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ΓΔΥΚΝΟΦΝΙΝΓΗΑ ΘΑΗ ΟΖΓΚΑΡΝΓΔΛΔΗΠ ΕΥΛΔΠ: 

ΞΟΝΠΔΓΓΗΠΖ ΔΞΗΙΔΓΚΔΛΥΛ ΞΔΟΗΝΣΥΛ ΡΖΠ ΔΙΙΑΓΝΠ, 

ΚΔ ΣΟΖΠΖ Γ.Π.Ξ. ΔΦΑΟΚΝΓΖ ΙΝΓΗΘΖΠ ΞΝΙΙΑΞΙΥΛ ΘΟΗΡΖΟΗΥΛ 

Γημονκέθμξ Θ., Παιπχ Β., Δοεθπίδμο Λ., Βαζζθυπμοθμξ Α., Πηζάκδξ Γ. 

Δζληθφ θαη Θαπνδηζηξηαθφ Ξαλεπηζηήκην Αζελψλ, Ρκήκα Γεσινγίαο θαη Γεσπεξηβάιινληνο, 

Ρνκέαο Γεσγξαθίαο θαη θιηκαηνινγίαο 

Ξεξίιεςε 

Πε αοηή ηδκ ενβαζία δζενεοκμφιε ηδκ ζοζπέηζζδ ιεηαλφ ημο αζοκεπμφξ ηεηημκζζιμφ ηαζ 
ηδξ ελέθζλδξ ηςκ βεςιμνθχκ. Γζα ηδκ δζεηπεναίςζδ ηδξ ενβαζίαξ οζμεεηήεδηε ιία 
ιεεμδμθμβία πμθθαπθχκ ααειίδςκ. Βάζεζ αοημφ, ηαηά πνχημκ ελεηάγμοιε ηδκ ημπμβναθία 
ηδξ εκ θυβς πενζμπήξ ηαζ ηαλζκμιμφιε ηζξ βεςιμνθέξ. Πηδ ζοκέπεζα ελεηάγμοιε ημοξ 
βεςθμβζημφξ ζπδιαηζζιμφξ ηδξ πενζμπήξ, ημ οδνμβναθζηυ δίηηομ, ηζξ πνήζεζξ βδξ, ηδ 
αθάζηδζδ ηαζ ημκ ααειυ ηδξ ακενχπζκδξ πανέιααζδξ. 

Δκ ηέθεζ, ελεηάγμοιε ηζξ ηεηημκζηέξ γχκεξ ηδξ πενζμπήξ (νήβιαηα ηαζ νδβιαημβεκείξ 
γχκεξ). Δπίζδξ, επελενβαγυιαζηε δεδμιέκα απυ ηδκ ακάθοζδ αενμθςημβναθζχκ ηαζ ηδξ 
δμνοθμνζηήξ εζηυκαξ ηδξ πενζμπήξ. Νζ παναπάκς πθδνμθμνίεξ ακαθφμκηαζ ζε πενζαάθθμκ 
GIS ιε ηδ πνήζδ ιεεμδμθμβίαξ έιπεζνςκ ζοζηδιάηςκ. Πηα πθαίζζα ηδξ ενβαζίαξ αοηήξ, 
εθανιυζαιε ηδκ παναπάκς δζαδζηαζία ζε επζθεβιέκεξ πενζμπέξ ηδξ Δθθάδμξ. 

GEOMORPHOLOGY AND FAULTED ZONES: 

AN APPROACH ON SOME SELECTED AREAS OF GREECE USING G.I.S. A 
MULTI-CRITERIA INFERENCE MECHANISM 

Gournelos T., Sabot V., Evelpidou N., Vassilopoulos A., Skianis G.  

National and Kapodistrian University of Athens, Faculty of Geology and Geoenvironment, 

Department of Geography and Climatology 

Abstract 

In this paper we investigate the relations between the landforms and the discontinuous 
tectonism. A multistep methodology has been adopted. Thus, first we study the topography 
of a given area and by proper procedures we classify the geoforms. We next examine the 
geological formations of the area, the drainage system, the landuse, the vegetation and the 
human impact. 

Finally, we study the tectonic zones of this area (faults and fractures zones). Data has 
also been obtained by airphotos and satellite images. All the above information is analyzed 
in a G.I.S platform using expert system methodology. This procedure has been applied to 
some selected places of the Greek territory. 

1. Introduction 

The land surface is the result of the interaction between the internal and external 
processes. The discontinuous deformations such as the faults and fractures are the principal 
neotectonic manifestations. The most common kind between faults are the normal faults 
which create abrupt topographic areas (fault scarps); the processes of erosion and 
deposition modify this original structure. 

The aim of this paper is to investigate the relation between the geomorphology and the 
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internal neotectonic processes. We have approached this problem, using expert system 
methodology in order to classify different levels of information such as topography, geology, 
drainage system, vegetation-land use. 

2. Methodology 

For the documentation‘s and analysis‘ needs of this research, a Geographical Information 
System has been developed; the primary spatial information that is the topography, the 
drainage system and the geological formations has been inserted in the spatial database. 
These data resulted in separate information layers and they have been compiled for each 
region. Processing the aforementioned spatial data resulted in a series of secondary 
information layers, such as the relief. Together with geographical information, a vast 
amount of attribute data has also been inserted in the database; attribute data has been 
collected after fieldwork, photointerpretation of aerial photographs and satellite images. 

The flow diagram (Fig. 1) shows the main step of this methodology. Firstly we have 
introduced the input data, and then, using qualitative and quantitative criteria we have 
proceeded to a classification of geoforms in order to locate faulted zones. The main 
qualitative criteria which we have used are the slope gradient maps, the indicator slope 
maps, while in order to characterize the possible faulted zones we have used altitudinal 
analysis, morphological slopes, stream length gradient (Keller and Pinter, 2002), and moving 
window statistics, the front mountain sinuosity and the fractal dimension.  Finally to detect 
lineaments in satellite images we have applied convolution filters using Erdas software (Erdas 

Imaging, 2000). 

Fig. 1. Flow diagram 

3. Case study 

We have applied this methodology to the islands of Corfu, Lefkas, Kefallonia, Zante and 
to the area of Trichonis Lake (Fig. 2). These places are very close to the Ionian subduction 
zone and present intense earthquake activity. The geological evolution of these areas is 
characterized by the alpine structures and the neotectonic faulting (IGME, 1963; Bornovas, 
1964; I.G.S.R. N. Corfu Sheet, 1970; I.G.S.R. S. Corfu Sheet, 1970; British Petroleum Co. 
Ltd., 1971; Caputo, 1984; IGME, 1985; Leivaditis, 1987; Livaditis and Verikiou-
Papaspiridakou, 1987a,b; Doutsos et al, 1987; Underhill, 1989; Gournellos et al. 1997; 
Maroukian et al. 2004; Gournellos et al. 2005). The geomorphological processes of these 
areas have been studied by numerous authors (Gournellos et al. 1997; Gournellos et al. 
1999; Verikiou et al. 2000; Vassilopoulos, 2001; Verikiou et al. 2002; Gournellos et al. 
2005). 

G I S  A N A L Y S I S

Geological Maps
Topographic Maps
Vegetation LandUse
Seismological Data
Field Observation
Aerial Photos
Satellite Images

1. Qualitative Criteria
2. Quantitative Criteria

Automatic location of 
possible faulted-zones

Input Classification of topographic units Output
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Fig. 2. Study areas 

Thus, using the multi criteria procedure we have located the main faulted zones as they 
have been mapped in figure 3. The slope maps and the indicator maps (Fig. 4) were very 
useful tools. Then we proceed to estimate some characteristic parameters of the fault zones 
such as the front mountain sinuosity, slope, stream length gradient index, fractal dimension, 
altitudinal analysis (Table I), fault orientation and length (Table II). It must be noted that 
we have also investigated the mapping of lineament by analyzing satellite images. 

Ψηφιακή Βιβλιοθήκη Θεόφραστος - Τμήμα Γεωλογίας. Α.Π.Θ.



 
8ν Ξαλειιήλην Γεσγξαθηθό Ππλέδξην Γεσκνξθνινγία 

 

 

47 

   

 

 
 

Ψηφιακή Βιβλιοθήκη Θεόφραστος - Τμήμα Γεωλογίας. Α.Π.Θ.



 
Γεσκνξθνινγία 8ν Ξαλειιήλην Γεσγξαθηθό Ππλέδξην  

 

 

48 

Fig. 3. Location of the main faulted zones using a multi-criteria procedure.  

 

Fig. 4. Slope maps for the study areas. 
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We applied convolution filters on a Landsat image of Zakynthos Island, taken in July 
1984, in order to detect lineaments which possibly express fault zones. 

We first applied a 3x3 high pass filter, which is incorporated in the standard convolution 
masks of ERDAS Imagine 8.5 software. The coefficients of the mask are the following: 

      -1   -1 -1       

      -1   9 -1   (1)   

      -1 -1 -1       

The filtered 432 RGB image of the island, according to mask (1), shows a NW-SE lineament 
which is estimated to be a faulted zone. This lineament, may also be seen as a border zone in 
dark tones and an adjacent region with bright tones, if another filter, proposed by Richards & 
Jia 1999, is applied on the same image. The coefficients of this filter are given by: 

 

Finally we applied a filter proposed by Skianis et. al. 2005, which is defined by the 
following 5x5 mask: 

This filter has had a remarkable effect on the thermal infrared band 6 of the Landsat 
image. A lineament with dark tones has been observed, at the same location with the NW-
SE lineament of the other filtered images. 

4. Conclusion 

We have approached the relations between geomorphology and faulting using a multi-
criteria procedure. Thus using various data levels such as topography, lithology, earthquake 
distribution, air-photo, satellite image and field observation, we have achieved to locate 
possible faulted zones in the Ionian islands of Corfu, Leukas, Kefallinia, Zante and in the 
area of Trichonis lake. All those areas are characterized by intense active deformation, 
related to the general geotectonic field. 

Thus, the results of this paper can be very useful in local and regional scale for future 
decisions concerning development and environmental protection. 

Appendix 1 
Table I. Altitudinal analysis – Moving window statistics for the case studies 

Altitude analysis – Moving window statistics - Kerkira 

 A B C 

Count 453 1.134 10 

Minimum 650 -41 -49 

Maximum 800 750 -31 

Range 150 791 18 

Sum 327.050 406.102 -422 

Mean 721,965 358,115 -42,2 

Variance 1.366,34 48.651,93 30,36 

Standard Deviation  36,964 220,572 5,509 

 

    -0.014 -0.101 -0.003 -0.101 -0.014     

    0.000 -0.101 -0.199 0.000 -0.101     

    -0.003 -0.199 3.159 -0.199 -0.003   (3) 

    -0.101 0.0000 -0.199 0.000 -0.101     

    -0.014 -0.101 -0.003 -0.101 -0.014     

 

      0 +1 +1       

      -1 0 +1   (2)   

      -1 -1 0       
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Altitudinal analysis – Moving window statistics - Lefkas 

 A B C 

Count 9 175 297 

Minimum -146 -50 260 

Maximum -50 360 700 

Range 96 410 440 

Sum -746 24.625 140,380 

Mean -82.8889 140,714 472,66 

Variance 1.053,43 12.718,2 13.059,93 

Standard Deviation  32,4566 112,2775 114,28 

 

Altitude analysis – Moving window statistics - Kefalinia 

 A B C 

Count 518 396 21 

Minimum 350 -106 -128 

Maximum 822 500 -50 

Range 472 606 78 

Sum 318.983 55.814 -1.969 

Mean 615,797 140,944 -93,7619 

Variance 13.037,13 18.769,46 680,562 

Standard Deviation  114,18 137,002 26,0876 

 

 

Altitudinal analysis – Moving window statistics - Zante 

 A B C 

Count 385 710 0 

Minimum 400 50 - 

Maximum 550 550 - 

Range 150 500 - 

Sum 191.450 206.830 - 

Mean 497,273 291,31 - 

Variance 1.193,86 20.158,14 - 

Standard Deviation  34,5523 141,979 - 

 

Altitudinal analysis – Moving window statistics - Trichonida 

 A B C 

Count 16 367 697 

Minimum 40 60 140 

Maximum 60 240 380 

Range 20 180 240 

Sum 720 56.180 172,720 

Mean 45 153,079 247.805 

Variance 75 1.790,79 3.109,24 

Standard Deviation  8,66025 42,3178 55,7606 
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Table II: This table shows the characteristics for each faulted zone; different parameters such as 
front sinuosity, fractal dimension, stream length index, moving window statistics and fault 
parameters. 
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