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Abstract  UDC  551.435.82:659.2:004:91(497.581.2)
Nina Lončar & Ivana Grcić: GIS-based analysis of doline den-
sity on Miljevci karst plateau (Croatia)
The doline density and their spatial distribution analysis is one 
of the methods used for karst relief morphostructural analy-
sis. We present the results of morphometric features, doline 
spatial distribution and their relationship on Miljevci karst 
plateau based on digital elevation model (DEM). Altogether, 
286 dolines were mapped in the study area. The doline density 
analysis has been applied. The results show that the doline spa-
tial distribution is clustered. Two larger areas with densities of 
30 and 34 dolines/km2 are determined. Their distribution along 
the river canyons could indicate the existence of a palaeodrain-
age network. The strongest link between the doline density and 
topography is with inclination and vertical relief dissection, 
whereas the number of dolines decreases with an increase of 
slope inclination and relative relief. Such distribution confirms 
the suitability of karstic plateaus without active drainage for 
doline formation.
Keywords: karst, doline density, geomorphometry, GIS, Croa-
tia.

Izvleček UDK 551.435.82:659.2:004:91(497.581.2)
Nina Lončar in Ivana Grcić: Analiza gostote vrtač z orodji GIS 
na kraški planoti Miljevci (Hrvaška)
Analiza gostote vrtač in njihove prostorske razporeditve je 
ena od metod, ki se uporabljajo za morfostrukturno analizo 
kraškega reliefa. Avtorici predstavljata rezultate morfometričnih 
značilnosti, prostorske razporeditve vrtač in njihove poveza-
nosti na kraški planoti Miljevci na podlagi digitalnega modela 
višin (DEM). Skupno je bilo na proučevanem območju kartira-
nih 286 vrtač. Uporabljena je bila analiza gostote vrtač. Rezul-
tati kažejo, da je prostorska porazdelitev vrtač v obliki grozdov. 
Opredeljeni sta dve večji območji z gostoto 30 oziroma 34 vrtač/
km2. Razporeditev teh vzdolž rečnih kanjonov bi lahko kazala 
na obstoj paleodrenažnega omrežja. Najmočnejša povezava 
med gostoto vrtač in topografijo je z naklonom in vertikalno 
razčlenjenostjo reliefa, pri čemer se število vrtač zmanjšuje z 
večanjem naklona pobočja in relativnega reliefa. Takšna poraz-
delitev potrjuje primernost kraških planot brez aktivne drenaže 
za nastanek vrtač.
Ključne besede: kras, gostota vrtač, geomorfometrija, GIS, 
Hrvaška.

1 Nina Lončar, Geospatial Analysis Lab, Department of Geography, University of Zadar, Trg Kneza Višeslava 9, 2300 Zadar, 
Croatia, e-mail, ORCID: nloncar@unizd.hr, https://orcid.org/0000-0003-0795-2832

2  Ivana Grcić, Stonemasonry school Pučišća, Novo riva 4, 21412 Pučišća, Croatia 
* Corresponding author

Received/Prejeto: 10.2.2022 

COBISS: 1.01, DOI:10.3986/ac.v51i1.10465
CC BY-NC-ND

ACTA CARSOLOGICA 51/1, 5-17, POSTOJNA 2022



1. INTRODUCTION

Karst plateaus are peculiar polygenetic karst forms de-
veloped on carbonate terrain (Ford & Williams, 2007). 
These wide flattened karst areas are (generally) charac-
terized by poor surface dynamics and are sometimes 
dissected by dolines and canyons of the allogenic riv-
ers (Bočić et al. 2010, 2015). Morphogenetic and mor-
phometric research is important in understanding karst 
geomorphic evolution and has been the focus of numer-
ous studies. Knowing the nature and the factors that are 
controlling dissolution processes in karst soluble rocks 
and drainage as a result of these processes (Ford & Wil-
liams, 2007) allows better understanding of karst to-
pography. Dolines are considered to be among the most 
prominent and representative geomorphic features of 
karst landforms; therefore, they are a great indicator 
of a karstification process. Corrosion, collapse, suffu-
sion and bending dolines are defined by the dominant 
process involved in their formation (Ford & Williams, 
2007). The doline spatial distribution analysis is one 
of the methods used for karst relief morphostructural 
analysis. The intensity of their occurrence, shape, di-
mensions shows a strong connection with pre-existing 
lithological structures, tectonic and hydrogeology fea-
tures, and specific microclimate characteristics (Faivre, 
1992; Ford & Williams, 2007; Pahernik, 2012; Sauro, 
2016). Consequently, they are of great importance in 
the tectonic and geomorphologic study and palaeoen-
vironmental reconstructions of karstic regions (e.g., 
Faivre, 1994; Mihljević, 1994; Plan & Decker, 2006; Mi-
hevc, 2007; Faivre & Pahernik, 2007; Sauro et al., 2009; 
Gabrovšek & Stepišnik, 2011; Ballut & Faivre, 2012; 
Daura et al., 2014; Šušteršič, 2016; Öztürk et al., 2018; 
Tîrlă et al., 2020). Also, due to their relationship with 
subsurface features like epikarst, dolines are important 
connection between surface and underground drain-
age systems. Their distribution strongly influences the 
outcomes of groundwater vulnerability maps, subsid-
ence risk and land use studies as well as mapping for 
environmental and hydrological management strategies 
(Moreno-Gómez et al., 2019). 

Nowadays, the use of geomorphometry for map-
ping and modelling of natural landscapes, at regional 
and local scales is essential (Artugyan & Urdea, 2016). 
Most common input for geomorphometric analysis, is 

a digital elevation model (DEM), a rectangular array of 
surface heights (Pike et al., 2009). There are variety of 
geographic information system (GIS) based studies us-
ing DEMs in karstic areas worldwide (e.g., Telbisz et al., 
2007, 2011; Tagil & Jenness, 2008; Siart et al., 2013; Gal-
lay et al., 2015; PardoIgúzquiza et al., 2016; Artugyan 
& Urdea, 2016;  Hofierka et al., 2017; Silva et al., 2017; 
Meng et al., 2018; Moreno-Gómez et al., 2019; Mihevc 
& Mihevc, 2021). 

In Croatia, there are around 350000 recorded 
dolines, predominantly distributed in the Dinaric re-
gion whereas Gorski Kotar is densest area (242 dolines/
km2) (Pahernik, 2012). They mainly form doline fields 
and long rows along contacts, on fractures, joints and 
smaller faults (Bognar et al., 2012). Characteristics and 
spatial distribution analysis of doline density revealed 
that lithology, tectonic structure and relief morphomet-
ric characteristics have large impact on doline forma-
tion and distribution (Faivre, 1992, 1995; Mihljević, 
1994; Pahernik, 2000; Faivre & Bocquet, 1999; Faivre & 
Reiffsteck, 1999, 2002; Faivre & Pahernik, 2007; Telbisz 
et al., 2009; Bočić et al., 2010; Buzjak, 2011; Pahernik, 
2012; Marković et al., 2016). Some of these works con-
tributed also to a modern digital modelling of relief and 
to use of GIS in digital analyses and visualization of spa-
tial data in geomorphic research.

So far, geomorphologic research in area of Miljevci 
plateau has been related to the Krka River composite 
valley. Friganović (1961) described in detail the poljes 
of upper river basin (Petrovo, Kosovo and Knin polje) 
while Perica et al. (2005) studied the slope processes 
and zoogenic features of the Krka valley and its river 
basin from Knin to Bilušić buk. The object of this study 
is determination of the general geomorphologic char-
acteristics of Miljevci karst plain based on digital el-
evation model (DEM). Knowing that gentle slopes of 
karstic plateaus without active drainage make favorable 
topographic conditions for doline formation (Gams, 
2000; Plan & Decker, 2006; Faivre & Pahernik, 2007; 
Sauro, 2013; Daura et al., 2014; Bočić et al., 2015), we 
aim to (1) validate the suitability of the Mliljevci karst 
plateau for doline formation, (2) determine the number 
and spatial distribution of dolines and (3) explain their 
morphogenetic context.
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2. STUDY AREA

Miljevci plateau is part of North-Dalmatian karst plateau 
between Krka and Čikola River (red line on Figure 1) in 
Šibenik-Knin county (Croatia). It refers to the seven vil-
lages that administratively belong to the Drniš munici-
pality (Bogatići, Brištane, Drinovci, Kaočine, Karalići, 
Ključ and Širitovci) located along the middle course of 
the Krka river (Figures 1, 2). The research area of 264.89 
km2 was arbitrarily defined by combining natural fea-
tures and spatial boundaries of the aforementioned vil-
lages. The boundary is represented by Visovac Lake and 
the upper Krka River to the east and south-east, by Torak 
Lake and Čikola River to the south and south-east, and 
administrative borders of the aforementioned villages to 
the north and north-east. In morphological sense, three 
parts are covered: the canyon of Krka and Čikola in the 
hypsometric class up to 200 m a.s.l., the plateau 200 to 
300 m a.s.l. and NE part above 300 m a.s.l. (Figures 1, 2). 

According to geotectonic regionalization of the Di-
naric area, the microregion Promina-Miljevci belongs to 
the external Dinarides zone along the Promina-Moseć-
Muć fault (Bognar et al., 2012.). The Knin, Kosovo and 
Petrovo karst poljes margins mostly represent the tec-

tonic boundary of Adriatic and Dinaric platforms in the 
wider area of the North-Dalmatian Plateau (Grimani et 
al., 1975, Polšak et al., 1990, Perica et al., 2005).

The territory is characterized by elongated parallel 
geomorphic features stretching in NW-SE (Dinaric) di-
rection. The geomorphic features are formed of Creta-
ceous and Paleogene rocks with numerous normal and 
reverse faults that have influenced the surface morphol-
ogy formation (Figure 3). The Krka River mostly inter-
sects geological structures. A NW-SE fault is separating 
the area into two hypsometric units; flat (up to 300 m 
a.s.l.) and higher NE (> 300 m a.s.l.). The entire area is 
characterized by a series of NW-SE trending folds. Paral-
lel anticlines and synclines consist of alternating layers of 
foraminiferal limestone, conglomerates and Cretaceous 
sediments (Mamužić, 1971; Ivanović et al., 1977). Car-
bonates dominate in the valleys of the Krka and Čikola 
Rivers. The oldest deposits are Upper-Cretaceous lime-
stones with dolomite layers (Turonian-Senonian) in an-
ticlinal core. They are stretched in the NW-SE direction 
in three elongated zones. The first zone extends in the 
narrow belt from Ključ to Drinovci. The second zone 

Figure 1: Geographic location of the research area.
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has a central position in relation to the other two, it is 
the largest and extends from Trbounje to Bogatić. The 
northernmost zone of Upper-cretaceous limestone, cov-
ers the area from Velušić to Oklaj. The erosion-discor-
dance boundary to the Upper-Cretaceous rocks in this 
area consists of Eocene limestone alternating with marl 
and conglomerate (Ivanović et al., 1977). The young-
est stratigraphic units consist of Quaternary terra rossa 
mixed with breccia and products of marl erosion (Ve-
drovo polje, Bilo polje, Oklajsko polje), tufa, alluvium 
and diluvium (Buzjak et al., 2013; Kruk et al., 2014). The 
flood material along the Krka river consists of sand, silt 
and sludge. There are rare and isolated phenomena of 
deluvial breccia mixed with the soil on the older Paleo-
gene deposits (Ivanović et al., 1977). In the northern part 
of the researched area, the largest part of the Paleogene 
sediments consists of Promina conglomerates, breccias, 
marls, bauxite and limestones with fragments of fossil 
remains of bivalve molluscs (Figure 4). These are Upper-
Eocene Promina marine sediments deposited in the last 
phase of Paleogenic emersion (Velić & Vlahović, 2009). 

Geomorphologically, the Miljevci Plateau is a mi-
crogeomorphic regional unit within the larger subgeo-
morphic region of the North-Dalmatian Plateau. Promi-
na Mountain range is subgeomorphic regional unit with-
in macrogeomorphic unit of Northwest Dalmatia with 
archipelago (Bognar, 2001). The largest orographic unit is 
Promina, a mountain of elliptical shape elongated in the 
north-south direction with the highest peak Čavnovka 
of 1147 m height. However, most of the area is a high 

karst plain in the macro scale, which is a highly flat area 
in the macro scale and much more vertically dissected 
relief in the micro scale. The North-Dalmatian Plateau 
has developed deep karst with characteristics of thicker 
carbonate layers. Between east and west, the plateau nar-
rows southwards and forms a triangular shape between 
the Krka and Čikola rivers. This part is believed to be the 
most resistant area of the North-Dalmatian plateau as it 
is located on pure Upper-Cretaceous limestone (Roglić, 
1957).

Miljevac area belongs entirely to the Csa climate 
(Filipčić, 2000). The annual temperature and precipita-
tion trend is inverse. In the warm part of the year there 
is a maximum of temperature and a minimum of pre-
cipitation. Therefore, the Miljevac area is characterized 
by a maritime regime of annual precipitation colder, 
but wetter. According to climatic data from Šibenik 
and Drniš stations (CMHS, 2019) the average annual 
rainfall is 845 mm and it rises with strengthening of 
continentality; from Šibenik (750 mm) towards Drniš 
(940.1 mm) and further towards Knin. The average an-
nual air temperature in the plateau area varies from 13.5 
°C to 16.5 °C, respectively. The prevailing winds are 
NE bora and SE sirocco. Unfavorable annual course of 
precipitation and high summer air temperatures, con-
tinuous windiness and frequent storm surges, as well as 
the predominance of water-permeable carbonate bed-
rock cause large losses by evaporation and regular and 
prolonged drought, which destabilizes the pedological 
cover and bare terrain.

Figure 2: Perspective overview of relief in the research area.
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3. METHODS

The Digital Elevation Model over Europe (EU-DEM) was 
selected for creation of digital elevation model (DEM), 
which is used for further analysis. The data are in Geo-
TIFF format (the reference ellipsoid is WGS84) and the 
spatial resolution of the base is 25 m (EU-DEM, 2018). 
ArcGIS 10.1 software package and Surfer software pro-
gram were used to create perspective three-dimensional 
terrain visualization. DEM of the raster GRID structure 
was used for quantitative analysis of basic morphomet-
ric parameters (hypsometry, slope and vertical relief 
dissection) as an input raster. HTRS96 projections were 
used for visualization of parameters and map making 
(reference geoid is GRS 1980). The hypsometric map 
was produced in combination of contour lines, shad-
ing and the corresponding color scale. The hypsometric 
analysis separated nine height classes ranging from 42 to 
1147 m above sea level. For visibility and clearer analy-
sis, the number and range of hypsometric classes were 
determined arbitrarily according to the minimum and 
maximum elevation of the area taking into account the 
size and morphology of the investigated area. Slope incli-
nation was obtained using Slope tool algorithms (Horn’s 
method) and DEM height data. Slope categorization is 
based on standardized processes activated on each slope 
grade and has six categories: 0-2°, 2-5°, 5-12°, 12-32°, 
32-55° and >55° (Table 2). The absolute value of vertical 
relief dissection was obtained using the raster calculator. 
Raster with maximum and minimum elevation values 
were calculated with the Focal Statistics tool (Spatial Ana-
lyst) using the circle as the neighbourhood shape and cell 
size 3x31.  This tool performs a neighborhood operation 
that computes an output raster, where the value for each 

output cell is a function of the values of all the input cells 
that are in a specified neighborhood around that loca-
tion. For the determination of certain macro and meso 
geomorphic phenomena, 1:5000-scale digital ortho-
photo, 1:25 000-scale topographic, and 1:5000-scale State 
Geodetic Administration Croatian basic maps were used 
from the geoportal of the Republic of Croatia. In the last 
phase, the spatial distribution and density of the dolines 
were analysed according to the methodology used by 
Faivre (1992) and Pahernik (2000, 2012.). Vectorization 
of the dolines from the 1:25 000-scale topographic and 
the 1:5000-scale Croatian basic maps has created a spa-
tial database for further quantitative analysis of dolines 
distribution in relation to geomorphometric parameters 
and lithostratigraphic features. As the first step in the 
last phase, all dolines bottoms were mapped, providing 
a database with point entities on the number and spa-
tial distribution within the investigated area. All concave 
profiles, regardless of their size, depth and shape, have 
been digitized from the topographic map (1:25,000) and 
the Croatian basic map (1:5,000). One point represents 
the bottom of a doline. In this way, 286 dot samples were 
collected in the spatial database. The point density of the 
dolines within the circle surface of 1 km2 was calculated 
using the kernels' algorithm for density. According to Pa-
hernik (2012) several classes of density per km2 can gen-
erally be derived: negligible density (1-10 dolines/km2), 
small (10-30 dolines/km2), medium (30-60 dolines/km2), 
large (60-100 dolines/km2), very high density (100-200 
dolines/km2) and extremely high density (> 200 dolines/
km2). 

4. RESULTS AND DISCUSSION

4.1. ANALYSIS OF MORPHOMETRIC RELIEF 
PARAMETERS

The hypsometric analysis shows that the research area is 
karst platou which mostly belongs to a narrow elevation 
zone of 200-300 m (Table 1). The 200-500 m hypsograph-
ic class range was by far the most prevalent (87%), fol-
lowed by the < 200 m class of the lowlands around river 
streams (8%), and 500-1500 m class of the lower moun-

tain range occupying the north-east part of the research 
area (5%).

The spatial distribution of hypsometric classes in-
dicates proper alteration of height classes stretching in 
NW-SE (Dinaric) direction (Figure 3a). The karst pla-
teau with elevation 200 -300 m represents most of the 
research area. In the macro plan, the area is extremely flat 
and partially disintegrated with isolated dolines. Deeply 
(up to 170 m) incised canyons of Krka and Čikola riv-

1 There is no universal method and algorithm to calculate the vertical relief dissection. The output values vary depending on the spatial 
resolution that is used. By comparing maximum values and resolutions, the maximum value of vertical dissection was increased by increasing 
the number of pixels and vice versa (Šiljeg, 2013). For example, for cell size 3x3, the maximum value is 168.62 m and for 5x5 243.67 m.
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ers intersect the karst plateau. They belong to elevation 
range up to the 150 m with several smaller hills along the 
southwestern edge of the plateau towards Visovac Lake 
(Vitrenjača 221 m a.s.l., Glavica 199 m a.s.l., Pojatir 166 
m a.s.l.). The height of these bordering hills decreases 
from north to south.

Table 1: Proportion of hypsometric classes in total area of study 
area.

Hypsometric 
class (m)

Total area 
(km2)

Proportion 
(%)

Relief category 
(%)

< 150 13.9 5.13 Lowland relief
(8.29%)150-200 8.37 3.16

200-250 92.95 35.09

Platou
(86.58%)

250-300 105.53 39.84

300-400 22.33 8.43

400-500 8.54 3.22

500-700 7.74 2.92
Lower mountain 

range
(5.13%)

700-900 3.46 1.31

> 900 2.34 0.90

Total 264.89 100.00 100.00

The average elevation of the area is 272 m. It is low-
er in the southern and central part, and highest in the 
northeast towards Promina Mt. Although the average el-
evation is rather low, there is a large elevation difference 
between the lowest and the highest elevation values on a 
relatively small surface. The lowest point is in the Krka 
River canyon, (42 m), while the highest elevation is the 
Mt. Čavnovka peak (1147 m, Figure 3a). The C-C 'and 
D-D' profiles are flattening at cca. 240 m and they show 
non-gradual drop towards the canyons of the Čikola and 
Krka rivers (Figure 4). Relief profiles A-A 'and B-B' in-
dicate the presence of higher elevations in the northeast 
part (Promina mountain range) (Figure 4.).

Table 2: The proportion of slope categories in the researched area 
with dominant relief characteristics.

Slope inclination 
category (°) Total area (km2) Share (%)

< 2 175.16 66.13

2-5 32.15 12.14

5-12 20.82 7.86

12-32 31.76 11.99

32-55 4.91 1.85

> 55 0.07 0.03

Total 264.89 100.00 Figure 3: Elevation classes (A), slope inclination (B), and categories 
of relative relief (vertical dissection) (C) of the Miljevci karst plain.

The predominance of the hypsometric class from 
200-250 meters and 250-300 m can be observed. These 
two classes occupy 198.48 km2 or 74.93% of the total sur-
face area. Therefore, lower hypsometric classes within 
the altitude range of 200-300 m dominate. Elevation of 
300-1147 m is represented in 16.78% (44.41 km2) of the 
study area.

The prevalence (66.13%) of plains (0-2°) in the re-
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Figure 4: Morphological profiles. 

searched area (Figure 3b) refer to the spreading of karst 
plateau. In general, the lowest slope values are related to 
the prevailing accumulation processes in the central part 
of the karst plateau. Furthermore, the significantly less 
represented slopes of higher slope categories (2-5°, 5-12° 
and 12-32°) together cover 31.9% of the area. Slightly 
inclined terrain (2-5°) and inclined terrain (5-12°) are 
covered with colluvial and diluvial material from the up-
per slopes, and represent a transition from the flattened 
central part to towards steep terrain (12-32°) of Promina 
mountain range and the Čikola and Krka canyons. The 
slopes inclined 5-12° are also present along the lateral 
slopes of deeper gullies and dolines where slope weather-
ing and fluvial processes occur (intensified erosion). The 
slope larger than 32° occur along the steep slopes of the 
higher parts of the Promina mountain (700-900 m a.s.l.) 
and along the steepest slopes of the fluvial-derasion val-
ley and canyon sides (42-150 m a.s.l.). Flat terrain pre-
vails on the plateau between 200 m (28.81%) and 300 m 
(35.82%) a.s.l. The slopes of 2-5° and 5-12° are the most 
prevalent within the hypsometric class 300-400 m with a 
total of 6.59%, and their distribution also decreases with 
the increase in height. Conversely, slopes >12° are the 
most frequent in the lowest elevation class (< 150 m) and 
are related to the steep canyon sides and smaller valley 
extensions. The increase in height reduces their distribu-
tion and increases again from 500 meters above sea level.

Based on the range between the lowest and the high-
est (168.62 m/km2) value, five categories of vertical relief 

dissection were determined (Figure 3c.). The average 
value is 10.64 m/km2 which, according to the standard 
classification of vertical distribution (Lozić, 1996), places 
this area into poorly divided plains. Flattened terrain is 
the most represented category of vertical dissection. It 
covers 68.29% of the area, and it prevails in the 200-300 
m hypsometric class. The second category (5-30 m/km2) 
represents a transitional area from a centrally flatten re-
lief to higher mountain areas and river valleys, followed 
by third (30-100 m/km2) and fourth category (> 100 m/
km2), predominantly related to areas with slopes greater 
than 12° with more intensified slope processes. The high-
est classes of vertical relief dissection occupy the smallest 
surface of the area. 

4.2. DOLINE SPATIAL DISTRIBUTION
The occurrence of the dolines was validated trough field-
work research. Research also revealed the anthropogenic 
influence on the karst plateau morphology, reflected in 
form of underground and surface ore mines. As a result, 
concave depressions can be seen in the 2D view of the 
relief (Figure 5). Such cases should be considered when 
applying DEM in karst terrain analysis to avoid misper-
ception with natural relief forms. Therefore, all validated 
anthropogenic depressions have been excluded from the 
analysis.

A total of 286 dolines were recorded in the re-
search area of 264.89 km2 which makes the average 
spatial density of only 1.1 doline/km2. Using the Kernel 
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method and according to Faivre & Pahernik (2007) and 
Pahernik (2012) classification of doline density, six den-
sity classes were determined (Figure 6). The frequency 
of dolines occurrence varies from 0 to 34 dolines/km2 

indicating in some parts a slight density (< 10 dolines/
km2), low density (10-30 dolines/km2) and medium 
density (30-60 dolines/km2). The occurrence of dolines 
is generally dispersed and heterogeneous. Two larger 
groups are singled out. In the east, the highest con-

Figure 5: Concave depressions (framed by a red square) as exam-
ples of influence of bauxite mining on terrain morphology.

Figure 6: Doline density map.

Figure 7: Statistical indicators of spatial distribution of dolines in 
relation to: hypsometric characteristics (A); slope (B); vertical relief 
dissection (C).

centration of dolines (30-34.23 dolines/km2) occurs 
near Čikola river in the foothill of Promina Mt. (area 
of Gornji Gaj and Predivište). The second core (10-30 
dolines/km2) is connected to Krka river canyon around 
Bogatić village in the northeast. According to afore-
mentioned classification doline density in Miljevci area 

Table 3: Number, proportion and density of the dolines by lithostratigraphic and chronostratigraphic units.

Lithostratigraphic unit Chronostratigraphic unit Total area 
(%) Number Proportion 

(%)
Density 

dolines / km2

Limestones with layers of dolomites 
and marls Cenoman-Maastrichtian 8.29 126 44.06 5.74

Promina beds Eocene, Oligocene 82.65 141 49.30 0.64

Foraminiferal limestones, Liburnian 
Formation and transitional deposits 

Upper Paleocene, Lower and 
Middle Eocene 9.06 19 6.64 0.79
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is low. Still, density of 30-34.23 dolines/km2 could be 
considered as significant as it is in concordance with av-
erage doline density on Slunj karst plateau (42 dolines/
km2, Bočić et al., 2010) and higher than average density 
in mountainous regions: 27.5 dolines/km2 in NW area 
of Velika Kapela (Pahernik, 2000), 19 dolines/km2 in 
Northern Velebit and Senj ridge (Faivre, 1992, 1995), 
18.4 dolines/km2 in Biokovo (Bočić & Pahernik, 2011) 
and 10.6 dolines/km2 in southeastern Velebit (Marković 
et al., 2016). Spatial distribution of dolines is important 
indicator of the karstification degree (Ford & Williams, 
2007). Considering the doline density, and the distribu-
tion of 50 caves in similar zones (Grcić, 2019) Miljevci 
karst plateau is well karstified area. Also, the concen-
tration of dolines in two zones along the river canyons 
(Figure 6), could indicate the existence of palaeodrain-
age network as proved on Una–Korana plateau (Bočić 
et al., 2015) thus, more likely, it poins to a relatively fast 

incision of the canyon and faster karstification in the 
zones near the main streams.

4.3. THE INFLUENCE OF GEOMORPHOMETRIC 
PARAMETERS AND GEOLOGICAL FEATURES ON 

SPATIAL DISTRIBUTION OF THE DOLINES
Overlapping the point layer of dolines through the ras-
ter substrates of the corresponding geomorphometric 
parameter and the lithostratigraphic characteristics re-
sulted in the statistical representation of dolines within 
the classes of analysed parameters (Figure 7). Paleogene 
beds of Promina conglomerates, breccias, marls and 
bauxite are most widespread lithological unit (82.65%) 
encompassing 49.30% of all recorded dolines. Upper-
Cretaceous limestones with intercalated dolomite and 
marl are least represented (8.29%). Thus, almost 45% of 
the dolines formed in Upper-Cretaceous limestones (Fig-
ure 9a) having the highest density (Table 3). 

Figure 8: The relationship between the spatial distribution of the dolines and geological features (A), elevation (B), slope inclination (C) and 
relative relief (D). Eeach black dot represents a doline.
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Apart from lithology, tectonic predisposition has a 
major influence on the doline occurrence and distribu-
tion (Ford & Williams, 2007). According to Faivre (1999), 
tectonics has a great influence on the spatial distribution 
of the dolines. Infiltration of surface water into crack sys-
tems along the fault zones helps doline formation. The 
buffer analysis revealed the occurrence of 47 dolines 
(16%) within 500 m of the NW-SE fault. This analysis 
thus indicates only a minor and localized influence of the 
fault on doline formation in the research area. Similar re-
sults were obtained from analogous research in SE Velebit 
(Marković et al., 2016) and on Slunj Plateau (Bočić et al., 
2010). However, in this research only the most significant 
faults were considered. Minor faults and fractures which 
are likely to have a significant effect on the development 
of dolines (Faivre, 1999) are not mapped. 

 The density analysis shows that 90% of the dolines 
are distributed in prevailing altitude between 200 and 
300 m a.s.l. (Figure 9b). In lower hypsometric classes 
(<150 m a.s.l.) no doline was recorded. We believe that 
such distribution is not related to elevation but to a very 
steep slopes along the canyons of Krka and Čikola. With 
elevation increase, the occurrence of dolines is drasti-
cally reduced. It can be concluded that the spatial distri-
bution of dolines and their occurrence is not related to 
elevation. As proposed by Pahernik (2012) the strongest 
link between the doline density and geomorphometric 
parameters was established between slope inclination 
and vertical relief dissection. The number of dolines de-
creases with an increase of slope inclination. The highest 
proportion of dolines (83,57%) is developed on flat ter-
rain (0-2°) which overlap with the elevation of 200-300 m 
a.s.l. (Figure 9c). Only 13% of dolines are distributed on 
slightly inclined terrain (2-12°). Increased distribution 
is observed on inclined terrain (12-32°), while at higher 
categories no doline development is recorded. Such dis-
tribution can be explained by a reduced corrosion on 
steep slopes due to rapid surface drainage. According to 
Pahernik (2012) low doline density on slopes with higher 
inclinations is attributed to shorter periods of rainfall 

and snowmelt water retention, as well as to the relation of 
higher inclination categories with active tectonic zones. 
The indicated relationship between slope density and 
slope inclination is in line with the results of a study of 
doline distribution in the SE Velebit area (Marković et al., 
2016). Moreover, comparable results have been perceived 
in Slovenian Dinaric karst (Gams, 2000). 

A similar trend of doline distribution is related to 
vertical relief dissection. 85% of all dolines were formed 
on flatten terrain (0-5 m/km2) (Figure 9d). Their distribu-
tion decreases sharply with an increase in vertical dissec-
tion. Such distribution can also be explained by reduced 
corrosion in highly dissected areas. The vertical dissection 
represents a parameter that refers to the difference in el-
evation between various points on the surface and indi-
cates the true extent of its evolution and current intensity 
morphodynamic processes (Ilie, 1970 in Artugyan & Ur-
dea, 2016). Considering the fact that this karstic plateau is 
mostly flat and highest density of dolines occurs in rather 
narrow belts on NE and SW edges where the relief dis-
section is higher; we could connect the interaction of the 
height and slope to such occurrence, whereas higher sur-
rounding area enables water runoff towards the plateau, 
thus increasing corrosion. The fact that karstification 
processes intensity and drainage density, in equal rainfall 
conditions, ratios are proportional (Ilie, 1970 in Artugyan 
& Urdea, 2016) and that these areas are without surface 
water, indicate the suitability of these areas for forming 
dolines. However, the influence of tectonic and lithol-
ogy must be considered as well. The densest doline zones 
are not necessarily the most karstified areas. Research of 
Telbisz et al. (2009) on Biokovo Mt. and Marković et al., 
(2016) in south Velebit Mt. area showed that number and 
density of dolines is decreased in the case of predomi-
nance of larger surface area of dolines in carbonate Jelar 
breccias.  To obtain the more relevant data on the karsti-
fication processes intensity of Miljevci karst plateau, the 
morphometric analysis of dolines (surface area and vol-
ume) and the identification and characterization of struc-
tural expression should be performed.

5. CONCLUSION

The results of our study demonstrates that the largest 
part of the research area is a well karstified plateau gener-
ally characterized by poor relief dynamics. The Krka and 
Čikola rivers are deeply intersected between the Miljevci 
and Kistanje plain. Karst plateau is best expressed in the 
hypsometric zone between 200 and 300 m. a. s. l. The eleva-
tion is uniform with a micro-distribution and partial disin-

tegration of smaller hills and dolines. Most of the research 
area (78.3%) are slopes of 0-5°, characterized by mostly flat 
relief (0-30 m/km2), indicating predominance of accumu-
lation processes and suitability for doline development. 

286 dolines were mapped within the plateau. Al-
though the average of 1 doline/km2 is negligible, two 
larger areas with density around 30 dolines/km2 are 
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singled as significant and in concordance with average 
doline density in Croatia. Since the density of sinkholes 
is quite low in contrast to well-developed karst; further 
studies of doline density should include a morphody-
namic perspective. We confirmed that flat areas of karstic 
plateaus, without active drainage, make favorable topo-
graphic conditions for doline formation. 85% of their oc-
currence is related to plains (0-2°) and a flatten terrain 
(0-5 m/km2), mostly in the foothill of the more dissected 
area. Generally, the number of dolines decreases with 
an increased inclination. Furthermore, almost 45% of 
the dolines formed in least represented lithological unit 
(Upper-Cretaceous limestone) confirming the high in-
terdependence between the lithology and doline density. 

It is evident that the surface drainage coefficient has 
been reduced on Miljevci Plateau, which increases water 
infiltration and related corrosion along infiltration flow-
paths and contributes to greater karstification represented 
in doline distribution. Their distribution in two zones 
along the river canyons could indicate the existence of pal-
aeodrainage. Further investigations should be extended to 
the area of the entire North-Dalmatian plateau, with spe-
cial attention being paid to field research and determina-
tion of the impact of structural elements on their spatial 
distribution as well as the morphometric characteristics 
of the dolines. Besides, more studies should be done on 
the karst genesis in terms of morphology or morphometry 
compared to topographic or structural features. 
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