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ABSTRACT 

Ohrid and Prespa lakes transboundary aquifer is shared by Albania, Greece and 

North Macedonia.  These lakes are among the oldest lakes in the world, with tectonic 

origin, belonging to the Pliocene epoch or upper Miocene. These two lakes have 

interested specialists for a long time. 

Hydrodynamic and hydrochemical investigation leads to the scope of these 

surveys, directed towards understanding factors that can cause the Prespa Lakeôs water 

table decreasing to the lowest levels known in recent years. The hydraulic connection has 

always existed between these two lakes. Water movement changes that occurred in this 

watershed, led to the necessity of detailed hydrogeological studies, along with other 

science.  

In order to draw a scientific conclusion about hydrodynamic and hydrochemistry 

of the water in this transboundary aquifer, an interaction among different sciences like: 

hydrogeology, geology, geophysics and hydrochemistry was required.  

Ohrid and Prespa lakes regions construct the transboundary aquifer system. From 

a hydrogeological point of view they are very heterogeneous, forming different 

hydrogeological complexes. 

So, this material was mostly handled among other geophysical methods 

(resistance and shallow seismic), and hydrochemical methods with Stiff diagrams 

construction and ionic ratio evaluations. The results of the analysis of both sciences 

mentioned above were very significant. As predicted, the water flow from Prespa Lake 

toward Ohrid Lake was dynamic not only during the dry period of time, as it was 

expected, but even during the wet period of the hydrologic year as well. The statistical 

analysis (Factor and Cluster analyses) were used to support the above mentioned 

researcher.   

One of the main application fields of stable isotope abundance was concerned 

with the origin and mixing of groundwater. In order to support the idea of the water 

supplyôs origin in this region, the stable isotopes (ŭD and ŭ
18

O) in the water are also 

applied in this research. Stable isotopes analysis supports the results of the geophysics 

and hydrochemistry sciences.  
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In conclusion, the hydrodynamic and hydrochemical investigation of the 

transboundary aquifer Ohrid and Prespa Lakes brings new data and results, which appear 

to be significant from the hydrogeological point of view. This process is impossible to 

eliminate, but it can be decelerated. The bad impact will be very soon reflected in many 

aspects of life in this region, especially in the economy. Finally, based on results of 

SWOT (Strengths, Weaknesses, Opportunities and Threats) analysis, a set of measures 

and recommendations are proposed for the sustainability of the transboundary aquifer and 

dependent ecosystems under climatic changes. 

Future research should investigate in detail the climate changes and its impact on 

this area. This can be achieved by monitoring the water balance of the transboundary 

aquifer Ohrid and Prespa Lakes.     

The hydrogeological map construction, in the GIS program, associated with a 

database (Appendix A and Appendix B), was one important achievement which helped 

represent the final product of all the work done. In this database general hydrogeological 

and chemical data are given. The map was built at scale 1:50,000 and attached to the 

material.  

The Appendix C and Appendix D contain climatic daily data of the Ohrid Region, 

level of the Big Prespa Lake and Ohrid Lake and Tushemisht Spring quantity of the last 

10 years.   
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Symbols and Abbreviations 

ALB   Albania 

N M  North Macedonia  

GRE   Greece 

AutoCAD Program used for hydrogeologic map digitized   

GIS  Geographic Information System 

HG  Hydrogeology  

ETR  Electrical Resistivity Tomography 

GPR  Ground Penetrating Radar 

EM  Electromagnetic 

L   Litre 

%   Percent 

a.s.l.   Above sea level 

L/s/km²  Litre per second per square kilometer 

q   Specific discharge e.g. [l/km²/y] 

Q   Discharge [m³/s] 

WQ   Water quality 

 

Geological age 

 N2-Q1 -  Deposits of Upper Pliocene ï Ancient Quaternary  

 Q4 -   Deposits of todayôs Quaternary 

Q4al -   Alluvial  

Q4al -   Prolluvial   

Q4kl -   Colluvial 

N1 -   Deposits of lower Miocene 

N1
1
a -   Akuitanian 

N1
1
b -   Burdigalian 
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N2p -   Deposits of Pliocene 

Pg3
3 
-   Upper Oligocene 

Pg2
2
 -   Middle Eocene 

Pg3
2
 -   Middle Oligocene 

Cr2 -   Upper Cretaceous 

J3t ï Cr1 -  Tithonian ï Lower Cretaceous 

J -   Jurassic 

J1 -   Lower Jurassic 

J2-3 -   Upper and Middle Jurassic 

T3-J1 -   Upper Triassic ï Lower Jurassic 

T2 -   Middle Triassic 

C-P-T1 -  Cambrian-Permian-Lower Jurassic 

D -   Devonian 

Pz -   Paleozoic 

 ůJ2-3 -   Ultra basic rocks   

 ɜ ï   Gabbro 
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CHAPTER 1. INTRODUCTION  
 

 

 

 

The water in general and groundwater in particular are actually under strong 

human pressures in many countries. The degradation of groundwater resource can be 

quantitative and qualitative, if the abstraction exceeds the natural recharge rate. As a 

result, a negative water balance is established in the different aquifers system (Voudouris 

2011).   

In addition, water is chemically linked with many minerals, staying in them for a 

long geological time. So, water itôs very important even to different geological processes 

as well as in the formation of the earth's crust, the creation of its surface, the formation of 

minerals, ores and of sedimentary and magmatic rocks (Dakoli and Xhemalaj 1977).  

Lakes are a vital supply of water since they can be used for public water supply, 

industry, and agriculture, etc. This important ecosystem, when respected and cared for, 

can sustain a healthy balance of aquatic life.  It is our responsibility to continue taking 

care of our lakes.  

In this context one can mention Ohrid Lake and Prespa Lake (study area). Formed 

2-3 million years ago, these lakes are among the oldest lakes in the world. They are 

formed in the last glacial period, Tertiary period (Watzin et al. 2002). Both lakes are 

isolated by the surrounding hills and mountains, which makes them very interesting and 

unique. These lakes are situated between Albania, Greece and North Macedonia (Figure 

2.1).  

This research studied the water dynamics of the transboundary aquifer Ohrid - 

Prespa watershed with the aim to achieve conclusions verified by specialists. Climate 

change has an important impact in this region, where open water surfaces cover 

considerable space. Temperature rising undoubtedly has its impact on surface water, as 
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well as on groundwater levels. In recent years there has been a noticeable decrease of 

Prespa Lakeôs water level.  

From the hydrodynamic investigation of this research appears a new phenomenon 

(from a hydrogeological point of view) that was an unexpected outflow from Prespa Lake 

toward Ohrid Lake during the wet period of the year. All these lead to the establishment 

of different hypotheses. Given that the study in question has to do with a particular region 

which is characterized by a hydraulic connection. This was an issue studied, in addition 

to other studies, by specialists of hydrogeology in collaboration with the science of 

geophysics and hydrochemistry. The treatment of these two water basins (Prespa Lake 

Basin and Ohrid Lake Basin) as a single one was presented as important based on 

hydrogeological and hydrological terms. In this work, the effectiveness of the 

geophysical method of ERT together with the geochemical methods provides a 

significant and important conclusion on the scope of this thesis. 

This study aims to a detailed analysis of the transboundary aquifer system Ohrid - 

Prespa watershed from the hydrogeological, geophysical and hydrochemical aspects. This 

material provides a clear overview of how water resources are used for vital needs and 

the impact that is directly influenced by the hydrodynamic of the study area. Moreover, 

the research and studies that have been done for the improvement, management and 

conservation of this region from the impacts of anthropogenic activities were described. 

The original elements of these reserche was the integrated and combined 

methological (geophysical, hydrological, hydrochemical, isotopic) investigation of the 

hydraulic communication of the lakes through the transboundary karst aquifer. 

The detailed diagnostic analusis using appropriate indicators and SWOT analysis 

to determine the pressures and opportunities for the rational ans sustainable management 

of the tranbounadary karst aqufer in the study area is another original element as well. 

1.2 AIMS AND OBJECTIVES OF THE Ph.D. THESIS 

The main goals and objectives of this Ph.D. thesis are: 

1.2.1. The Main Goals   

¶ To evaluate the hydrogeologic and hydrologic data in separate watersheds and 

otherwise, for the study region. 
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¶ To use geophysical methods and to interpret the data collected from the 

hydrogeologic point of view. 

¶ To collect chemical data from Ohrid and Prespa lakes, in order to construct Stiff 

diagrams and ionic ratios evaluation. 

¶ To use stable isotope (ŭD and ŭ
18

O) abundance combined with hydrochemical 

analyses in order to distinguish between different kinds of groundwater, 

concerning the origin and mixing of groundwater. 

¶ To construct a hydrogeologic map of Ohrid - Prespa lakes region representing all 

the data collected for this study. 

¶ To study the general characteristics and the hydrodynamic behavior of the 

transboundary karst aquifer developed between the lakes Ohrid and Prespa. 

¶ To apply the SWOT (Strengths, Weaknesses, Opportunities and Threats) analysis 

in order to optimize the water resources management. 

1.2.2. The Main Objectives  

¶ Investigation of the hydrodynamicsô and hydrochemical data of the transboundary 

aquifer system in Prespa ï Ohrid Watershed.  

¶ Testing the Geophysical method of ERT near karstic springs to create a database 

of all the data collected from using this method. The database will be jointed to 

the map mention above (dry and wet period of a hydrological year). 

¶ Collecting the water samples in booth lakes and springs around the Ohrid Lake, in 

order to achieve the comparison of results by using Stiff diagrams and ionic ratios 

evaluation (dry and wet period during two years). 

¶ Collecting the water samples in different water point of watershed to analyze the 

stable isotope, in concern of the origin and the groundwaterôs mixed (once during 

a hydrological year).  

¶ To build the hydrogeologic map of the Ohrid - Prespa Region in the scale: 

1:50,000, and enriching this map with the hydrogeologic database created. 

¶ In the end, the interpretations and conclusions of this thesis will reflect a clear 

idea of the hydrodynamic regime as well as the sustainable management of the 

transboundary aquifer Ohrid - Prespa Region.  
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1.3 THESIS STRUCTURE  

This work was based on hydrogeological, geophysical, geochemical study. All the 

material collected was presented in the hydrogeological map, constructed in the GIS 

program. Initially one has to do with the recognition and presentation of various problems 

which this study undertakes to treat. The material started with the presentation of a 

summary of the performed work, continued with the aims and objectives.  

In the second chapter are reflected the work performed in the region over years. 

The previous works by different authors are studied, in order to have a clear vision of the 

region in hydrogeological and hydrochemical terms. Geophysical methods were used 

mainly in the field of hydrogeology and wider, which serve to our material for the study 

of developed karst areas located between two studied lakes.  

In the following chapters are treated the scientific and specific data for the purpose of the 

region recognitions in which the research will take place. These data consist in the field 

of hydrochemistry, geophysics, geology and hydrogeology.   

The methodology used in this material is explained in the following chapters too. 

It starts with Stiff diagrams which will be used to make a hydro-analysis of groundwater 

and surface water of the area, as well as a comparison between water samples taken in 

different places in the region. In addition, ions ratio and appropriate indices were used to 

determine the water quality in the study area. This is done for the sole reason of achieving 

a conclusion and delineating the recharge areas, where samples were taken. In this way, it 

is thought to reach a conclusion based on hydrochemical data to continue subsequently 

with the geophysical data. So geophysical methods used in this study have to do with the 

collection of other data related to the development of the karst area in the southern 

riparian part of Ohrid Lake.  

In addition, the field work is explained, where and how this work consists. As 

mentioned above, this work is focused mostly in the southwest shoreline of the Ohrid 

Lake in two periods of the year.  During the wet period of the year, when is the maximum 

of the groundwater level (May), and during the dry period of the hydrologic year 

(October). The field works during these two periods of year was important not only from 

the hydrogeologic point of view but even for the geophysical studies. It is important to 

have water samples during the dry period of the year, which is the proper time when the 
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water quantity that flows from Prespa Lake toward Ohrid Lake is in its maximum. In this 

period all the water reserves in the karstic area are supposed to be at their minimum. So, 

due to the geographic position of the lakes and well developed karst of the mountain 

positioned between them, the outflow from Prespa Lake toward Ohrid Lake is at its 

maximum. The results achieved from this work are given among each chapter.  

 

 

Figure 1.1. This diagram represents an overview of the Ph.D. thesis structure. 
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The results of the hydrochemical and geophysical investigation are given in 

addition supporting what was mentioned above. This point clarified the groundwaterôs 

dynamism of the region based on existing hydraulic connections. The chemical database 

of water samples was adapted for the construction of the aforementioned map. All the 

conclusions and future work are explained in the last chapter.  

In order to explain the usage of the GIS program which was used to represent the 

hydrogeological map of the Ohrid-Prespa Region different authors were studied. This 

was done to evaluate how this method is used in various fields of science and for more in 

the field of geology and hydrogeology. The appendix (A and B) which represent detailed 

hydrogeologic data and the construction of the above mentioned map were added in this 

material. The appendix (C and D) represent daily climatic data for the last 10 years in the 

Ohrid Lake, the daily data of the Prespa and Ohrid Lakesô level measured for the last 10 

years, by Institute of Geosciences, Energies, Water and Environment, and the daily data 

of the Tushemisht Springôs quantity for the same period of time, measured by the same 

institute. 

1.4 METHODOLOGY AND DATA COLLECTION  

In order to achieve the aforementioned goals, previous work carried out in the 

Ohrid-Prespa transboundary aquifer over years, from three different countries, were 

collected. General geological and hydrogeologic data gives a clear view of the study 

region.  

The AquaChem program was used for chemical data processing in this thesis. The 

program helped build stiff diagrams using 46 water samples collected all over under 

studyôs transboundary aquifer. These diagrams will be used to see and compare the visual 

similarity of water samples in both lakes, mainly those taken in the Ohrid Lake. Herein 

would be focused on the hydro-chemical study of the material. Chemical analysis taken 

in Prespa Lake will be compared with those obtained in Ohrid Lake. Prespa lake water 

has the ability to be mixed, as a result, wherever the water samples will be taken in the 

lake shall have the same chemical composition (Kiri et al. 2011). In the southern part of 

Ohrid Lake, water samples have been taken at different depths in order to construct Stiff 

diagrams for hydrochemistry purposes. Water samples were taken in the mainsprings that 
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emerge on the south and southeastern part of the Ohrid Lake too. Additionally, the water 

samples were taken in Prespa Lake.  

Stable isotope analysis was conducted in concern of the groundwaterôs origin and 

its mixed (17 water samples). The statistical analyses results were a great support to the 

work done with the Stiff diagrams and stable isotopes.  

The geophysical studies in this material appeared to be very important. The results 

achieved by the method of Electrical Resistance Tomography (ERT), depict the presence 

of karstic areas which serve as groundwater movement from Prespa Lake toward Ohrid 

Lake. These results are compared with the results received from the hydro-geochemical 

methods mentioned above. In addition, the material is enriched with pictures and graphics 

obtained as a result of a spacious database, collected in the region during recent years.  

All this material was presented simultaneously on the digitized hydrogeological 

map in the AutoCAD program and then processed in a GIS program at scale 1:50,000. 

1.5 PREVIOUS STUDIES IN THE WIDER AREA  

Numerous studies have been made in the transboundary aquifer Ohrid-Prespa 

watershed from the three countries that share this natural richness (Albania, Greece and 

North Macedonia). These studies are focused at different aspects of science and economy 

but, in a separate way. This means that many of them conducted regarding fauna, 

environmental studies, the influence of anthropogenic factors, etc., represent Prespa Lake 

or Ohrid Lake issues not Prespa-Ohrid lakes. It is crucial that the two watersheds be 

represented as one on this transboundary aquifer. 

This work was focused on the studies performed in geological and 

hydrogeological aspects at this region, also the hydrochemical studies of the both lakeôs 

waters and the waters of the surrounding area, for one watershed which is Ohrid - Prespa 

Region. Geophysical methods were used to enhance the hydrogeological study. By 

observing the results achieved through this method one may see how it has been 

implemented in these areas. 

1.5.1 Review on Hydrogeological, Hydrochemical and Hydrological Studies  

Hydrogeological studies in this area have been mostly generalized. The studies 

performed in this science were conducted separately for Ohrid and Prespa Lakes regions. 
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General data on the geology and hydrogeology are provided for this area (Spirkovsli et al. 

2000). Due to the fact that in recent years the water level of Prespa Lake has been 

continuously decreasing, studies have been focused on this critical issue of the region. 

The works of Meçe (2000) and Melo (2001) provided a clear picture of the geological 

structure of the Ohrid Region. Furthermore in the research of Tafilaj (1977) is given a 

generalization of a hydrogeological classification based on the geological structure of the 

region. The data based on the geology of the Ohrid and Prespa Region can also be found 

in the works of Tyli (1971), Vranai (1997), Xhomo (2002), and Watzin (2002).  

Another aspect of the study is the movement of groundwater through the karst. Several 

studies have been conducted in this subject (Mandel et al. 1967, Eftimi and Zoto 1997, 

Anovski et al. 1992).  

Studies related to groundwater and surface waterôs chemistry have been 

conducted as well. For Ohrid Lake, the following work and investigations could be 

mentioned: Petrovic (1975), Appelo and Postma 1999,  Demiraj and Mucaj 1996, 

Jordanoski and Lokosk 2002, Kostoski (2000), Loffler and Schiller 1998, Petrovic 

(1975). Previous studies represent an overview of the Ohrid ï Prespa transboundary 

aquifer about the geology, hydrogeology, hydrology, economy, fauna, flora, etc., as two 

different regions. Treating this area as one region was significant for this research. 

Hydrodynamic and hydrochemical investigations for this complex transboundary 

watershed associate the researches made from different sciences including but not limited 

to hydrogeology, geophysics, and hydrochemistry. 

1.5.2 Review on Geophysics Methods   

Conventional techniques for characterizing or monitoring the hydrogeological 

properties that control flow and transport typically rely on borehole access to the 

subsurface. For example, established hydrological characterization methods (such as 

pumping, slug, and flow meter tests) are commonly used to measure hydraulic 

conductivity in the vicinity of the wellbore (e.g., Freeze and Cherry 1979, Butler et al. 

2005, Molz et al. 1994), and wellbore fluid samples are often used for water-quality 

assessment (e.g. Chapelle et al. 2001). Unfortunately, data obtained using borehole 

methods may not capture sufficient information away from the wellbore to describe the 

key controls on subsurface flow. The inability to characterize controlling properties at a 
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high-enough spatial resolution and over a large-enough volume for understanding and 

predicting flow and transport processes using borehole methods often hinders our  ability 

to predict and optimally manage associated resources.  

The field of hydro-geophysics has developed in recent years to explore the 

potential that geophysical methods have for characterization of subsurface properties and 

processes relevant for hydrological investigations. Because geophysical data can be 

collected from many different platforms (such as from satellites and aircrafts, at the 

ground surface of the Earth, and within and between wellbores), integration of 

geophysical data with direct hydrogeological or geochemical measurements can provide 

characterization information over a variety of spatial scales and resolutions. The main 

advantage of using geophysical data over conventional measurements is that geophysical 

methods can provide spatially extensive information about the subsurface in a minimally 

invasive manner at a comparatively high resolution. The greatest disadvantage is that the 

geophysical methods only provide indirect proxy information about subsurface 

hydrological properties or processes relevant to subsurface flow and transport. 

Generally, hydro-geophysical characterization and monitoring objectives can often be 

categorized into the following three categories: 

1) Hydrological mapping of subsurface architecture or features (such as interfaces 

between key geological units, water table, or contaminant plume boundaries); 

2) Estimating subsurface properties or state variables that influence flow and transport 

(such as hydraulic conductivity or soil moisture); and 

3) Monitoring subsurface processes associated with natural or engineered in situ 

perturbations (such as infiltration through the vadose zone and tracer migration). 
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CHAPTER 2. GENERAL CHARACTERISTICS OF THE 

STUDY AREA  

 

 
 

 

2.1 LOCATION OF THE STUDY AREA  

The transboundary aquifer of Ohrid-Prespa Lakesô watershed is situated in south-

western Europe (40°40'- 41°2'N latitude; 20°23'-21°16'E longitude). It is shared between 

three countries; Albania, Greece and North Macedonia (Figure 2.1). Prespa Lake is 

composed of two lakes; the larger Prespa Lake and smaller Prespa Lake. These lakes are 

located at an altitude of 846 m above sea level (a.s.l.) and the Ohrid Lake of about 693 m 

above sea level; the water level of Ohrid Lake is 153 m lower than Prespa Lake. Both 

large and small Prespa Lakes are positioned in the southeastern Mediterranean 

mountainous area, which is characterized by cold winters. The water resources of the 

entire basin are of great economic importance to the shared countries. 

The Prespa Lake surface (both big and small) is 254 km
2
 (in 1984 the lake's 

surface was 329 km
2
, Pano et al. 2008). Ohrid Lake is positioned on the north of the Big 

Prespa Lake. Both these lakes are separated by Dry Mountain with highly developed 

karst. Mount Galicica rises as a horst between Prespa Valley in the east and Ohrid Valley 

in the west (Watzin et al. 2002). There is a link between Ohrid Lake and Prespa Lake, the 

hydraulic connection; water flowing through porous rock.  

The Ohrid Lake surface is 362.6 km
2
, 111.4 km

2
 are located in Albanian territory 

and 251.2 km
2 

in North Macedonian (Pano et al. 2008). The Ohrid Region hydrographic 

network is more complex than that of Prespa Region, due to the unknown water quantity 

that flows from Prespa Lake toward Ohrid Lake. This phenomenon is attributed not only 

by its geographical position, Prespa Lake is located approximately 160 m above Ohrid 
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Lake, but also by the highly developed karst of Galicica Mountain situated between these 

two lakes (Eftimi et al. 1997, Popov et al. 2009). Outflows from Ohrid Lake feed the Drin 

River which discharges into the Adriatic Sea. 

 

 

 

Figure 2.1. The location of PrespaïOhrid Watershed, (40°40'- 41°2'N latitude; 20°23'-21°16'E 

longitude); (Source A: Esri, Mazar, GeoEye, Earthstar Geographics, CNES/Airbus 

Ds, USDA, USGS, Aero GRID, IGN, and the GIS User Community, Source B:  

Google Earth.) 

 

2.2 MORPHOLOGICAL ANALYSIS  

Lake Ohrid and Lake Prespa form a unique system in the southwest Balkans 

region. The general characteristics of both lakes are shown in Table 2.1. Prespa Lake 

watershed as well, is located in the midst of the mountainous terrain. The average depth 

of Big Prespa Lake is 18 m and the maximum depth 54 m (Pano et al. 2008). Prespaôs 
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water level is approximately 846 m above sea level. The fluctuation of the water level of 

both lakes is described in the next chapter.  

Ohrid Lake watershed belongs to the geotectonic zone on the western part of 

North Macedonia. This zone represents a segment of the interior Dinaric Alps, with a 

bedrock structure that includes rock masses of different types. Their compositions and 

ages go all the way back to Paleozoic, Mesozoic and Cenozoic eras. Tectonic regimes 

formed much of the terrain in the Ohrid and Prespa Lake watershed, which has been 

shaped by both Hercynian and Alpine orogenesis. In the later phase of the alpine 

orogenesis, the Ohrid, Prespa and Debracka grabens were formed (Krstiĺ et al. 2012). 

   

Table 2.1. General characteristics of lakes Prespa and Ohrid 

                Parameters  Prespa Lake Ohrid Lake 

1 Surface area (km
2
) 254 362.6 

2 Mean Depth (m) 14 155 

3 Maximum Depth (m) 54 288 

4 Elevation (m a.s.l.) 846 693 

5 Catchment area (km
2
) 1300 2610 

6 Water volume (km
3
)  å3 å55 

 

Ohrid Lake is located at an altitude of 693 m (a.s.l.), with a mean and maximum 

depth 155 m and 288 m, respectively. Ohrid Lake watershed is characterized by high and 

medium high mountains, since this lake is surrounded by mountains. The high mountains 

include those with peaks greater than 2000 m. The medium-high are those with peaks 

lower than 2000 m. Lake Ohrid itself is formed over one graben structure with meridian 

orientation and horizontal pulling along the main tectonic, separator bend: Bilisht ï Korce 

ï Diber. The general extent of the lake has been limited by the horst of dry mountain (in 

the East) and Mokra Mountain (in the west). The form of the lake and its shoreline were 

determined by neo-tectonic movements along faults that remain active today (Watzin et 

al. 2002).   

Based on the geological composition of Prespa Region (the most important 

deposits are   presented by Triassic carbonate rocks), karstic, glacial and periglacial are 
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the dominant morphogenetic processes that have configured modern relief on this 

mountain. The karstic features are the dominant genetic type of relief forms on Galicica 

Mountain, which is a typical karstic area. Being exposed for a long time these surfaces 

were influenced by external factors, which have strongly initiated the process of karst 

(Photo 2.1 and Figure 2.2). Relief karstic forms, such as numerous karst sinkholes and 

karstic dry flows, as well as karstic fields, are frequent (Krstiĺ et al. 2012).  

 

 

Photo 2.1.  Karstic rocks in Ohrid ï Prespa Region, Dry Mountain (Photo 2017). 
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Figure 2.2. The karstic mountain (Galicica) that separates Ohrid Lake from Big Prespa Lake. 

The altitude of Galicica Mountain and its favorable morph-plasticity enabled the 

accumulation of snow and ice during the Pleistocene resulting in glacial relief formation. 

In this area the dominant landscape is formed by the periglacial processes resulting in 

stony horseshoes, slide blocks, grassy terraces, loose glacial residues, etc. (Photo 2.3). 

 

Photo 2.2.  Periglacial landscape on Galichica Mountain (Krstiĺ et al. 2012). 
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Photo 2.3. Zaveri Bay- Prespa Lake, High side, rocky with cliffs (September 2017). 

The surface area of Ohrid Lake is 362.6 km
2
; meanwhile both Big and Small 

Prespa Lake are 253.6 km
2
 and 47.4 km

2
,
 
respectively. The two Prespa lakes are 

connected by a small channel, which passes through alluvial deposits (this part is located 

in Greece). The surface outflows of Small Prespa Lake are controlled by an artificial 

weir, which stabilizes the water level of the lake. Although the upstream Lake Prespa has 

no surface outflow, waters from Lake Prespa are being transferred to Lake Ohrid through 

underground karstic channels.  

The highest mountains are: Mali Thate (Dry Mountain) 2,287 m, Galicica 2,262 m 

(Figure 2.2) and Petrinska 1,660 m. These mountains separate Big Prespa Lake from 

Ohrid Lake. All this leads to the creation of many seasonal brooks and streams. On the 

north part of Prespa Basin the highest point of the relief is Mali Biges (Biggest Mountain) 

reaching 1,657 m, on the east and southeast part is Kalo Nero reaching 2,156 m, while 

Ivani reaching 1,769 m is located on the south part of this region (Demiraj and Mucaj 

1996). 

In Ohrid Region, besides the mountains that separate the Ohrid from Prespa Lake, 

other mountains can be mentioned as well like: Stogovo Mountain (2,242 m) situated on 

northern and northwestern part of the Ohrid Lake Watershed, Karaorman Mountain 

(2,145 m) stands as a natural continuation of Stogovo Mountain. Jablanica Mountain 

(2,257 m) is situated on the west part of Ohrid ï Struga Valley. Ilinska Mountain (1,909 
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m) stands on the northern part of the Ohrid Lake watershed.  The Plakenska Mountain 

(1,999 m) is situated on the eastern side of the lake. Bigla Mountain (1,933 m) is situated 

on the lowest southern part of this watershed.  

There are three major valleys in our study area; Ohrid ï Struga Valley on the 

central part of the watershed, Prespa Valley on the east and Debarcka Valley on the north 

part.  

Ohrid ï Struga Valley is bounded by Galicica and Plakenska Mountains in the 

east, Jablanica and Mokra Mountain in the west, and Karaorman and the boundary of 

Plakenska ï Mazatar Mountain which divides this valley from Debarcka Valley, in the 

north. This valley is formed as a terrain descending along two radial faults; Ljubanista ï 

Kosel fault in the east and Struga ï Starovski fault on the west side (Watzin et al. 2002). 

Prespa Valley was formed by terrain declining along two parallel faults. The 

eastern fault extends alongside the Pelister and Bigla mountains, and the western fault 

follows the eastern sides of Galicica Mountain on the south part of Albania.   

Debarca Valley is located in the northern part of Ohrid ï Struga Valley. It is 

separated from Kicevo Valley by high and medium high mountains in the northeast, from 

Prespa Valley in the east and River Drini Valley in the west. The entire valley belongs to 

the River Sateska watershed. This river flows into Ohrid Lake (Eftimi et al. 2007). 

The geomorphological feature of the study area includes abrasive formation 

(cliffs, sapping, shoreline and sub - lacustrine terraces), fluvial forms (rivers valley, 

riverbeds, erosive and accumulative terraces), karst formation (sinkholes, potholes and 

karst fields at the surface, and underground hollows and caves), glacial features (fossil 

sinks and marine materials). 

Abrasive fossils and recent erosive and accumulative relief forms are found 

alongside the east, north and west part of Prespa Lake and alongside the east, north and 

west part of Ohrid Lake (fossil and recent sapping, cliffs and shoreline). 

Fluvial erosive and accumulative relief forms emerge in the river valleys, which 

have ravine-like features that are the results of the mountain's character of the 

surrounding terrain. The rivers open up broadly into the valley and assume the feature of 

a plain (River Golema in Prespa Valley, Sateska, Dalian and others in the Ohrid ï Struga 

Valley) (Eftimi and Zoto 1997, Watzin et al. 2002).  
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The lakes shorelines are divided in two main types:  

¶ High side, rocky with cliffs  

¶ Low side, with field and beaches. 

In general, the cliffs are no longer tectonically active and they are located inland far from 

the water (cliffs of Lin and of Saint Naum). Rocky shores dominate on the Albanian side 

of the Ohrid Lake, meanwhile in the Prespa Lake dominate mostly on the north and east 

side of the Prespa Lake (Photo 2.4, 2.5). Low side of Prespa Lake is located mostly on the 

west and south part of this lake (Photo 2.6). The beaches in Ohrid Lake receive their 

sediments from the rivers.      

2.3 HYDROGRAPHIC NETWORK  

The hydrographic system of the surface water flow in the study area is showed in 

the Figure 2.10. Ohrid and Prespa Lakeôs water system is complex because of the existing 

underground links between them. The karstic mountains; Dry Mountain in Albania and 

Galicica Mountain in North Macedonia are highly porous, with a high capacity of water 

transport. Due to the porosity and water content, the rocks of Ohrid-Prespa Region are 

classified as porous aquifers, karstic and fissured aquifers (Krstiĺ et al. 2012).  

   

Photo 2.4. Spring on the border (Albania ï North Macedonia) on the left, and Saint Naumi Spring 

on the right (May 2017). 
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Photo 2.5. Prespa Valley, Liqenas Village on the Albania side (September 2017). 

 

 

Photo 2.6. Low side of Prespa Lake (in Albania). 
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1.   2.   3. 4.    5.  

Figure 2.3. Hydrographic Net of Ohrid ï Prespa Region.  

Explanation: 
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1.Drini River and Stateska River,  2. Koselska River, 3. Cereva River, 4. Oteshevo River and 

Istocka river, 5. Devolli River 

Main springs and rivers 

Along the western side of the Galicica Mountain, numerous karst springs arise, 

recharging directly Lake Ohrid. The main springs (location is shown in Figure 6.5) are: 

1) Tushemisht Spring being the main one in Albania, situated on the south shore 

of the Ohrid Lake, originates more than 50 % of the water quantity from Prespa Lake and 

the rest from the karstic water (Dry Mountain). The average discharge of this spring is Q 

= 2.5 m
3
/s.  

2) Saint Naum Spring originates in the same conditions. The spring is situated on 

the east shore of Ohrid Lake Figure 6.5, and has an average discharge of Q = 7.5 m
3
/s 

(KfW Feasibility Study 2004). A few numbers of springs are situated on the coast line of 

the Ohrid Lake, mostly on the southeast and east part of it. The origin of these springs is 

both from Prespa Lake plus the precipitation in the karstic mountain.   

The Koselska River that discharges in Ohrid Lake has a long-term average 

amount to Q = 1.3 m
3
/s. Sateska River after diversion from its original watercourse into 

the Drini River, to the present discharge into Ohrid Lake has increased the water inflow 

to the lake by 25 ï 30 %.  The average flow rate amount of this river can be counted as 

much as Q = 6.15 m
3
/s. The rivers that can be mentioned in Albania are: Çerava River, 

Pogradec River and Verdova River.   

Çerava River is the biggest river on the Albanian side that flows into Ohrid Lake 

with an approximate average discharge Q = 1.5 m
3
/s.  Pogradec River is a small stream 

that flows through the City of Pogradec. Annual average discharge of this river is Q = 

0.25 m
3
/s. Verdova River is also a small stream which drains into Ohrid Lake on the 

southeast section. In the Albanian side there are also temporary springs with the annual 

average discharge up to 100 L/s. 

In Albania, the only river which runs into the Small Prespa Lake is Devolli River 

with an annual average discharge around Q = 1.7 ï 1.9 m
3
/s.  

Important rivers beside springs even during the dry period of the year flow in 

North Macedonia. On the northwestern part of the lake emerges a seasonal spring, located 

on the east part of Oteshevo. Furthermore, in the eastern part, runs the Istocka River (Q = 
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0.608 m
3
/s), which comes down on the northern part of the lake. West of Istocka River 

and on the north side of the lake runs Golema River (Q = 0.707 m
3
/s). On the east of the 

lake emerges Pretorka Spring and Kranska Spring, running year-round. On the 

southeastern part of the Big Prespa Lake runs Brajcinska River with an annual average 

discharge of Q = 0.806 m
3
/s  (Anovski et al. 1997,  Demiraj and Mucaj 1996, Watzin et 

al. 2002, KfW Feasibility Study 2004).  

2.4 LAND USES, PRESERVED AREAS, NATURE 

Land uses in Ohrid Lake Watershed, Albanian side, are 23,323 hectares. This area 

is divided approximately as follows: water (11,140 ha), arable land (2500 ha), pasture 

(1367 ha), forest (10,248 ha), economic enterprises (1396 ha), built land (672 ha). It is 

pointed out that one hectare (ha) corresponds to 10,000 m
2
. Land use in the North 

Macedonian side is approximately as follows: arable land (53.303 ha), pasture (27,319 

ha), forest (61,225 ha), and water lakes (41,000 ha) (Watzin et al. 2002).  

The map showing the land uses in the wider region of the study area is 

represented in Figure 2.4. According to this map, the study area includes: 1) 

Discontinuous urban fabric, 2) Industrial or commercial units, 3) Mineral extraction sites, 

4) Non-irrigated arable land, 5) Permanently irrigated land, 6) Vineyards, 7) Fruit tree 

and berry plantations, 8) Pastures, 9) Annual crops associated with permanent crops, 10) 

Complex cultivation patterns, 11) Land principally occupied by agriculture, with 

significant areas of natural vegetation, 12) Broad-leaved forest, 13) Coniferous forest, 14) 

Mixed forest, 15) Natural grasslands, 16) Sclerophyllous vegetation, 17) Transitional 

woodland-shrub, 18) Sparsely vegetated areas, 19) Salines, 20) Intertidal flats and 21) 

Water bodies. 

2.4.1. Agriculture  

Ohrid Lake Watershed, in the Albanian part, from 25,000 ha cultivated land about 

1800 ha are situated between Tushemisht village and Pogradec city. The rest of it is 

situated between Pogradec city and Lin village. The fruits, wheat, corn and vegetables in 

Albania are the main agricultural products. The water used for irrigation comes 50% from 

Drilon River and the other 50% from Ohrid Lake through two pumping stations (Watzin 

et al. 2002). The pasture land is used for a variety of livestock.  
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In North Macedonia, about 60% of the arable land is used to grow wheat and 

corn, the rest of it is used for vegetables, tobacco and other crops. The water used for 

irrigation comes from Ohrid Lake, Koselska and Sateska River. The distribution of forest 

in Ohrid Lake watershed favors the North Macedonian side, being in a better condition 

compared to the Albanian side. In Albania the forest is very damaged by cutting trees and 

fires but, despite the loss of trees the forest still contains the flora and fauna with 

considerable values (Lake Ohrid monitoring program 2002).  

Albania, Greece and North Macedonia have respectively 21 km
2
, 28 km

2
, and 157 

km
2 
of cultivated land not including pastures (KfW Feasibility Study 2004) around Prespa 

Lake.   

In Greece, the area of cultivated land has remained the same, about 1100 ha. 

Meanwhile, in Northern Macedonia, the area that was used for cultivation has 

considerably increased from 2700 ha to 4000 ha, until 1998 (Kiri et al. 2011, KfW 

Feasibility Study 2004).  

The area used for cultivation lies mainly on the shoreline of the lake. This is most 

common on the zone of Eserani Bird Reserve, Stenje Marsh, and at the shore of Small 

Prespa Lake in Greece. Near the shore of the lake the groundwater is easily accessible 

and also has a high infiltration coefficient (Jordanoski and Lokosk 2002). In Albanian 

side, the cultivated areas are watered mostly by precipitation, this is because the land is 

not suited for gravity irrigation.  
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Figure 2.4. Land uses in the wider area of Ohrid-Prespa Lakes based on CORINE LAND 

COVER 2018.  (https://land.copernicus.eu/pan-european/corine-land 

cover/clc2018?tab=download) 

 

 

 

 

https://land.copernicus.eu/pan-european/corine-land%20cover/clc2018?tab=download
https://land.copernicus.eu/pan-european/corine-land%20cover/clc2018?tab=download
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Explanation 

             

 

2.4.2. Forest land 

In Ohrid Lake Watershed the forest distribution favors North Macedonia with 

about six times more forest than in Albanian part (Figure 2.4). In Albania, the forest has 

experienced heavy damages from cutting and fires. Despite the huge loss of trees and 

ground vegetation the forest, as mentioned above, still contains flora, fauna and economic 

products with considerable value. In North Macedonia the forests are in better conditions. 

The land area in forest in this watershed; for the North Macedonian side is approximately 

61,225 ha (33.5% of land use in NM) and for the Albanian side 10,248 ha (37.5% land 

use in Albania) (Watzin et al. 2002).      

Prespa Lake Watershed (North Macedonia, Albania and Greece) has 

approximately 27,750 ha of forest land. In the Albanian part are about 13,500 ha of forest 
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land with 49% of the land located within the Prespa National Park. This zone of the park 

is shared between the state and private individuals.  

The land area of 13,500 ha forest on the Albanian part performs a positive 

function for the environment. At the same time, this forest adds beauty to the lake which 

is very attractive to tourists.  

Wooded areas surrounding Prespa Lake have changed considerably in recent 

years. In the North Macedonian part, the wooded area is expanding; while in the Greek 

part, the wooded area is decreasing.  The most significant change in forest land is in 

Albania where approximately 15% of the trees have been harvested. 

Most of the people in North Macedonia use woods for domestic purposes. This 

wood comes from the Prespa National Park. By contrast, in Albania, most of commercial 

logging was done without state permission (KfW Feasibility Study 2004; Kiri et al. 

2011). 

2.4.3. Population   

The Ohrid Region territory in Albania is administratively organized into 4 

communes (Buçimas, Hudenisht, Dardhas, Çerave), the municipality of Pogradec and a 

number of villages.  This region has approximately 60,965 residents. Based on 

demographic development patterns observed over the last 10 years, the areaôs population 

will reach 117,060 inhabitants in 2025 (Watzin et al. 2002).  

In North Macedonia, Ohrid Lake Watershedôs population is approximately 105,933. This 

region is divided in six administrative centers. On both sides of the watershed the 

population growth is a major problem that needs management attention (Watzin et al. 

2002).  

In the Prespa Lake Region approximately 5,000 people live in the Albanian part 

of the Prespa National Park, scattered in 12 villages. The density is about 20 inhabitants 

per km
2
. A serious problem here is solid waste management. Within the Prespa National 

Park in North Macedonia 5,000-6,000 inhabitantsô lives across 17 settlements (KfW 

Feasibility Study 2004). In North Macedonia, solid waste is better managed, however not 

completely eliminated.  
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2.4.4. Livestock  

The pasture land in Ohrid Region, in the Albanian side, is used for a variety of 

livestock,  including cattle, sheep, goats, pigs, horses, donkeys, and poultry as well. 

About 30 tons of waste is produced by livestock in the Albanian side of the basin. In 

North Macedonia the pasture lands are used for a variety of livestock, more or less the 

same as mentioned for Albanian side (Watzin et al. 2002).  

Livestock in Albania is an important source of income for the local residents. 

Consisting mainly in small farms, owned and managed by the older generation. Grazing 

area for the livestock is situated mainly in Prespa National Park. In Albania, 35% of the 

yearly income of this area comes from agriculture, of which, 65% comes from these 

farms. Part of the agricultural production is used by the farmers to feed the livestock 

(KfW Feasibility Study 2004, Kiri et al. 2011). 

In North Macedonia is used Prespa National Park as a feeding area for the livestock. 

However, the number of hectares under cultivation is much smaller compared to Albania 

(KfW Feasibility Study 2004).   

2.4.5. Sewage 

The existing systems of sewage 

Until 2004, in the Albanian side of Ohrid Region, existing water and sewerage 

infrastructures were largely inadequate to respond to the actual needs. During this year 

the KFW (German funding) and SECO (State Secretariat for Economic Affairs) build a 

new sewage treatment plant in Pogradec city and its suburbs, an area of around 54,000 

inhabitants, on the Albanian shores of Ohrid Lake. 

In North Macedonia, wastewater management was given the necessary 

importance to protect the Ohrid Lake. This system collects the wastewater from the shore 

line communities and delivers it to the treatment station. After treatment the water is 

discharged into the River Crn Drim. The capacity of this system enables the collection, 

transport and treatment of only 65 % of the wastewater produced in Ohrid ï Struga 

Region (Watzin et al. 2002).  

In Pustek village (Prespa Region, in Albania), a sewage treatment facility was 

installed in 2004, financed by KFW. Other villages do not have such a sewage system, 
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instead, septic tanks are used. Still other villages dump sewage directly into the lake. On 

the Greek part almost all the villages have sewage systems using evaporation ponds.   

There are 6 villages in North Macedonia, Prespa Region, which have a connected 

sewage treatment facility. While a step in the right direction the facility cannot treat 

industrial waste. The industrial solids flow directly into the river and lake. North 

Macedonia as well as in Albania, has a number of villages still using septic systems 

which over time will adversely affect purity of the groundwater and lakeôs water (KfW 

Feasibility Study 2004). 

2.4.6. Preserved Areas 

The lakes Ohrid and Prespa (Big and Small) represent a unique and very complex 

water system, where the water from the Prespa Lake drains into the Ohrid Lake through 

underground pathways.  The importance of Prespa Lake has been recognized worldwide 

because of its high biodiversity; including populations of rare water birds (Dalmatian 

pelican). In 1999, Prespa National Park was established for the rehabilitation and 

sustainable protection of critical terrestrial and aquatic ecosystems of the Big and Small 

Prespa Lake Region. In North Macedonia, Pelister National Park and Galicica Park are 

protected. Prespa Lake was declared a ñNatural Monumentò in 1977 (Watzin et al. 2002). 

In 1975, Greece declared the area ñLandscape of Exceptional Beautyò and the wetland 

system has been declared an area of great ornithological value.  

According to the EU Habitat Directive, Prespa Lake is characterized as hard, 

oligo-mesotrophic waters with benthic vegetation of Chara, Mediterranean tall humid 

grasslands of the Milinio-Holoscoenion, Hydrophilous tall herb fringe communities of 

plains and of the montagne to alpine levels, and Mediterranean deciduous forests Salix 

alba and Populus alba galleries (Kagalou 2010). 

Lake Ohrid is oligotrophic, deep and one of the most voluminous lakes (55 km
3
) 

in Europe (Table 2.1). In contrast to Lake Prespa, Lake Ohrid is an oligomictic lake (it 

has a uniform temperature and density from top to bottom at a specific time during the 

year) with complete mixing occurring roughly once per decade (Matzinger et al. 2006). 

State authorities of three countries have enforced the protection status of the 

Prespa Region through the use of national and international legislative means. A large 
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part of the lakes and catchment basin has been characterized as mentioned above a 

National Park (Albania and Greece) or/and a Wetland of International Importance under 

the Ramsar Convention (Greece, North Macedonia) (Popov et al. 2009). 

2.4.7. Tourism 

The most important and preferred site of Ohrid Lake in Albania, is the area 

between Pogradec and Tushemisht (7.5 km of shoreline), with sandy beaches. The rest of 

the shoreline of the lake is rocky and non-suitable for tourism. The infrastructure along 

Albanian shoreline can accommodate approximately 10.000 tourists per day during the 

high season. On the North Macedonian side the tourism is very active. Tourism is a vital 

segment of the economy of the region. In the municipality of Ohrid Region the number of 

daily visitors varies 100,000 ï 200,000 and those overnight stays vary from 569,243 to 

1,143,228 or even more (Popov et al. 2009, Watzin et al. 2002).    

Tourism in Prespa Lake, as regards to Albanian part, is expected to grow in the 

coming years. Currently, most tourists are locals from other villages, in a sense, day-

trippers, adding to the water pollution problems. In the North Macedonian part of the 

lake, tourism is much more developed. Beside the accommodation in private houses, 

there are hotels, restaurants, and camping sites. During the summer months about 8,000 

people visit the area adding to the management of the solid waste problem (KfW 

Feasibility Study 2004).  
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3.1 GEOLOGY 

From the geological point of view, Ohrid - Prespa Region is characterized by 

fairly complex geological - tectonic structures with rocks from the oldest Paleozoic 

formation to the youngest Quaternaryôs sedimentary rock.  

Ohrid Lake Basin, a graben structure, is located in the contact between Mirdita 

Ophiolite Zone and Korabi Zone. The Korabi Zone (lake area), is characterized by 

Paleozoic, mostly metamorphic and magmatic rocks, which are superposed by Mesozoic 

Triassic to Early Jurassic limestoneôs, in the horst shape of an anticline structure, 

developed between Ohrid and Prespa lakes (Hoffmann et al. 2010).  

Prespa Lake Basin it is extended westward to Galichitsa and Dry Mountain and 

south ï eastward to Rakicka highland and to peak Vejsovari (Greek border). 

The region of Prespa Lake belongs to the west of North Macedonia geotectonic unit (in 

North Macedonia) or Korabi Zone and Mirdita (in Albania) or Pelagonian zone (in 

Greece). 

The most ancient Deposits are Paleozoic ones. They are disrupted by intrusion of 

granite magma. Also there are met Triassic Deposits, Jurassic Deposits, Ophiolitic 

mixture (J3t ï Cr1), Cretaceous and Quaternary Deposits.  

Alluvial Quaternary Deposits (Qal) (Gravels, sands).  

Generality Quaternary deposits are dispersed across the region but most prevalent 

in northern part of both Ohrid and Prespa lakes. In Ohrid Region this deposits can be find 

as well as along eastern and less in south shore of this lake. On the western part of the 

Ohrid Lake these deposits are located in small polygons, two to three of them. In Prespa 

Region, on the western part, these deposits have a limitation distribution in 3 ï 4 points of 



CHAPTER 3. GEOLOGICAL REGIME 

51 

 

lakeôs shore, which is surrounded mainly from Triassic-Jurassic depositions (Kiri et al. 

2011).  

All these deposits are divided morphologically by distinguishing the Pliocene-

Quaternary deposits (N2-Q1), alluviums, stream sediments, colluviums, glacial deposits 

and lake deposits. In some cases they are intertwined with one another forming mixed 

genetic types such as: alluvium, stream sediments, lake deposits (Tyli et al. 1971). 

Granite ï gneisses of Western North Macedonia (Pzgn1) ï petrographic unit 

occurring in the lower members of the metamorphic system. Gabbros (ɜ) and Granites 

take up a considerable part in almost the whole eastern region of the Big Prespa Lake 

shore, meanwhile on the Ohrid Lake shore one canôt find these deposits. They have 

gneissic to schistose structure and porphyrocataclastic ï blastomylonitic texture 

Main minerals: quartz, alkali feldspars (microline, albite), acid plagioclases and 

sericite. Secondary minerals: muscovite, biotite discoloured, leucoxene, epidotes, sphene 

apatite, allanite, and opaque metallic minerals, altered or not (Eftimi et al. 1985). 

Paleozoic (Pz). Deposits of Paleozoic are represented by terrigenious deposits 

intertwined with volcanic deposits and that in the upper parts of the cut are transformed in 

carbonicïterrigenious. They lie on eastern part of shores of the Big and Small Prespa 

Lake and in the island of Agios Ahileas (Ahill) in the Small Prespa Lake. Deposits of 

Lower Paleozoic (Pzgn) display different characteristics from one region to the other. The 

deposits of Upper Paleozoic are represented by schistôs amphibolite in the studied region. 

The Paleozoic deposits that lie on the western side of North Macedonia are part of the 

metamorphic system. 

  Paleozoic Lower horizon (Pzgn) ï consisting mainly of gneisses with schist 

intercalations in the form of lenses or beds, and of amphibolites in smaller proportion. 

The gneisses orthorocks are characterized by granuloblastic ï porphyroid to augen 

texture, they are schistose and consist of quartz, feldspars (perthitized microline, acid 

poikilitic plagioclases), muscovite as main minerals and in smaller proportion of epidotes 

(pistacite, clinozoisite, allanite), cloritized biotite, sphene, zircon and opaque metallic 

minerals. 

Paleozoic Upper horizon (Pzsch) - contains mainly schists (amphibolite, 

amphibolite ï epidote, mica, graphite, calcite), and in smaller proportions cipolins, 
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marbles, serpentinite and locally quartzite with small or significant amounts of cloritoids 

and mica presence (muscovite, biotite). In the wider area, it overlies the lower horizon, 

either conformably or unconformably. The schists members display combinations of 

granuloblastic ï nematoblastic ï lepidoblastic texture, oriented and sometimes 

microfolded structure. The main mineralogical paragenesis is: quartz, acid plagioclase, 

calcite, graphite on various amounts and combinations which result to the respective 

schist varieties. Secondary constituents: garnet, sphene, apatite, rutile, tourmaline, 

metallic grains, healthy or oxidized, and the usual alteration minerals, chlorite in place of 

biotite and sericite in place of feldspars (retrograde metamorphism).  

Devonian Deposits (D). Distribution of the Devonian deposits, on the region, is 

mainly to the northeastern and eastern part of the Ohrid Lake and western and 

northwestern part of the Prespa Lake. It is represented in the lower part by the detailed 

(minute) flyschoide and sandy quartzs intertwining granular and allevrolites layers in 

dark grey color. In the middle of these deposits one can find layers of biomicritic 

limestone in grey and dark grey color. Meanwhile, in the upper part of this formation are 

met basic volcanic rocks. 

The Devonian period is the transition between early and late Paleozoic. 

Permocarboniferous ï Lower Triassic Deposits (P ï C ï T1). The deposits that 

represent these geological ages are dispersed mostly on the southeastern part of the Ohrid 

ï Prespa Region and east and southeastern of the Prespa Region. 

Slightly metamorphic system: slightly metamorphic rocks with intercalations of 

crystalline or not, limestone lenses. They start with slightly metamorphic conglomerates, 

sandstones and arkoses, passing gradually upwards to phyllites, locally greenstones and 

schists of various type (chlorite, sericite, graphite, muscovite). The upper members of the 

system are fine ï grained meta ï sediments of slight metamorphism, containing bodies of 

basic igneous rocks resulting in greenrocks. They are schistose and consist of quartz, 

sericite, chlorite, muscovite, albite, the corresponding formations of the wider area, aout 

of the sheet. Conodonts were found in the limestone lenses that determine the upper 

Skythian ï Lower Anisian. 

Ultra-basic rocks (ůJ2-3) - are the main components of Ophiolites. Ultra-basic 

rocks are in tectonic relations with carbonate TriassicïJurassic rocks. These deposits 
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appear on the western part of the Ohrid Lake, but mostly one can find these deposits on 

the southeastern part of the Prespa Region (Big and Small Prespa Lake). Among ultra-

basic rocks lie hartzburgites and partly dunites. Hartzburgites make up the major part of 

ultra-basic rocks and are met in their lower part. They are mainly dispersed on the 

southern, western and southwestern part of the region. 

Carbonian deposits (Carbonian-Permian-Lower Jurassic), (C-P-J1).  In the 

studied region, these deposits are distributed in a limited located zone, on northwestern 

part of the Big Prespa Lake and on the west of Small Prespa Lake. These are represented 

by alternations of conglomerates and limestone.  

Middle Triassic (T2).  Deposits of this age continue normally upon deposits of 

Lower Triassic and are met on western part of Ohrid Region and eastern part of Golithica 

in Scri Han, Kuku Peak and Saint Spas. They are represented by massive limestones with 

cherts with ammonite and pelagic bivalved siliceous radiolarian facie and, more rarely, 

sandy and turbidity limestone that intertwine with basaltic volcanic rocks. 

Middle Triassic ï Lower Jurassic Deposits (T2 ï J1).  Middle Triassic ï Lower 

Jurassic Deposits are represented by limestones and dolomitic limestones: medium 

bedded to thick bedded, of light ï gray to gray colour, passing in dark gray to black gray 

colour in the uppermost horizons of the serie. Within them karstic bauxite occurrences 

are observed. These depozits are found on the southern part of Prespa Lake Region, 

precisely western and southern part of Micro Prespa Lake (in Greek Territory). 

Upper TriassicïLower Jurassic (T3-J1) .  These deposits continue normally above 

those of T2 and are represented by pelagic deposits. Pelagic deposits are represented by 

carbonateïsiliceous deposits and are considerably dispersed on the region. 

Neritic deposits of Upper Triassic, which continue in the Lower Jurassic, are situated on 

the east side of Dry Mountain. These deposits are represented by thick layers up to 

massifs limestone, stromatous limestone and dolomites. The thickness of deposits of 

neritic facial is about 1,000ï1,200 m (Vranai et al. 1997, Xhomo et al. 2002). Along 

neritic depositions described above are met pelagic deposits represented by intertwining 

of limestone with pelagic bivalved siliceous radiolarian, whose thickness ranges 50ï100 

m. These are met as in T3-J1 in bases of placement on deposits of T2 and under deposits of 

TitonianïLower Cretaceous (J3t-Cr1). These deposits are dispersed mostly on the eastern 
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part of Ohrid Lakeôs shore and on the western part of the Big and Small Prespa lakes. On 

the western part of the Ohrid Lake these deposits are dispersed, but in smaller polygons. 

Jurassic (J). In terrain, the passage from deposits of Upper Triassic (T3) to those 

of Lower Jurassic (J1) is often undetectable. In the geological map this border is drawn as 

a conventional border in which there are situated bituminous layers with thickness 

ranging from some centimeters to some meters. This horizon is represented by dolomites 

and limestone dolomites, among which are intertwined bitumen bearing beds and clayish 

bitumen bearing beds. On the study region these deposits have a little distribution and are 

represented mainly by limestone, schist and clay schist. 

Lower Jurassic Deposits (J1). Lower Jurassic Deposits are found on Albanian part 

in Zvezda Village and are represented by limestones and dolomites. Their thickness is 20 

ï 30 m. It is also limited by the perspective of its laying on the region, and is mainly 

presented by limestone and dolomites.  

Middle ï Upper Jurassic Deposits (J2-3). These Deposits are found on Albanian 

part, near Zvezda Village, extended normally on Lower Jurassic Deposits. They have 

limited distribution in the region and are represented by pelagic sediments with a 

relatively small thickness, where is distinguished the intertwining of biomicritic 

limestone, ashen plates rich with radiolarian and with layers of siliceous. Their thickness 

is 20 ï 50 m. 

Upper Jurassic Deposits (J3). Upper Jurassic Deposits are found on Abanian part 

in some locations with Lower Jurassic and Middle ï Upper Jurassic Deposits, near 

Zvezda Village and also in Peshkepia Village. They are represented by limestones, cherts, 

argillaceous schists and radiolaritic cherts.Their thickness is 7 ï 10 m. 

TitonianïLower Cretaceous (J3tïCr1) - (Ophiolitic mixture). These deposits are 

found in many sectors of ophiolites and have relatively limited surface water. They are 

dispersed on the southern part of Ohrid and Prespa Region. 

There are distinguished three lithostratigraphic units in these deposits: 

¶ Clayïdetritus deposits or otherwise called heterogeneous ophiolitic mixture. 

¶ Ophiolitic or homogeneous ophiolitic mixture. 

¶ Marley flysch ï sandy deposits.  
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Clay detritus deposits are represented by clay, and siliceous layers, sandy rocks, 

conglomerates, as well as different dimensions of ophiolitic rocks, also by calcareous, 

siliceous blocks and Triassic volcanic blocks.   

Ophiolitic breccias-conglomerates are represented by thick formations with mainly 

ultra-basic dispersion or volcanic rocks of ophiolites compounded by all rocky kinds 

which compound the ophiolites. These deposits are covered by flysch, marl, sandy 

deposits and rarely are covered by limestone of Cr1.  

Upper Cretaceous (Cr2) - deposits of this age are found largely in many regions of 

distribution of ophiolites and more rarely upon carbonate periphery. They come normally 

on the head of deposits cuts of Cr1 in many sectors, while in some regions they are placed 

with stratigraphic interruption. In the region of ophiolites, as for example in the Pogradec 

area, they are placed on ultra-basic rocks. While on carbonates of Upper Triassic are 

placed in Dry Mountain. They are placed by means bauxite horizon. Deposits of Cr2 are 

represented mainly by neritic, calcareous, breccia-conglomerate of average layer 

thickness up to thick layer rich with benthonic foraminifers, algae, etc. The thickness of 

these deposits is 1,000ï1,200 m (Eftimi et al. 2007). In the study region these deposits 

extend on southwestern and southern part of Ohrid and Prespa zone. 

Deposits of Middle Eocene (Pg2
2
). These deposits appear on the western part of the 

Ohrid Region and with small surfaces on the western and southwestern part of the Prespa 

Region. Transsgresively, the deposits are sitting on ultra-basic rocks with mediation of 

basaltic conglomerates, rarely with mediation of crusts of transformation of ultra-basic 

rocks upon rocks of Upper Triassic by means of iron bauxites (Dry Mountain) or upon 

the rinsed surface of calcareous of Upper Cretaceous. 

Some erosion sediments with small surface and thickness are found in the cut of Dry 

Mountain; these are represented by organogenicïdetritic, limestone and less by 

conglomerates. These are placed transsgresively with stratigraphic and angular 

unconformity upon calcareous deposits of Upper Triassic.  

Deposits of Middle Eocene are represented by flysch deposits: clays, marls, 

sandstones and are included in group of deposits generally with a high penetration. They 

are found in the Albanian part, near Zemblaku Village and Zvezda one. Their thickness is 

100 ï 200 m. 
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Middle Oligocene (Pg3
2
) - lie further west of (Pg3

3
) of the zone. These deposits are 

presented lithologically by intertwining sandy-clay and clayïsandyïallevrolites of flysch 

character. More rarely there are layers of organogenic limestone in the cut. These 

Deposits are found in Albania, in Korca Region, near Mborje ï Drenova villages. Thei 

thickness is 600 ï 800 m (Eftimi et al. 2006) 

Upper Oligocene (Pg3
3
).These deposits are generally dispersed in a more limited way 

than those of Middle Oligocene in the study area. Mostly lie on the west part of the Ohrid 

Lake. Lithologically they are represented by clay, sandy and limestone intertwining with 

average to thick layers. In the most upper part of the cut there are noticed sandy massifs 

which are intertwined with flysch mainly clay packets. It is noticed that depositing of 

Upper Oligocene are rich with foraminifer mainly in the lower part of the cut. Their 

thickness is 400 ï 600 m. 

Deposits of Lower Miocene (N1) - have limited distribution in this area. They appear 

only on the west and southwest part of Ohrid Lake, and in southwestern zone of Big 

Prespa Lake. 

Aquitanian (N1
1
a).  These deposits are represented by an intertwining of packets 

clayishïallevrolitesïsandy, sandy massifs and sandy gravel which are added in the upper 

part of lithological column.These deposits are found transgressively on Oligocene 

Molasse Deposits  in Korca depression (Albanian part). Their thickness is 350 ï 450 m. 

Burdigalian (N1
1
b). These deposits have a limited distribution in synclinal belts. 

Deposits of Burdigalian in the lower part still have those lithological characteristics like 

the deposits of Aquitanian, they have a flysch seriesïflysch character and are represented 

by sandy, and sandyï gravely rocks. Going up the column the flysch series which is 

noticed in the beginning is replaced one after another by massifs of marl and carbonic 

clays which intertwine with rare sandy layers and limestone. Their thickness is 800 ï 

1000 m (Mandel et al. 1967, Tyli et al. 1971). 

Deposits of Pliocene (N2p) - are located meanly on the north, west south and east 

south part of the Ohrid Lake. These deposits have a limited distribution mainly on 

western and northern part of Big Prespa Lake. Pliocene deposits include all the 

continental formations, mainly coal-bed. They are represented by conglomerates and soft 
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sandstones which contain rare allevrolites and clay under layers within them (Eftimi and 

Tafilaj 1985). 

Deposits of Upper PlioceneïLower Quaternary (N2-Q1) - Deposits of Upper 

Pliocene-Lower Quaternary are limited in distribution and belong to the lakeôs alluviums 

and stream sediments. This deposit lies on the western part of Small Prespa Lake and 

southern part of Big Prespa Lake. In the study region they are represented by intertwining 

clay, sub-clay, sand and gravel.  

Quaternary Deposits (Q). Are found throughtout all territory in Korca Depression 

(Albania), Resen Field (North Macedonia) and Lemos (Greece). They are represented by 

fluvio ï glacial deposits, alluvium deposits, alluvium ï stream sediments deposits, stream 

sediments ï glacial deposits, stream sediments deposits and swamp deposits in marshy 

areas. Quaternary deposits are represented by gravels, sands, subsands, subclays, silts, 

humid soils, etc. 

Quaternary Deposits in Ohrid - Prespa region include: 

¶ Deposits of Upper PlioceneïAncient Quaternary (N2-Q1) 

¶ Deposits of New Quaternary (Q4) 

Depositions of Upper PlioceneïAncient Quaternary (N2-Q1) - are of a limited 

distribution and belong to the lakeôs facial. Stream sediments and lakeôs alluviums 

depositions are spread on the south western part of Small Prespa Lake and in the south of 

Big Prespa Lake; meanwhile in Ohrid Region one canôt find these deposits. 

New Quaternary deposits - occupy the major part of Quaternary deposits. In Ohrid 

Region there are alluviums deposits which are mostly dispersed on the north, south and 

eastern part of the Ohrid Lake. In the Big Prespa Lake these deposits are dispersed on the 

eastern part of the lake. Alluviums are mostly of the character river-lake and are generally 

represented by gravels, sands, sub-sands and sub-clays. The thickness of alluviums is 

considerable in this region. Stream sediments in Prespa Region are distributed on the 

south-eastern part. These deposits, in dependence of lithology of zones, which are rinsed 

by brooks, have a thickness varying in some 10 of meters (Tafilaj et al. 1977, Vranai et 

al. 1997). 

The Geological map of the wider study area and the sections I-I and II-II are shown in 

the following Figures 3.1, 3.2, 3.3, 3.4, and 3.5. 
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Figure 3.1. Geological map (sections I-I and II-II).  
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Figure 3.2. Schematic map of the region; where the stratigraphic colons belong (Archive, 

Albanian Geological Survey). 
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1.  2.  

3.  

Figure 3.3. Colons 1, 2, 3 as are represented in the schematic map. 
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4.  

5.  

Figure 3.4. Colons 4, 5, 6 as are represented in the schematic map. 

 

 

6.

... 
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Figure 3.5. Quaternary stratigraphic profiles of the study area. 

 

3.2. TECTONIC 

The study area is part of inner Alpine-folding area affected by extensional 

tectonics since Pliocene era. Some fault systems were delineated by some previous 

geological investigations (Meçe and Aliaj 2000, Melo et al. 2001, Temovski et al. 2016). 

The most important conclusion of this investigation concerning the tectonics is that, in 

the area of Prespa ï Ohrid Region, the tectonic faulting is intensively developed and it 

seems that some tectonic faults nowadays continue to be very active (Figure 3.6).  

During the Pliocene-Quaternary the mountains embraced strong and progressive 

general uplifting, while the depression areas suffered mainly subsidence and partially 

uplifting. This leads to the formation of big horst - graben areas. In the central part of the 

studied area there is the very eminent Galicica - Dry Mountain horst. There are two big 

grabens on both side of this horst: Prespa Lake graben on the east and Ohrid Lake and 

Korca field grabens on the west. 

Significant tectonic occurrences are also the regional faults along the eastern and 

western edges of Galicica - Dry Mountain mountainious horst, generally extending in 

North-South direction. The most important regional fault of the western edge of Galicica- 

Dry Mountain is developed from Ohrid City in the north following to Saint Naum and 
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Bilishti zone at the south. In the northern part of this fault, from Ohrid City at the north to 

near Terpeica in the south, the metamorphic rocks of Devonian core of Galicica 

Mountain outcrop. The vertical shifting bordering Galicica - Dry Mountain with the 

Ohrid Lake is about 1500 m. In the study area from Saint Naum Springs in the north to 

Tushemisht - Zagorchan in the south, some other very active faults create a relatively low 

elevation limestone zone (Melo et al. 2001). This fault zone facilitates the groundwater 

flow movement to the springs of Saint Naum and Tushemisht. The intensive faulting is 

developed also in the eastern side of Galicica ï Dry Mountain, along the western coast of 

Prespa Lake. This conducted to the formation of the big graben of the Prespa Lake, which 

is filled up by Pliocene deposits. Beside this big graben and as a result of some local 

faults, some other smaller grabens and horsts appeared in the area of villages Gorica and 

Liqenas (Melo et al. 2001). A fault near Zaveri swallow hole is very clearly expressed 

where a natural limestone rocky wall falling vertically for more than 30 meters contacts 

the Prespa Lake.  

These rupture tectonics results in the high seismic - tectonic potential of the area 

of Galicica - Dry Mountain horst and of Ohrid Lake-Korca grabens region (Meçe and 

Aliaj 2000, Matej and Mateja 2015, Temovski et al. 2016).  
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Figure 3.6.  Tectonic systems in the Ohrid ï Prespa Region. 
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CHAPTER 4. GEOPHYSICAL INVESTAGATION  
 

 

 

 

4.1 GEOPHYSICAL MET HODS 

Several geophysical methods components are common to hydro-geophysical 

studies. First and foremost, it is critical to collect high-quality geophysical data sets 

using the geophysical method or methods that are most likely to provide data that can 

help to resolve the hydrogeological characterization or monitoring objective and that 

works well in the given environment. The corresponding geophysical properties (such 

as electrical conductivity/resistivity from electrical and electromagnetic (EM) methods 

or dielectric constant from ground penetrating radar (GPR) methods) can be used to 

infer hydrogeological properties or underground structures. 

 

Electrical Resistivity Methods 

For groundwater studies, electrical resistivity methods have perhaps been more 

frequently used than any other geophysical method. Resistivity is a measure of the 

ability to resist electrical current flow through materials; it is the inverse of electrical 

conductivity and is an intrinsic property of the material. Modern multichannel 

geoelectrical equipment now includes multiplexing capabilities and automatic and 

autonomous computer acquisition, which greatly facilitate data acquisition within 

acceptable timeframes. Such surface imaging, now commonly called electrical 

resistivity tomography or ERT, allows the electrodes (tens to hundreds) to be used 

alternatively as both current and potential electrodes to obtain 2D or 3D electrical 

resistivity models (Gunther et al. 2006).   

ERT has proved to be useful for dynamic process monitoring using electrodes 

placed at the ground surface or in wellbores. A review of surface and crosshole ERT 
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methods for hydrogeological applications is given by Binley and Kemna (2005). This 

method will be used during this study. Several profiles will be carried out in the area in 

order to see the spatial distribution of karst water or voids and the flow direction.  

 

SP Methods 

SP is a passive method where naturally occurring electric fields (voltage gradients) 

are measured at the ground surface or in wellbores using nonpolarizable electrodes and 

a high-impedance voltmeter. Electrical potentials measured with the SP method obey a 

Poissonôs equation with a source term given by the divergence of an electrical source 

current density (Minsley et al. 2007). The source current density has several possible 

contributors, including those associated with ground water flow, redox phenomena, and 

ionic diffusion.  

The electrokinetic contribution associated with the flow of ground water in a porous 

medium (or more precisely, with the drag of charges contained in the diffuse layer that 

surrounds mineral surfaces) has been recognized for many decades and has been used to 

qualitatively interpret SP signals in terms of seepage beneath dams or to map 

groundwater flow (Poldini et al. 1938). 

 

Ground Penetrating Radar (GPR) 

GPR methods use electromagnetic (EM) energy at frequencies of 10MHz to 1GHz 

to probe the subsurface. At these frequencies, the separation (polarization) of opposite 

electric charges within a material that has been subjected to an external electric field 

dominates the electrical response. In general, GPR performs better in unsaturated coarse 

or moderately coarse textured soils; GPR signal strength is strongly attenuated in 

electrically conductive environments (such as systems dominated by the presence of 

clays or high ionic strength pore fluids). GPR methods can be successfully applied to 

hydrogeological applications given by Annan (2005). 

 

Seismic Methods 

Seismic methods common to hydrological investigations use high-frequency (100ï

5000 Hz) pulses of acoustic energy to probe the subsurface. These pulses are generally 

artificially produced (using weight drop, hammers, explosives, piezoelectric 
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transducers, etc.) and propagate outward as a series of wavefronts. The passage of the 

wavefront creates a motion that can be detected by a sensitive geophone or hydrophone. 

According to the theory of elasticity upon which seismic wave propagation is based, 

several different waves are produced by a disturbance; these waves travel with different 

propagation velocities that are governed by the elastic constants and density of the 

material. The surface reflection technique is based on the return of reflected P-waves 

from boundaries where velocity and density (or seismic impedance) contrasts exist. 

Processing of seismic reflection data generally produces a wiggle-trace profile that 

resembles a geologic cross section. However, due to the lack of well-defined velocity 

contrasts and strong signal interference in shallow unconsolidated and unsaturated 

materials, seismic reflection approaches to image near subsurface architecture can be 

challenging. With refraction methods, the incident ray is refracted along the target 

boundary before returning to the surface.  

The refracted energy arrival times are displayed as a function of distance from the 

source, and interpretation of this energy can be accomplished by using simple software 

or forward modeling techniques. As with GPR methods, the arrival times and distances 

can be used to obtain velocity information directly. Refraction techniques are most 

appropriate when there are only a few shallow (0-50 m) targets of interest, or where one 

is interested in identifying gross lateral velocity variations or changes in interface dip.  

Seismic refraction methods yield much lower resolution than seismic reflection and 

crosshole methods. However, because refraction methods are inexpensive and 

acquisition may be more successful in unsaturated and unconsolidated environments, 

they are often chosen over reflection methods for applications such as determining the 

depth to the water table and to the top of bedrock, the gross velocity structure, or for 

locating significant faults. Both reflection and refraction seismic a method gives 

estimation of the velocity structure that can be used to estimate hydrogeological 

properties. 

 

Other Geophysical methods use for groundwater prospection and hydrogeological 

studies 

 

Surface Nuclear Magnetic Resonance. 
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SNMR is a geophysical method that takes advantage of the NMR response of 

hydrogen protons, which are components of water molecules, to estimate water content 

(Yaramanci et al. 2005). 

 

Gravity  

Measurements of changes in gravitational acceleration can be used to obtain 

information about subsurface density variations that can in turn be related to variations in 

lithology or moisture content (Hinze et al., 1990). 

 

Magnetics 

Magnetic methods obtain information related to the direction, gradient, or intensity 

of the Earthôs magnetic field. The intensity of the magnetic field at the Earthôs surface is 

a function of the  location of the observation point in the primary earth magnetic field as 

well as from contributions from local or regional variations of magnetic material such as 

magnetite, the most common magnetic mineral (Kobr et al. 2005). 

 

4.2 RESISTIVITY METHODS FOR KARST DETECTION  

Since several years, electrical imaging surveys have been conducted on karst 

terrains (mainly in carbonate rocks) to map karst hazards such as voids, conduits, 

sinkholes, weathered zones (i.e. Guérin and Benderitter 1995, Gautam et al. 2000, 

Kaufmann and Quinif 2001, Sumanovac and Weisser 2001, Kaufmann and Quinif 2002, 

Zhou et al. 2002, Gibson et al. 2004). These investigations pointed out the efficiency of 

electrical imaging to map karst structures due to the strong contrast in resistivities 

between conduits, voids (higher resistivities) or weathered zones (lower resistivities) 

and limestone bedrock. The technique mostly used is the surface 2D DC resistivity 

tomography. The influence of the electrode arrays on karst features reconstruction has 

been studied by Zhou (2002) and Kaufmann and Quinif (2001).  

The combination of WennerïSchlumberger and dipoleïdipole arrays was shown to 

give the best results in karstic contexts. However, karst terrain is a very unfriendly 

environment for 2D geophysical exploration because of the great heterogeneity of the 

subsurface. Karstic features are strongly three-dimensional objects with sharp 
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boundaries. To improve the reconstruction of subsurface conditions, emerging 

techniques, such as quasi-3D and 3D resistivity tomographies (Deceuster and Kaufman 

2003, Chambers et al. 2005), can be carried out. 

 

Electrical Resistivity Tomography 

The Electrical Resistivity Tomography (ERT) is a geophysical method to obtain the 

electrical resistivity of the subsurface. Figure 4.1 shows the measurement principle of a 

four-point measurement. A direct or a low-frequency alternating current is injected 

through electrodes A and B and the potential difference is measured at electrodes M and 

N. The figure also shows the current flow lines and equipotentials for a two layered 

subsurface. With the availability of multi-electrode systems, the method got more 

attention as it reduces the time of a survey and its costs.  

 

 
 
Figure 4.1. Principle of a geoelectric measurement using the Wenner array. Two electrodes are 

used to inject a current into the ground and two electrodes are used to measure the 

potential difference. The current-flow lines and the equipotential are shown 

for . (Knodel et al. 2005, modified). 

 

With the improvement of computing capacity, 2D and 3D inversion programs 

became available. These are needed to calculate complex subsurface resistivity models 

from the measured data. Furthermore, various electrode configurations can be used in 

the field procedures which have different response from error sources. Numerous four-
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point measurement configurations exist that depend on the layout of the current and 

potential electrodes.  

The most common configurations are the Wenner, Schlumberger, dipole-dipole and 

pole-dipole arrays. Figure 4.2 gives an overview of the named arrays. In the current 

study, the Wenner, Dipole-Dipole, Wenner-Schlumberger, and Wenner-gamma arrays 

were used. 

 
 
Figure 4.2. Different electrode configurations. Electrodes A and B are used for current injection 

and electrodes M and N to measure the potential difference: a denotes the minimum 

electrode spacing. n, s, b and mare (positive) integer numbers. For the gradient array 

n and m might be defined negative if the potential electrodes are left of the layoutôs 

midpoint and positive if they are on the right side (Knodel et al. 2005, Dahlin and 

Zhou 2006). 

 

The array configurations differ in many aspects such as sensitivity distribution in 

the subsurface, resolution and signal-to-noise ratio. Therefore, it is important to choose 

the array according to the research question and local conditions of the measurement 

area. It describes the degree of sensitivity of the model response to the change of a 
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model parameter. Thus, Figure 4.3 depicts the sensitivity distribution of the subsurface. 

If the main response of an array is largely flat, it has a high vertical resolution for a 

layered subsurface (Wenner & Schlumberger). In contrast, the dipole-dipole array, for 

example, is more sensitive to deep lateral resistivity variations (Reynolds et al. 1997). 

The importance of the sensitivity is beyond the scope of this thesis; however different 

arrays have been used in order to compare the results.   

 
 

Figure 4.3. Sensitivity patterns for different arrays. A is the positive and B the negative electrode. 

M and N are the potential electrodes. Red colors illustrate positive and blue colors 

negative sensitivities. Dark tones represent high and light tones low sensitivities. For 

the gradient array the sensitivity is shown for M(1) and N(1) (Dahlin and Zhou 2004; 

modified). 

 

4.3 GEOPHYSICAL RESEARCH WORK AND RESULTS 

Geophysical science tock place in the second phase of the field work, carried out in 

the same period of year. Geophysical works were focused on Gurras Village, above the 
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fountain where water samples were taken for chemical analysis, more specifically above 

the source.  

Another geophysical profile was positioned in the hills of the Tushemisht Village. 

The third profile was made at the cemetery of this village on the southeast side of 

the Ohrid Lake. 

So, in the study were carried out 3 ERT profiles, which are located next to the 

Tushemisht and Gurras springs. The measurements were realized in two periods of year 

2016, in June and October, having as scope monitoring the karst phenomenon 

developed in limestone of that area, and in the meantime the possible connection with 

ground water movement towards the springs (Photo 4.1).  

In the area under study, the resistivity measurements, revealed high resistive values 

in the upper part of profiles and some lateral zones inside the limestone. Low resistivity 

values in the upper part are connected with the cover soils of clay content, whereas low 

resistive values are shown by lateral changes inside limestone, present the karst which 

can be filled with soils or mainly connected with water ways toward springs.    

       

Photo 4.1. Gurras Village, above Gurras Spring. 
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Photo 4.2. West part of the Tushemisht Village, Cemetery. 

 

 

         

Photo 4.3. South part of the Tushemisht Village, Cemetery. 
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Field Procedure 

The multi-electrode system used for the field survey in this thesis is the WZG 

multielectrode Instrument, which handles up to two cables: Two linked cables are 

connected to the switcher, each possess 30 take-outs for electrodes that are spaced five 

meters apart. For two profiles (profile 1&3), are used 30 electrodes, whereas in one, the 

number of electrodes is 45 with 5 m separation between them.  

The inversion is applied to the measured data, to obtain a model of the subsurface 

that explains the measured data. For the ERT method the resistivity distribution of the 

subsurface is sought from the measured apparent resistivities. The topography effect is 

taken into account, however the correction is an approximation that becomes more 

inaccurate, the more complex the geology and the more complex the topography gets 

(Hamacher et al. 2016). 

 

Geological setting area 

The study area from the geological point of view is mostly composed by the 

deposits of the T3-J1 (Upper Triassic - Lower Jurassic), representing by limestone with 

megalodonte (Figure 4.4). These deposits are represented by thick layers up to massifs 

limestone, stromatous limestone and dolomites. The thickness of these deposits is about 

1000 ï 1200 m. From the hydrogeologic point of view these deposits are relevant 

because they carry a considerable amount of groundwater. So, these deposits are 

important, since they contain karstic waters out of which powerful springs flow.   

The N2 (Pliocene) are represented by Pliocene clays, sandstones-brown coal. These 

deposits include all continental formations mainly coal ï bed. They are represented by 

conglomerates and soft sandstones which contain rare allevrolites and clay under layers 

within them. Water bearing is variable and low in general.  

The li-ktQh2 (Middle   Holocene) represented by lake and marsh (turf) deposits. 

The lake deposits in general have a limited distribution being represented mainly by 

clay, subclay, graveling, and sanding layers with a thickness that reaches up to some 10 

of meters (as mention in the geological review of the study area).  
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Figure 4.4. Part of geological map when took place the geophysical field work (Tushemisht, 

Gurras). With red lines are shown the monitored geophysical profiles and with black 

circles are depicted the positions of karstic springs of Tushemisht and Gurras. 

 

 

4.4 ELECTRICAL RESISTIVITY TOMOGRAPHY (ERT) PROFILES CARRIED 

OUT IN THE AREA  

In the area presented in Figure 4.4, were carried out 3 ERT profiles, which are 

located next to the Tushemisht and Gurras springs. The measurements were realized in 

two periods, in June and October having as scope to monitor the Karst phenomenon in 

limestone, developed in that area, and the possible connection with ground water 

movement towards the springs (Figure 4.4). In the study area, the resistivity 

measurements, revealed high resistive values in the upper part of profiles and some 

lateral zones inside the limestone. Low resistivity values in the upper part are connected 

with the cover soils of clay content, whereas low resistive values are shown by lateral 

changes inside limestone, present the karst which can be filled with soils or mainly 

connected with water ways toward springs.    

 

Field Procedure 
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The multi-electrode system used for the field survey in this thesis is the WZG  

multielectrode Instrument, which handles up to two cables: Two linked cables are 

connected to the switcher , each possess 30 take-outs for electrodes that are spaced five 

meters apart. For two profiles (profile 1&3), are used 30 electrodes, whereas in one, the 

number of electrodes is 45 with 5m separation between them.  

The inversion is applied to the measured data, to obtain a model of the subsurface 

that explains the measured data. For the ERT method the resistivity distribution of the 

subsurface is sought from the measured apparent resistivities. The topography effect is 

taken into account, however the correction is an approximation that becomes more 

inaccurate, the more complex the geology and the more complex the topography gets 

(Hamacher et al. 2016). 

  

Resistivity results 

Below we present the inversion results of resistivity values and probably explain 

their distribution with the subsurface model. 

Profile 1; Tushemisht 

The layout of this profile is shown in Figure 4.5; it is realized along an existing 

unpaved road. The length of profile is 145 m, and 30 electrodes are used with 5 m apart. 

The true resistivity sections of this profile are shown in figure 4.5, for both periods.  

As seen resistivity distribution, there is not any big change in resistivity values for 

the both periods. However there are some changes between different configurations 

used, due to errors in measurements and sensitivity related to the changes of subsurface.  

The upper part of the area is represented with low resistivity values connected with 

cover soil deposits, with thickness 3-7 m, and below it, there are high resistivity values 

which represent the limestone. Lateral changes of resistivity values are seen which can 

be related with some karst filled with clays or soils in the pickets 80-120 m of the 

profile, in a depth below 10 m. 
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A) Wenner June 

 

 
B) Wenner October 

 

 
C) Dipole-Dipole June 

 

 
D) Dipole-Dipole October 

 
E) Wenner-Schlumberger, June 

 
F) Wenner-Schlumberger, October 

 
G) Wenner-Gama array, June 

 

 
H) Wenner-gamma array, October 

Figure 4.5. True resistivity values of the profile 1, Tushemisht Spring. Different     configuration 

of electrodes was used.  

 

 

Profile 2; Tushemisht 

 

This profile is almost parallel to profile 1, located in the western part of it, about 

100 m, in a lower elevation and is closer to the Tushemisht Spring than profile 1 (Figure 

4.6). The true resistivity sections of this profile are shown in figure 6, for both periods. 

As seen from the resistivity values in this profile there is not any cover of soils, but 
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limestone (High resistivity values are present form the surface along all the profile). 

There are lateral changes of resistivity values especially from 40-120 m (seen in all 

electrode configurations), which are connected with karst, and probably this is the 

direction of water movements to the Tushemisht Spring. There is a small change on 

anomalies between periods mostly observed from dipole-dipole array, where another 

anomaly with low values exist more clear in the picket 150 m, in June which may be is 

related with the water movement in June (more precipitation in that period) comparing 

with October (dry period). 

 

 
A) Wenner - June 

 
B) Wenner - October 

 
C) Dipole-Dipole, June 

 

 
D) Dipole-Dipole, October 

 
E) Wenner-Schlumberger, June  

F) Wenner-Schlumberger, October 
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G) Wenner-Gamma, June 

 

 
H) Wenner-Gamma, October 

Figure 4.6. True resistivity values of the profile 2, Tushemisht Spring. Different configuration of 

electrodes was used.  

 

Profile 3; Gurras 

This profile is located just above the Gurras Spring (Figure 4.7), on the eastern side 

of them, at a distance around 10 m, and in an elevation difference of 5 m. The profile is 

surveyed along an unpaved road, which is parallel to the springôs location. The outcrop 

formations are limestone (Figure 4.7).   

The true resistivity sections of this profile are shown in Figure 4.7, for both periods. 

As seen from resistivity distribution, high resistivity values are in the upper part 

connected with limestone, whereas low resistive values (blue color), are in the lower 

part of profile and are connected with karst filled with water (water ways movements). 

This is in good agreement with observation in the field where several springs exist in 

the area, which correspond with low resistive values in the profile. Here was seen that 

the lower resistive values are more present during June comparing with October, 

however the places of anomalies are the same. There exist different responses for 

different configurations, due to errors in measurements especially in October, where 

ground-coupling of electrodes was more difficult due to dry soils cover. 

As a conclusion was seen since the resistivity distribution doesnôt change too much 

at both periods of measurements (June, October), the most of water quantity that moves 

towards the springs in the area, throughout karst ways, comes from Prespa Lake. 
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A) Wenner, June 

 

B) Wenner, October 

 

C) Dipole-Dipole, June 

 

D) Dipole-Dipole, October 

 

E) Wenner-Schlumberger, June 

 

F) Wenner-Schlumberger, October 

 

G) Wenner-Gamma, June 

 

H) Wenner-Gamma, October 

Figure 4.7. True resistivity values of the profile 3, near Gurras Spring. Different configuration of 

electrodes was used.  

 

4.5 Chapter summary  

In this chapter was done an investigation of the karstic development in the south 

part of the Ohrid Lake. Three profiles, in three different points, for both wet and dry 
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period of year, have been built.  In each profile was seen the similarities between the 

profile for the dry period of year with that of the wet period. In this area was 

distinguished a very developed karst. Having this kind of similarities between profiles for 

two mention periods was expected. The groundwater ways in this area are and should be 

always filled with water for two simple reasons. The first one because during the wet 

period of year the karstic fractures are filled with the rainfall infiltrations, while  during 

the dry period of the year this fractures are still filled with water, but this time with water 

that comes from the Prespa Lake. The geographic positions of the lakes help this 

phenomenon. Ongoing, in the hydrochemistry investigation the water that filled the 

karstic fractures during the wet period of year, was analyzed and compered with the water 

of the Prespa Lake, in order to see the similarities between them, if exists. Such similarity 

shouldnôt normally exist for this period.    
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CHAPTER 5. HYDROLOGY -HYDROMETEOROLOGY  
 

 

 

 

5.1 CLIMATIC CONDITIONS  

The Prespa Region, as well as the Ohrid Region, are characterized by different 

climates, they are located in the transition region between Mediterranean and Continental 

zones (Van Der Schriek & Giannakopoulos 2017). The continental climate, created by 

the mountainous terrain, is associated with the Mediterranean climate that comes as a 

result of the Adriatic Sea impact.  According to the Köppen climate classification, the 

climate of the study area is Csa indicating temperate, hot-summer Mediterranean climate; 

coldest month averaging above 0ÁC or ī3ÁC, at least one month's average temperature 

above 22°C, and at least four month average above 10°C.  

The precipitation quantity  in the wettest month of winter is triple the amount of 

precipitation  in the driest month of summer (the driest month of summer receiving less 

than 30 mm). In Figure 5.1, the ombrothermic diagram of the Ohrid station is shown; the 

wet season lasts from late October to April. The following are detailed data on 

hydrometeorological parameters provided by: Lake Ohrid monitoring program 2002, 

Popov et al. 2009, https://www.meteoblue.com/en/weather/archive/era5/ohrid_north-

macedonia_787487. 

 

https://en.wikipedia.org/wiki/Hot-summer_Mediterranean_climate
https://www.meteoblue.com/en/weather/archive/era5/ohrid_north-macedonia_787487
https://www.meteoblue.com/en/weather/archive/era5/ohrid_north-macedonia_787487
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Figure 5.1. Ombrothermic diagram at Ohrid Lake station for the period 2000 to 2019. 

5.1.1 Temperature 

The temperature regime of the Ohrid Watershed is highly dependent on the 

influence of the Lake. This influence is more evident during the winter season and close 

to the shoreline.  Based on data at Ohrid station (elevation 703. m a.s.l.), the average 

annual air temperature is 10.6
o
C to 11.94

o
C (for 2000 to 2007) and 11.9 

o
C to 12.5

o
C (for 

2008 to 2019). The highest temperatures are reached during the July and August 18
o
C to 

21
o
C (for 2000-2007) and 22 

o
C to 23.6 (for 2008 to 2019), and the lowest in January -

2
o
C to 3

o
C (for 2000 to 2007) and -1

o
C to 3.8

o
C and 6

o
C (for 2008 to 2019). These data 

are shown in Table 5.1, and Figure 5.2.   

The average monthly temperature in this area varies from 7
o
C to 10

o
C during the 

cold period of the year (December - January) and from 18
o
C to 19

o
C during the warm 

period (July - August). The mean monthly values of temperature for the period 2008-2019 

are shown in Figure 5.3.  From the climatic data of the last 10 years in the study area, was 

noted an increase of the mean annual temperatures over the years (Figure 5.2).  

Table 5.1. Average annual temperature at Ohrid Lake station  

Year 2000 2001 2002 2003 2004 2005 2006 2007 

T 
o
C 11.7 11.7 11.6 11.4 11.1 10.6 10.81 11.94 

Year 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 

T °C 12.33 12.2 11.87 12 12.4 12.5 12.2 12.4 11.9 11.7 12.4 12.2 

 












































































































































































































































































































































































































































































































































