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Fig. 2. Major Late Pontian to recent map scale reverse, normal and strike-slip faults and fold 
border zone of Dinarides and Panonian Basin (slightly modified after Tomljenović & Csontos,2001)

 in

Spatial correlation between areas delineated as areas with 
potentially high on-going tectonic activity and structural data proved 
that delineated units in the NW part of Bilogora Mt. correlate well 
with subsurface fault-related folds formed during Late Pontian and 
Quaternary times. 
These folds originate in hangingwalls of either normal-inverted or 
younger reverse faults that cut across the base of Pliocene-
Quaternary stratigraphic horizon and propagate towards the surface 

(Fig. 12).Vertical offset along these faults is in range between 20 and 

480 m, thus indicating a slip rate of ≤  0.1mm/year during the 

Pliocene-Quaternary times (Table 1).

Fig 1. Simplified geological map of Bilogora 
Mt. area based on geological maps of 
Yugoslavia (1:100 000), sheets: Koprivnica 
(Šimunić et al., 1994), Đurđevac (Hećimović, 
1986), Bjelovar (Korolija & Crnko, 1985), 
Virovitica (Galović & Marković, 1979), 
Podravska Slatina (Marković, 1985), Kutina 
(Crnko), Daruvar (Jamičić, 1989), Orahovica 
(Jamičić & Brkić, 1987) & Sisak (Pikija, 1987).

Fig. 3. Epicentres of all earthquake 
events (576-2012) reported in the 
Croatian Earthquake Catalogue.

Insert map A shows simplified tectonic 
framework of study area (after Ustaszewski 
et al., 2009 and Schmid et al., 2008).

A

Fig.4. DEM hillshade with morphometric 
units of Bilogora Mt.

delineated Fig. 5. Hypsometric curves for delineated units  
of Bilogora Mt. Hypsometric curves have been 
computed using CalHypso extension 
(Pérez-Pena et al., 2009).

Fig. 6. Normalized longitudinal main stream profiles. 

Calculated statistical parameters; concavity factor 

(Cf), maximal concavity (Cmax) and distance from the 

source (Δl/L).

Fig. 7.  Spatial distribution of concavity index

and max. values of steepness index. 

Fig. 8. Raster of “ ” in Bilogora Mt. area. It’s 
generated by weighted raster overlay of : hypsometric integral, maximal 
concavity, concavity factor, asymmetry factor, slope angle and relative 
relief distribution. 

on-going tectonic activity Table 1. Numbered Pliocene-Quaternary active fault with 
calculated magnitudes, max. displacement, total vertical 
offset and slip rate values.

SD_1_91

Fig. 9. Petrel database with 2D seismic sections and borehole data. 

Fig. 10. Petrel 3D «skeleton» 
& pillar grid modeling. 

Fig. 11. Petrel 3D stuctural depth model of Bilogora Mt. 

Fig. 12. Interpreted
structural depth 
profile SD_1_91.
Notice 

fault 
normal-

inverted that 
cut base of Pliocene-
Quaternary horizon 
and propagate 
towards the surface.
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I. INTRODUCTION
Integration of available and newly obtained geomorphic, geological and geophysical data sets into the CROTEC project database (GIS platform) represent principal research strategy used to correlate subsurface fault 

geometrical properties and their possible expressions at the surface in Croatia. With focus on delineation of neotectonic and recently active faults and fault zones, quantitative description of their orientation, 
reconstruction of their kinematic history, and the assessment of their recent seismogenic potential our goal is to present here results of DEM based morphometric analysis combined with structural analysis of 2D seismic 
reflection sections  in Bilogora Mt. area (NE Croatia. In addition, we present here results of computations of  empirical geometrical fault-scaling relationships and estimation of seismogenic potential for active faults that cut 
across the base Pliocene-Quaternary horizon and propagate towards the surface. 

Identification of tectonically active areas in the Panonnain basin: a 
combination of DEM based morphotectonic and structural analysis 

of Bilogora Mt. area (NE Croatia)

VII. CONCLUSION
1. Possible on-going tectonic activity 
     drainage basins:  

• NW part - No. 4-5, 7-8, 17-19, 29-32, 36-39  and 41 
• Central part - No. 44-49, 52 and 56 
• SE part - No. 89, 95, 97-99

2. Tectonically active areas correlate well with subsurface fault-related folds 
     formed in hangingwalls of either normal-inverted or younger reverse 
     faults that cut across the base Pliocene-Quaternary horizon and
     propagate towards the surface. 
3. Calculated vertical offset along these faults indicate slip rates of
     0.1mm/year during the Pliocene-Quaternary times.
4. Pliocene-Quaternary active faults are capable to generate earthquakes 
    with magnitudes up to 6.86. Possible maximum vertical surface 
    displacement for those faults are in range between 0.07 and 1.46 m. 

in Bilogora Mt. is recognized for following  
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II. NEOTECTONIC EVOLUTION & GEOLOGICAL  SETTINGS

distribution less than 200 m. Predominantly, it is composed of highly deformed Pliocene-Quaternary 
clastic sediments variable in thickness (500-1500 m) which is conditioned by significant paleorelief 
and differential uplift during Neogene and Quaternary (Fig. 1). More than 90 km long and 10 km wide, 
Bilogora Mt. represent young transpressional morphostructure related to the NW-striking Drava 
basin boundary fault (DBBF, Fig. 2). DBBF was reactivated from originally normal into dextral fault 
during final Pliocene and Quaternary transpressional stage in tectonic evolution of the southern part 
of the Pannonian Basin accommodating c. 10 km displacement ( Hećimović & Prelogović, 
1987;Prelogović et al., 1998 &  Saftić et al., 2003).

Bilogora Mt. as part of SW Pannonian basin, represent low hilly terrain with average elevation 

III. SEISMICITY

(M≥6) with  intensity of  VI°-VIII° MCS in vicinity of  towns Koprivnica, Đurđevac and Virovitica ( . Greatest 
horizontal stress direction determined from fault plane solutions of the of instrumentally recorded earthquakes 

(3.5≤ M ≤ 5.6) is characterized by NE-SW orientation, indicating steeply NE-dipping, and S-SW dipping L

seismogenic structures with predominantly strike-slip and reverse motions (Prelogović et al., 1998 & Herak et 
al., 2009).

Tectonic activity is documented by historical seismicity reporting several rare and moderate earthquakes 

Fig. 3)

IV. DEM MORPHOMETIC ANALYSIS

in identification areas of ongoing tectonic activity and its surface 
expression. Landscape features has been analyzed by DEM raster with 10 
m cell resolution. Using ESRI ArcMap 9.x.x. software package with 
CalHypso, Spatial Analyst, ArcHydro 1.1 and StPro extensions as well as 

Matlab software study area was divided into 130 morphometric units (Fig. 
4) and analyzed by relative elevation and slope distribution values, 
hypsommetry, absolute asymmetry ratios and statistical parameters of 
main longitudinal stream trunk channels (maximum concavity, C ; max 

position of maximum concavity, Δl/L; concavity factor, C ; steepness index, f

k  and concavity index θ (Fig. 5, 6 & 7).sn

Calculated morphometric parameters have been reclassified, and 

overlayed as rasters, evaluating  on-going tectonic activity (Fig. 8). 

With convex hypsometric curves, H≥0.50 values, AF(abs)≥0.25 values and i

statistical parameters of main longitudinal streams profiles (C≤ 32.16%, f

C ≤0.265 positioned in upper reach of streams, θ values between 0.73 max

and 1.01; and avg. k values between 10.05 and 12.70) several drainage sn 

basins and streams dominantly in NW and central part of Bilogora Mt. 
(near towns of Koprivnica, Đurđevac and Bjelovar) and few of them on SW 
slopes in SE part (between towns of Virovitica and Daruvar) are 

characterized as the most on-going tectonically  active areas  (Fig. 8).

Quantitative DEM based morphometric analysis has been widely used

V. STRUCTURAL INTERPRETATION OF 2D SEISMIC 
SECTIONS

on-going tectonic activity was analyzed using Schlumberger Petrel Seismic to 

Simulation software ( . Set of 72 reflection 2D seismic sections  were used 
in construction of structural depth model of Bilogora Mt. area comprising 6 
stratigraphic horizons and more than 50 faults active during the Neogene and 

Quaternary times (Fig. 10 & 11).

Possible congrruence between delineated morphometric parameters and 

Fig. 9)

VI. ASSESSMENT OF ACTIVE FAULTS SEISMOGENIC 
       POTENTIAL

In estimation of seismogenic potential (1) and possible max. 
displacement-MD (2) of Pliocene-Quaternary active faults we used published 

2rupture area (RA in km ) geometrical fault propreties-magnitude scaling 
relationships propposed by Wells and Coppersmith (1994):

M=4.07+0.98* log (RA) (1)
log (MD)=-5.46 + 0.82*M (2)

Results show that Pliocene-Quaternary active faults are capable to generate 
earthquakes with magnitudes up to 6.86 which are significantly greater than 
historically reported magnitudes in Croatian Earthquake Catalogue. In 
addition, calculated values of possible maximum vertical surface 

displacement for those faults are in the range  0.07-1.46 m (Table 1). 
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