboratory in +4oC.

Sidita MANÇE, Elda MARKU, Aurel NURO
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Fig. 1. The map of water sampling sites in Mati River.

Sample preparation and clean-up
Liquid-liquid extraction was used for the extraction of organochlorine pesticide

residues and polychlorinated biphenyls from water samples of Patoku Lagoon.
1 liter of water, 10 μl PCB-29 as internal standard and 20 ml n-hexane as
extracting solvent were added in a separatory funnel. After extraction, the
organic phase was dried with Na

2
SO

4
 anhidrous. A Florisil column was used

for the clean-up of water samples. After concentration to 1 ml, the samples
were injected in GC/ECD HP 6890 Series II. Procedural blanks were regularly
performed and all results presented are corrected for blank levels. All glassware
was rigorously cleaned with detergent followed by pyrolysis at 250°C. The
sodium sulfate, florisil and silica gel were pre-extracted with hexane/
dichloromethane (4/1) in a Soxhlet extractor, further dried and finally rinsed
with hexane/dichloromethane (4/1) just before utilization (US/EPA, 1999; Wells
and Hess 2000)

Instrumental analysis
Gas chromatographic analyses were carried out involving the HP 6890 Series

II gas chromatograph equipped with a 63Ni electron-capture detector and a
split/splitless injector. The column used was Rtx-5 (30m x 0.33mm x 0.25 um).
The split/splitless injector and detector temperatures were set at 2800C and
3000C, respectively and injection volume was 2μl. Carrier gas at 1 ml/min and
make-up gas at 25 ml/min was nitrogen. The initial oven temperature was kept
at 600C for 4min, which was increased, to 2000C at 200C/min, held for 7 min,
and then increased to 2800C at 40C/min for 20min. The temperature was finally
increased to 3000C, at 100C/min, held for 7min. Chlorinated pesticides and
PCB indicators were analyzed in the same run. The relative response factors
were determined by injecting the standard solutions, spiked with the same

A comparison study on the presence of some chlorinated organic...
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quantity of the solution of PCB-29 used in the samples. The quantification of
organochlorine pesticides and PCBs was carried out applying the internal
standard method. Analysis of PCBs was based on the determination of only 7
indicator PCBs, as described before (Muir and Sverko 2006; Marku et al.,
2016).

3. RESULTS AND DISCUSSION

Table 1 and 2 report the analytical results concerning PCBs and OCPs,
respectively.

Table 1. Concentrations of indicator PCBs in water samples of Mati River
ing/l

*detection limit 0.01 μg/l

Most of the seven indicator PCBs’ were not detected in water samples. The
highly volatile and less chlorinated congener, CB 28, was detected in most of
samples. These low concentrations can be due to the lack of industrial activities,
in the surrounding area. This means that the main source of PCB pollution is
atmospheric deposition.

The highest value of the sum of 7 PCBs’ concentrations is 1.78 g/l, detected
in M1 station, situated close to river delta. The concentration values and the
profile of seven indicator PCBs in Mati River samples (Figure 2 and 3) are
similar to the ones reported for Patoku Lagoon, nearby (Marku et al., 2016).
The total concentration of seven PCB indicators found in Mati River water
samples is higher than the values reported for Drini and Buna River (Neziri
and Marku 2013; Dano et al., 2016), because, in the latter, not all the seven
indicators have been analyzed.

Sidita MANÇE, Elda MARKU, Aurel NURO

Sampling

sites
M1 M2 M3 M4 M5 M6

CB 28 n.d.* n.d. n.d. n.d. n.d. n.d.

CB 52 0.03 n.d. n.d. 0.74 1.14 n.d.

CB 101 n.d. n.d. n.d. n.d. n.d. n.d.

CB 118 0.36 n.d. n.d. n.d. n.d. n.d.

CB 153 1.39 n.d. n.d. n.d. n.d. n.d.

CB 138 n.d. n.d. n.d. n.d. n.d. n.d.

CB 180 n.d. n.d. n.d. n.d. n.d. n.d.

Sum of
PCBs

1.78 n.d. n.d. 0.74 1.14 n.d.
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Fig.2. The concentrations of individual PCB indicators in Mati River water samples (g/l).

Fig.3. The total PCB concentration calculated for Mati River water samples.

The analytical data in the Table 2 reported that not all organochlorine pesticide
was detected in water samples of Mati River. The concentrations of lindane,
dieldrin, endrin, endrin aldehyde, 4,4’-DDT, 4,4’-DDD, methoxychlor and mirex
were below the detection limit. Similarly with PCBs, the highest concentrations
of OCPs were found in M1 sampling station, the nearest site to the Adriatic
Sea. The highest concentration was found for endosulphane sulphate (36.62
g/l) in M1 sampling site (Figure 4). Consequently, there is a big difference

A comparison study on the presence of some chlorinated organic...



18 No.2/2016 (XXI)

between the total OCP concentrations of M1 water station, compared to other
sampling sites (Figure 5).

Table 2. Concentrations of some OCPs in water samples of Mati River in
g/l

*detection limit 0.01 μg/l

Fig.4. The concentrations of OCPs in M1 sampling site (g/l).

Sidita MANÇE, Elda MARKU, Aurel NURO

Sampling sites M1 M2 M3 M4 M5 M6

a-HCH 0.42 0.20 0.30 0.21 0.23 0.30
Lindane n.d.* n.d. n.d. n.d. n.d. n.d.
b-HCH 0.43 0.01 0.10 n.d. n.d. 0.21
d-HCH 0.89 0.03 n.d. n.d. n.d. n.d.
Heptachlor 2.65 n.d. n.d. n.d. n.d. n.d.
Aldrin 7.56 n.d. n.d. 0.40 0.47 n.d.
Heptachlor epoxide 0.78 n.d. 0.20 0.10 n.d. 0.20
4,4-DDE 0.23 n.d. n.d. n.d. n.d. n.d.
Dieldrin n.d. n.d. n.d. n.d. n.d. n.d.
Endrin n.d. n.d. n.d. n.d. n.d. n.d.
4,4-DDD n.d. n.d. n.d. n.d. n.d. n.d.
4,4-DDT n.d. n.d. n.d. n.d. n.d. n.d.
Endosulphane n.d. n.d. n.d. n.d. n.d. n.d.
Endosulphane Sulphate 36.62 n.d. n.d. n.d. n.d. n.d.
Endrin Aldehyde n.d. n.d. n.d. n.d. n.d. n.d.
Methoxychlor n.d. n.d. n.d. n.d. n.d. n.d.
Mirex n.d. n.d. n.d. n.d. n.d. n.d.
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Fig. 5. The total OCP concentration calculated for Mati River water samples.

The distribution of different HCH isomers in water samples of Mati River is
in Figure 6 depicted. Alpha-HCH is the only isomer presented in all samples.
Almost all isomers (except Lindane) were found in M1 sampling site, with
maximal concentration of 0.9g/l (delta-HCH). The distribution profile of OCPs
for Mati water samples is different from the one of Drini and Mati River, were
other OCPs were detected, as well. Relative contribution of different OCP
chemical groups is in Figure 7 depicted. HCH group was present in all water
samples, total “drins” were present only in M1, M3 and M4 sampling stations
and DDTs are present only in M1 sampling station (only as 4,4’-DDE metabolite).

Fig. 6. The total HCH concentration in Mati River

A comparison study on the presence of some chlorinated organic...
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Fig. 7. Distribution profile of total “drins”, total “HCHs” and total “DDTs” in Mati river

The concentrations of OCPs in the water samples collected from Mati River
were lower than the ones found in waters of Patoku Lagoon, nearby. Their
presence is related with their past and present use in surrounding agriculture
area.

4. CONCLUSIONS

Most of target organochlorine pollutants (PCBS and OCPs) were not detected
in Mati River samples. The distribution profile was similar to the ones reported
for Patoku Lagoon, but in lower concentrations.

Most of the seven indicator PCBs’ were not detected in water samples. The
highly volatile and less chlorinated congener, CB 28, was detected in most of
samples. These low concentrations can be due to the lack of industrial activities,
in the surrounding area. This means that the main source of PCB pollution is
atmospheric deposition. HCHs were found to be the OCP group with higher
contribution in the total concentration of organochlorine pesticides. Their
presence is related with their intensive use in the past in surrounding agricultural
area.
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23JNTS Evaluation of drinking water quality in rural administrative units of Fieri

ABSTRACT

Water is essential to sustain life, and a satisfactory (adequate, safe and accessible)
supply must be available to all. Improving access to safe drinking-water can result in
tangible benefits to health. Efforts must be made to achieve a drinking-water quality as
safe as possible. The present paper provides some information about the quality of
drinking water in Fier, Albania. 248 samples were monthly collected from January 2015 to
August 2015, from 31 sampling points in the 13 rural administrative units in Fier district.
NH4+ mg/l, NO

2
- mg/l, Cl- mg/l, Cl

2
, pH (chemical parameters) and Escherichia coli,

Streptococcus faecalis and Clostridium perfrigens (bacteriological parameters) were
investigated and the results were compared with the World Health Organization (WHO
2008) guidelines for drinking water. Most Probable Number index was used for the
evaluation of Escherichia coli. The number of heterotrophic bacteria was determined by
counting colonies on plates with PCA. Preliminary results for rural areas showed different
positive samples on microbiological indicators. 26 samples resulted positive with at least
one microbiological indicator; E.coli. 14 samples resulted positive for 3 microbiological
indicators Escherichia coli, Streptococcus faecalis and Clostridium perfrigens.
Keywords: physicochemical analysis, most probable number index, faecal indicators,
water quality

1. INTRODUCTION

Drinking water must be free from components which may affect the human
health. Water is one of the three major components of the environment;
therefore, there exists a close linkage between the quality of water and the
quality of life (Mohsin et al., 2013). Safe drinking water is a basic need for
good health and it is also a basic human right. So far there is no single or simple
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measure for water quality (Kazi et al., 2009). Water may be tested for a few
characteristics or numerous natural substances, contaminants or faecal
indicators depending on the need. Microbial monitoring ensures safe supply of
drinking water without compromising people’s health (Klein and Houston 1899).
Acceptable quality shows the safety of drinking water in terms of its physical,
chemical and bacteriological parameters (Ashbolt et al., 2001). The importance
of water, sanitation and hygiene for our health is reflected in the outcomes of a
series of international policy forums (Barrell et al., 2000).

A large portion of the population in developing countries suffers from health
problems associated with either the lack of drinking water or due to the presence
of microbiological contamination in it (Van Leeuwen 2009). Many factors
influence water quality including climate and precipitation, soil type, human
activities contamination from water pipes and storage tanks (Parag and Roberts,
2009) in the absence of proper and periodic maintenance. The greatest impacts
come from point sources associated with the discharge of untreated wastewater
from municipalities and industries. Fieri district has abundant freshwater sources
such as rivers, natural springs and groundwater aquifers (Gjika 2010). Le
Chevallier et al., (2004) said that water which is intended for human
consummation should contain no faecal indicator organisms. Escherichia coli
has traditionally been used to monitor drinking-water quality, and it still remains
an important parameter in monitoring drinking water quality (Edberg et al.,
2000). The same organism could be used as an indicator of both faecal pollution
and treatment process efficacy (Ashbolt et al., 2001). Clostridium perfringens
can be used to validate the effectiveness of the treatment systems (Ashbolt
2004). The concept of using organisms such as E. coli and Clostridia as
microbial faecal contaminant indicators is a well-established practice in the
assessment of the quality of drinking-water (Bonde 1963). Water samples have
been tested in the regional laboratory of Health directory in Fier for chemical
and faecal parameters.

Fier is the second largest region in the country with a surface area of 793 km2

and a population of 254,123 inhabitants. The region is bordered by Lushnja in the
north, by Berati region in the east, Mallkastra region in southeast and Vlora
region south. This area includes the cities of Fier, Patos, Roskovec and 117 villages
that divided into 13 administrative divisions (Gjika 2010). Every administrative
unit has one or more sampling points depending on size and population.

2. MATERIALS AND METHODS

This is a descriptive and analytic study which provides information about the
quality of drinking water in the Fieri district. 248 samples were collected from
January 2015 to August 2015 to investigate the chemical parameters,
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contamination level of the drinking water and presence of faecal indicator
organisms. Once the water samples were collected from selected water sources
in different administrative units, commonly used by the community, they
underwent to the chemical-bacteriological analysis. Water samples were
collected in 200 ml sterile vials that were fitted with screw caps. The water
was collected in 2 different vials, one for microbial analysis (Escherichia coli,
Streptococcus faecalis and Clostridium perfrigens) and one for chemical
parameters like NH4+ mg/l, NO

2
- mg/l, Cl - mg/l and pH which is analyzed at

the moment of sampling with ph-meter (Hutchins et al., 1997; Jabeen et al.,
2013). Samples were transported to the laboratories of Public Health Institute
in Fier within 2 hours on the same day (Dolnicar and Hurlimann 2009).
Ammonium nitrogen and nitrite were determined by spectrophotometer with
the Nessler reagent (Demutskaya and Kalinichenko, 2010). Titration with silver
nitrate was used for chloride determination with silver nitrate (AgNO

3
) as

titrant (Hutchins et al., 1997). We have used the O- toluidines method or the
DPD method for chlorine determination (Palin 1957). Faecal indicators
(Escherichia coli, Streptococcus faecalis and Clostridium perfrigens) were
determined by five tubes MPN technique with selective medium for each indicator
(Wilson Blair medium for Clostridium perfrigens and lactose Broth medium
for E. coli) (Wolf 1972).

3. RESULTS AND DISCUSSION

In the present study, 248 samples were collected from the 13 rural
administrative units from January 2015 to August 2015and analyzed to evaluate
the quality of the drinking water in Fier district. The results are Table 1 reported
and Graphic 1 plotted.

Table 1. Physico-chemical parameters of water samples

Evaluation of drinking water quality in rural administrative units of Fieri

Administrative unit Samples
number

pH average
levels

NO2
- mg/l NH4

+ mg/l Cl2 mg/l

Cakran
Dermenas

Frakull
Kurjan
Levan

Libofshë
Mbrostar-Ura

Portëz
Qendër

Rruzhdie
Suk-Strum

Topojë
Zharrëz

24
24
32
8

24
24
16
16
24
8

16
16
16

7.66
7.65
7.41
7.56

7.816
7.675
7.67
7.46
7.44
7.55
7.66

8
7.5

0
0.196
0.08

0
0.167
0.28
0.07

0.037
0.021
0.125
0.189
0.834
0.022

0
0.135

0
0

0.252
0.048
0.061

0
0
0

0.1
0.467

0

0.348
0.03

0.046
0.087
0.02

0
0.2
0

0.178
0
0

0.165
0.006
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The results reported: i) the highest average concentration of NO
2

- mg/l in
Topojë/Darzezë (2.93 mg/l, 2.40 mg/l) in March and April 2015 and the lowest
average concentration is in Cakran and Kurjan (0 mg/l) administrative unit. ii)
the highest average concentration of NH

4
+ in Seman/Topojë (0.8 mg/l) in June

2015, Bishan/Levan (0.7 mg/l) in March, Darzezë/Dërmenas (0.74 mg/l) in
May, (0.76 mg/l) in June and the lowest average concentration (0 mg/l) in
Cakran, Frakull, Kurjan, Portëz, Qendër, Rruzhdie, Zharrëz administrative units.
The source is the location of Seman, Topojë, Darzezë and Bishan/Levan by the
seacoast, iii) a constantly high average concentration of Cl

2
 mg/l in the Cakran

administrative unit (in 3 sample points Vreshtaz, Cakran and Varibop), Zhupan/
Qendër administrative unit from January to August 2015, iv) the higher
concentration of chlorine in Cakran and Qendër administrative units. The source
might be the use of hypochlorite as the most typical method normally advised
for inactivating microbes in water supply system.

Graph.1. Comparison of NH
4

+ mg/l, NO
2

- mg/l and Cl
2
 mg/l average levels from all the

units

WHO (2008) recommended the maximum level of nitrites in drinking water
of 3 mg/l. The results concerning chemical analysis are presented in Graphic
no. 2.

The highest concentration of ammonia (mg/l) is noticed in Seman/Topojë in
June 2015, in Bishan/Levan in March, in Darzezë/Dërmenas in May and June.
The highest level of chlorine (Cl

2
) was recorded in April and August.
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Graph. 2. Monthly comparison of NH
4

+ mg/l, NO
2

- mg/l, Cl
2
 mg/l average concentration

Graphic 3 plots chlorine average values in the 13 administrative units of Fier
ranging from 37.97 mg/l in Cakran, to 560 mg/l in Topojë municipality which is
located near the seacoast. According to WHO guidelines for drinking water
quality, a guideline value of 250 mg/l was established for chloride. No health-
based guideline value for chloride in drinking-water was proposed although it
was confirmed that chloride concentrations in excess of about 250 mg/l can
give rise to detectable taste in water (WHO, 2008).

Graph.3. Average concentration of Chloride (mg/l) in Fieri district rural administrative unit

WHO (2004) recommended 0% faecal indicators (E. coli, S.phaecalis and
C. perfrigens) in drinking water. Water intended for human consumption should
contain no faecal indicator organisms (Allen and Geldreich, 1975).

The graphic 4 plots that 10.5 % of the total number of the samples resulted
positive with E.coli, 9.3 % positive with S,phaecalis and only 5.6 % of samples

Evaluation of drinking water quality in rural administrative units of Fieri
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positive with C.perfrigens. The greatest number of positive samples with fecal
indicators is noticed in March and June. Not always the same sample resulted
positive for the three indicators. The lowest number of positives samples with
fecal indicators was met in January and August.

Graph. 4. The spread of positive cases with faecal indicators from January to August
2015.

Suk-Strum and Portëz administrative units marked high level of E.coli,
S.phaecalis and C.perfrigens in the drinking water. Here, 4 out 16 samples
(25%) resulted positive for 3 microbiological indicators. 5 out of 32 samples
collected from Frakull resulted positive for at least one of the indicators. None
of the 8 samples collected in Kurjan resulted positive for at least one of the
faecal indicators.

The distribution of positive samples for the presence of faecal indicators in
the 13 rural administrative units is in graphic 5 plotted.

Graph.5. The distribution of positive cases of faecal indicators from January to August
2015.
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4. CONCLUSIONS

Water is our most precious resource. It covers 70 percent of the planet. In
addition, it plays an important role for the living bodies as it cushions and lubricates
the brain and the joints and plants as well. The present paper evaluates the
quality of drinking water quality in rural administrative units of Fier region.
Average concentration of nitrites, ammonia and chlorine was either within
allowance (WHO 2008), or below the average limits. Chloride was found at
560 mg/l in Topojë— above the permissible limits of 250 mg/l established by
WHO. The results of the bacteriological analysis of drinking water showed
that 10.5 % of the total number of the samples was found positive for at least
one faecal indicator (E.coli), 9.2 % of the total number of the samples have
resulted positive for S.phaecalis and 5.6 % have resulted positive for
C.perfrigens. In Suk-Strum and Portëz administrative unit, 25 % of the samples
resulted positive for E.coli, S.phaecalis and C.perfrigens and it shows that
improvements can be made for an effective disinfection process during
treatment
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ABSTRACT

Geological investigation about the Setting of the Albanides in the Dinaric-Albanian-
Hellenic belt has been recently carried out in Albania and Greece and the results are
here discussed and labelled. Albanides could be put into the segment between the
Shkodër-Peja and Sperchios (Kremasta-Sperchios) transform faults comprising a big
folded segment with the same tectono-stratigraphic units in Albania, Greece, Kosovo
and in FYROM, while the Hellenides can be put into the segment of Aegean Arc, south
of Sperchios Transform fault up to the border with Taurides. The Pliocene differentiation
of Hellenides from Albanides is the direct result of oceanic lithosphere of the Ionian
Sea entering the trench south of Kephalonia while continental lithosphere continued
to be subducted north of the trench. The Shkodër-Peja transform fault represents an
active transverse strike-slip fault zone shifting the Mirdita Zone towards south-west
and offsetting the orogenic thrust front at Drini Bay near Lezha. The NNW-SSE direction
of the Albanides to the south of Shkodër-Peja transversal immediately deviates to the
WNW direction of the Dinarides, north of this transversal. The different arrangement
of the tectono-stratigraphic units which were established on either side of the Shkodër-
Peja transform fault are as follows: Sazani-Paxos, Ionian, Kruja-Gavrovo, Krasta-Pindos,
Mirdita-Subpelagonian, Korabi-Pelagonian and Vardari-Axios zones in the south, and
the Kruja-Dalmatian, Cukali-Budva, Albanian Alps-Karst/Prekarst, Vermoshi-Bosnian,
Gashi-Durmitor, Dinaric ophiolite belt and Drina Ivanjica – Peja zones in the north. The
Sperchios (Kremata-Spechios) transform fault is a present-day active fault zone cutting
across the orogenic fabric. The opening of the Sperchios Basin graben together with
Kremasta fault system accommodates the transcurrent movements of the North
Anatolian fault on the east with those of the Cephalonia transform on the west as a
“bridge of failure”. The different arrangement of the tectono-stratigraphic units which
were established on either side of the Sperchios transform fault are as follows: the
Paxos-Sazani, Ionian, Gavrovo-Kruja, Pindos-Krasta, Subpelagonian-Mirdita,
Pelagonian-Korabi and Vardari-Axios zones in the north, and east of Ionian zone, the

THE ALBANIDES SETTING IN THE DINARIC-ALBANIAN-
HELLENIC BELT AND THEIR MAIN GEOLOGICAL

FEATURES

Shyqyri ALIAJ1) and Alaudin KODRA1)

1 Individual researcher



32 No.2/2016 (XXI)

Gavrovo-Tripolitza, Pindos-Olonos, Parnassos, Beotian, Subpelagonian and Pelagonian
units in the south. The Pindos-Olonos, Parnassos and Beotian zones of Hellenides are
equivalent with the Cukali-Budva, Albanian Alps-Karst/Prekarst and Vermoshi-Bosnian
zones of Dinarides. The main geological features have been described in details for the
tectono-stratigraphic units of Albanides. Mirdita Zone represents a super-structure
zone resulted from a basin graben-like architecture. The continental rifting during the
Early-Middle Triassic time was associated and followed with continental break-ups of
the Vardari and the Mirdita basins during the Late Anisian time and the oceanic
spreading in Vardar and Mirdita basins from the Ladinian to the Middle Jurassic time.
The three main models plotted in the graphs provide information about the generation
place of the Mirdita ophiolites and the way and time of oceanic basin closing. The
generation place of the Mirdita ophiolites is supposed to be the Mirdita graben
megastructure in southwest of Korabi-Pelagonian microblock and northeast of Hajmeli
(Koziakas) platform. The compressional deformation stages and tectonic style of Mirdita
oceanic basin closure are characterized by interoceanic and marginal bidivergent
paleoemplacement during Middle Jurassic until beginning of Late Jurassic time. The
southern half of Korabi-Pelagonian mikroblock during the Triassic and Jurassic times
was developed under platform condition (Pelagonian platform), while the northern half
have been in basin condition (Korabi Basin: Muhurr-Çaje-Malësi e Korabit - Kastoria
and Kollovozi-Sharri-Flambouro units).
Keywords: Albanides setting, Shkodër-Peja and Sperchios (Kremasta-Sperchios)
transform faults, Tectono-stratigraphic units, Alpine geological evolution

1. INTRODUCTION

The Dinarides were described by Suess (1833). They extend south of the
Southern Alps, along the coast of the Adriatic and Ionian Seas and through the
Aegean Sea to meet the Taurides. Kober (1929) described the Dinarides s.l.
as separated by the Shkodër-Peja transverse structure and he divided them
into two segments such as the Dinarides s.s. and the Hellenides. Dinarides
pass into Hellenides in Albania. The Aegean Arc is visible in the south of
Hellenides and, unlike the Adriatic collision into both Hellenides and Dinarides,
has marked geological and geophysical features which resemble those of island
arcs (Mercier et al., 1979). The oceanic subduction zone dips from the Hellenic
trench towards the north-eats for approximately 180 km. The Cycladic volcanic
arc and the southern Aegean sedimentary arc trace the curvature of the Aegean
Arc (Mercier et al., 1987). The passage from the Aegean oceanic subduction
to the Adriatic continental collision is accomplished by the Kephalonia transform
fault (Cushing 1985; Scordilis et al., 1985; Sorel 1989). In the Hellenic arc and
trench, subduction occurs in a domain that is spatially confined laterally between
the continental collision of the continental foreland of Apulia with the Albanides
and Dinarides to the northwest, and in the east by the fast westward lateral
extrusion of Anatolia, under the northward push of Arabia at its eastern edge
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since the middle Miocene (Le Pichon et al., 1995). Within the northwest-trending
portion of the Hellenic belt, two segments can be distinguished by subduction
rate (slow in the northwest, fast in southeast) and water depth of the foreland
lithosphere (shallow in the northwest, deep in the southeast). These segments
dextrally offset from one another near the island of Kephalonia, and have been
referred to as the Northern and Southern Hellenides (Papanikolaou and Royden
2007; Royden and Papanikolaou 2011). The active Hellenic subduction front is
dextrally offset by 100–120 km across the Kephalonia Transform Zone,
coinciding with the junction of a slowly subducting Adriatic continental lithosphere
in the north (5–10 mm/yr) and a rapidly subducting Ionian oceanic lithosphere
in the south (<“35 mm/yr). The Kephalonia Transform coincides closely with
a change in foreland water depth from<“1 km in front of the northern Hellenides
to <“3–4 km in front of the southern Hellenides, particularly near the west
coast of mainland Greece.

The structure in the Northern Hellenides is rather simple with a regular nappe
emplacement from the area west of the Olympus tectonic window up to the
Ionian Sea in contrast to the more complex structure in the Southern Hellenides,
where there are new metamorphic geotectonic units (such as the Mani and
Arna units) appearing below the nonmetamorphosed nappes (such as the Tripolis
and Pindos units) (Papanikolaou et al., 2011). The crustal thickness in the
Southern Hellenides is much thinner (less than 25 km) than in the Northern
Hellenides (up to 45 km) (Makris 1976; 1985).

The geological structure constituting Albania is called the Albanides (Peza
1967). Albanides are divided into two parts, namely the Northern Albanides
which extend with Dinarides s.s., and the Southern Albanides continuing
southwards with Hellenides. The internal tectonic zones are included within
the Inner Albanides and the external zones within the Outer Albanides. In this
respect, the Albanides replace the Dinarides and the Hellenides, terms which
have earned the right to be used in the international bibliography. But some
Albanian geologists have discussed and labelled the possible geological position
of the Albanides (Aliaj 1979; 2000; Kodra et al., 2000; Elezaj and Kodra 2008).
Since the Hellenides start in Northern Albania, just south of Shkodra-Peja
transversal, the Albanides can be put into the segment between this transversal
and that of Sperchios in Greece (Aliaj 1979; Aliaj in Meço and Aliaj 2000;
Kodra 2000; Elezaj and Kodra 2008) to comprise a large folded segment with
similar neighbouring tectono-stratigraphic units, characterized by a similar alpine
development (see Fig. 1). Since 1980, the Albanian geologists (Melo 1986;
Papa 2000; 2003; Kodra et al., 2000; Mehillka 2000) and also the French,
American, Canadian etc. geologists began to use the term Dinaric-Albanian-
Hellenic arc for the denomination of the geological structure of the western
part of the Balkan Peninsula, as a substitute of the term Dinarides s.l. (see
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Papa 2000; 2003). The term Dinaric-Albanian-Hellenic Arc was widely used
in the scientific communications of the 8-th Congress of Albanian Geosciences,
held in Tirana, in November 2000. Papa (2000; 2003) said that this term is
confirm with the current concepts of the plate tectonics for the subdivision of
the Dinarides (s.l.) in three closely linked segments such as Dinarides s.s,
Albanides, and Hellenides, without showing the possible placing of the Albanides.
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2. SHKODËR-PEJA AND SPERCHIOS TRANSFORM FAULTS

Albanides can be put into the segment between Shkoder-Peja and Sperchios
Transform Faults. Consequently, describing each of them to show their great
role on the formation of the geological structure of the Albanides would be
very important.

2.1 Shkodër-Peja transform fault and different arrangement of tectono-
stratigraphic units on either side of it

The Shkodër-Peja transform fault was studied particularly during the last
decades by Aubouin and Ndojaj (1964), Dercourt (1968), Aubouin and Dercourt
(1975), Chorovicz et al., (1981), Papa et al., (1991), Aliaj (1988), Muço (1998),
Meço and Aliaj (2000), Aliaj (2012), Xhomo et al., (2002), Frashëri et al. (2014).

This transverse structure has a NNE extension (30o) and corresponds to a
multi-phase first order fault. Some considered it an old transverse fault initiated
after continental rifting and functioning as a transform fault in the Oceanic
Mirdita Basin (Papa et al., 1991; Xhomo et al., 2002; Aliaj 2012). It delimits
the southern termination of the Albanian Alps and Cukali zones (Aliaj, 2012).

The different arrangement of the tectono-stratigraphic units which were
established on either side of the Shkodër-Peja transform fault are as follows:
the Sazani-Paxos, Ionian, Kruja-Gavrovo, Krasta-Pindos, Mirdita-Subpelagonian,
Korabi-Pelagonian and Vardari-Axios zones in the South, and the Kruja-
Dalmatian, Cukali-Budva, Albanian Alps-Karst/Prekarst, Vermoshi-Bosnian,
Gashi-Durmitori and Dinaric ophiolite units in the North. The oceanic spreading
on each side of it has been located to the east of Krasta-Pindos basin and
Hajmeli platform into Mirdita Ocean of the Albanides and to the east of the
Vermoshi-Bosnian basin and Gashi-Durmitor platform into the Dinaric Ocean
of the Dinarides s.s. (Xhomo et al., 2002).

The onset of Kruja (Dalmatian) flysch sedimentation on either side of Shkodër-
Peja transform fault started at Early Oligocene time in the Albanides (Xhomo
et al.,2002) whereas at Middle Eocene time in the Dinarides (Dimitrijevic 1997;
Kilibarda et al., 2010), which testifies that the above-mentioned transform
fault has been also active during the flysch accumulation in the external zones.

During the Tertiary orogenic phases, it acted as a dextral strike-slip fault
pushing the internal Mirdita Ophiolite Zone towards the south-west and touching
the external Kruja Zone at Drini Bay (Meço and Aliaj 2000; Aliaj 2012). Due
to Shkodër-Peja transform, the general NNW-SSE trending structure of the
Mirdita and Korab zones, to the south of it and in its vicinity have been curved
towards the north and north-northeast. Near Lezha town, the external Kruja
Zone has been cut by the Shkoder-Peja dextral strike-slip fault, causing the
deviation of its direction. Consequently, the Kruja Zone anticlinal belts deviate
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from a NNW direction of 335o south of Lezha to a WNW direction of 310o

immediately north of this town.
The continuation of Krasta Zone together with Mirdita Ophiolite Zone NNW

directed from Lezha up to Vau Dejës for about 25 km shows their displacement
towards the north. The internal zones in the shape of nappes were displaced
towards the southwest above the external zones, and also towards the north,
covering a part of the external zones in the Lezha-Vau Dejes segment (Aliaj
2012).

The Shkodër-Peja transform fault represents a very long dextral strike-slip
fault directed NNE from Tropoja to Qerreti north of Puka, cutting in its vicinity
the northwestern nappe front of Mirdita Zone, further from Kçira to Kaftalla
(southwards of Gomsiqe ultramafic massive), passing northwards of Vela
Mountain, near Kallmeti cutting here the northern continuation of Krasta Zone,
and reaching the external Kruja Zone nearby Lezha town. The Shkodër-Peja
transform fault cuts and pushes the frontal thrust of the orogen in Albania
(Aliaj 1997; Meço and Aliaj 2000; Aliaj 2012). In the greatest part, the deposits
of Qerret-Miliska Subzone, taking place nearby west-northwestern nappe
boundary of Mirdita Zone, are covered tectonically by Triassic and Jurassic
ophiolite nappes. The formations of Qerret-Miliska Subzone crop out in the
shape of tectonic fragments in Kçire, Kaftalle and other places (Xhomo et al.,
2002; 2004).

In addition, the fractured small granite massifs in Levrushk and Fierzë
originated from the continental crust, and the Silurian-Devonian shales and
Permo-Triassic sandstone-conglomerates (“Verucano” formation) outcroppings
near Bugjoni sector westwards of Fierza HPP have been tectonically pulled up
from the depths due to the dextral Shkodër-Peja transform fault.
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2.2 Sperchios transform fault and different arrangement of tectono-
stratigraphic units on either side of it

The transverse zone of Sperchios presents ENE-WSW pattern of major faults
active since Triassic time (Ferriere 1982). There are at least four vertical faults
disposed “en echelon”, bordered by peridotite units and specific series of “pelagic
Maliac type”. This fault pattern has been interpreted as a transform fault zone
(Aubouin and Dercourt 1975; Ferriere 1982). The good presentation of this
main fault pattern on the western side of the Othris domain supports the idea
of a Maliac Ocean located on the western border of the Pelagonian Zone
(Ferriere et al., 2012). The formation of the Pindos ophiolite oceanic spreading
is envisaged to have taken place orthogonally to major transform faults found
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in Greece (e.g. Kastaniotikos and Lyberis et al., 1982; Sperchios et al., 1982)
and northwards in Albania, e.g. Scutari-Pec (Aubouin et al., 1970). These
faults, possibly representing Paleozoic basement lineaments, are seen as the
major controlling factor on micro-continental drifting and basin formation at
the northern margin of Apulia (Robertson et al., 1991). The Gulf of Corinth
and the Amvrakikos-Sperchios basins have been suggested to have also
accommodated the westward motion of Turkey.

The WNW–ESE trending Kremasta and Sperchios fault systems cuts across
at high angle the orogenic fabric forming shallow depressions and narrow
valleys. The neotectonic development of the Kremasta and Sperchios fault
systems shows the present-day activity of the Sperchios transform fault. The
Sperchios River basin comprises part of an active rift system formed by
extensional deformations of the Greek mainland since the Early Pliocene
(around 5 Ma). The opening of the Sperchios basin graben together with the
Kremasta fault system accommodates the transcurrent movements of the NAF
on the east with those of the Cephalonia transform fault on the west as a
“bridge of failure” (Fig. 3, Kilias et al., 2008).

The different arrangement of the tectono-stratigraphic units which were
established on either side of the Sperchios transform fault are as follows: Paxos-
Sazani, Ionian, Gavrovo-Kruja, Pindos-Krasta, Subpelagonian- Mirdita and
Pelagonian-Korabi zones in the north, and east of Ionian Zone, the Gavrovo-
Tripolitza, Pindos-Olonos, Parnassos, Beotian, Subpelagonian and Pelagonian
tectonic units in the south. The oceanic spreading on either side of it has been
located to the east of Pindos (Krasta)

basin of the Albanides, and to the east of the Parnassos platform and Beotian
basin of the Hellenides (Xhomo et al., 2002).

The onset of Ionian and Kruja (Gavrovo) flysch sedimentation on either side
of Sperchios transform fault has started at Early Oligocene in the Albanides
(Xhomo et al., 2002), whereas in Late Eocene in the Hellenides (Kamberis et
al., 2005; Sotiropoulos et al., 2008), which testifies its activity during the flysch
accumulation in the external zones.

The characteristics that make the differences of tectono-stratigraphic units
encountered south of Sperchios transform fault in comparison with those of
the Albanides are shown below.
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Fig. 3: (a) General map and (b) 3D-tectonic sketch indicating the relationship of the KFS
and SFS in Central Greece with the right lateral strike-slip CTF and NAT. The relative

motion of the faults is indicated with white lines (from Kilias et al., 2008).

Ionian and Gavrovo Zone. On the basis of the biostratigraphic analysis,
the onset of clastic sedimentation in the Ionian and Gavrovo foreland basins
(Etoloakarnania region) occurred in the Late Eocene (Latest Priabonian)
(Sotiropoulos et al., 2008). The deposition of the flysch transitional beds (NW
Peloponnese) started in the Late Eocene in the Gavrovo-Tripolitza zone, as
well as in Ionian zone too, and lasted up to Early Oligocene in Gavrovo-Tripolitza
and up to Late Oligocene in Ionian zone (Kamberis et al., 2005).

From the Epirus/Arta (internal Ionian), Prevesa (outer part of Middle Ionian),
Parga regions (external Ionian), the provided data show that the basal clastic
sediments in the area have been dated in the latest Eocene-Early Oligocene
(Triantaphyllou 2013). The planktonic foraminiferal fauna from Botzara (van
Hinsbergen et al., 2005) provided conclusive evidence for an early Oligocene
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age for the Ionian flysch and Aquitanian to late Burdigalian Age for the entire
Klematia-Paramythia Basin fill.

The planktonic foraminifera of Pseudohastigerina micra zone from the
transitional marly beds and marly clays in both Ionian and Kruja units of Albania
provided necessary evidences for the Early Oligocene Age (Sadushi 2000).

Pindos-Olonos zone begins with volcanics and pelagic Late Triassic
limestones, continues with calcareous turbidities of Late Triassic-Early Jurassic,
then passes into radiolarian facies of Mid-Late Jurassic. The early Late
Cretaceous interval is marked by turbiditic siliciclastic sandstones with ophiolite-
derived grains (i.e. ‘Premier Flysch de Pinde’) in the north, but not in the south
(i.e. Peloponesse) when pelagic limestones are found instead (Thiebaults 1982).
The Late Cretaceous intervals documented by pelagic carbonates, transitioned
upward to siliciclastic turbidities of Paleogene age (i.e. Pindos flysch). The
Pindos-Olonos zone without first Cretaceous flysch is equivalent with the Cukali-
Budva zone of Dinarides s.s.

The Parnassos zone (Aubouin 1959; 1963; Celet 1962) extends between
Beotian and Subpelagonian zone on the east and the Vardoussia and Olonos
subzones on the west. Sedimentation started with Middle-Late Triassic dolomites
passing up into Late Triassic to Late Cretaceous neritic limestones, covered by
the flysch sediments till the Late Paleocene. Three bauxite horizonts are found
into its carbonate profile. The Parnassos zone is equivalent with the Albanian
Alps-Karst zone of Dinarides s.s.

Beotian zone extends to the east and south-east of Parnassus zone. It consists
of Triassic-Jurassic nodular limestones and radiolarites, and Late Jurassic-Early
Cretaceous Beotian flysch. The Beotian Flysch consists of Tithonian-Berriasian
calc-turbidites overlain by Coniacian-Santonian conglomerates with abundant
radiolarian and ophiolitic detritus material (Clement 1977; Celet et al., 1976).
The Beotian flysch, whose stratigraphic succession is made up by basal
conglomerates grading upwards to sandstones and pelites, interlayered with
Calpionellid micrite limestones, is supposed to belong to the Early Cretaceous
flysch. Limestone beds have been aged to Upper Berriasian. The Beotian
zone is equivalent with the Vermoshi-Bosnian zone of Dinarides s.s.

Subpelagonian zone locates to the east of Parnassos and Beotian zones,
showing that the ophiolite ocean southwards of Sperchios transversal has been
developed between the Parnassos and Pelagonian platforms, whereas north of
this transversal, between the Gavrovo and Pelagonian platforms. This
arrangement of Subpelagonian zone is equivalent with that of Dinaric ophiolite
belt in Dinarides s.s.
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3. The alpine tectono-stratigraphic units in the Albanides

The geological history in Albania could be classified into: i) the Alpine, ii)
Post-Alpine and, iii) Neotectonic Pliocene-Quaternary time periods. During
these time periods were created, developed and established three completely
different structural types, as follow: i) the Alpine tectono-stratigraphic units, ii)
the Post-Alpine Tertiary molasse basins, and iii) the Pliocene-Quaternary
neotectonic structure and the present-day relief.

3.1 Tectono-Stratigraphic Units of the Albanides
South of the Shkodër-Peja transform fault up to Sperchios transform fault in

Albania, Greece, Kosovo and FYROM the following arrangement of the main
tectono-stratigraphic units are distinguished, from west to east: Sazani-Paxos
(Preapulian), Ionian-Ionian, Kruja-Gavrovo, Krasta-Pindos, Ostreni (subzone),
Mirdita-Subpelagonian, Korabi-Pelagonian and Vardari-Axios units (the last
one takes place out of the Albanian territory). The internal tectonic zones
(Mirdita, Korabi and Vardari ones) are included within the Inner Albanides and
the external zones (Sazani, Ionian, Kruja, Krasta and Ostreni ones) within the
Outer Albanides.

3.1.1 The external tectono-stratigraphic units
Sazani Zone is the most westerly zone in Albania including the Sazani Island

after which it was named (Papa and Biçoku 1965) as well as the Mali i Kanalit
and Karaburuni Peninsula from which it was earlier called the Karaburuni
Zone (Meko and Aliaj 1965).

The Oligocene neritic carbonate sediments determined at Mali i Kanalit foots
(Aliaj 1966) show the passage westwards from the Ionian typical flysch to the
carbonate facies, indicating so the distinction of the Sazani Zone as a separate
tectonic unit. There are two main structures in the Sazani zone: the Sazani-
Karaburuni anticline westwards thrusts and the Mali i Kanalit monocline
eastwards back-thrusts to Çika anticline, divided by Gjiri i Ariut-Dukat sinistral
strike-slip fault. The Sazani zone has been limited by two transverse strike-slip
faults: Othonoi-Dhermi dextral strike-slip from the south and the north of Sazani
Island one from the north (Aliaj 2006; 2012).

The Sazani Zone has been considered as a relatively uniform, Mesozoic–
Cenozoic carbonate domain, transitional between the Apulian platform and the
Ionian Basin. It comprises a typical carbonate platform at least from late Triassic
to the Oligocene. The Cretaceous and Paleogene carbonates outcrop on the
surface, but the dolomites of late Triassic Age and the limestones and dolomites
of Jurassic Age have been identified from deep boreholes too. The surface
outcroppings start with dolomitic/oolitic limestones and micritic limestones of
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Lower Cretaceous, and follow with limestones and dolomitic limestones of
Upper Cretaceous. The carbonate formation reappears in the Middle Eocene
and Oligocene due to a stratigraphic hiatus eliminating the Paleocene and Lower
Eocene; the Eocene/Oligocene facies consist of brecciated limestones. Then
the Burdigalian deposits, consisted mainly of marls, lies transgressively over
the Upper Cretaceous section (Shehu et al., 1990; Meço in Meço and Aliaj
2000; Xhomo et al., 2002).

The Sazani Zone continuation in Greece was variously named by different
authors, for instance as the Paxos Zone by Renz (1940), and as the Preapulian
Zone by Aubouin et al., (1963) and Jacobshagen et al., (1986). Outcropping
successions in Pre-Apulian Zone differ in stratigraphic completeness,
sedimentary development, and faunal and/or floral content. Pre-Apulian zone
rocks consist of Triassic to Miocene deposits, mostly mixed neritic-pelagic
carbonates. This coexistence indicates the presence of intraplatform basins
characterizing the slope between the Apulian platform and the Ionian Basin
(Karakitsios 2013).

Named by Aubouin (1959), the Ionian Zone covers much of Albanian
territory, far exceeding other external zones in area. It has the same name in
Greece. Papa and Biçoku (1965) always called it the Ionian Zone. The
stratigraphic section of the Ionian Zone begins with evaporate formation and,
from the Upper Triassic to the Middle Liassic, it took the shape of a neritic
platform. Between the Middle and the late Liassic, rifting occurred and, from
Toarcian it was separated into three sub-zones, a western still having the shape
of a neritic platform or transitional in nature, a central basin and a eastern one
having again the neritic platform shape. From the Dogger to Eocene inclusive,
the Ionian Zone has been represented by a pelagic basin, and during this time
interval, pelagic carbonates and cherts accumulated with some variations along
this profile.

Based on the thrusting and folding phase, the Ionian Zone was divided into
two sub-zones: i) The internal Ionian Subzone folded and the thrusted at the
end of the late Oligocene and ii) the external Ionian Subzone at the end of
Langhian (Aliaj 1988; Aliaj et al., 1991; Aliaj 2012; Meço and Aliaj, 2000).
From early Oligocene to late Oligocene, the deposition of the flysch formation
occurred in the internal Ionian Subzone (the Berati anticlinal belt) and from the
Early Oligocene to the Burdigalian and Langhian Age in the external Ionian
Subzone (Kurveleshi and Çika anticlinal belts) (Meço et al., 2000; Aliaj 2012).
Based on the stratigraphic profile succession, the Ionian Zone was also divided
into three sub-zones from west to east: i) Çika Subzone, ii) Kurveleshi Subzone
and iii) Berati Subzone (Xhomo et al. 2002).

The Periadriatic molasse basin has been developed transgressively and with
unconformity over the folded structure of the Ionian Zone and partly of Kruja

Shyqyri ALIAJ, Alaudin KODRA



43JNTS

Zone. Its molasse section began in the Serravalian and continues on to the
Pliocene inclusive.

The Ionian zone in Greece consists of Triassic (from Lower to Upper Triassic)
evaporates and of Middle (Ladinian) – Upper Triassic Foustapidima limestones,
Jurassic–upper Eocene (mostly pelagic carbonates, minor cherts, and shales),
overlained by the Oligocene flysch (Karakitsios 2013). From the Epirus/Arta
(internal Ionian), Prevesa (outer part of Middle Ionian), Parga regions (external
Ionian), the provided data show that the basal clastic sediments in the area
have been dated between 34.4 and 33.0 Ma (mean 34), in the latest Eocene-
Early Oligocene (NP21). A Middle Eocene age has been provided for the
basal flysch deposits in Epirus/Botzara region, middle Ionian (NP16/42.6-39.7
Ma (mean 41). In adition the planktonic foraminiferal fauna from Botzara (van
Hinsbergen et al., 2005) provided a conclusive evidence for an early Oligocene
age for the Ionian flysch and Aquitanian to late Burdigalian Age for the entire
Klematia-Paramythia Basin fill.

Kruja Zone is named after the eponymous mountain chain eats of Kruja
town (Kossmat 1924; Papa and Biçoku 1965). It extends as a belt from Lezha
town in the north to Kulmaka and Qeshibeshi in the south of Albania. It comprises
a neritic platform separating the two basins, that of Krasta in the east and the
Ionian one in the west. The development of stratigraphic profile comprises
carbonate neritic facies from Upper Cretaceous to the Eocene inclusive. During
the Oligocene, flysch has been accumulated, starting simultaneously with the
flysch in the Ionian Zone (Aliaj and Meço 2000). At the Paleocene-Eocene
boundary, a hiatus with a bauxite level occurs in different structures of the
zone, e.g. at Makareshi and Tervolli (Xhomo et al., 2000).

In the Monography “Geology of Albania”, Xhomo et al., (2002) reported that
the Kruja zone is divided into two subzones: i) the Dajti Subzone extending
from Renc and Kakariq structures in the north to the Tërvolli in the south,
consisting of Upper Cretaceous-Late Eocene limestones, covered by Early
Oligocene flysch deposits, and, ii) the Tomorri Subzone that includes the Tomorri,
Kulmaka, Qeshibeshi and Ishmi structures, consisting of Cretaceous-Late
Eocene limestones, covered by flysch deposits of the Early to Middle Oligocene
Age.

The Kruja zone, south of Elbasan-Dibër transversal, consists of two subzones
with typical structural and paleogeographical evolution features: a) the Tomrri
Subzone which includes the Tomorri, Kulmaka and Qeshibeshi brachyanticline
structures which has evolutional features (internal carbonate platform dating
up to the Lower Cretaceous (Albian), and an external platform with plunging
tendency towards the Ionian basin dating from the Late Albian-Early
Cenomanian to the Eocene age) and, b) Dajti Subzone which includes Valesh
and Tërvolli crest anticlines, represents an internal carbonate platform dating
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from Cretaceous up to Eocene age (Sadushi et al., 2015).
The planktonic foraminifera of Pseudohastigerina micra zone from the

transitional marly beds and marly clays in both Ionian and Kruja units provided
appropriate evidences about the Early Oligocene Age (Sadushi 2000). The
planktonic complex of Pseudohastigerina micra zone is represented by
following microfauna: Pseudohastigerina micra, P. naguewchensis,
Globorotalia postcretacea, Globigerina ampliapertura, G. linaperta, G.
officinalis, G. pseudoeocenica, G. trilocularis, G. venezuelana and
Catapsydrax univacus (Xhomo et al., 2002).

Krasta Zone was denominated by Zuber (1940) and the name comes from
the hills of Krasta near Elbasani in central Albania. It extends belt-like between
the Mirdita and Kruja zones and also along the corridor starting east of Elbasani
and reaching Peshkopi through the internal zones; this latter has been called
“Couloir de Shëngjergji” (Aubouin and Ndojaj 1964; Melo and Kanani 1978;
Naço 1997; Meço and Aliaj 2000). The Krasta zone structures take place from
Vau Dejes near Shkodra to Ostrovica Mountains up to Mali Gramozit in the
southeast. The Krasta nappe thrusts westwards the Kruja zone, and was
overthrust by the Mirdita ophiolites from the east. The Krasta, Lisen-Spiteni,
Okshtuni and Ostreni units are divided into the extent of the Krasta Zone (Xhomo
et al., 2002).

No complete succession is exposed in the Krasta zone southeastwards of
Mati River. The succession begins with Cretaceous (Albian to Cenomanian-
Turonian) terrigenous turbiditic sandstones and mudstones, overlained by Late
Cretaceous (Senonian to Lower-Middle Maastrichtian) pelagic carbonates, and
is followed by terrigenous turbidites that extend from Upper Maastrichtian to
the Eocene (Melo and Kanani 1978; Naço 1997; Lula et al., 1981; Xhomo et
al., 2002). In addition, a thick complete succession is exposed in the area from
Vau i Dejës near Shkodra to Spiteni near Lezha (Xhomo 1966; Shehu et al.,
1966; Melo and Kanani 1984; Xhomo et al., 2002). At Guri i Zi, near Shkodra,
the succession begins with the effusive rocks, overlained by the Anisian-Ladinian
chert/limestone alternations, and follows with Ladinian-Carnian limestones,
passing into Upper Triassic neritic limestones, overlained by Middle Liassic
massive limestones at both Spiteni and Lisna. Above this comes the Toarcian
Ammonitico Rosso, Middle Jurassic-early Upper Jurassic limestones,
Kimmeridgian-Tithonian radiolarites, Tithonian-Berriassian limestones, Lower
to Upper Cretaceous limestone, unconformably overlained by reddish marls of
Late Paleocene passing into the Lower to Middle Eocene flysch.
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Based on the aforementioned stratigraphic data, the Krasta Zone could be
divided into two subzones: i) Lisen-Spiteni Subzone represented by a succession
of the Middle Triassic volcanics, Middle-Upper Triassic-Jurassic limestones,
Upper Jurassic radiolarites and Cretaceous limestones, overlained by Paleocene-
Middle Eocene flysch (Xhomo et al., 2002), and ii) Derja Subzone consisting
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of the Albian-Cenomanian early Flysch, Late Cretaceous limestones and the
Upper Maastrichtian-Late Eocene Flysch (Lula et al., 1999).

The end of Late Eocene compressional tectonic event has caused the folding
and thrusting of the Krasta zone, creating the assymetric anticline and syncline
structures, as well as a number of thrust sheets. Different thrusting planes
have been distinguished along the thrust front of the Krasta zone: the first at
base of the Triassic or Jurassic limestones, the second under the first Cretaceous
flysch, the third under the Upper Cretaceous limestones and the last under the
Tertiary flysch (Melo and Kanani 1984; Aliaj 1987; 1994; Xhomo et al., 2002).
Nappe structures in the Krasta thrust front are evidenced in some places such
as the Ostrovica and Lleshani nappes (Aliaj 1994).

The southward continuation of the Krasta zone in Greece is followed by the
Pindos zone. It consists of Mesozoic carbonate and siliciclastic rocks and the
Tertiary flysch. The stratigraphy of the Pindos zone, besides the local
differentiations, can be summarized as follows from bottom to top: i) Detrital
Triassic unit: alternating clastic and deep sea sediments (Middle Triassic), ii)
micritic limestones with intercalations of chert and siltstone (Late Carnian-
Liassic), iii) radiolarites consisting of pure red and green chert and mudstone
(Early Dogger-Tithonian), iv) calpionellid limestone, thin-bedded silicic micrite
(Tithonian-Berriassian), v) first Pindos flysch formation consisting of clastic
material, including ophiolite debris and carbonate clasts, intercalated by mudstone
and marlstone (Albian-Turonian), vi) platy limestone pelagic biomicrites with
layers of microclastic limestone (Coniacian-Early Maastrichtian), vii) transition
beds from limestone to flysch, white limestone interbedded with sandy to pelitic
clastic material (Maastrichtian) and, viii) Tertiary flysch consisting of pelites,
siltstones, marls and sandstones (Paleocene-Late Eocene) (Aubouin 1959;
Fleury 1980). Different thrusting planes have been distinguished along the thrust
front of the Pindos nappe. Along the Metsovitikos River, a major transverse
fault zone, known as Kastaniotikos fault (Lyberis et al., 1982) interrupts the
continuation of the Pindos zone. The carbonate series of the Pindos zone do
not appear to the north of this fault where only the Tertiary Pindos flysch
represents the Pindos nappe and overthrust the Ionian flysch of the Zagori
basin (Aubouin 1959, Zouros and Mountrakis 1990).

Ostreni Subzone belongs to the easternmost part of Krasta Zone west of
the Hajmeli platform Subzone (Xhomo et al., 2002, see Figure 1 and 4). It
takes place at the forehead of the Mirdita Zone overthrust where its
fragmentarily outcroppings encountered over Krasta Zone flysch. The largest
outcropps are met in Shëngjergji corridor and in the Diber region (Melo 1982;
Xhomo et al., 2002). The Ostreni Unit is composed of the following deposits:
the Tithonian-Cenomanian sandstone-claystone-marl Early Flysch, the Upper
Cretaceous limestones with Globotrucana and the Maastrichtian- Cenomanian
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flysch (Xhomo et al., 2002).
The oldest section of Ostreni Subzone encounters in the Guri i Topit, Shenmeri

and other sectors. The Ostreni Subzone profile which occurs in Guri i Topit
sector is constituted from the bottom to the top as follows: rift related volcanics,
the Middle-Upper Triassic to Early Jurassic pelagic and neritic limestones with
a chert parcel in between, the Middle-Upper Jurassic radiolarites with
intercalations of thin layers of black limestone with Protopeneroplis striata.
Upwards continue the Upper Jurassic radiolarite-limestone intercalation with
rare sandstone beds, including the ophiolite debris and, the Lower Cretaceous
(Berriasian-Valanginan) terrigene turbidites (Early flysch) consisting at the base
of conglomerate-sandstone intercalations with ophiolite debris passing up to
marl limestone-claystone ones (Aliaj and Gjata 1979).

The deposits of the internal zones overthrust the Ostreni Subzone, which is
represented by the windows and half windows from Shëngjergji corridor up to
Dibër region, where it overthrusts the Middle Eocene flysch of Krasta Zone
around the Okshtuni tectonic window as well as the evaporites and Oligocene
flysch of the external Kruja Zone (Melo 1982; Melo et al., 1991; 1991a; Naço
1997; Lula 1999; Naço and Hamiti 2000; Hoxha 2001) (see Fig. 1).

Ostreni Subzone has represented the easternmost edge of the External
Albanides, registering the important tectonic events that occurred in the Internal
Albanides during the closing of Mirdita oceanic basin (Kodraet al. 2000; Xhomo
et al., 2002). The Ostreni Subzone is considered to be equivalent of the Beotian
Zone in Greece (Celet et al., 1976) and the Bosnian (Vermoshi) Zone in the
Dinarides s.s. (Blanchet et al., 1969; Kodra et al., 2000, Xhomo et al., 2002;
2005) (see Fig. 2). In the Greek territory, north of Sperchios transversal the
Ostreni (Beotian) flysch rarely outcrops.

Shyqyri Aliaj, one of the authors of this paper, has a different opinion about
the stratigraphic profile of the Ostreni Subzone. The Ostreni early flysch deposits
are observed in the shape of a ring overthrusting the Maastrichtian-Eocene
flysch of Okshtuni tectonic window and in the Trebisht tectonic window
underlying the Triassic-Jurassic limestones (Xhomo et al., 2002). The known
early flysch in Krasta Zone in Albania and in Pindos Zone in Greece has the
same Albian-Cenomanian-Turonian age (Melo and Kanani 1978; Xhomo et al.
2002; Aubouin 1959; Fleury 1980; Zuros and Mountrakis 1990). The stratigraphic
succession from the Tithonian-Valanginian early Flysch deposits to the Albian-
Cenomanian-Turonian early flysch ones is missing in the Krasta Zone (Lula et
al., 1981; Pulaj et al., 1985; Meço and Aliaj 2000). The Guri i Topit region
consists of almost complete succession from the Middle Triassic up to the
Berriasian-Valanginian Early flysch.

The Guri i Topit geologic section identifies a new tectono-stratigraphic unit,
named by us the Guri i Topit Zone. In Guri i Topit Zone are also included the
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largest Early flysch outcrops around the Shëngjergji corridor and in Guri i Topit
region. The Guri i Topit Zone is equivalent with that of Beotian Zone in Greece.

3.1.2 The Internal Tectono-Stratigraphic Units
The internal tectono-stratigraphic units occupy large territories in Albania,

Greece, Kosovo and FYROM. They are composed of the Mirdita-
Subpelagonian, Korabi-Pelagonian and Vardari-Axios zones. Each one of them
consists of a subzone series, which has allowed a better understanding of their
complex geology (see Fig. 5).

The main markers of the internal tectono-stratigraphic units are the Triassic
and Jurassic ophiolites of Mirdita and Vardari zones with the Korabi-Pelagonian
microblock between them. They underwent earlier stages of compressional
deformations during Middle-Upper Jurassic and Jurassic-Cretaceous in the
closing process of Mirdita and Vardari oceanic basins. Tectonic style is
characterized by interoceanic and marginal paleoemplacement with bilateral
vergence until the closing of oceanic basins. Later on, the internal zones jointly
with the external ones underwent Tertiary deformations associated thrust-folding
and west vergence displacement.

Mirdita Zone. Mirdita’s Nappe has been named by Nopcsa (1929). In the
territory of Greece there are used different names: Sub-Pelagonian Zone
(Aubouin 1959), Maliac Zone (Ferriere 1982) and Pindos Zone (Smith 1984,
Robertson et al., 1989, Jones et al., 1990). Robertson and Shallo (2000) showed
the Pindos-Mirdita ocean basin as the place of origin of the Mirdita ophiolites.

According to Kodra and Gjata (1982), Kodra (1987), Kodra et al., (1993;
1995; 2000), Kodra, Bushati 1991, Godroli (1992), Hoxha (1996), Dimo (1997),
and Xhomo et al., (2002; 2005) the Mirdita Zone represents a super-zone with
graben-like palaeogeographic architecture formed during Early – Middle Triassic
continental rifting associated and followed by the Upper Anisian continenta
break-up and narrow “oceanic” extension during the Middle Triassic-Early
Liassic and Middle-Upper Jurassic time. Closing of the Mirdita “oceanic” basin
occurred during the Middle Jurassic-beginning of Upper Jurassic as a result of
bidivergent interoceanic and marginal paleoemplacement. The closingof Mirdita
oceanic basin according to a north-western vector has been iterpreted by Meshi
(1995), Meshi and Hoxha (2008). At the end of the Late Eocene the Mirdita
Zone overthrusts the flysch deposits of the external tectonic units. Overthrusting
plane of the Mirdita Zone over the external zones is the most conspicuous
tectonic plane in the geologic structure of Albania.
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In the geologic building of the Mirdita Zone are distinguished two main
different units: i) the Triassic and Jurassic Ophiolites with their Middle-Upper
Jurassic, Jurassic-Cretaceous and younger sedimentary cover and, ii) the tectonic
subzones with sedimentary and volcano-sedimentary formations at the basement
and at the periphery of the ophiolites.

A brief description of such units of the Mirdita Zone is here reported.

i) Triassic and Jurassic Ophiolites and Their Sedimentary Cover
The Mirdita Zone is characterized by a wide spreading of Triassic and Jurassic

ophiolites, starting from the Orahovac ophiolite massif in Kosovo up to the
Vourinos and Othris massifs in Greece. The ophiolite massif from Tropoja and
Hasi up to Bulqiza represent the largest ophiolite massif in the whole Alpine
ophiolite belt.

Triassic ophiolites are located at the periphery and subassement of the
Jurassic ophiolite floor, and between them a metamorphic sole of Middle Jurassic
age with thickness in the limits of 300-400 m is met. Triassic ophiolites are
mainly represented by basalt-radiolarites of volcano-sedimentary formation.
Basalts are of MORB type (Bortolotti et al., 2004) with the Middle-Upper
Triassic age based on radiolarite dating (Marcucci et al., 1992; 1994; Kodra et
al., 1995; Këlliçi et al., 1994; 1995; Hoxha 1995; Chiari et al; 1996). A part of
ophiolite massives at Mirdita Zone nappe front over the Krasta Zone are
interpreted of Triassic age.
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Jurassic ophiolites are widely spread with full formational representation
and potent sections in many regions of Albania. They are studied in details in
Albania, Greece and Kosovo. Geophysical studies provide a thickness of up to
6 -14 km for the ophiolites of Albania (Bushati and Dema 1985, Bushati 1988;
1997; Bushati et al., 1994). Shallo (1980; 1991), Bortolotti et al., (1996), Gjata
(1980, 1990), Gjata et al., 1995; Meço and Aliaj (2000), Shehu et al., (1990),
Xhomo et al., (2002) etc., whereas the internal structure of ophiolites was
studied by Meshi (1995) and Nicolas et al., (1999) have widely investigated
the petrology and geochemistry of the Jurassic ophiolites.

Based on the results of petrological, geochemical and metalogenical
investigations and on the regional setting, the Mirdita ophiolites could be classified
into two ophiolite belts: i) the western belt of incomplete sequential ophiolites
of the MOR type, and ii) the eastern belt of the complete sequential ophiolites
of the SSZ type. The ophiolite massifs of Krrabi, Tërbuni-Kaçinari, Gziqi, Shpati,
Pindos etc. belong to the first ophiolite belt of MOR type, whereas the massifs
of Orahovac, Tropoje-Gjakovë, Kukës, Lurë, Bulqizë, Shebenik, Vurinos, Othris
etc. to the second ophiolite belt SSZ type.

The Middle Jurassic Age of the Albanian Jurassic ophiolites was determined
by the isotopic studies (Bebien et al., 1999; Tashko and Gjata 1990; Gjata et
al., 1992; Dilek et al., 2002) and especially by the radiolarian determinations of
the primary radiolarian sedimentary cover of volcanic rocks of ophiolites
(Marcucci et al., 1992; 1994; Këlliçi et al., 1994; 1994a; Prela 1996; 2000;
Prela and Xhomo 2000; Prela et al., 2000).

Ophiolites are covered by Middle Jurassic Kaluri radiolarian cherts, Middle-
Upper Jurassic “blocks in matrix” Simoni melange and Callovian-Oxfordian
ophiolitic breccia and tuffo-breccia. They normally or discordantely overlie by
Oxfordian-Lower Tithonian radiolarian cherts, flysch and molasses (Gawlik et
al., 2008; Elezaj and Kodra 2008; Kodra et al., 1995; 2009). The Upper
Tithonian-Valanginian Firza flysch overlies them with unconformity (Peza et
al., 1985; Gjata 1980; Gjata et al., 1989; Shehu et al., 1990; Xhomo et al.,
2002) and they pass above into the Cretaceous sediments.

ii) Subzone units at the periphery and at the basement of the ophiolites
The Hajmeli and Qerret-Miliska subzones could be met in the western

periphery of ophiolites, while the Gjallica and Mbasdeja subzones in its eastern
periphery. Each one of them has the value of a real tectonic zone, but we have
maintained the including them into the graben megastructure of Mirdita Zone.

Hajmeli subzone is located in the western periphery of the Mirdita zone, at
the Mirdita overthrust forehead. The Hajmeli Subzone during Ladinian to Early
Liassic time represented a subsiding platform bordering southwest by the
Krasta-Ostreni basin, and northeast by Qerret-Miliska basin-slope. The
geological structure of Hajmeli subzone is described in many papers and
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monographs, but more details are given by Xhomo et al., (2002). The thrust-
folding structure of the Hajmeli Subzone has a western vergence.

A synthesized lithostratigraphic column of Hajmeli Subzone is in Figure 5
depicted. The equivalent of the Hajmel subzone in Greece is the Koziakas
Subzone.

Qerret-Miliska Subzone has a limited spread in the villages of Miliska,
Dush, Mirake, Kçire, Kaftallë, Fregen, Livadhas and Nderbungë. The Qerret-
Miliska Subzone during the Ladinian to Middle Jurassic time represented a
basin-slope with thin continental crust, passive continental western margin of
the Mirdita “oceanic” basin, bordering west by the Hajmeli platform. The thrust-
folding structure of Qerret - Miliska Subzone has mainly western vergence
and in many cases it plunged towards east and southeast under the ophiolite
sheets. The Qerret-Miliska complete sections of “Hallstat facies” are studied
in the area of Porava, Miliska, Dush, etc. (Kodra 1976). The geological structure
of Qerret-Miliska Subzone is provided in many papers and monographs, but
more details are given by Xhomo et al., (2002). A synthesized lithostratigraphic
column of Qerret-Miliska Subzone is in Figure 5 depicted.

The outcroppings of the Qerret-Miliska Subzone due to tectonic ophiolite
overthrusting and young deposits covering are not found in Shëngjergji corridor
and in the territory of Greece.

Mbasdeja Subzone has limited outcroppings in Albania and Greece due to
tectonic ophiolite sheet covers. In Albania it spreads in the regions of Mbasdeja,
Kacni, Lepurak, Streblevë, Skanderbeg 2 and Kotodesh. The main outcroppings
in Greece encountered in the Maliac areas, were studied in details by Ferriere
(1982) and many other researchers.

The Mbasdeja Subzone during Ladinian to Middle Jurassic time was a basin-
slope with thin continental crust, the eastern passive margin of the Mirdita
“oceanic” basin, bordering east by the Gjallica (Subpelagonian) platform. The
Mbasdeja Subzone is treated in details by Xhomo et al., (2002). A synthesized
lithostratigraphic column of Mbasdeja Subzone is in Figure 5 depicted.

Gjallica Subzone. Mainly carbonate formations of Gjallica subzone are
largely spread in the eastern regions of Mirdita Zone, from Koritniku and Gjallica
Mountains in the North up to Sperchios transform fault in the South. It is
commonly known as Subpelagonian Zone in Greece. It is considered as the
eastern edge of the Mirdita Zone, but also as the western part of Korabi-
Pelagonian continental microblock. The Gjallica Subzone was a subsiding
platform and together with Hajmeli platform has represented lateral borders of
big graben structure of Mirdita Zone.

Gjallica Subzone is described in details by Xhomo et al., (2002). A synthesized
lithostratigraphic column of Gjallica Subzone is in Figure 5 depicted.

Korabi - Pelagonian Zone. The so-called Korabi-Pelagonian continental
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microblock has been treated for a long time as a region with platformic evolution
(during the Triassic and partially Jurassic times) (Aubouin 1963; 1970; Papa
and Biçoku 1965; Papa 1971; Robertson et al., 1989; Jones et al., 1991;
Robertson and Shallo 2000). From long term studies conducted in northwestern
Korabi-Pelagonian Zone (locating in Albania, Kosovo and partially in FYROM)
were obtained new data about the geological evolution of the Korabi-Pelagonian
Zone (Kodra 1976; 1987, Kodra et al., 1980, 1993; 1995; 2000; Kodra and
Gjata 1996; Xhomo et al., 2000; 2002; 2002a; 2005; Meço 1989; Meço and
Aliaj 2000; Elezaj and Kodra 2008; Hoxha and Kodra 2010). Except the
platformic Gjallica Subzone belonging to the western edge of Korabi-Pelagonian
microblock, all the other regions to the east of Gjallica Subzone had a basinal
evolution with pelagic deposits during the Triassic and Jurassic times. They
include Muhurr-Çaja-Malësia e Korabit-Kastoria and Kollovozi-Sharri-
Flambouros basins. Its profile starts at the Variscan basement with
conglomerates of Verrucano series (P-T

1
), passing upwards in deposits and

volcanics of continental rift (T
1
-T

2
) and then pelagic deposits of Ladinian up to

Upper Jurasic age. The southern part of Korabi-Pelagonian microblock that
lies in Greece, south of Kastoria and Flambouro areas, is characterized by
platformic evolution during the Triassic and partially Jurassic time. In the northern
part, the Korabi-Pelagonian microblock (including Gjallica-Koritnik Subzone)
has suffered a paleo-geographical closure leaving place to the Malisheva basin
that lies between it and Drina - Ivanjica continental microblock (Elezaj and
Kodra 2008). The tectonic units of northern Korabi-Pelagonian continental
microblock that belong to the Korabi Zone are described below.

In the Korabi Zone from west to east (except Mbasdeja and Gjallica Subzones
which are described above in the framework of the Mirdita Zone) are
distinguished two subzones: Muhurr-Çaja and Malësia e Korabit (M.Ç-MK)
and Kollovozi (Sharri) Subzones. Muhurr-Çaja and Malësia e Korabit are treated
by Xhomo et al., (2002) as separated subzones but, due to the numerous
affinities, we think to treat them as a single subzone.

Muhurr-Çaja and Malësia e Korabit Subzone (M.Ç-MK). Formations
of M.Ç-MK Subzone are widely spread to the east of Gjallica Subzone. It is
correlated with Kastoria Unit in Greece (Papanikolaou 1989) (see Fig. 2).
M.Ç-MK Subzone is rich in Silurian-Devonian filite deposits. The Devonian
platformic limestones are met in Korabi Mountain (Melo 1969). The Silurian
and Devonian ages were determined by numerous paleontological examinations
of graptolites and tentaculites (Shehu et al., 1990; Pashko 1989; Meço 1989;
Meço and Aliaj 2000; Xhomo et al., 1985; 1987; 2002). The Permian-Lower
Triassic sandstones and conglomerates (Verrucano series) are unconformably
lying above the Variscan basement. The geologic profile continues with
dolomites, Han Bulog limestones and rift volcanics of Anisian, and follows with
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the layered siliceous limestones of Ladinian up to Early Middle Jurassic age,
Middle Jurassic radiolarites and Upper Jurassic schists with snippets (Kodra et
al., 1995; Meço and Aliaj 2000; Xhomo et al., 2002; Hoxha 2005; Kodra and
Hoxha 2010) (see Fig. 5). Structure of M.Ç-MK Subzone is too complex. The
thrust-folding has eastern vergence with westward decline of axial plan in the
Muhurr-Çaja area. Even major faults, including those between Gjallica and
Muhurr-Çaja Subzones have westward dipping. The opposite occurs in
structures of Malësia e Korabit where there were identified the western
vergences.

Kollovozi (Sharri) Subzone is located in the east of M.Ç-MK Subzone. It
is widely spread in the northeastern regions of Albania, in the Sharri Mountains
of Kosovo and FYROM, as well as in the territory of Greece, where it is
known with the Flambouro Unit (Papanikolaou 1989). The Kollovozi (Sharri)
Subzone is built almost entirely from the Lower Paleozoic deposits, represented
by filites, quartzites, sandstones, ignimbrites, sienites etc. with the thickness of
more than 500-600 m. (see Fig 5). The Cambrian deposits are defined in the
Sharri Mountains (FYROM territory) while the Ordovician, Silurian and
Devonian deposits are defined in Albania based on many determinations of
graptolites, konodontes, tentaculites etc. (Shehu et al., 1990; Pashko 1987;
1988; 1989; 1990; Meço 1984; 1987; 1989; Meço and Aliaj 2000; Xhomo et al.,
1985; 2002; Hoxha 2005). Mesozoic deposits have a limited spreading,
represented mainly by the Lower-Middle Triassic flyschoids outcropping in
Sorokol area etc. (Hoxha 2001). Fragments of siliceous layered limestones of
Ladinian-Middle Jurassic age and schists with clasts of Upper Jurassic age are
met in the highlands of the Sharri Mountains at Kapelja e Nikolles, Kobilica
areas etc., (Hoxha and Kodra 2010). The Kollovozi Subzone overthrusts the
M.Ç-MK subzone towards west and northwest while, from Kosharishti and
Kërsteci up to southeast of Ljuboten Mountain it also overthrusts the Koritnik
(Gjallica) platformic Subzone towards northwest. The overthrusting occurred
at the Late Eocene time (Kodra and Hoxha 2010; 2015).

Vardari Zone is widely spread to the east of Korab-Pelagonian and Drina-
Ivanjica continental microblocks. It extends for hundreds kilometers from
Thessaloniki in Greece to FYROM and Kosovo up to Serbia in the north.

The Triassic and Jurassic ophiolites with the metamorphic sole of Middle
Jurassic between them are widely spread in the Vardari Zone. The formations
of former continental margin are interlocked tectonically during the closure
processes of the “oceanic” basin and later on. The Triassic ophiolites are of
MOR type, while the Jurassic ophiolites are of MOR and SSZ types. The
chemistry of the metamorphic sole amphibolites is mainly of MORB type. The
covers of Jurassic, Jurassic-Cretaceous, Cretaceous and younger radiolaritic
cherts, flysch and molasse deposits are widely spread. The Oligocene-Miocene
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magmatic rocks represented by andesites, dacites, rhyolites and the pyroclastic
formations accompanying them are widely spread in the Vardari Zone (Knobloch
and Legler 2006). The Pliocene molasses cover large areas. The composed
Vardari Zone is presented as undifferentiated as depicted in Figure 1 and 2. A
generalized section of Western Vardari Zone is in Figure 5 depicted to give a
preliminary emphasizing to the complexity of this Zone.

4. The alpine geological evolution

The Alpine geological history of Mesozoic basins and platforms of the
Albanides from their differentiation up to the orogenic deformation into folded
and thrust tectono-stratigraphic units is treated below based on the evidence of
sedimentary, tectonic and magmatic events.

The large palaeogeographic units which were differentiated from east to
west in the Albanides belt at the first stage are as follows: Vardari ocean basin,
Korabi-Pelagonian microblock, Mirdita ocean basin, Krasta sedimentary pelagic
Basin, Kruja platform, Ionian pelagic basin and Sazani platform (part of the
large Apulian platform).

The first period (continental rifting and oceanic spreading) begins with
transgression of Verrucano series (P – T

1
) over Variscan subassement deposits

and with rift volcanics during the Early-Middle Triassic time testifying a tectonic
extensional regime throughout the Albanides. The continental break-ups of the
Vardari and the Mirdita basins were the most important events that occurred
during the Late Anisian time. As a result, began the separation of Korabi-
Pelagonian continental microblock from the Adria (Apulia) plate. The first
oceanic spreading in Vardar and Mirdita basins with ophiolites of MOR type
occurred during the Ladinian and especially during the Late Triassic to the
Early Liassic times. The Triassic oceanic spreading was accompanied by
significant differentiation in peripheral parts of the two oceanic basins and also
in other units of the Albanides. The Vardari graben structure with oceanic
basin and three units of different evolution (Almopia, Paikon and Peonias) -
named by Mercier (1966) were installed. The Mirdita graben structure with
oceanic basin in between and two pelagic basin-slopes: Qerret-Miliska in the
west and Mbasdeja (Maliac) in the east were installed. The Qerret-Miliska
and Mbasdeja (Maliac) basin-slopes bounded from outside with the Hajmeli
Platform in the west and Gjallica (Subpelagonian) Platform in the east. West
of Mirdita graben structure, southwest of Hajmeli platform, the Krasta and
Ostreni basins had a basinal regime while westwards of them, the broad Apulian
platform existed. The southern half of Korabi-Pelagonian Mikroblock from the
Ladinian to Early Jurassic time was developed in platform conditions (Pelagonian
platform), while its northern half have been in basin conditions (Korabi basin).
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During the Early-Middle Jurassic the continental rifting affected the Apulian
platform which was broken into the Ionian Basin between the Sazani platform,
the eastern part of Apulian platform, and the Kruja platform. Important oceanic
spreading continued in the Vardari and Mirdita basins, where first the Mid-
Oceanic Ridges spreading occurred during Early-Middle Jurassic time forming
incomplete ophiolites of MOR type, while as a result of interoceanic subduction
processes during the Middle Jurassic time were formed complete ophiolites of
SSZ type. Meanwhile, the Hajmeli and Gjallica platforms underwent fracturing
and general reduction to be unified with the two basins-slopes and the ceiling
of ophiolite basalts during radiolarite deposition of Middle Jurassic (mainly
Bajocian-Bathonian) time.

During the Early- Middle Jurassic time, the Korabi continued a basin regime,
while the Pelagonian part was differentiated in areas with platform and basin
conditions.

The second period comprising the Middle-Upper Jurassic and Jurassic-
Cretaceous time period was related mainly to compressional deformations that
led to the closure of the Vardari and Mirdita ocean basins.

In the world geological literature, the most controversial question is the
generation place of the Mirdita ophiolites and the way and time of oceanic
basin closing. The three main models (Fig. 6-9) are here given.

Model 1. The generation place of Mirdita ophiolites interpreted to be the
Vardar ophiolite basin (Fig. 6a). The far-traveled Mirdita ophiolites have their
nappe roots in the Vardar Zone. For some authors, the time period of the ophiolite
obduction over Korabi-Pelagonian Microblock is the late Jurassic and for some
others the Jurassic-Cretaceous time.

Model 2. The generation place of the Mirdita ophiolites was interpreted to
be the Krasta (Pindos) basin or the Pindos-Mirdita basin as Robertson and
Shallo (2000) called it (Fig. 6b). The northeastern border was the Korabi-
Pelagonian platformic microblock, while the southwestern one - the Kruja
platform. Robertson and Shallo (2000) accepted the oceanic basin closing in
two stages. The first stage occurred during Jurassic-Cretaceous time and was
related with ophiolite obduction towards northeast over the Korabi-Pelagonian
microblock. The second stage occurred during the Late Eocene time where
the ophiolites together with underneath Korabi-Pelagonian rocks and deposits
of the Jurassic-Cretaceous coverage moved southwest over the Krasta (Pindos)
flysch, marking the final closure of “Pindos-Mirdita” oceanic basin.

Aliaj (1997) and Meço and Aliaj (2000) interpreted that the generation place
of the Mirdita ophiolites occurred in the viscera of the Krasta (Pindos) basin
(see Fig. 7b). The Mirdita oceanic basin opened in the eastern part of Krasta
basin and to the west of Korabi-Pelagonian platform. Its oceanic spreading
took place in Middle Jurassic time. The Mirdita oceanic basin was closed at
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the end of Late Jurassic time and then the ophiolites were obducted onto
continental margin towards northeast. The big nappe shifting of both Mirdita
and Krasta zones westwards took a long time, from the Late Eocene to Middle-
Late Miocene, and was caused by the successive compressional events that
carried out the orogeny of the external tectonic zones of the Albanides.

Model 3. The generation place of the Mirdita ophiolites is supposed to be
the Mirdita graben megastructure in southwest of Korabi-Pelagonian microblock
and northeast of Hajmeli (Koziakas) platform (Fig. 6c, 8, 9). In contrast to the
previous two models, the compressional deformation stages and tectonic style
of Mirdita oceanic basin closure are characterized by interoceanic and marginal
bidivergent paleoemplacement during Middle Jurassic until beginning of Late
Jurassic time.

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; Meshi and Hoxha 2010; Xhomo et al., 2002; 2005;
Trambley et al., 2015).

The first deformational stage belongs to bidivergent interoceanic
paleoemplacement of the Jurassic ophiolites over the volcano-sedimentary
sequence of Triassic ophiolites. Metamorphic Sole between the Jurassic
ophiolites and the Triassic ones are of Middle Jurassic age. We have named
this stage as Mirdita Middle Jurassic Stage 1 (M-1 J

2
).

The second deformational stage belongs to bidivergent marginal
paleoemplacement. Triassic and Jurassic ophiolites together with Metamorphic
Sole in between are obducted over the continental margin deposits on both
sides of the Mirdita graben megastructure. The second deformational stage
belongs to the time interval of Callovian-Oxfordian. We have named this stage
as Mirdita Callovian-Oxfordian Stage 2 (M-2 J

2
c-J

3
ox).

During the second stage the tectonic rift-drift in the Mirdita ocean basin
includes also step by step the Qerret-Miliska and Mbasdeje passive continental
margins and ongoing the Hajmeli and Gjallica platforms. Mélange “blocks in
the matrix” is the evidence of accretionary processes, while olistostroms are
composed mainly of ophiolite derived debris flows which preceded and
accompanied the bidivergent ophiolite advancements over interoceanic and
over continental margins. The main closure of the Mirdita oceanic basin
occurred during the second stage.

Third deformational stage is more complex. After Callovian-Oxfordian
time, the extensional and compressional regime modes were present in different
parts of the Mirdita Zone. They are expressed by the presence of radiolaritic
cherts and flysch-flyschoidal deposits of the Oxfordian-Hauterivian age, and
by quite clear distinguished emplacement under water washing and structural
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unconformity of the Upper Tithonian-Valanginian deposits. During Hauterivian
time almost a total rising of the Mirdita Zone occured, but there were also
areas where the deposition of Hoterivian-Barremian conglomerates and Aptian
platformic limestones continued. The mass rock’s displacement during the third
stage mainly occurred from the northeast to southwest.

At the third deformational stage we think that the full closure of Mirdita
oceanic basin happened. We have named this stage as Mirdita Late Jurassic-
Early Cretaceous Stage-3 (M-3 J

3
-K

1
). Based on the literature and on our

observations, we believe that the Vardari Zone in Kosovo has more or less a
similar closing history with that of the Mirdita oceanic basin. During the Late
Jurassic and Jurassic-Cretaceous times in the Korabi area the limited deposition
of shales with clasts, ophiolitic breccias and tuffo-breccias continued, which
then suffered the folding and faulting deformations. In southwestern Mirdita
Zone, the Krasta (Pindos) area continued the basin regime, while the Ostreni
Subzone registered tectonic events of the Internal Albanides - the deposition of
Jurassic-Cretaceous Ostreni flysch. In more southwestern external zones of
the Albanides the same condition as before were maintained: platform conditions
for Kruja and Sazani units and basin ones for the Ionian one. The Cretaceous
transgression covered the terrains of the Mirdita Zone.

The basin and platform orogeny is explicable by a subduction-collision
mechanism, with simultaineous induced folding, as well as thrusting and nappe
placement of the tectonic zones, one over another. This mechanism demands
that subduction preceding the collision can occur both in oceanic and continental
crust. Ergo the external tectonic zones constitute the large deformed units of
the sedimentary crust, detached from the subducted part of the former Adriatic
plate and overthrust one over the other towards the south-west.
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The orogenic deformations of large Mesozoic units are represented by flysch
formation, which reflect the orogenesis. The inception of flysch accumulation
represents the tectonic compressional event of the neighbouring eastern zone,
whereas the end of such accumulation expresses the orogenesis of the zone
where the deposition occurred.

Therefore, flysch accumulation began at the end of Late Cretaceous in the
Krasta basin, after the folding and thrusting of the Mirdita Zone, in the Kruja
platform and Ionian basin flysch accumulation which started at the early
Oligocene, after folding and thrusting of Krasta Zone. The Krasta zone folded
at the end of Late Eocene time, while the Dajti subzone (Kruja zone) at the
end of Early Oligocene and the Tomorri subzone (Kruja zone) at the end of
Middle Oligocene time. The Internal Ionian (Berati Belt) folded at the end of
Late Oligocene, meanwhile the External Ionian (Kurveleshi and Çika Belts)
changed into the fold-thrust zone at the beginning of the Middle Miocene (end
of Langhian) time. The Sazani zone was probably folded by the compressional
event at the boundary Late Miocene-Pliocene. Due to compressional
deformations, normal sinsedimentary normal faults changed into reverse faults
and thrusts.

In the late stage of the geological structural development of Albania, the
intensive tangential movements which created large thrust and nappe structures
took place. Typical nappes are observed along the frontal part of the Korabi
zone, while within its interior, the tectonic windows of Kruja and Krasta zones
are found. Such nappes are also encountered along the Mirdita front in Devolli
ophiolite Massif to the south-east of Gramshi, in the Renci Massif near Shkodra
etc, while the large Gramoz tectonic window of the Krasta Zone encounters
within the Mirdita Zone. The frontal thrusts of the Ionian Zone detached the
Ionian sedimentary cover at the base of evaporite ductile level, deforming and
shifting it towards the west-southwest.

5. CONCLUSIONS

Based on the recent geological studies carried out mainly in Albania and in
Greece for the Setting of the Albanides in the Dinaric-Albanian-Hellenic Belt
and their main geological features presented in this article we can make the
following main conclusions: i) Albanides can be put into the segment between
Shkodër-Peja and Sperchios (Kremasta-Sperchios) transform faults comprising
a big folded segment with the same tectono-stratigraphic units in Albania,
Greece, Kosovo and FYROM, while Hellenides can be put into the segment of
Aegean Arc, south of Sperchios transform fault up to the border of Taurides.
The Pliocene differentiation of the Hellenides from the Albanides is the direct
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result of oceanic lithosphere of the Ionian Sea entering the trench south of
Kephalonia while continental lithosphere continued to be subducted north of
the trench, ii) the NNE directed Shkodër-Peja transform fault represents an
active transverse strike-slip fault zone shifting the Mirdita Zone towards south-
west and offsetting the orogenic thrust front at Drini Bay near Lezha. The
NNW-SSE direction of the Albanides to the south of Shkoder-Peja transverse
Fault immediately deviates to the WNW direction of the Dinarides, north of
this transversal. The different arrangement of the tectono-stratigraphic units
which are established on either side of the Shkodër-Peja transform fault are as
follows: Sazani-Paxos, Ionian, Kruja-Gavrovo, Krasta-Pindos, Mirdita-
Subpelagonian, Korabi-Pelagonian and Vardari-Axios zones in the south,
whereas the Kruja- Dalmatian, Cukali-Budva, Albanian Alps-Karst/Prekarst,
Vermoshi-Bosnian, Gashi-Durmitori and Dinaric ophiolite units in the north.
The oceanic spreading on either side of this Transform has been located as
follows: to the east of Krasta-Pindos basin and Hajmeli platform into Mirdita
Ocean of the Albanides, whereas to the east of the Vermoshi-Bosnian basin
and Gashi-Durmitor platform into the Dinaric Ocean of the Dinarides. iii) the
WNW-ESE trending Sperchios (Kremasta-Sperchios) transform fault is a
present-day active fault zone cutting across the orogenic fabric forming shallow
depressions and narrow valleys. The opening of the Sperchios Basin graben
together with Kremasta fault system accommodates the transcurrent movements
of the North Anatolian fault on the east with those of the Cephalonia transform
on the west as a “bridge of failure”. The different arrangement of the tectono-
stratigraphic units which are established on either side of the Sperchios transform
fault are as follows: Paxos-Sazani, Ionian, Gavrovo-Kruja, Pindos-Krasta,
Subpelagonian-Mirdita, Pelagonian-Korabi and Vardari-Axios zones in the north,
whereas east of Ionian zone, the Gavrovo-Tripolitza, Pindos-Olonos, Parnassos,
Beotian, Subpelagonian and Pelagonian tectonic units in the south. The oceanic
spreading on either side of this transform has been located as follows: to the
east of Pindos-Krasta basin and Hajmeli platform into the Albanides, whereas
to the east of the Parnassos platform and Beotian basin into the Hellenides.
The Pindos-Olonos, Parnassos and Beotian zones of Hellenides are equivalent
with the Cukali-Budva, Albanian Alps-Karst and Vermoshi-Bosnian zones of
Dinarides. iv) The geological history in Albania could be devided into the Alpine,
Post-Alpine and Neotectonic Pliocene-Quaternary time periods, in course of
which were established, developed and created three completely different
structural types such as the Alpine tectono-stratigraphic units, the Post-Alpine
Tertiary molasse basins, and the Pliocene-Quaternary neotectonic structure
and the present-day relief. The main geological features are described in details
for the Alpine tectono-stratigraphic units of the Albanides, which are as follows:
Sazani-Paxos (Preapulian), Ionian, Kruja-Gavrovo, Krasta-Pindos, Ostreni
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Subzone, Mirdita-Subpelagonian, Korabi-Pelagonian and Vardari-Axios units
(the last one is placed outside the Albanian territory). The internal tectonic
zones (Mirdita, Korabi and Vardari ones) are included within the Inner Albanides
and the external zones (Sazani, Ionian, Kruja, Krasta and Ostreni ones) within
the Outer Albanides. The Mirdita Zone represents a super-structure zone
resulted from a basin graben-like architecture, v) the Alpine geological history
of Mesozoic basins and platforms of the Albanides from their differentiation to
the orogenic deformation into folded and thrust tectono-stratigraphic units is
treated based on evidence of sedimentary, tectonic and magmatic events. The
large palaeogeographic units which were differentiated from east to west in
the Albanides belt at the first stage are as follows: Vardari Ocean Basin, Korabi-
Pelagonian microblock, Mirdita Ocean Basin, Krasta sedimentary pelagic Basin,
Kruja Platform, Ionian pelagic Basin and Sazani Platform (part of the large
Apulian Platform).

The continental rifting during the Early-Middle Triassic time was associated
and followed with continental break-ups of the Vardari and the Mirdita basins
during the Late Anisian time and the oceanic spreading in Vardar and Mirdita
basins during the Ladinian till the Middle Jurassic time. The southern half of
Korabi-Pelagonian mikroblock during the Triassic and Jurassic times was
developed in platform condition (Pelagonian platform), while the northern half
have been in basin condition (Korabi Basin: Muhurr-Çajë-Malësi e Korabit
and Kollovozi-Sharri-Flambouro units). The compressional deformation stages
and tectonic style of Mirdita oceanic basin closure are characterized by
interoceanic and marginal bidivergent paleoemplacement during Middle Jurassic
until beginning of Late Jurassic time. During the last stage of the geological
structural development of Albania, intensive tagential movements which created
large thrust and nappe structures took place. The tagential movements towards
the east in the Korabi and Mirdita zones began at the Late Jurassic-Early
Cretaceous time. Both Mirdita and Krasta westward large nappe shifting took
a long time, from the Late Eocene to Middle-Late Miocene and, vi) the three
main models presented through graphs have treated the generation place of
the Mirdita ophiolites and the way and time of oceanic basin closing. The
generation place of the Mirdita ophiolites is supposed to be the Mirdita graben
megastructure in southwest of Korabi-Pelagonian microblock and northeast of
Hajmeli (Koziakas) platform.
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75JNTS The impact of hydropoer waters to the Shores’ landslide

ABSTRACT

Slope stability has been investigated and landslide monitored for the assessment of emergency
situation in Albania and the results are here reported. Mountainous relief and geological
structure are the sources for instable slopes and landslide development. The following
landslides might occur in Albania based on the geological formations and landslide body
mass: i) instable slopes and intensive landslides developed in weathered bedrocks and in
overburden beds at the lakeshores of hydropower plants, ii) instable slopes and intensive
landslides developed in Oligocene flysch formation, Neogene’s molasses, and in loose
Quaternary deposits and, iii) downfalls in the weathered rocks. Development of new landslides
or re-activation of the old ones is mainly due to human activities. Civil engineering works of
the last decade and a disequilibrated ecologic system due to deforestation etc. are the source
for landslide development. The slipping bodies of some landslides have very big volume,
more than 40 million cubic meters. The biggest ones, observed at lakeshores near hydropower
plants are of great geological hazard. In order to define adequate prevention measures and to
manage disasters, accurate measurements to would be crucial. Multidisciplinary integrated
engineering geophysical-geological-geodesic methods involving inevitably innovative
technologies have been periodically included in the survey system for slope stability
investigation and landslide monitoring. In-situ multidisciplinary geophysical-geological-
geodesic investigation and monitoring have been carried out in the following three stages: i)
surface integrated geological-geophysical survey and installation of geodesic markers, ii)
drilling of shallow boreholes and, iii) in-situ monitoring of landslide. Setting up two observatory
stations for multidisciplinary monitoring of the two aforementioned landslides involving
current technology is an ongoing project.
Keywords: Slope stability, landslide, geophysical investigation

1. INTRODUCTION

In Albania, energy production and power generation systems are major users
of fresh water resources besides agriculture. Hydropowers use damns for
energy production purposes. The main kinds of dams are earth fill, rock fill,

THE IMPACT OF HYDROPOER WATERS TO THE SHORES’
LANDSLIDE
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concrete gravity, concrete arch and arch gravity. The last three types are all
made of concrete, reinforced concrete, or mansory (the term mansory can
mean concrete, bricks, or blocks of excavated rocks). Drini River hydropower
plant cascade, in the North Albania, is the largest hydropower plant in the
country. It comprises Fierza hydropower plant (1978), Komani hydropower
plant (1985) and Vau Dejës hydropower plant (1971). Fierza Hydroelectric
Power Plant has in the highest river flow an installed power of 500 MW. The
volume of water in its artificial lake is 2.7 billion m3.The mean depth of the lake
is 133 m. The dam’s head is 400 m long and 167 m high. The difference between
maximal and minimal levels of lake’s surface water in has considerably changed
over the years—from some meters up to 30 m or more, based on annual
meteorological conditions. Komani Hydroelectric Power Plant at the middle
river flow has an installed power of 600 MW. The water volume of its artificial
lake is 430 million m3. The dam’s head is 400 m long and 133 meters high. Vau
Dejes Hydroelectric Power Plant is located at the at a lowest river flow. It has
an installed power of 250 MW. The volume of water in its artificial lake is 560
million m3. The head of Qyrsaqi dam is 480 meters long and 47 m high.

Hydro-technical works carried out for nearly 41 years have been of great
impact for the physical - mechanical properties and dams’ structures, the slopes
of lakeshore and water reservoirs. Depicted in the figure 1, Dhame and Dhima,
(1973) and Luli (1989) reported active landslides in the lakeshores. The biggest
landslide events (about 2,5 km) were registered in Porava village, near Fierza
dam, and the Ragami landslide near Ragami Dam in Vau Dejës. These landslides
represent a great geological risk for hydropower plants, and the Porava village.
Here, the walls of the houses have cracked.

Complex geological-geophysical investigations have been carried out on these
landslides (Frashëri et al., 1995; 1996; 1997; Frashëri et al., 1997; Frashëri
2011; Frashëri 2014; Frashëri and Bushati 2011).

Fig. 1. Drini River Basin, Ragami and Porava Landslides location (Scale 1:300.000).
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2. MATERIALS AND METHODS

Seismic tomography and high frequency refraction seismic profiling have
been in the present investigation applied. Natural seismic-acoustic activities
inside and outside the slipping body have been observed. Surveys’ data involved
the velocity of P-waves (Vp) and S- waves (Vs) the slipping body structure
and determined the physical-mechanical properties of the soil and rocks.
Electrical soundings involved the Schlumberger array, with survey depth of
120-150 m (Frashëri et al., 1995; 1996; 1997).

In addition to the aforementioned geophysical methods, micro-magnetic and
micro-gravity surveys have been carried out for the investigation of landslides.
Micro-magnetic mapping prognosed accurately the landslide activity.

Setting up innovative observation systems involving multidisciplinary integrated
remote sensing – geophysical – geological - geodesic technologies for slope
stability investigation and landslide monitoring near hydropower plant areas is
of immediate importance, as environmental effects of landslide would either be
reduced or avoided. This is an ongoing project.

3. RESULTS AND DISCUTION

Hydropower installations are required in locations with rugged terrain. Some
of the regions are slides’ prone, so construction standards are quite rigid.
Landslides develop in the bedrocks and the overlaid loose deluvion and aluvion.
Once hydropowers were constructed, landslides became more evident.

The physical-mechanical properties at various parts of this landslide have
been investigated (Frashëri et al., 1996; 1997, Frashëri and Bushati 2011,
Frashëri 2011; 2014).

Porava Landslide
Investigations about the Fierza hydropower plant have been carried out. It is

constructed over the Drini River in North of Albania in 1974 with an installed
capacity of 500 MW. The lake, created after the construction of the plant has
a water volume of 2.7 billion m3. The hydropower plant consists of several
complex hydro technical works; the main and the most important one is the
dam of stones and clay core, which is 165 m high and 500 m long. Active
landslides were observed in the lakeshores of hydroelectric power plants. The
most dangerous is the landslide occurred in the Porava village located 2,5 km
at east of Fierza hydropower plant (Fig. 1, 2) and the Ragami landslide at dhe
shore of the Vau Dejes lake, north-west of Vau Dejes power plant (Fig. 1, 5,6).
Damages to houses in the surrounding area were caused. This phenomenon

The impact of hydropoer waters to the Shores’ landslide
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has been more evidently activated during the 40 years of hydro - technical
works exploitation period. The physical-mechanical properties at various parts
of this landslide have been investigated due to the impact of huge hydro
technical works carried out. Geological data reported that, Porava landslide
has a slipping mass of about 34 million m3 (Dhame and Dhima 1974). It caused
fractures to the walls of the houses.

The slides occurred on the shores of the Fierza Lake, the Porava one has been of
great interest (Fig. 3, 4). The results addressed very important geological information
about the stability of the shore and landslides. As solid-integrated calculations through
the hydraulics patterns were made, the body fall of the Porava landslide at different
speeds (from 5-10 m/sec) was simulated. These results were in line with the results
obtained from geological studies of that time (Fig. 3a) (Dhame and Dhima 1973)
reporting that the dike must be more than 12 m high.

Today, there is sufficient geological information about the Porava landslide.
The Figure 3-b depicts the detailed geoelectrical - engineering section which
was compiled based on the vertical electrical soundings. The presence of the
very heterogeneous electrical medium in strike and depth is clear. There are
two categories of geoelectrical borders in the profile: i) the primary borders,
connected with the separation of the main zones of the slipping body (with that
of the deepest plane 140-160 m deep and with that of the most superficial
plane 20 m deep). These slipping plains have very different geoelectrical
characteristics, because they have different geological properties and, ii) the
secondary geoelectrical borders, which clearly express the changes and the
heterogeneity of these two slipping planes and of the environment under them.

a)
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b)

Fig. 2. (a)Porava landslide area, satellite image, (b)Porava Landslide area map (Scale
1:25000).

a)

The impact of hydropoer waters to the Shores’ landslide
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b)

Fig. 3. Geological (Dhame and Dhima, 1973) (a) and geophysical data (b) (1996) data
comparison (Frashëri 1996).

These geoelectrical markers report the full configuration of the sliding structure
in the rocks of the volcanogenic sedimentary section. These rocks have low up
to medium specific electric resistivity values (200 - 100 Ohmm) due to the
landslides. The rocks under the massive slipping body have higher specific
electric resistivity values (in the furthest sector of the profile in the lake side
3000 - 3800 Ohmm and 1200 - 1400 Ohm in the sector near the artificial lake
of the Fierza hydropower plant).

Represented by the diluvial-eluvial deposits, the most upper part of this slide’s
body is very active today. In addition, it has very law specific electric resistivity
values (120 - 500 Ohmm). The photo 1 shows the buildings damaged in the
Porava village.

The apparent geoelectrical heterogeneity of the strike profile expresses the
general block composition of this slide. In addition, it gives information about
the development of this slide in time.
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Photo 1. Cracks in walls of the houses in the Porava village.

Figure 4 depicts the seismic engineering profile of the Porava landslide. Here,
the upper part of the slipping body (the zone 25 m deep) could be distinguished.
In this section there are very well distinguished two seismic parameters (in the
speed of the longitudinal and cross waves). The diluvial deposits have been
fixed with Vp = 400 - 1200 m/s and Vs = 150 - 450 m/s values, while the eluvial
deposits and the volcanic rocks of the most upper part, located over the slipped
plane have Vp = 800 - 3880 m/s and Vs = 350 - 800 m/s values. The volcanic
deposits located below the first slipping plane have been fixed with Vp = 1400
- 3800 m/s and Vs = 600 - 1500 m/s.

The physical - mechanical characteristics of the rocks of this sliding body in
strike and depth were evaluated based on seismic parameters. Figure 3 and 4
depict the seismic and geological profiles showing that the block nature of the
slipping body is also in its lower part. In this seismic section and in the geoelectrical
section the block kind nature of the upper part of the slipping body and also of
the lower part of this body in the basement volcanic rocks are visible.

Natural seismic-acoustic activity has been recorded in all the surveying zones.
This showed that the sliding activity is different in different parts of the slipping
body. The most dynamic zones of this sliding massif are located in places where
the micro - movements have maximum intensity values. The Porava village is
located in one of these zones. Consequently, many houses were damaged and
soil altered. In addition, slopes have in 3 years moved about 2 - 4 m (1994 -
1996).

The impact of hydropoer waters to the Shores’ landslide
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Fig. 4. Seismic engineering profile, Porava Landslide (Frashëri 1996).

In addition, sliding planes their nature, situation and the content of the two
parts of the slipping body could be here determined. The most upper part
consists of diluvial-eluvial deposits. It goes up to 20 m deep, above the first
most dynamic plane of this zone. Under this plane, the volcanic rock massif
overlayes the deeper plane of the Porava landslide (100- 160 m). This plane is
determined and separates the block of sliding body from the volcanic rocks,
which affected by the sliding activity.

Integrated geophysical - engineering investigation has been carried out in
this section and the results reported matching points between the electrical
sounding results and the seismic surveying ones (Fig. 3b, 4). In addition, results
reported that even in cases of powerful earthquakes, the slipping body mass
could not fall as a whole, as it consists of broken-up block masses; it could
either fall in pieces or in fragments. Natural or inductive earthquakes of normal
intensity, typical of this region, have not caused massive detachments of the
slipping body until now.

Ragami Lanslide

Figure 5 and 6 depict a typical landslide developed at lakeshore of the Vau
Dejes Lake, where the Hydropower Plant is constructed. The lakeshore has
an ophiolitic formation represented by serpentinized rocks. The slipping body
represents a big mass of serpentinite, which is eolated, destroyed and covered
by a thin layer of diluvium. The geological survey of 1992 reported no history
of landslide. Landslides have significantly developed in the last ten years (Fig.
7). The annual movements of water level at Vau Dejes Lake caused a big
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landslide at eolated, weathered and destroyed serpentine rocks. Slipping body
increased substantially in extent and volume during this period. The front part
of the slipping body is located along the shores of the lake. This part has the
shape of a scarp about 2 -3 m high, and represents a destroyed, schistose
serpentinite, partly in a form of mylonite (Photo 2a).

The figure 8 (a and b) depict the integrated geophysical - engineering sections
of the slipping body. Two main sliding planes separate this body. They are
broken up. The first plane is 5 - 7 m deep. The second plane goes to 22 m
deep. The lowest part of the second plain meets the lake under the water level.
Thus, the sliding body has a blocky profile. The physical - mechanical properties
of the rock massif of the slipping body are lower than those of the basement
rocks, unaffected by the sliding process. The micro movements in the slipping
body are very intensive and have a wide frequency band, while outside the
body there are no movements (Fig. 9).

Fig. 5. Tographic map of the Vau Dejes Lake area and Ragami Landslide.

The impact of hydropoer waters to the Shores’ landslide
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Fig. 6. Satellite image of the Vau Dejes Lake area and Ragami Landslide.

Three failures at different superficial levels could be here observed.
The first one could be observed 35 - 45 m from the shore, with a horizontal

dislocation of about 2 m. The second one could be observed 70 - 90 m from the
shore, with a vertical jump of about 2 m and, the third one about 115 - 130 m
from the shore. This is the latest level and has the lowest amplitude.

The physical-mechanical properties of the slipping body are lower than those
of the basement rocks which are unaffected by the sliding process. Physical-
mechanical properties of rocks in the area of Ragami Landslide in Table 1 and
2 reported.

Table 1.Physical properties of landslide’s area

Alfred FRASHËRI

Layer
Number

Thickness,
(meters) Resistivity,

(Ohm)
Density,
(g/cm3)

Wave Velocity,
 (m/sec)

Lithology

Vp Vs
SLIPPING BODY

1 0.7 76.4 1.34 210 160 Diluvium
2 4.0 29.5 1.61 540 230 Breaking serpentinite
3 6.5

46.5
2.45 3700 680 Water-bearing

serpenti-nite,
4 17.4 1500 Breaking serpentinite

Bed rocks
485 2.56 3500 1920 Serpentinite
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Table 2. Mechanical properties in landslide’s area.

a)

b)

Photo 2a-b. Ragami landslide area and Geophysical survey line (a), and font of the sliding
body, represented by mylonite serpentinites (b).

The impact of hydropoer waters to the Shores’ landslide

Layer
Numbe
r

Poisson’
s

Ratio

Dynamic
Modulus of
Elasticity,

Ed
s

in *105

kg/cm2

Rigidity
Modulus

G,
in *105

kg/cm2

Volume
Compre-

ssion,
,

in *105

kg/cm2

Rock state

Slipping body

1 0.35 0.00370 0.00140 0.00420 Soft rocks
2 0.39 0.02413 0.00868 0.03630 Destroyed,

shattered
rocks

3 0.48 0.56586 0.19167 3.26503 Cleavages and
fissured rocks

4 0.26325 0.09608 Destroyed,
shattered
rocks

Bed rocks

0.29 2.46271 0.96199 1.91408 Compact rocks
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Fig. 7. Topographical sketch of slipping body contour area of the Ragami landslide  during
the years 1989 and 1996.

Table 1 and 2 report deferent physical-mechanical properties of the four
layers that compose the slipping body. First layer represents the diluvial cover.
The second and the fourth layer are represented by destroyed-shattered
serpentinite. The third layer is characterized by low electrical resistivity and
low shear waves velocity. It corresponds to the water saturated cleavages and
fissures in the serpentinite.

Geophysical investigations about the Ragami landslide reported that: i) thick
and high volume slipping bodies represent the Ragami active landslide in the
shore area of the Vau Dejes Lake, ii) the extent of the landslide and location of
sliding planes were precisely fixed in integrated geophysical profiles and, iii)
blocky character of the sliding bodies proved that the block of these bodies
could not fall down immediately under any kind of velocity.
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a)

b)

Fig. 8. Engineering integrated geophysical section of the Ragami Landslide.
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Fig. 9: Ragami landslide

4. CONCLUSIONS

Geophysical-engineering investigation involved: i) analyses of the soil of the
landslide area, ii) in situ evaluation of the physical-mechanical properties of
soils and rocks and, iii) in situ monitoring the dynamics of the landslide.

Investigating the geophysical profile of the landslide bodies is very important.
Here, the sliding planes are fixed. The planes have a regular configuration with
a maximum depth at the center of the profile, regardless the different geological
conditions under which they were formed. The slipping body consists of several
slipping planes that have a blocky character.

Currently, there are active slipping planes, 15-20 m deep. The slipping body
over these planes consists mainly of diluvial- eluvial sediments, or rocky masses
with very weak physical mechanical characteristics. Their dynamics caused
damages to the houses in the Porava village. These blocks could not fall down
as a whole, under any kind of velocity, due to their blocky character. Only in
Banja, the entire body fell down immediately.

Geological results reported that the dike must be more than 12 m high.
Porava landslide has a slipping mass of about 34 million m3.
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ABSTRACT

Data on the on moderately rich Wenlock graptolite fauna of the black-dark argillaceous-
siliceous or gray-green tuffitic shales of Muhurr Black Shale have been recently revised.
Consequently, a more complete biozonal scheme could be obtained. The graptolite
rhabdosomes exhibit deformation and fragmentation due to cleavage. 28 graptolite
species, where Cyrtograptus prevails, have been identified. The latter along with
Monograptidae and Retiolitidae make the basis for biostratigraphical biozonation.
The Monoclimacis, and Pristiograptus are frequent. In addition, certain selected species
are here illustrated Information about seven assemblage graptolite biozones is here
reported. The first, lower-most Sheinwoodian murchisoni biozone precedes the
antennularius, belophorus and perneri biozones. The Homerian biozone starts with
lundgreni-testis and consists of nassa and ludensis Biozones. The Llandovery/
Wenlock boundary has been identified between Telychian lapworthi-grandis and
Sheinwoodian murchisoni biozones. The Wenlock/Ludlow boundary could be met in
an interval with mixed graptolite assemblages of the latest Homerian ludensis and the
lowest Gorstian nilssoni Biozones.
Keywords:Wenlock, graptolite biozones, Muhurr-Caje Unit, Korabi Zone

1. INTRODUCTION

The Silurian-Lower Devonian graptolitic shales crop out in Muhur-Caje Unit
of Korabi Zone, represents a unique graptolitic location within the Dinaride-
Hellenides Chain as it consists of two lithostratigraphic units such as Muhurr
Black Shale (Silurian) Formation and the Fushë-Muhurr tuffitic (Lower
Devonian) Formation. Wenlock shale comprises the upper part of the entire
Lower Silurian sequence of the Muhurr Black Shale Fm. Appearing mostly in
Muhurr area, the Wenlock shale yielded identifiable graptolites. Stratigraphical

WENLOCK GRAPTOLITE BIOZONES OF THE MUHURR-
CAJE UNIT (KORABI ZONE), AND THEIR CORRELATION

WITH THE STANDARD GRAPTOLITE BIOZONES
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data about the Wenlock shale were published in (Xhomo et al., 1987; Pashko
et al., 1988; Pashko 2005).

Data about Silurian (Ludlow) graptolite fauna of Muhurr area were first published
in (Nasi et al., 1973). Here, several Ludlow species were reported. For 10 years
no information on graptolites was obtained. Systematic stratigraphical and
palaeontological investigation about the Paleozoic deposits of the Korabi and
Albanian Alps tectonic Zones have been carried out with subsequent publication
of the first comprehensive stratigraphic report which included information about
preliminary graptolite assemblages indicating the presence of the Silurian and
Lower Devonian deposits (Xhomo et. al.1985). Since the 1985, the extensive
stratigraphical and paleontological research about the Silurian-Lower Devonian
shale succession of the Muhurr-Caje Unit has been carried out (Pashko et al.
1988). Abundant and important data about the faunal graptolite from numerous
new locations has been recorded. In addition, new biostratigraphical data about
graptolites were obtained. Consequently, an accurate biostratigraphical analysis
is possible. In total, 115 species (including 57 Llandovery, 20 Wenlock, 29 Upper
Silurian and 9 Lower Devonian species), have been identified and numerous
biostratigraphicaly important selected species are illustrated as photographs and
drawings in the six plates (Pashko et al., 1988), and 10 Llandovery, 3 Wenlock, 5
Upper Silurian and 2 Lower Devonian graptolite biozones could be recognized.
Detailed information about the graptolites biostratigraphy is reported in (Pashko
1987; 1988; 1989; 1990ab; 1992; 2005; 2006; Xhomo et al., 1992; 2006).

Fig. 1. Map of the Muhurr-Caje Unit with principal sections and outcrops where the Wenlock
Graptolite were collected. Localities : 1- Bufel; 2- Arab i Epërm; 3- Përroi i Shqathit; 4- Hurdhë

Muhurr; 5- Fushë- Muhurr; 6- Fushë- Muhurr 161 outcrop; 7- Perroi i Bulacit; 8- Sharakane (Bulac).
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Published and unpublished data about the Wenlock graptolites have been
currently revised and here reported. Consequently, details about the
biostratigraphical scheme of the Wenlock shales are provided. Seven Wenlock
graptolite biozones have been identified based on the 28 Wenlock graptolite
taxa, and biostratigraphicaly important species are illustrated in the 2 Plates.
These Wenlock biozones are assemblage zones and could be defined due to
their typical graptolite assemblage. The index taxa is named after a zonal index
taxon of Standard Graptolite Biozonation. Non presentation of all Wenlock
classical biozones cannot be attributed to collection failure and partly on failure
of outcrops.

2 Preservation and development of graptolites

The most complete and representative Wenlock stratigraphic sequence was
developed in the Muhurr area (Figure 1). The graptolites were collected from
all fossil levels of detailed stratigraphic sections, itineraries and several outcrops
occurred along the Wenlock graptolitic shales. There is a variety of graptolites;
many intervals of sequence, particulary in the lower part of successions
were rich, others were moderately poor or bare. The best preserved
graptolites could be met mostly in the green tuffitic shales, and silty or soft
clayey dark shales. Graptolites could be commonly found on distinct bedding
planes. A detailed sampling bed by bed has been carried out for paleontological
studies. Once collected, the samples were sent to the laboratory treatments
for paleontological studies purposes. Faunal assemblage consists only of
graptolites with moderate to low preservations and species diversity. As the
Wenlock shale was tectonized and metamorphosed, reconstruction of the
stratigraphic sequence was difficult. In addition, the graptolite fauna are highly
tectonized due to tectonic disruption and small-scale folding of the shales. Due
to the tectonic distortion, the graptolite rhabdosome are flattened, crushed,
deformed (elongated or widened) and very fragmented by the parallel and
transversal cleavages of the stratification, in particular rhabdosome of
monograptids and plectograptinids. Consequently, detailed information about
rhabdosomes could not be obtained. Its accurate identification and study
required specific approach. The graptolite assemblage where retiolitids, such
as Retiolites geinitzianus (Barrande) dating from Telychian to Lower Wenlock,
prevail, is quite notable in the lower part of the sequence, in the murchisoni
Biozone. Rare Gothograptus nassa (Holm) is a biozonal marker of the
Homerian. Sporadically rare specimens of  Paraplectograptus and
Neogothograptus in only one or two localities are known in the uppermost
part of the Homerian succession. Monograptids such as Monograptus,
particulary priodon group, Pristiograptus, Colonograptus, Monoclimacis
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and Cyrtograptus were found in the Wenlock shales. The various Cyrtograptus
comprising well preserved specimens which are also the biozonal species of
several biozones represent the most important taxa of the biostratigraphy. The
first Cyrtograptus, appeared in the latest Telychian as Cyrtograptus lapworthi
Tullberg, i.e., lapworthi-grandis Biozone and its diversity was very high during
the Wenlock. The latest Cyrtograptus became extinct in lundgreni Biozone.
Monoclimacis is represented by numerous specimens of various species which
are present throughout the Wenlock sequence. Content and distribution of the
Wenlock graptolite faunas show similarity in species and faunal succession,
and could be correlated with graptolite assemblages of several European areas
particulary of Barrandian area (Storch 1995), Germany (Schauer 1971; Maletz
2008; 2010), Sardegnia (Gortani 1923 ab; Gnoli et al., 1990), East European
Platform (Kozlowska-Dawidzsiuk 1995; Kozlowska-Dawidzsiuk and Lenz,
2001), and Balkan area (Mihailovic 1961; 1974; Sachanski et.al., 1993; Krstic
et. al., 2005) and Turkey (Sachanski et. al., 2008, 2012). The data collected
are part of the paleontological collections of the Institute of Geological
Researches and of author’s collection.

2 Graptolite biozones, biostratigraphy and correlation

Investigations have been made about the seven assemblage graptolite biozones
of Wenlock succession of the classical area of central Bohemia, East Europe,
and Balkans. Results reported similarity to the Wenlock biozonation of Standard
Graptolite Biozones (Koren et al., 1996) (Table 1).

The following graptolite biozones could be distinguished in the Wenlock
succession based on the occurrence of the total graptolite assemblage: i) the
four lower murchisoni, antennularius, belophorus, perneri of the
Sheinwoodian stage and, ii) three upper lundgreni-testis, nassa, ludensis
Biozones of the Homerian stage; all named after a zonal index taxa derived
from this graptolite assemblage.
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Table 1. Biozonal subdivision of the Wenlock sequence of the Muhurr-Caje
Unit, and correlation of the Standard Graptolite Biozones (Koren’ et al., 1996).

During the evolution of the Muhurr Wenlock graptolites, two graptolite
diversification phases occurred, followed by two respective extinction events
of graptolite assemblages (Table 2). The first great diversification occurred at
the base of the Sheinwoodian Stage, the murchisoni Biozone. The process
involved the most abundant and diverse graptolite assemblage consisting of 13
taxa, dominated by Retiolites, Monograptus priodon (Bronn) group,
Cyrtograptus and Monoclimacis. The murchisoni Event was subsequently
followed by an abrupt reduction of the graptolites, the three other Sheiwoodian
biozones are much impoverished biozones because its graptolite assemblage
has quickly reduced. In addition, it is represented by biozonal taxa and rare
Pristiograptus dubius (Suess), Monoclimacis, Sokolovograptus. The second
diversification occurred in basal Homerian Stage, the lundgreni Biozone. The
graptolite assemblage consists of 6 species of Monograptus, Testograptus,
Mediograptus, Paraplectograptus. Upwards, in the nassa Biozone, the
graptolite assemblage is only represented by biozonal taxa (lundgreni Event).
The graptolite assemblage of the uppermost Homerian ludensis Biozone is of
moderate diversity, as it consists of 5 species of Colonograptus,
Pristiograptus, Neogothograptus and Spinograptus.

Sheinwoodian Stage could be identified in the dark siliceous or grayish-
greenish tuffitic shales due to Cyrtograptus murchisoni (Carruthers),
Streptograptus antennularius (Meneghini), Monograptus belophorus
(Meneghini) and Cyrtograptus perneri (Boucek) Biozones. The Llandovery

Wenlock graptolite biozones of the Muhurr-Caje unit (Korabi zone)....

                                                 Muhurr-Caje Unit        Standard Graptolite
                                                          Biozones                        Biozones
----------------------------------------------------------------------------------------------------

   Gorstian nilssoni                          nilssoni
---------- 427.4 -------------------------------------------------------------------------------
                                                            ludensis                     ludensis
W Homerian praedeubeli-deubeli
E nassa                        parvus-nassa
N                             lundgreni-testis                  lundgreni
L -------- 430. 5--------------------------------------------------------------------------------
O                                                         perneri   rigidus-perneri
C Sheinwoodian                    belophorus              riccartonensis-belophorus
K                                                     antennularius
                                                         murchisoni                 centrifugus-murchisoni

-------- 433. 4 ------------------------------------------------------------------------------
               Telychian                      lapwopthi-grandis               lapworthi-insectus
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/Wenlockian boundary has been identified within the lapworthi-grandis of
Uppermost Telychian and first Wenlock murchisoni Biozones (Table 1and 3).

Table 2. Detailed biostratigraphic distribution of the Wenlock graptolites in
the various Bizones (sequences and outcrops of the Muhurr-Caje Unit.) 1-
murchisoni, 2- antennularius, 3- belophorus, 4- perneri, 5- lundgreni, 6-
nassa, 7- ludensis Biozones.

Cyrtograptus murchisoni Biozone is the most widely and easily recognized.
Its particulary rich graptolite faunas and distribution in a number localities such
as Bufel, Arab i Epërm, Bulac, Nimce proves its development throughout the
entire area of Muhurr-Cajë Unit. This biozone is characterized by an abundant
biozonal taxa (Arab i Epërm) associated with abundant Retiolites geinitzianus
(Barrande). In addition, it is marked by the appearance of the zonal index taxa
Cyrtograptus murchisoni (Carruthers), or by the rich graptolite assemblage
with Retiolites geinitzianus (Barrande), frequently encountered throughout
the zonal interval. The Monograptus gr. priodon Bronn), and abundant
Monoclimacis has been found. The graptolite assemblage of biozone is much
more diverse and abound than the graptolite assemblage of the upwards
biozones.

In the most southwestern part of Muhurr area, in Bufel, (Fig. 1,loc. 1), the
Wenlock occurred on the Telychian black silicitic and graphitic shale with thin
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! 1 ! 2 ! 3 ! 4 ! 5 ! 6 ! 7 !
Retiolites geinitzianus +
Gothograptus  nassa +
Neogothograptus sp. cf. eximinassa +
Paraplectograptus sp. cf. eiseli + +
Spinograptus cf. clathrospinosus + +
Spinograptus munchi +
Sokolovograptus cf. zawadensis (+) +
Monograptus priodon +                +
Monograptus gr. priodon + +
M onograptus praecedens + +
Monograptus flemingii +
Monograptus beloforus +
Pristiograptus dubius + +
Pristiograptus cf. dubius +
Pristiograptus auctus +
Colonograptus  ludensis +
Colonograptus gerhardi +
Streptograptus antennularius +
Monoclimacis vomerinus +
Monoclimacis vom. gracilis +
Monoclimacis vom. hemipristis +
Monoclimacis flumendosae + +
Mediograptus codymi +
Testograptus testis +
Cyrtograptus murchisoni +
Cyrtograptus aff. centrifugus +
Cyrtograptus perneri +
Cyrtograptus lundgreni +
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lydites (cherts) intercalations, (1 and 2/1 level of the Bufel III section, Pashko
et. al., 1988). Here, the majority of the Telychian biozones were distinguished
followed by a mixed Wenlock association of graptolites: frequent Retiolites
geinitzianus (Barrande), Paraplectograptus sp. (cf. eiseli Manck),
Streptograptus cf. antennularius (Meneghini), Pristiograptus cf. dubius
(Suess), Monoclimacis vomerinus hemipristis (Meneghini), Cyrtograptus
murchisoni (Carruthers) and Cyrtograptus perneri Boucek. They were
collected from the green and dark silty, sericitic and tuffitic shales of 2/2 level
(2-3 m thick, dependent upon the Permo-Triassic transgression). They date
since Sheinwoodian Stage, from murchisoni to antennularius and perneri
Biozones.

Table 3. The graptolite biozones distinguished in various Wenlock sequences
and outcrops in the Muhurr area. 1– igneous rocks, 2-tuffaceous shale, 3- silty
shale, 4- clayey shale, 5- silicified shale, 6- shale and lydites.

In the northeast, at Arab i Epërm (Fig. 1, loc. 2), the Telychian-Wenlock
shale occurred in the limited outcrop along the irrigation channel within the
forest where the dark grey clayey shale with some minette bodies consist of
Telychian Stomatograptus grandis (Suess), Retiolites angustidens (Elles &
Wood), and Cyrtograptus lapworthi Tullberg, (latest Telychian lapworthi-

Wenlock graptolite biozones of the Muhurr-Caje unit (Korabi zone)....
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grandis Biozone) and followed by green sericitic and tuffitic shales with
graptoloid assemblage belonging to the murchisoni Biozone. Among the biozonal
taxa Cyrtograptus murchisoni (Carruthers), graptolite assemblage such as
frequent Retiolites geinitzianus (Barrande), Monograptus priodon (Bronn),
some specimens of Monoclimacis vomerinus gracilis (Elles &Wood), and
Monoclimacis vomerinus hemipristis Meneghini, and frequent Cyrtograptus
aff. centrifugus Boucek could be met.

Plate 1. 1-2, 5-6 Cyrtograptus murchisoni (Carruthers 1867) Arapaj i Epërm 140/1, 5-6
Bufel 2045 murchisoni Biozone, 3-4 Cyrtograptus aff. Centrifuges (Boucek 1931) Arapaj i

Epërm 140/2, murchisoni Biozone. 7-8 Retiolites geinitzianus (Barrande 1850) Përroi i
Bulacit, 7- 5096, 8- 5099 murchisoni Biozone. 9-10 Monoclimacis flumendosae (Gortani

1922) Sharakane 18/50 belophorus Biozone. 11-12 Monoclimacis vomerinus gracilis (Wood
1908) 793/1 murchisoni Biozone. 13-14 Monograptus belophorus (Meneghini 1857)

Sharakane 85/50 belophorus Biozone. Scale is 1 mm for each specimens.
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The strongly tectonized Wenlock succession of graptolitic shales at Përroi i
Bulacit, (Fig. 1, loc. 7) consists of the black graphitic, siliceous shale with thin
lydites intercalations, associated with frequent minette bodies. The dark silty
tuffaceous shale is sometimes repeated in the sequence. In Bulac 1section, 6-
10 and 17/1 levels, (Pashko et. al., 1988), the biozonal index taxa are not
present. However, biozone is marked by the appearance of graptolite assemblage
rich in Retiolites geinitzianus (Barrande). The following graptolite species
have also been determined: Monograptus gr. priodon (Bronn), Monograptus
priodon praecedens Boucek, Pristiograptus dubius (Suess), Monoclimacis
sp., Cyrtograptus sp. In the dark argillaceous shales of the level 8 of the
Bulac II section (Pashko et. al., 1988), Retiolites geinitzianus (Barrande),
Sokolovograptus sp. cf. zawadensis Kozllowska-Dawidziuk, Monograptus
gr. priodon (Bronn), Monoclimacis cf. vomerinus (Nikolson) are found. They
helped identify the murchisoni Biozone.

The black laminated siliceous shale is very rich in early Wenlock graptoloids
in the right side of the Përroi i Bulacit (Fig. 1, loc.7). The graptolite assemblage
of Retiolites geinitzianus (Barrande) (very frequent) Monograptus
praecedens Boucek, Pristiograptus cf. dubius (Suess), Monoclimacis cf.
vomerinus (Nikolson) (very frequent), Monoclimacis cf. flumendosae
(Gortani), belonging to the murchisoni Biozone were collected. Finally, the
graptoloids Retiolites geinitzianus (Barrande), Monograptus cf. priodon
(Bronn), Monoclimacis vomerinus (Nikolson) in Sharakane (Fig. 1, loc. 8),
and Retiolites geinitzianus (Barrande), Monograptus cf. priodon (Bronn)
in Nimce area (in northeast, out of Muhurr area) marked also murchisoni
Biozone.

Streptograptus antennularius Biozone was found at only two localities, the
Bufel and Bulac and established by zonal index taxon in a mix graptolite
assemblage. In the Bufel I section, the biozonal species, Streptograptus
antennularius (Meneghini) are found in a poor assemblage with frequent
Cyrtograptus sp., and Monograptus priodon (Bronn). In the Bufel III section,
it could be found within a mix graptolite assemblage of murchisoni-
antennularius Biozones. In Bulac I section (9-13 levels), assemblage biozone,
apart the Streptograptus antennularius (Meneghini) include Sokolovograptus
cf. zawadensis Kozlowska-Dawidziuk, Monograptus priodon (Bronn),
Monoclimacis cf. flumendosae (Gortani), Pristiograptus cf. dubius (Suess).

Monograptus belophorus Biozone belongs to Sharakane (Fig.1, loc. 8). This
biozone is marked by the appearance of zonal index species Monograptus
belophorus Meneghini (=M. flexilis Elless) with long virgela, associated with
a specimen of commonplase Monoclimacis flumendosae Gortani and
characterized by a much impoverished graptolite fauna.

Cyrtograptus perneri Biozone could be distinguished due to two outcrops.

Wenlock graptolite biozones of the Muhurr-Caje unit (Korabi zone)....
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In the dark argillic sericitic and graphytic shales occurs in the front of the
water-mill of Fushë Muhurr (Fig.1, loc. 5) biozone is marked by the biozonal
index taxa Cyrtograptus perneri Boucek, accompanied by a poor graptolite
assemblage consisting of the Monograptus cf. priodon (Bronn), Monoclimacis
sp. Cyrtograptus perneri (no.3279) was found in green silty, sericitic shales
of the Bufel section.

Homerian stage is represented by the succession of the greyish siliceous
shales with rare thin black lydites. A moderate or poorly preserved graptolite
assemblage such as lundgreni-testis, nassa, and ludensis biozones could be
met.

Cyrtograptus lundgreni-testis Biozone is marked by the presence of the
very frequent biozonal index taxa Cyrtograptus lundgreni (Tullberg)-
Testograptus testis (Barrande) in the grayish-yellow shale of 7-10cm. thickness,
within thick series of dark argillaceous shale, intercalated with thin lydites, that
occurs northwestern of FusheMuhurr (161 outcrops, Pashko et. al.1988), (Fig.
1, loc. 6). Among the index taxa graptoloid assemblage include the following
taxa: Paraplectograptus sp. cf. eiseli (Manck), Monograptus praecedens
(Boucek), Monograptus flemingii Salter, Pristiograptus dubius (Suess), and
Mediograptus kodymi (Boucek).

The biozone in the levels 11-13 of Bulac I section could be distinguished due
to the presence of a common and completely preserved Testograptus testis
(Barrande) that is associated with Monograptus priodon (Bronn) and
Pristiograptus cf. dubius (Suess). In addition to Cyrtograptus lundgreni
(Tullberg), Monograptus sp. and Cyrtograptus sp.were found in thesouthern-
most of upper flow the Përroi i Shqathit, in the dark argillaceous-sericitic with
thin chert intercalations (Fig. 1, loc. 3).

Gothograptus nassa biozone could be identified by the zonal index species
Gothograptus nassa (Holm) in dark argillaceous shales at only two localities
of Muhurr area, at base of Hurdhë- Muhurr sections (Fig. 1, loc. 4), and in the
isolated outcrop of Sharakane associated with Spinograptus cf.
clathrospinosus (Eisenack).

Colonograptus ludensis Biozone could be identified in the dark-grey
argillaceous-sericitic shales of the lower part of Hurdhë- Muhurr section
(Pashko et al., 1988). In addition to the Gorstian nilsoni Biozone graptoloids,
such as Neodiversograptus nilssoni (Barrande), Saetograptus gr. chimaera
(Barrande), Colonograptus colonus (Barrande), Bohemograptus bohemicus
(Barrande), Plectograptus macilentus (Tornquist), the Wenlock species: such
as Colonograptu ludensis (=Pristiograptus vulgaris Pashko 1988; 1989),
Colonograptus gerhardi (Kuhne) (= C. roemeri, Pashko 1988; 1989),
Pristiograptus auctus (Ricards), and Pristiograptus dubius(Suess), of the
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Plate 2. 1 Monograptus auctus (Rickards 1965) Hurdhe Muhurr 1666 ludensis Biozone.
2 Colonograptus gerhardi (Kuhne 1955) 998 Hurdhe Muhurr, ludensis Biozone. 3-4
Colonograptus ludensis (Murchison 1839) 3- 65/a 4- 65/b Hurdhe Muhurr ludensis

Biozone, 5-6 Sokolovograptus cf. zavadensis Kozlowska-Dawidziuk 1995 4721 perneri (?)
Biozone, 7-10 Neogothograptus sp. cf. eximinassa Maletz 2008 Bulac 7-8 1117, 9-10 1118,

ludensis Biozone. 11-12 Gothograptus nassa (Holm 1890) Hurdhe Muhurr 1667 nassa
Biozone. 13-14 Paraplectograptus sp. cf. eiseli (Manck 1917) Fushe Muhurr 2032

lundgreni-testis Biozone. 15-16 Spinograptus cf. munchi (Eisenack 1951) Bulac 4829
ludensis Biozone. 17-18 Spinograptus cf. clathrospinosus (Eisenack 1951) Bulac  2865

ludensis Biozone, 19-20 Cyrtograptus lundgreni (Tullberg 1883) Fushe Muhurr 19 5773, 20
5769 lundgreni Biozone. 21 Cyrtograptus perneri Boucek 1933 Bufel 3279 perneri

Biozone. Scale is 1 mm for each specimen.
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Homerian ludensis Biozone, particulary rich graptolite assemblage were found
in the base (4-5 m thick) of sections within common mixed Wenlock-Ludlow.
Also, in upper part of Bulac I section are found two specimens of
Neogothograptus, probable Neogothograptus cf. eximinassa Maletz (Maletz
2008), one specimen of Spinograptus cf. munchi (Eisenack), and one of
Spinograptus cf. clathrospinosus (Eisenack). Maletz et. al., (1998) said that
in the section along the small road from Fushë -Muhurr to Hurdhë -Muhurr
which covers only a few meters of rocks near Wenlock/Ludlow boundary
interval graptolite assemblage of Pristiograptus dubius (Suess), Pristiograptus
auctus (Ricards), Pristiograptus? gerhardi (Kuhne), Pristiograptus?
ludensis (Murchison), Colonograptus colonus (Barrande), Saetograptus
cf. Saetograptus varians (Wood), Saetograptus chimaera (Barrande),
Cucullograptus sp., Plectograptus macilentus (Tornquist), Spinograptus
clathrospinosus (Eisenack), Paraplectograptus sp., Sokolovograptus (?)
sp. nov.” were found. Consequently, the mixed graptolite assemblage of this
biozone (Muhurr) suggests that ludensis Biozone underlies the lowest Gorstian
(Ludlow) nilssoni Biozone.

3 CONCLUSIONS

Fragile, flattened, deformed and scattered graptolite rhabdosomes have been
collected in some sections and in several outcrops. Nevertheless, the majority
of graptolite biozones of the standard biozonal scheme has been recognized.
Those are assemblage biozones and named after a zonal index taxa. The
murchisoni Biozone is distinguished in the lowermost part of the Wenlock,
characterized by the moderately rich graptolite assemblage with frequent
occurrence of Retiolites geinitzianus  (Barrande), and followed of
antennularius, belophorus and perneri Biozones, that in general, are
associated with the poor graptolite assemblages (murchisoni extinction
Event).The Homerian stage starts with lundgreni-testis and includes nassa
Biozone evidenced only by zonal index taxa (lundgreni Event) and ludensis
Biozone, identified in the mixed graptolite assemblage of the upward followed,
Ludlow nilssoni Biozone. Wenlock graptolite fauna of the Caje-Muhurr Unit
shows a similarity in species and faunal succession to the Wenlock successions
of the other European Silurian area and Balkanides.
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ABSTRACT

Cystic fibrosis (CF), a common genetic disease in the Caucasian population, is caused
by mutations in the cystic fibrosis transport regulator (CFTR) gene. This gene encodes
for CFTR protein, which serves as a chloride channel in epithelial cells. Recent studies
emphasize the role of Arg16Gly and Gln27Glu polymorphisms of ADRB2 gene in the
pathogenesis of CF and bronchodilator response. The present study aims to evaluate
Gln27Glu polymorphism of ADRB2 gene in Albanian CF patients, compared to healthy
Albanian population group. In addition, we aim to investigate possible relationships
of ADRB2 genotypes with clinical markers. We genotyped 66 CF Albanian patients, all
identified previously as delta F508 homozygote, for Gln27Glu polymorphisms using
allele specific polymerase chain reaction. Genotypes and Gln27Glu allele frequencies
found in this group were quite similar with those found in the control healthy group.
Gln27 allele was more frequent (65%) compared to Glu27 allele (35%). Our data of
Gln27Glu polymorphism in Albanian CF patients are the first data in our population
and could be used for further investigations of relationships with clinical markers and
therapy in our CF patients.
Keywords: — β2 adrenergic receptor (ADRB2), cystic fibrosis, modifier gene, Gln27Glu
polymorphism

1. INTRODUCTION

Cystic fibrosis (CF) is caused by mutations in the cystic fibrosis
transmembrane conductance regulator (CFTR) gene, which encodes a PKA-
regulated chloride channel (O’Sullivan and Freedman 2009; Hwang 2013).
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This protein is localized in the apical membrane of epithelial cells where it
controls salt and water transport in multiple organs. The most common mutation
in CFTR gene is the deletion of the codon for phenylalanine at position 508,
which results in defective processing and trafficking of the CFTR protein.

The altered CFTR protein causes severe pulmonary disease, pancreatic
insufficiency, high concentrations of salt in the sweat, male infertility, and
decreased female fertility. Recent studies have confirmed that CF patients
with the same CFTR genotype show different clinical expression of disease
(Cutting 2010; Simmonds et al., 2010).

It has been reported that phenotypic variation of CF depends on a number
of factors, such as mutations in the CFTR gene, polymorphisms in modifier
genes, environmental conditions and interactions between genes and
environment. All these factors affect the correlation between genotype and
phenotype in CF patients (Collaco 2008; Cutting 2010; Simmonds et al.,
2010; Stanke et al., 2010). As a result, CF patients with the same mutations
in CFTR gene show different pathogenesis of disease and bronchodilator
response.

Recent studies have been focused in modifier genes that play a key role in
CF phenotype. One of these genes is ADRB2 gene, which is localized on
chromosome 5q31-32 and encodes for beta-2-adrenergic receptor (Small
et al., 2003).

Smooth muscle cells of the airways are rich in ADRB2 receptors. Their
activation by catecholamines and other ligands increases cAMP/PKA and
consequently causes smooth muscle relaxation in the airways (Chappe et al.,
2005). For many years it has been recognized that this mechanism is mediated
through the complex ezrin/radixin/moesin binding phosphoprotein 50 (EBP50),
which binds both CFTR and b2AR at the apical membrane of epithelial cells
(Taouil et al., 2003).

Several nucleotide polymorphisms have been identified in the ADRB2 gene,
but the most studied were the substitution of arginine by glycine (Arg16Gly)
and glutamine to glutamic acid (Gln27Glu) (Drysdale et al., 2000). β2-AR is
an important target of many drugs, which are used in the treatment of different
diseases such as asthma, hypertension, cystic fibrosis, obesity, myocardial
infarction etc (Ferguson and Feldman 2014; Wang et al., 2015). Considering
this fact, interethnic differences in β2-AR receptor may define differences in
drug response and disease susceptibility (Aynacioglu et al., 1999).

Many researchers have compared data about β2AR gene polymorphisms
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between patients suffering of asthma and healthy subjects (Ortega et al.,
2014). Therefore, we aimed to evaluate the frequencies of Gln27Glu
polymorphism in Albanian CF patients and compare our findings with
frequencies found in a healthy group from Albanian population.

2. MATERIALS AND METHODS

2.1. Blood samples and DNA extraction

This study carried out at GJENOMA, Laboratory of Molecular Genetics,
in Tirana, Albania. We analyzed 66 DNA samples from patients with CF
disease (mean age of 7 years), who were identified previously as homozygous
for the ΔF508 mutation, from Center of Molecular Diagnosis and Genetic
Research, University Hospital of Obstetrics and Gynecology, Mbretëresha
Geraldinë, in Tirana, Albania.

The genomic DNA was isolated from peripheral blood using Qiagen extraction
kit and following manufacturer’s instructions. DNA samples extracted from
blood were used to determine Gln27Glu polymorphism for all the subjects.

2.2. Genotyping

DNA samples were genotyped for the Gln27Glu polymorphism by using
allele-specific polymerase chain reaction (Gaudet et al., 2009). Two PCR
reactions on every DNA sample by using two different primer pairs were
performed. The forward primers for Gln and Glu allele were: 5’-GGA CCA
CGA CGT CAC GCA AC -3’ and 5’-GGA CCA CGA CGT CAC GCA
AG-3’ respectively.

The reverse primer was the same 5’- TGA TGA AGT AGT TGG TGA
CC-3’ for both reactions. The size of PCR product was 158 bp long, as we
expected. In addition, another primer pair was used (5’-GAA CTG CCA
CTT CAG CTG TCT-3’ and 5’-CAG CTG CAT TTG GAA GTG CTC-3’)
in order to amplify a 320-bp DNA fragment of CYP1A1 gene, which served
as the internal positive control.

The PCR reactions were carried out in a volume of 50 μl containing 5 μl of
genomic DNA, 1.5 mM of MgCl2, 200 μmol/l of each dNTP, 1 μmol of
each primer (forward and reverse) and 0.2 μl (1 unit) of Taq Gold Polymerase.

PCR conditions were as follows: initial denaturation at 94°C for 10 minutes,

GLN27GLU polymorphism of Beta-2 adrenergic receptor (ADRB2) gene...
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followed by 40 cycles of denaturation (94°C for 60 seconds), annealing (60°C
for 60 seconds) and extension (72°C for 60 seconds). This was followed by
a final extension of 72°C for 7 min. Ten μl of the PCR mixture was then
electrophoresed on 2% agarose gels and visualized under UV illumination
following ethidium bromide staining.

2.3. Statistical analysis

Allele and genotype frequencies were calculated by using standard formula.
Standard deviations and 95% confidence intervals (CI) were also calculated.
Hardy–Weinberg equilibrium was assessed by a χ2 test with 1 degree of
freedom. Comparison of the frequencies between patients and controls was
involved the Fisher Exact test and p-values lower than 0.05 were considered
significant.

3. RESULTS

We have determined the genotypes of CF patients by using AS-PCR
method. From genotypes we calculated the frequency of Gln27 and Glu27
alleles. Genotype and allele frequencies of the Gln27Glu polymorphism in 66
CF Albanian patients are shown in Table 1.

Table 1. Genotype and allele frequencies of the Gln27Glu polymorphism in
66 CF Albanian patients

The frequencies of Gln27Glu genotypes in CF patients were in accordance
with Hardy Weinberg equilibrium (χ2 =1.16). The frequencies of each
genotype for this polymorphism were: 30/66 (0.46), 26/66 (0.39) and 10/66
(0.15), respectively for the Gln27Gln, Gln27Glu and Glu27Glu genotypes.

Similar results were reported by Marson et al., (2012) and Lenarduzzi et
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Genotype frequency Allele frequency

_________________________   _______________________________
Group of study n Gln/ Gln    Gln /Glu    Glu /Glu Gln27 (95% CI)     Glu27 (95% CI)
______________________________________________________________________________
_

CF patients 66 0.46           0.39           0.15 0.65 (0.57 - 0.73) 0.35 (0.27- 0.43)
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al., (2014), where the genotype Gln/Gln was more frequent compared to
Glu/Glu genotype. On the other hand, Steagall et al. (2007) showed that in
CF patients, the genotype Gln/Glu had the highest frequency (46.9%), whereas
the genotype Gln/Gln presented the lowest one (24.6%).

The Gln27 allele in our CF patients was more frequent, 0.65 (0.57–0.73)
compared to Glu27 allele 0.35 (0.27-0.43). Lenarduzzi et al., (2014) showed
the same tendency of these frequencies in Italian CF patients, where the Gln27
allele had the highest frequency (0.71) compared to Glu27 allele (0.29).
However, opposite data were reported by Steagall et al., (2007), in other
ethnic groups, where the frequency of Glu27 allele was found to be higher
compared to Gln27 allele.

We compared the genotype and allele frequencies of the Gln27Glu
polymorphism in 66 CF Albanian patients with data obtained in 50 healthy
individuals, in a previous study of Gln27Glu polymorphism in Albanian healthy
population (Zace and Zoraqi, 2011) using the same protocol AS-PCR. These
data are in Table 2 shown.

Table 2. Genotype and allele frequencies of the Gln27Glu polymorphism in
66 CF Albanian patients and in 50 healthy individuals

*Data about healthy individuals are refered from Zace and Zoraqi (2011)(17)

According to their results, Gln/Gln and Gln/Glu genotypes share the same
frequency (0.46), whereas Glu/Glu genotype had the lowest frequency (0.08)
(Table 2).

The allele frequencies in CF patients and in healthy control group were
compared by using Fisher Exact test. There were no statistically significant
differences in allele and genotype frequencies between these two groups
(χ2=0.552; p <0.05).

GLN27GLU polymorphism of Beta-2 adrenergic receptor (ADRB2) gene...

______________________________________________________________________________
Genotype frequency Allele frequency

_________________________     ____________________________
Group of study           n Gln/ Gln    Gln /Glu    Glu /Glu Gln27 (95% CI) Glu27 (95% CI)
______________________________________________________________________________
_
Healthy group*        50 0.46          0.46 0.08 0.69 (0.60 - 0.78) 0.31 (0.22-0.40)
CF patients              66  0.46 0.39 0.15        0.65 (0.57 - 0.73) 0.35 (0.27- 0.43)
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4. DISCUSSIONS

Beta 2 adrenergic receptors not only play an important role in regulation of
many physiological and biochemical processes, but they serve as a target for
different drugs used in the treatment of obstructive airway diseases (Michel
and Büscher 2008; Kim et al., 2009). Activation of these receptors by
endogenous catecholamines and exogenous agonists causes smooth muscle
relaxation in the airways.

A number of studies have found that CF patients with the same mutation in
the CFTR gene display wide variability in clinical features and survival. Many
studies related to ADRB2 polymorphisms in cystic fibrosis, asthma, obesity,
diabetes, hypertension, coronary heart diseases etc. aimed to reveal the
differential role that might have genetic variants of β2-AR in pathogenesis of
these diseases (Pinelli et al., 2006; Collaco and Garry 2008; Cutting 2010; de
Paiva et al., 2014; Zhang et al., 2014; Wang et al., 2015).

A research conducted in vitro in human airway epithelial cells has shown that
activation of β2-AR receptors increases ion transport via cAMP/PKA dependent
CFTR (Taouil et al. 2003). However, chronic exposure of cell culture with different
concentrations of beta adrenergic agonists leads to decrease both β2-AR
responsiveness and receptor’s number. In these circumstances β2-AR receptors
undergo desensitization and down-regulation (Barisione et al., 2010).

Nowadays studies related to clinical response to short and long-term
bronchodilators used in CF patients with different polymorphic variants of the
β2-AR receptors are limited. However, their results are often contradictory
(Steagall et al,. 2007; Marson et al., 2012).

The data published previously for Arg16Gly polymorphism and these data related
to Gln27Glu polymorphism give a clear view of beta-2-adrenergic receptor
polymorphisms in Albanian healthy population as well as in CF patients (Rrapaj
et al., 2016). In this context, our future objective is to verify the possible role of
Arg16Gly and Gln27Glu polymorphisms of ADRB2 gene in Albanian CF patients
and the severity of cystic fibrosis disease and bronchodilator response.

5. CONCLUSION

We found that the frequencies of Gln27Gln, Gln27Glu and Glu27Glu
genotypes in 66 CF patients were 0.46, 0.39 and 0.15 respectively, and
similar frequencies were found even in 50 healthy Albanian individuals (0.46,
0.46 and 0.08 respectively).
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The allele frequencies of Gln27 and Glu27 in CF patients were 0.65 and
0.35, which were similar with frequencies found in the control group (0.69
and 0.31). No statistically significant differences  in allele and genotype
frequencies between CF patients and healthy group were found.

The present study indicates that the frequency of Gln/Gln genotype in both
control and CF group was higher, compared to other genotype frequencies.
These results are similar with some European populations, and quite different
with other ethnic groups.
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ABSTRACT

Nowday’s government is moving from non-electronic services to a new public service
schema known as demand-driven or personalized e-services. We define a formal model
for a Public Service on the basis of the semantic web, to anticipate the need to match
supply and demand for public services. The Administrative-Territorial Reform of 2015
enhanced administrative, professional, and technical efficiency to deliver modern and
qualitative services for citizens. Most of them follow a similar activity-based path,
where a considered number of activities are done by non-electronic methods, and
considered completely different from each-other. The schema here reported addresses
the key concepts and relations needed to coordinate the activities necessary for
integrated public services. The proposed ontology was based on a complex processes
involving citizens and a wide literature and studies. We propose ontology for Public
Services, as an extensive version, using GIS reference, in order to support public
administrative services of the local government.
Keywords: public service, local government, GIS, e-government, ontology

1. INTRODUCTION

The Public Service is a service which is provided by government to people
living within its jurisdiction, either directly (through the public sector) or by
financing provision of services (Wikipedia, 2016). The present paper investigates
and proposes a useful and conventional system to fit in the best way with the
current Albanian system of offering public services.

Public services are: accommodation request, taxi license, residential certificate,
permission to use the public space, etc.; each service associated with different
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ADMINISTRATIVE SERVICES PROVIDED BY THE LOCAL
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properties. Studies (Bojaxhiu and Xhina, 2016) have shown the space for basic
and general steps.

The Public Service ontology provides researchers and practitioners with a
formal, standardized and unambiguous way for modeling public services. The
Public Service ontology will also be used for resolving semantic interoperability
problems between different Public Administration (PA) information systems
and creating Semantic Web Service with rich PA domain semantics.

The system proposed enhances the public service ontology because GIS
reference was involved for a better support to administrative services offered
by local government in Albania.

2. Background

Public Service modeling in Albania is part of a new structured form of
understanding and representing information and service to end users. Local
government supports a large number of different administrative services, to
fulfill citizen requests. Administrative services in different municipalities of
Albania are mostly categorized as completely manual works, and a few of
them are partly automatic, or fully automatic. Basically, they are all public
services.

On the other hand, (Jarrar and Meersman, 2008) ontologies are becoming
essential for organizations, because they are machine-processable semantic
resources for many application areas. Ontology is a formal, explicit specification
of a shared conceptualization (De Leenheer et al., 2013).

There is a need in this environment (local government in Albania), to formally
represent a public service as single logical process and as an agreed
understanding of this domain in the form of a computer-based resource.

To ensure that all public services are modeled in a sustainable way (Bojaxhiu
and Xhina, 2016), a meta-model that acts as a modeling guide would be
necessary. Consequently, we have chosen as a base model, the proposed model
from the Government Enterprise Architecture-Public Administration (GEA-
PA), respectively its Web Service Modeling Ontology (WSMO) implementation
WSMO-PA (Wang et al., 2007), as a general process flow followed by local
governments. GEA-PA is neutral technology. It does not make any assumption
about the semantic context or the nature of current public service applications,
so they often will be implemented as web services. It also shapes the goals and
needs of citizens (social entities) of public administration services. This allows
for detection of the goal-oriented public service, would not necessarily be
implemented as (semantic) web services. Figure 1 depicts a general schema
of GEA-PA ontology.
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Fig.1. GEA-PA service model.

3. E-Government Public Service Ontology Schema

There are different types of ontology. To keep our focus, and as starting
point, let’s say we will develop a domain ontology, i.e., a conceptualization of
concepts, relations and attributes belonging to a particular field of our interest
(Bermejo, 2007).

Based on ontology schemas conceptualized in areas like tourism for e-tourism
(Bruijn, Lara, Polleres and Fensel, 2005) or government public services(Crichton,
Davies, Gibbons, Harris and Shukla, 2007) for e-government public service,
the methodology used in our case to present the ontology, it’s a step by step
process. In practical terms, to develop ontology we have to define (Kifer et al.,
1995): i) concepts, i.e., classes; ii) organize them somehow in taxonomy
(inheritance issues among superclass-subclass), iii) define relations among the
classes, iv) define the attributes and which values they can take and, v) define
instances, i.e., “real” elements in our domain.

Local government after the Territorial Administrative Reform in the Republic
of Albania provides public services such as (Smart Processes, 2016): i) request
for accommodation, ii) taxi license, ii) confirmation for discharge of obligations,
iii) residential certificate, iv) certificate of cohabitation, v) permission for use
of public space, vi) request for reserved parking spot, vii) request for scholarship,
viii) subject registration and, xix) request for housing privatization, etc.

Based on the listed services, studies and analyses made, generally covers
several concepts, which compose a top-level ontology, like: legal act (each

Enhancing e-government public service ontology schema with gis....
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service is based on a legal act), a list of documents required to complete, a
number of forms needed to fill, organised all following a workflow. A workflow
is composed by steps, and each step has a specific status, like approved or
rejected etc. The whole process of making a public service is directed by a
group of roles that contains users (Figure 2).

The case of a taxi licence:
i) roles (One stop shop-OSS, revenue office, transport office, administration),
ii) workflow (accept application, send request for treatment, accepted, liabilities,

submitted, rejected, etc.),
iii) status (new licence, licence for treatment, licence rejected, license

approved, etc.) and,
iv) forms (applicant data, license details, required documents for submission,

find local dues, treatment referral, service fee, withdrawal of license, refusal
of license)

Fig. 2: Public Service top-level ontology.

3 Enhancing e-Government Public Service Ontology with GIS Reference

To georeference means to associate something with locations in physical
space. The term is commonly used in the geographic information systems field
to describe the process of associating a physical map or raster image of a map
with spatial locations. Georeferencing (ORBIS, 2016) may be applied to any
kind of object or structure that can be related to a geographical location, such
as points of interest, roads, places, bridges, or buildings.

The use of an ontology, translated into an active information system component,
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leads to Ontology-Driven Information Systems (ODIS) (Fonseca et al., 2001)
and, in the specific case of GIS, it leads to what we call Ontology-Driven
Geographic Information Systems (ODGIS) (Fonseca and Egenhofer, 2001).
ODGIS are built using software components derived from various ontologies.
These software components are classes that can be used to develop new GIS
applications. Being ontology-derived, these classes embed knowledge extracted
from ontologies. The object-oriented approach for describing the geographic
world is thoroughly discussed and established (Gahegan and Roberts, 1988).
The use of the object data model as the basic conceptualization of space has
been discussed by Nunes (1991), where he argues that the issue of defining
geographic space is actually the issue of defining and studying the geographic
objects, their attributes, and relations. Discussing the main concepts behind the
object oriented approach and its application to geo-referenced information,
Worboys (1994) considers that this approach can describe both field-based
and object-based spatial models.

A need to represent geographically the retrieved information is presented in
a large number of public services in local government. A case of this is the
process of tax collection. The proposed public service top-level ontology does
not support the following cases: i) building tax payment, ii) getting the AMTP
(Akti i Marrjes së Tokës në Pronësi).

Both of them are cases which require a geographic definition of the object,
based on their: i) role (business, housing/flat, subjects of state), ii) location
(relative i.e., country level, municipal level, or absolute, giving a single and full
address which includes country, municipally level, etc.) and, iii) type (new object,
existing object).

In general, we notice that, the information about a GIS object required two
different levels of the proposed ontology: i) when a list of documents is provided
and, ii) when it is part of a step phase during a service workflow.

Our approach (Figure 3) lists the most needed elements for the
conceptualization of a new model of this domain, while enhancing an existing
schema.

Enhancing e-government public service ontology schema with gis....
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Fig.3: Enhanced Public Service top-level ontology.

4. CONCLUSIONS

In this paper, we discussed about the importance of public services
standardization using ontology. In addition, a formal and unambiguous schema
for modeling public services was reported. We brought some examples that
required GIS reference integration for giving accurate information of the public
service. Examples and ontologies were analyzed and proposed using the case
of local government in Albania. Our next goals are to further enhance the
proposed public service top-level ontology, implementing the proposed schema
using dedicated platforms as Protégé and Jena Fuseki.

REFERENCES

Bermejo J. 2007. A simplified guide to create an ontology. ASLab R-2007-
004.

Bojaxhiu A, Xhina E. 2016. The case of local government in Albania.
Ontology and semantic description in distributed environment implemented with
multi-agent. ICTEA.

Bruijn Jd, Lara R, Polleres A, Fensel D. 2005. OWL DL vs. OWL
Flight: conceptual modeling and reasoning for the semantic web, in WWW ’05:
Proceedings of the 14th international conference on World Wide Web, ACM.

Crichton C, Davies J, Gibbons J, Harris S, Shukla A. 2007. Semantic
frameworks for government, in ICEGOV &#39;07: Proceedings of the 1st international
conference on Theory and practice of electronic governance, ACM, pp 30-36.

De Leenheer P, Cardoso J, Pedrinaci C. 2013. Ontological-rep-and-
governance-of-business-semantics. CP-2013-065-IESS.

Ana DHËMBI, Endrit XHINA, Gerta GRADECI



123JNTS

Fonseca F, Egenhofer M, Davis C. 2001. Ontology-driven information
integration. AAAI Technical Report WS-00-08.

Gahegan M, Roberts S. 1988. An intelligent, object-oriented geographical
information system. International Journal of Geographical Information Systems
2(2):101-110, 1988.

Jarrar M, Meersman R. 2008. Ontology engineering: the dogma approach.
Advances in Web Semantics I. LNCS, vol. 4891, 7-34. Springer, Berlin.

Kifer M, Lausen G, Wu J. 1995. Logical foundations of object-oriented
and frame-based languages. Journal of the ACM (JACM).

Nunes J. 1991. Geographic space as a set of concrete geographical entities.
Cognitive and Linguistic Aspects of Geographic Space. Norwell, MA: Kluwer
Academic Publishers.

ORBIS. 2016. the Yale Library Online Catalog. Geographic Information
Systems (GIS) Reference. http://www.library.yale.edu/MapColl/
gis_reference.html.

Smart Processes. 2016. Public Services Solution. http://smartprocesses.net/
.

Wang X, Vitvar T, Peristeras V. 2007. WSMO-PA: Formal Specification
of Public Administration Service Model on Semantic Web Service Ontology.
40th Conference of IEEE.

Wikipedia. 2016. Public Service. Wikipedia, https://en.wikipedia.org/wiki/
Public_service.

Worboys M. 1994. Object-oriented approaches to georeferenced
information. International Journal of Geographical Information Systems
8(4):385–399.

Enhancing e-government public service ontology schema with gis....



124 No.2/2016 (XXI)Ana DHËMBI, Endrit XHINA, Gerta GRADECI



125JNTS

There are many Albanian scientists around the world known for their
commitment to science. The reminder of this scientific information introduces
the achievements made by Nikolla Qafoku (USA), Nazim Gruda (Germany)
and Pandi Zdruli (Italy), former students of the Agricultural University of Tirana,
Albania, published in the same time and at the same journal, in collaboration
with other scientists from Italy, Canada, China, USA, Jordan, Turkey, and Greece,
and well-known international research centers such as the Joint Research Centre
of the European Commission and the International Center for Agricultural
Research in the Dry Areas (ICARDA). These high-quality papers were included
at the Encyclopedia of Soil Science published in the USA by the prestigious
Taylor&Francis, in three volumes and covering a wide range of scientific topics
from different science areas. It is a guide designed for both coursework and
self-study which version describes every branch of soil science and investigates
into trans-disciplinary issues that focus on inter-connectivity or the nexus
approach. Prof. Rattan Lal, director of the Carbon Management and
Sequestration Center, School of Environment and Natural Resources of the
Ohio State University, USA, is the Editor of this edition. The Academy of
Sciences of Albania is very proud for the achievements made by these scientists
so far, and it is pretty sure that further scientific achievements will be made.

MINERALOGY AND CHEMISTRY OF VARIABLE CHARGE
SOILS

Soils rich in particles with amphoteric surface properties in the Oxisols, Ultisols,
Alfisols, Spodosols, and Andisols orders are considered to be variable charge
soils. Variable charge soils have unique surface charge characteristics and
mineralogy. Kaolinite and sesquioxides are the most common minerals in the
clay fraction, and little or no weatherable minerals are present in the silt and
sand fractions. Variations in relative proportions and chemical composition of
the major mineral soil constituents of highly weathered soils and volcanic ash

THE ACHIEVEMENTS OF THREE ALBANIAN
AGRICULTURAL SCIENTISTS AT THE LATEST ISSUE OF

ENCYCLOPEDIA OF SOIL SCIENCE

SCIENTIFIC INFORMATION
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soils influence the surface reactivity, which is the key factor controlling nutrient
availability. Nutrient management of these soils effectively dictates small and
frequent applications of inorganic fertilizers. The most typical properties of
variable charge soils are low effective cation exchange capacity, high effective
anion exchange capacity, low organic matter, low available water-holding
capacity, high hydraulic conductivity, very stable microaggregates, high P
appreciable anion exchange capacity that significantly retards the adsorption,
and relatively high point of zero charge. A rational management can be obtained
by trying to change the nature of the colloidal surfaces, leading to an increase
in cation exchange capacity. This might be achieved by blocking positively
charged sites, e.g., application of P fertilizers and silicates and incorporation of
young pyroclastic materials and biochars, or by a better management of the
organic matter and a more efficient erosion control.

Eric van RANST (Belgium),
Nikolla P. QAFOKU (USA),

Andrew NOBLE (Jordan),
 Ren-kou XU (China)

IRON OXIDES
Iron (Fe) oxides are common clay-sized oxide, oxyhydroxide, and hydroxide

soil minerals. They are compounds of Fe, oxygen (O), and hydrogen (H) that
have structures based on close-packed arrays of O. The octahedral and
tetrahedral cavities within these arrays are filled with either Fe3+ or Fe2+ to
form Fe(O/OH)6, FeO6, or FeO4 structural units. All of the naturally occurring
Fe oxide minerals usually undergo some degree of isomorphous substitution of
other metal ions for Fe in their structures. Relatively simple techniques may be
used to identify Fe oxides in the field based on their typical colors and magnetic
properties. In the laboratory, a variety of instrumental techniques can be used to
confirm phase identity and to quantify amount. Of these, X-ray diffraction, infrared
spectroscopy, electron microscopy, thermal analysis, and Mössbauer spectroscopy
are the most commonly used techniques. As oxides, the functional groups on
their surfaces may have positive, negative, or no charge depending on pH and on
the concentration and nature of other ions in the contact solution. A net positive
surface charge usually is observed in soils because Fe oxides have a point of
zero charge in the neutral or slightly basic pHs. The functional groups on the
surface form complexes with cations and anions from the aqueous phase. Their
sorption and electron buffering properties significantly affect the geochemical
cycles of almost all elements having agronomic or environmental significance.

Nikolla P. QAFOKU
James AMONETTE (USA)
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SOILLESS CULTURE
Soilless culture is the cultivation of plants in systems other than soil in situ.

Plant roots may grow either in a porous aggregate (see “Growing media” below),
or directly in a liquid medium. Soilless systems can be either open-loop or
closed-loop cultivation systems. The latter, which involves re-using any drainage
solution, can substantially reduce potential pollution of water resources by nitrates
and phosphates, while contributing to an appreciable reduction in water and
fertilizer consumption. In soilless culture, higher yields can be achieved compared
to soil cultivation due to an optimization of nutrients and water availability to
the plants. In addition, the soilless cultivation enhances the early yield in crops
planted during the cold season of the year, due to higher temperatures that can
be maintained in the root zone during the day. Last but not least, the taste and
chemical quality of some vegetables may be substantially improved in soilless
culture by optimizing the total salt and nutrient concentration in the supplied
nutrient solution. Some of the most important systems with features of each of
these approaches are described in a very compact form in this entry.

Nazim GRUDA,
Giorgio PROSDOCIMI GIANQUINTO (Italy),

Yuksel TUZEL (Turkey),
Dimitrios SAVVAS (Greece)

GROWING MEDIA
Growing media provide a root environment which is free of plant pathogens

and can have physical and chemical properties that ensures adequate aeration
for the root system and optimizes the supply of water and nutrients to the
shoot. The result is the reliable production of high quality plant material. A wide
range of inorganic and organic materials are used as components of growing
media. Peat moss has been the most important material in many countries.
There is increased interest in the use of organic waste materials such as
composted crop residues and bio-waste and in the forms of charcoal such as
Biochar. Systems base on inorganic materials such as rockwool, perlite,
polyurethane foam have been developed in combination with fertigation systems
to successfully produce many crops. Physical, chemical and biological properties
for several growing media are described in this entry. Given their success to
date and the ongoing need to develop intensive crop production systems it
seems likely that the use of growing media will continue to expand in the future.

Nazim GRUDA,
Jean CARON (Canada),

Munoo PRASAD (Ireland),
MICHAEL J. MAHER (Ireland)
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MAPPING DESERTIFICATION: CONSTRAINTS AND
CHALLENGES

Mapping desertification has proven to be a challenging task. Difficulties derive
from its ambiguous definition and the comprehensive integration of various
biophysical and socioeconomic indicators that need to be considered in the
evaluation process. In the early 1990s, assessments and mapping were based
primarily on expert opinions that introduced uncertainties and obvious
shortcomings. Later on, with the development of the remote sensing technology
and the advancement of the geographic information systems, global mapping
became common place. Results showed that temporal and spatial scales are
crucial components of the mapping and assessment process, but great difficulties
arose when comparing maps that were developed using different methodologies.
Global maps could depict only general trends in desertification caused by human-
induced land-use changes or climatic variations but proved to be of limited
value at local level. On the other side, local studies have problems of
extrapolation. This necessitates the performance of mapping at various scales,
but only after a methodological approach has been developed that accounts for
all the components of the desertification process, allowing upscaling from global
to local level and vice versa.

Pandi ZDRULI (Italy),
Michael CHERLET (EC JRC, Ispra, Italy),

Claudio ZUCCA (ICARDA, Jordan)
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ABSTRACT

Some field works have been carried out during the training course of GPR applications
for civil engineering organized at the University of Malta, Valletta in the frame work of
COST Action TU1208 and the processing and interpretation of GPR data are here
reported. The data were collected inside the Chapel of the Church of Jesuits located in
Valletta campus, through the Stepped Frequency Continuous Wave Radar (SFCW), a
prototype developed by Raffaele Persico and his team. The data collected in frequency
domain, were transformed in time domain, and an interpretation of Data in 2D scans
and 3D is shown. Processing consists of moving starting time, gain, moving
background, 1D filtering and migration. The possible buried structures under basement
are presented as images of time slices which correspond with depth.
Keywords: stepped frequency continuous, GPR data, interpretation, processing

1. INTRODUCTION

Ground-penetrating radar (GPR) enables the noninvasive characterization of
the subsurface using electromagnetic (EM) waves. Early investigations include
measurements of glacier, ice sheet, and permafrost. Nowadays, a multitude of
applications exist for this high-resolution geophysical tool, which includes
agricultural, archaeological, environmental, geotechnical, hydrologic, civil
engineering and sedimentologic applications. Several books (Conyers and

THE INTERPRETATION OF STEPPED FREQUENCY
CONTINUOUS WAVE GPR DATA IN THE CHAPEL OF
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Goodman, 1997; Daniels, 2004; Jol, 2009; Benedetto and Pajewski, 2015), book
chapters (Annan, 2005; Blindow, 2006), and review papers (Annan, 2002;
Huisman et al., 2003; Knight, 2001; Neal, 2004; Slob et al., 2010; Alani et al.,
2013) describe the principles of GPR technology, discuss the required processing
steps, and show a multitude of existing and emerging applications. Figure 1
depicts the GPR measurements applied using different setups; air launched,
crosshole, and surface-based. Here, the source and receiver antennae are
indicated as solid arrows, which reflect the dipole nature and indicate that
polarized electromagnetic fields are emitted and received respectively.
Conventional processing and inversion methods for GPR data are often using
ray-based methods originally developed for seismic data or using far-field high-
frequency approximations. In several cases, this approach is sufficient, as long
as the main focus is on the propagating nature of the waves. If the focus is on
specific EM properties of a material that influence the wave dynamics, such as
dipolar vectorial radiation patterns, polarization effects, or reflection coefficients,
the scalar seismic techniques are no longer appropriate and specific EM
processing and inversion techniques are necessary.

Fig. 1. The three most commonly used ground-penetrating radar (GPR) source–receiver
setups: air-launched, crosshole, and surface GPR.

The Maxwell’s equations govern the EM wave propagation in a homogeneous
space, a homogeneous half-space, and a horizontally layered earth, which are
dependent on relative permittivity ε

r
, conductivity σ, and velocity v for selected

materials (tab.1).

Hamza RECI, Michal DABROWSKI, Giovanni MUSOLINO



131JNTS

Table 1. Relative permittivity ε
r
, conductivity σ, and velocity v for selected

materials

The data were collected inside the Chapel of the Church of Jesuits located in
Valletta campus using the Stepped Frequency Continuous Wave Radar (SFCW),
a prototype developed by Raffaele Persico and his team (Alberti et al., 2002).
The Jesuits’ church is one of the oldest churches and one of the largest in the
diocese. The site, comprising a college and a church is bounded by four streets
occupying the whole area. When Valletta was built, the Jesuits expressed an
interest in building their own College there, since the city was considered the
furthest bastion of Christianity against the Ottoman threat. The Church of the
Jesuits was originally the church of the college, back at the end of the 16th
century. But there are downsides to residency in a fortified city: on 12th
September 1634 a violent explosion in the Order’s gun-powder magazine claimed
many victims, along with severe damage to the surrounding area, including the
church. In 1635 the Tuscan architect Francesco Buonamici undertook the
restoration of the church, giving it the monumental baroque facade and imposing
internal dome that we can admire today. In 1662, the wealthy Maltese goldsmith
Pietro Rosselli purchased the second chapel on the left in the church and
appointed Mattia Preti to paint a triptych celebrating the life of St Peter. Preti
was still a newcomer to the island and took this opportunity to produce three of
his best works, in themselves good reasons to visit the church. He painted the
two big lunettes with the Saints Peter and Paul led to martyrdom and the
Martyrdom of St Peter, and the altar-piece depicting the Liberation of Saint
Peter. According to the Acts of the Apostles Peter was rescued from
imprisonment by an angel who put the jailers to sleep and caused Peter’s chains
to fall away. Mattia Preti chose to represent the exact moment when Peter is
leaving the prison, guided by the angel and passing by the sleeping wardens.
This art is both emotionally strong and measured, with few characters and an
accent on the emotions and tensions of a dramatic moment.

The interpretation of stepped frequency continuous wave GPR data....

Media εr σ(mS/m) v(m/s)
Air 1 0 0.3
Distilled water 80 0.01 0.03
Fresh water 80 0.5 0.03
Seawater 80 3000 0.01
Dry sand 3-5 0.01 0.17-0.13
Saturated sand 20-30 0.1-1 0.07-0.05
Silt 5-30 1-100 0.13-0.05
Clay 5-40 2-100 0.13-0.05
Limestone 4-8 0.5-2 0.15-0.11
Granite 6 0.01-1 0.12
Dry salt 6 0.001-0.1 0.12
Ice 3.18 0.01 0.17
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2. MATERIAL AND METHODS

Acquisition and Setup the GPR Survey
Conventional GPR systems consist of two antennae: a transmitting dipole

antenna, which emits a vectorial EM wave into the subsurface, and a dipole
receiving antenna, which detects a specific polarization of the back-traveling
EM waves. Three measurement modes can be used: crosshole, off-ground,
and surface GPR (Figure 1), which have their own drawbacks, benefits, and
need for specific processing steps. Crosshole GPR operates between two (sub)
parallel boreholes at a certain distance in which the vertical transmitting and
receiving antennae are located. Therefore, the emitted energy propagates from
the source antenna to the receiver antenna, and the arrivals for a large number
of source and receiver positions are used to obtain velocity and attenuation
information from between the boreholes. Although crosshole GPR is widely
used (Binley et al., 2001), the method is evidently restricted by the availability
of borehole installations.

Due to their noninvasive nature, offground GPR and surface GPR overcome
this limitation and are more often applied. Off-ground GPR uses air-launched
antennae installed at a sufficient height above the surface and is often used for
soil characterization (Jadoon et al., 2012; Lambot et al., 2004; Redman et al.,
2002; Weihermuller et al., 2007) and asphalt or concrete characterization
(Hugenschmidt, 2002; Kalogaropoulos et al., 2011). The main challenges for
off-ground GPR are its sensitivity to surface roughness (Lambot et al., 2006)
and the limited penetration depth of the signal due to the relatively large reflection
occurring at the interface between the air and the ground. Surface GPR
antennae emit more energy into the subsurface such that higher penetration
depth can be obtained. Moreover, wider radiation patterns also enable the
reconstruction of subsurface objects with higher spatial resolution. In addition
to the common-offset source–receiver setup, a commonly used setup is the
wide-angle reflection–refraction (WARR) method (Huisman et al., 2003),
where the reflections have a CMP or the source position remains fixed.

There are two common types of GPR which differ in the way that data are
acquired, either in the time domain (impulse radar) or the frequency domain
(continuous-wave and stepped- frequency radars). The resulting waveform
indicates the amplitude of the energy scattered from subsurface objects in the
time domain. The recorded signal is displayed in two-way traveltime (twt), the
time taken for the pulse to travel down through the ground to the subsurface
object and to return back to the surface where it is recorded. When selecting a
radar system for a survey one critical choice is the antennas which come in a
variety of shapes and sizes. First is the choice of antenna frequency which together
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with the velocity of the radar signal through the ground determines the wavelength
of the signal, resolution, and depth of penetration. Lower-frequency antennas,
for example, 10–50 MHz produce longer wavelength signals with lower resolution
and increased depths of penetration; whereas higher- frequency antennas, for
example, 200–500 MHz produce shorter wavelength signals with higher resolution
but reduced depths of penetration. Having selected an appropriate wavelength
for the objectives of the survey (see Jol and Bristow, 2003), there are different
types of antennas available. There are at least four different types of antennas in
common use: bistatic antennas, monostatic antennas, shielded/unshielded antennas,
and rough terrain antennas (RTA), (fig. 2).

Monostatic antennas have a single antenna that transmits and receives.
Examples of unshielded bistatic antennas are showed in figure 2c. There are
two antennas which look like skis, one transmitting and the other receiving,
which are moved across the ground at a constant separation in steps that can
be determined by the user. Shielded antennas may be monostatic or bistatic
and housed within a case which usually incorporates a Faraday cage or absorbing
material that helps to reduce interference from external sources of EM radiation.
The advantages are that the shielded antennas are generally more robust (fig.
2b), and can be towed across the ground more easily than the unshielded ski
type.

      a)              b) c)

Fig. 2. View of different antennas used on GPR surveys

Stepped Frequency Continuous Wave (SFCW) radars have some advantages
over the time domain GPRs: larger frequency bandwidth (Daniels, 1996; Taylor,
2001), higher mean power, lower noise figure, and, probably the most important
one, the possibility of shaping the power spectral density. The last feature allows
changing the level of the side lobes just by changing the “windowing” function.
Of course, there is a price to be paid which regards the range resolution. This
work is carried out in the frame of the COST Action 1208 (www.gpradar.eu),
inside the Church of Jesuits in Walletta, Malta. The GPR equipment is the
SFCW GPR instrument, developed by the team of CNR Italy, which operates
in the frequency range 50-1000MHz (Figure 3).

The interpretation of stepped frequency continuous wave GPR data....
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Fig. 3. View of the Stepped Frequency GPR during the surveys

The area in the basement of chapel with B-scans at distance intervals of
0.5m was surveyed using this prototype instrument. The length of the B-scan
lines was 19m. Notes related to possible object in basement were taken into
account. The layout Grid of 3D GPR survey is in figure 4 depicted.
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Fig.4. Layout of SFCW GPR measurements in the Church of Jesuits, University Campus
of Valletta, Malta.

3. RESULTS AND DISCUSSIONS

Processing, Imaging, and Inversion of GPR Data
Some form of signal processing will almost certainly have to be applied to

GPR data and many functions can be performed during data processing (fig.
5). However, there is an old adage that should be remembered ‘rubbish in
equals rubbish out.’ No amount of processing can compensate for poor data
collection in the first place. If the data collected in the field is not good, all the
processing in the world will not turn it into good data, and there is a lot to be
said for the use of minimum processing in order to retain the integrity of the
data. With this proviso in mind there are some basic processing steps that
should be followed Cassidy (2009) for further details. The first step is to edit
the data files, removing bad traces or start positions if files need to be merged

The interpretation of stepped frequency continuous wave GPR data....
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together to form longer lines. Dewow filters remove a low-frequency ‘wow’
and DC signal, reducing the data to a mean zero level. Dewow is generally an
automatic function on most radar systems. Time-zero correction picks the first
arrival of the direct air wave arrival at the receiver to correct for drift due to
instability in the electronics or small changes in antenna configurations or air
gaps where the antennas are not directly on the ground.

Filters can be applied that average down the trace (temporal) or from trace
to trace (spatial) with the effect of smoothing the data and removing high-
frequency noise. These filters should be used with discretion because excessive
averaging between traces or down the trace will smooth the data. Additional
high-pass filters allow the higher-frequency components to pass, removing low-
frequency components. In contrast, low-pass filters can be used to remove
high-frequency noise while allowing the lower-frequency component to pass.
High-pass and low-pass filters can be combined in band-pass filters that let
through frequencies either side of the peak frequency of the transmitted radar
signal. In order to convert the GPR profiles from the time domain in which the
data are recorded to depth beneath the surface requires the velocity. Estimate
of the average subsurface velocity can be extracted from ground truthing,
collecting data above an object of known depth, or more commonly collection
of CMP surveys. In addition, velocities can be estimated from matching modeled
hyperbolic curves to diffractions or hyperbolas in the observed data. Field data
will require static corrections for elevation changes along the profile. Topographic
data should be collected in the field at the same time as the GPR profiles are
collected using levels, laser levels, total stations, global positioning system (GPS)
or differential global positioning system (DGPS) equipment. Gains are applied
to the GPR data to enhance the appearance of later arrivals and compensate
for the effects of signal attenuation and geometrical spreading loss.

There are a variety of gain functions but the most common are constant,
spherical and exponential compensation (SEC) and automatic gain control (AGC).
Migration to collapse hyperbolas and correct the position of dipping reflections
is strongly recommended by Neal (2004) for GPR profiles in sediments but
Cassidy (2009) urges caution in applying migration because it can generate
artifacts that could be misinterpreted. It is important to compare the profiles
before and after each step in the processing to check that the profile is being
enhanced by processing and to be aware that processing can generate artifacts.
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Fig. 5. Schematic view of general steps followed during the processing of GPR data.

The GPR measurements on the Jeuist’s Church were collected in frequency
domain. For each B-scan three measurements are collected in different
frequencies (200, 400, 600 MHz). They are transformed in time domain and
the general steps followed in the processing of raw data are: static muting
correction (move start time); background removal (2D filter): Linear gain; 1D
filter and migration in a propagation velocity of EM filed, of 0.09 m/s. The
following filtering procedure was implemented in all the B-scans for the case
of 400MHz antenna central frequency. A 3D interpretation of data is given in
timeslices (horizontal sections) which represent the different depth of
investigation.

 From the time slices in different time, can be seen anomalies of strong
reflections which could be related with underground buried structures (fig. 6),
such as: the foundations of columns and the rectangles may be related to the
buried stones. Strong reflection (red color) continues until a two way travel
time below 30ns which corresponds with an approximately depth of 1.35m
(velocity 0.09m/s), where are almost the anomalies detected on this place.
Below this depth the reflections vanish and no anomalies are detected.

The interpretation of stepped frequency continuous wave GPR data....
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                A)        B)  C)

                                     D)                                              E)
Fig. 6. Timeslices of GPR data at Jesuit’s Church. A) 10-14ns; B) 14-18ns; C)18-22ns;

D)22-26ns; E) 26-30ns.
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4. CONCLUSIONS

A multitude of existing and emerging GPR applications show the ability to
non invasively image the subsurface with high resolution. Due to the rapidly
evolving GPR surveying techniques, it is nowadays possible to acquire high-
density, high-quality GPR data with high positioning accuracy. Most processing,
imaging, and inversion tools are often based on approximations that include
far-field, high-frequency raybased approximations, use a linearized system of
equations, assume a two-dimensional space, or use only part of the data that
enables a qualitative reconstruction of the subsurface properties.

Frequency Continuous Wave (SFCW) GPR has some advantages over the
pulsed ones, because a range of frequencies is used (50-1000MHz). The
timeslices show the case, were the medium frequency was chosen for B scans
(400MHz). The main disadvantage is that more time is needed for processing
the data. Data should be transformed in time domain for each B-scan and the
processing steps have to be carried out in time domain. Several anomalies
exist under the basement of Jesuit’s church, which could be related to stones
and foundations of columns, which show strong reflection anomalies.
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EDOR KABASHI, THE 39-YEARS OLD ALBANIAN
RESEARCHER FOCUSED ON NEURODEGENERATIVE

PROCESSES

The international Award Paulo Gontijofor the Medicine 2016 was awarded
to EdorKabashi, the 39-year old Albanian scientist whose research is focused
on Amyotrophic Lateral Sclerosis (ALS). His research was chosen among 15
others, marking the progress of new medical treatments of the Amyotrophic
Lateral Sclerosis(ALS). The Paulo Gontijo Award is a Paulo Gontijo Institute
initiative since 2007, and have been encouraging and promoting research in the
national and international scientific community. Awarded fields are: Physics,
Chemistry, Mathematics and Medicine. Prof. Dr. Mamede de Carvalho, said
that this prize is very important for the scientists involved in the area. The
medal will be given to the winner during the ceremony at the 26th International
on ALS / MND running Dublin, Ireland,on December 2016.

Dr. Kabashi was awarded in 2009 and 2011 Brain Star Awards, CIHR Institute
of Neuroscience, Canada, 2008 “Grand Prix d’Excellence”, JorneesGenetiques,
RGMA, Quebec City and in 2015 he received the ENCALS Young
Investigator award.

Who isEdorKabashi? EdorKabashi was born in Durrës, Albania. In 1995 he
and his family moved to the United States.He attended the Mount Saint Mary’s
College where he studied biology and physiology. He was considered
byPresident Bill Clintonas one of the best students of America.He moved to
France and Montreal, Canada where he graduated in neurobiology.

EdorKabashi has continuously dedicated his research to ALS. He received
his PhD in 2006 and worked as a postdoctoral researcher at the Centre of
Excellence in Neuromics at University of Montreal, Canada. In 2011 he joined
the ICM Brain and Spine institute in Paris, where is leader of the team “ALS:
From Genetics to Treatment”. His team is aiming to identify novel genetic
causes in ALS and to develop mutant transgenic zebrafish models for these
genes to study neurodegenerative processes. This approach also allows the
team to use these genetic models for multigenic interactions and drug discovery.
Kabashi’s team has developed innovative screening protocols to identify
neuroprotective compounds, to understand molecular mechanisms modulated
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by these compounds and to advance therapy development in neurological
diseases.

The team of Kabashi has been involved in the identification of a number of
major genes in ALS, including the initial discovery of TDP-43 mutations (Kabashi
et al. 2008 Nature Genetics). In collaboration with a French team of clinicians
and geneticists, we continue to screen for novel genetic mutations in ALS
patients (Lattante et al. Neurology 2014; Neurobio Aging 2013, 2014) to define
the pattern of genetic inheritance for this major neurodegenerative disorder
(Lattante et al. Trends in Genet in press). To functionally characterize these
common mutations recently identified in ALS patients, Kabashi developed
zebrafish models of disease, being able to recapitulate a number of pathological
features of ALS, including protein aggregation, motor deficits and anomalies in
axonal projections from motor neurons. His team has led the field by developing
zebrafish models for a numberof ALS genetic factors, including TDP-43, FUS,
SOD1, ALS2 and VAPB (Kabashiet al. HMG 2010; PLoS Genet 2011; HMG
2013). Major cellular pathways implicated in disease can thus be studied in a
vertebrate model that lends itself to in vivo imaging, multigenic manipulations
and automated behavioural screening. To discover pharmacological targets that
display neuroprotective properties in zebrafish genetic models, a semi-automated
chemical screening assay was developed in the laboratory and we have identified
several bioactive compounds that reduce neurodegeneration in mutant TDP-
43 and FUS transgenic lines (Vaccaro et al. Neurobio Dis 2013; Lattante et al
HMG 2015).Furthermore, the Kabashi team has used these zebrafish models
to performepistatic analyses in order to understand prevalent genetic interactions,
includingmutant TDP-43 functional interaction with FUS (Kabashi et al. PLoS
Genet2011).

The Kabashi team has also recently described that the most common genetic
cause in ALS, hexanucleotide repeat expansions of the C9orf72 gene, are
associated with reduced expression of this gene in ALS patient tissue. To
functionally characterize this genetic anomaly, they knocked down C9orf72
expression in zebrafish and observed major abnormalities in the axonal
projections from motor neurons and deficits in spontaneous and evoked
swimming (Ciura et al. Ann Neurol 2013). Similarly, Kabashi et al. have
described that knockdown in zebrafish of a novel gene in ALS, SQSTM1,
yields similar motor deficits and have demonstrated that chemical induction of
autophagy leads to significant reductionof motor neuron degenerative processes
(Lattante et al. 2015 HMG). These innovative vertebrate models are allowing
the researchers to identify shared pathogenic mechanisms in motor neuron
diseases with the great potential to identify in the near future therapeutic
strategies to halt neurodegenerative processes in order to properly treat ALS.
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Dr. Kabashi is not the only Albanian Scientist well-known around the world.
These young scientists deserve the prize of the highest kind. The Section of
Natural and Technical Sciences of the Academy of Sciences of Albania is very
committed to promoting the excellence in science and the scientific enterprise
of the our young and talented researchers. Consequently, the Section runs
“Science Education program” focused recognising the young and talented
researchers, an initiative of All European Academies (ALLEA). The program
aims at revealing, discussing and sharing the outcomes of the scientific
researches, i.e., fostering the intellectual pursuits of the young generation.These
young researchers are our pride.

Many activities such as seminars, open lecturers, “Open days for the science
institutions” etc. have run in the framework of science education program.

The scientific activity of EdorKabashi will be part of this program, as it is
very promising and onwards.
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In the loving memory

ARDIAN GRECA, THEALBANIAN SCIENTISTADDICTED
TO SCIENCE

Ardian Greca was born on October 25th, 1968, to Ndriçim and Liliana Greca
in Elbasan, Albania.

Dr. Greca graduated from the Polytechnic University of Tirana with a
Bachelor’s of Electronic Engineering degree in 1991.

After the graduation, he worked as inspector for the General Directory of
Customs, Ministry of Finance, Tirana, Albania. Here, he was responsible for
the computerization of the custom procedures and for the implementation of
the digital networking infrastructure.

He received his PhD in Electrical and Information Engineering from the
Yamagata University, Japan, in 2000. His thesis related to network survivability
techniques, with an emphasis on ATM and Optical networks. From 2000 to
2001 he was a post-doctoral research fellow at NTT Network Innovation
Laboratories, Japan, where he conducted researches on next generation of
optical path network design. In 2001 he joined the Department of Computer
Science at Georgia Southern University.

Dr. Greca was an active member of the Institute of Electrical and Electronics
Engineers (IEEE), Institute of Electronics, Information and Communication
(IEIC), International Association for Computer Information Systems (IACIS)
and The American Institute of Aeronautics and Astronautics (AIAA).

He was a young researcher; a very prominent scientist according to the
colleagues he worked with. His professors remind him as a talented and skillful
scientist.Unfortunately, the death interrupted his dreams and the scientific activity
at a very young age; 43, after an extended illness.

In addition, he will be long remembered as a kind and intelligent men who
loved is family and friends very much.
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