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Abstract  UDC 551.435.8:528.94(497.471)
Astrid Švara, Andrej Mihevc & Nadja Zupan Hajna: Active 
and relict contact karst morphological forms of the Slavina 
corrosional plain
The Slavinski ravnik corrosional plain is a small area of Dinaric 
karst in Slovenia, located at the contact between impermeable 
flysch and karstified carbonate rocks, where the most represen-
tative ponor contact karst features have formed. Due to erosion, 
multiphase regional tectonic uplift, and sedimentation, a para-
genetic cave system, active and relict blind valleys can be ob-
served, reflecting the different stages of the morphogenesis of 
this area. To obtain a better overview and detailed understand-
ing of the past and present behaviour of a dynamic karst sys-
tem, in which hydrology is closely related to the spatial distri-
bution and the extent of contact karst (allogenic) morphologi-
cal features, geomorphological and sedimentological mapping 
was conducted. Maps were digitized using ESRI ArcMap and 
Golden Software Surfer based on DEM and LiDAR imagery. 
During the survey, the active cave system Markov spodmol and 
Vodna jama v Lozi, the relict unroofed cave Brezstropa jama v 
Lozi, Biščevci blind valley, Sajevško polje blind valley, Ivačevci 
blind valley, and Sajevško polje sediment accumulation were 
studied, and active and relict karst features were determined. It 
is concluded that their location, interrelation, sedimentological 
record, and overall occurrence show different stages of devel-
opment of these geomorphic features with their hydrological 
function, indicating different stages of formation of the north-
ern margin of the Slavinski ravnik at least within the last 4 mil-

Izvleček UDK 551.435.8:528.94(497.471)
Astrid Švara, Andrej Mihevc & Nadja Zupan Hajna: Aktivne 
in reliktne kontaktne kraške morfološke oblike Slavinskega 
ravnika
Slavinski ravnik je manjše korozijsko uravnano območje Di-
narskega krasa v Sloveniji in leži na stiku med neprepustnimi 
flišnimi in zakraselimi karbonatnimi kamninami, kjer so se 
oblikovale najbolj reprezentativne ponorno kontaktne kraške 
oblike. Zaradi erozije, večfaznega regionalnega tektonskega 
zvišanja območja in sedimentacije so se oblikovali paragenetski 
jamski sistem ter aktivne in reliktne slepe doline, ki kažejo mor-
fogenetske stopnje raziskovanega območja. Za boljši pregled in 
podrobnejše razumevanje preteklega in sedanjega dogajanja na 
dinamičnem kraškem sistemu, v katerem je hidrologija tesno 
povezana s prostorsko razporeditvijo in obsegom kontakt-
nih kraških (alogenih) morfoloških značilnosti, smo izvedli 
geomorfološko in sedimentološko kartiranje. Zemljevidi so bili 
digitalizirani z uporabo ESRI ArcMap in Golden Software Surf-
er na podlagi DEM in posnetkov LiDAR. Pri raziskovanju smo 
proučevali aktivni jamski sistem Markov spodmol in Vodna 
jama v Lozi, reliktno jamo Brezstropa jama v Lozi, slepo dolino 
Biščevci, slepo dolino Sajevško polje, slepo dolino Ivačevci ter 
akumulacijo sedimentov na Sajevškem polju ter določali ak-
tivne in reliktne (zakrasele) morfološke elemente. Njihova lega, 
medsebojna povezanost in pojavnost nakazujejo na različne 
stopnje oblikovanja severnega roba Slavinskega ravnika v vsaj 
zadnjih štirih milijonih let. Gre za edinstveno celovito študijsko 
območje, kjer lahko opazujemo izpostavljene in ohranjene el-
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1. INTRODUCTION

The northern boundary of the Slavinski ravnik repre-
sents a narrow study area, but with numerous active 
and relict contact karst features, widely recognizable in 
relief (Figure 1). One of the most striking surface karst 
forms of this landscape is the Unroofed cave Loza (Brez-
stropa jama v Lozi), which is by far the longest known 
unroofed cave in Slovenia with more than 4 km of pas-
sages filled with allogenic sediments and speleothems. 
Also well expressed are three blind valleys (Biščevci, 
Sajevško polje, Ivačevci) and their hydrology, as well as 
various sediments preserved on the karst surface.

The area represents a unique ponor contact karst 
landscape in Slovenia, where we can observe exposed 
and preserved morphological elements. These geomor-
phological forms show a gradual development of the 
contact karst, which in most other cases are not pre-
served so extensively due to erosion and karst denuda-
tion processes.

Ponor contact karst develops where allogenic wa-
ters flow from a non-karst environment and sink into 
the adjacent karst, i.e. where allogenic waters modify 
karst landscapes by their volume, regime, and sediment 
load (e.g. Mihevc, 1991a, b, 2001; Sauro, 2001). This 
type of karst can be also defined as karst with allogenic 
input, formed under the influence of alluviation, where 
hydrological influence is the most important factor.

The most typical landforms found in a ponor con-
tact karst are ponors (streamsinks, sinkholes), ponor 
steepheads, blind valleys, ponor caves and epiphreatic 
caves. In this environment, ponor caves tend to get ac-
tively filled by allogenic sediment and can be later trans-
formed by paragenetic processes (Renault, 1958). Also 
surface alluviation is active, where allogenic sediment is 
washed into the karst over time, where only inactive or 
relict geomorphic features of the contact karst remain 
visible in the karst relief, i.e. unroofed caves, blind and 
dry valleys (e.g. Mihevc, 1996, 2001, 2010; Sauro, 2002, 
2013).

Many of these phenomena have been also identi-
fied in the Slavinski ravnik corrosional plain (e.g. Mi-
hevc, 1991a, b, 1999a, b, 2006; Stepišnik, 2006). The 
first studies of caves in the area were done by Hribar 

et al. (1955). They had surveyed all known caves and 
interpreted their contents, their formation, and their 
relationship to the geomorphological development of 
the area using the available methods and the prevailing 
scientific theories of that time. While geomorphological 
studies in the area started in 1964 by Habe and Hribar, 
who investigated the smaller part of the contact karst 
area, the Sajevško polje. Mihevc (1991a, b, 1999a, b) de-
fined and studied active and relict blind valleys of that 
area: Sajevško polje blind valley, Ivačevci relict blind 
valley, and Biščevci blind valley, together with the un-
roofed cave Brezstropa jama v Lozi (Mihevc, 2006). The 
toponym “Sajevško polje” can be misleading, as it does 
not correspond to the definition of a karst polje (e.g. 
Gams, 1974), but has the meaning in the Slovenian lan-
guage as “Sajevče field”. The toponym “Sajevško polje” 
is used as a name for the Sajevško polje blind valley. A 
notion of contact karst of Slavinski ravnik was recently 
mentioned also in a structural/tectonic study by Placer 
et al. (2021). Numerous speleological and sedimento-
logical studies were carried out during the research in 
the cave Markov spodmol (Slabe, 1995; Zupan Hajna et 
al., 2008, 2020; Švara et al., 2021) and explorations in 
the cave Vodna jama v Lozi (Cave Register, 2021).  

While the studies cited have gathered some im-
portant information on the individual distribution of 
the forms and their hydrological function in the past 
and present, more detailed interrelated studies and a 
complete understanding of the morphogenesis of the 
Slavinski ravnik contact karst area are lacking.

Therefore, the aim of this work was to reveal the 
diversity of active and relict ponor-contact karst fea-
tures of the Slavina corrosional plain and to obtain 
information on the main factors influencing karst sys-
tem development. With this objective, we (1) record 
and describe all elements of active and relict contact 
karst geomorphic forms, (2) locate and describe vari-
ous types of sediments found within these forms, and 
(3) identify various stages of development of these geo-
morphic forms based on the recognized elements, their 
interrelationships and their arrangement. Using this ap-
proach, we created a combined geomorphological map 
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lion years. In summary, this is a unique, comprehensive study 
site where we can observe exposed and preserved elements, that 
reveal a gradual development of a ponor-contact karst area, 
which in most cases is not well preserved due to erosion and 
karst denudation processes.
Keywords: Unroofed cave, blind valley, paragenesis, allogenic 
sediments, geomorphological mapping.

emente stopnjevanja v razvoju ponorno-kontaktnega krasa, ki 
je v večini primerov slabo ohranjen zaradi erozijskih in kraških 
denudacijskih procesov.
Ključne besede: brezstropa jama, slepa dolina, parageneza, alo-
geni sedimenti, geomorfološko kartiranje.
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Figure 1: Location of the study area in Slovenia in the NW part of the Dinaric karst with the constant hydrological network and toponyms. 
(DEM – LiDAR data, ARSO, 2021b).

from geomorphological features and sediment deposits. 
By understanding the significance of different sediment 
types and revealing different stages in the development 
of active and relict contact karst features, we are one 
step closer to understanding past and present dynamics 
of the karst system with its hydrological and climatic 
factors and the changes in the evolution of the southern 
karst periphery of the Postojna Basin - a question that 
has not yet been properly answered.

In the classification applied within this study, con-

tact karst features that still have some hydrologic func-
tion with active sedimentation are treated as active 
features, even if the processes are no longer exactly the 
same as when they were formed. The term “active” can 
be omitted from the naming because it is self-evident in 
this context. For relict contact karst features, the term 
“relict” indicates the lack of water supply with active 
sedimentation, or even implies the decomposition of 
the geomorphic forms mainly due to karst denudation, 
and therefore must be included in their naming. 
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Figure 2: Simplified geological map of the Slavinski ravnik study area with toponyms and schematic cross-sections with the approximate 
placements of studied geomorphic forms. (DEM – LiDAR data, Geodetic department ARSO; 2021b; Geology – OGK 1:100000 Postojna, 
Geological Survey of Slovenia (Pleničar, 1963, 1970)). 
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2. GEOGRAPHIC, HYDROLOGICAL AND GEOLOGICAL SETTINGS

The study area represents the northern part of the karst 
corrosional plain Slavinski ravnik, which is dissected by 
numerous dolines. It is surrounded by non-karst Posto-
jna Basin to the north, and karst landscapes of the cor-
rosional plain Prestranški ravnik to the northeast, the 
Upper Pivka Basin to the east, Mount Vremščica and the 
valley Košanska dolina to the south. Slavinski ravnik is 
a levelled karst area with an average elevation of 610 m 
a.s.l., with the highest elevations reaching 750 m a.s.l. 
(Figure 1). The naming used for landscapes and geomor-
phological forms is established by geographical names 
and toponyms from the Register of Geographical Names 
of Republic of Slovenia.

The northern boundary of the Slavinski ravnik is 
influenced by allogenic water flowing into the karst from 
the impermeable rocks of the Postojna Basin (Hribar et 
al., 1955; Habe & Hribar, 1964; Mihevc, 1991b). The main 
sinking stream is Rakuliščica, which has a proven under-
ground water connection from the ponor at the end of 
the Sajevško polje blind valley through Markov spodmol 
and Vodna jama v Lozi to the Timavo springs (Hribar 
et al., 1955). All sinking waters drain underground to-
wards the Adriatic Sea (ARSO, 2021a). However, some 
of the ponors are also known to function as intermittent 
springs (i.e. estavelles) after a period of high rainfall with 
reversed water flows in the study area (i.e. in Biščevci). 
On such occasions, the waters are drained as surface wa-

ter towards river Nanoščica and thus in the direction of 
the Black Sea.

The Postojna Basin consists of lower to middle Eo-
cene flysch that forms flysch ridges and hills with extensive 
Quaternary alluvium cover and weathered flysch deposits, 
that often form river terraces (Melik, 1951; Pleničar, 1963, 
1970; Gospodarič, 1988, 1989). Flysch outcrops are easily 
observed at the margins of the basin, while in the center of 
the basin they are mostly covered by alluvium. The Slavin-
ski ravnik is in contact with the basin developed in lime-
stones of the Adriatic Carbonate Platform from the Upper 
Cretaceous to the Eocene (Pleničar, 1963, 1970) (Figure 2). 
The sedimentary period from the Paleocene to the Eocene 
is characterized by white, highly karstified limestones with 
alveolinas and nummulites, while at the transition to the 
Cretaceous the limestone becomes more greyish and has 
additional shellfish fauna remains. The Upper Cretaceous 
is mainly characterized by grey limestones with chert 
nodules and rudists (Pleničar, 1963, 1970). Structurally, 
Slavinski ravnik represents the Komen Thrust Sheet pre-
dominantly with northwest-southeast Dinaric and trans-
verse-Dinaric faults, common to the structural unit of the 
External Dinarides (Placer, 2008). The latter was triggered 
by the collision of the Adria Microplate with the Eurasian 
Lithospheric Plate, followed by its counterclockwise ro-
tation, preserving faults and folding conditions (Placer, 
1999, 2008; Weber et al., 2010). 

3. MATERIALS AND METHODS

This study was based on geomorphological mapping of 
ponor contact karst features to gain a basic understand-
ing of the extent of these surface and subsurface geomor-
phological forms. Mainly, we used the 1:5000 (TTN-5) 
and to a lesser extent the 1:25000 (TTN-25) topographic 
base maps available on the “Republic of Slovenia – Space 
Portal – Geodetic data portal”, but also on our local data 
server. We combined the topographic map with the digi-
tal elevation model (DEM grid 5x5 m) and the high-reso-
lution LiDAR images (LiDAR grid 1x1 m), available from 
the Slovenian Environmental Agency (ARSO), in order 
to achieve optimal identification of landforms.

Although DEM and LiDAR are helpful for detect-
ing major relief differences, their sole use is usually 
not sufficient for spatial analysis, especially in a con-
tact karst area where fluvial and karst systems overlap 
in a more complex “erosional-corrosion-depositional” 
environment. Therefore, geomorphological mapping 
was conducted using morphometric, morphographic, 

and morphostructural approaches (Gerasimov, 1946; 
Dvořák, 1995; Pavlopoulos et al., 2009; Otto et al., 2011). 
Field mapping of observed ponor contact karst features 
was performed on previously prepared base maps, us-
ing the elements established by Gams et al. (1985). Hy-
drologic conditions were noted and later digitized in 
ESRI Arcmap software. Morphometric data (e.g. length, 
width, elevation) and basic calculations (e.g. slope) were 
performed in the applied software. Slope calculations 
based on DEM unit cells were used only for a basic un-
derstanding of the margins of the geomorphic forms. 

A revised geological map with cross-sections for a 
better view of the geological setting was created using 
Golden Software Surfer and ESRI Arcmap software.

Since there are many caves in the study area, rel-
evant information was also taken from the Slovenian 
Cave Register (Cave Register, 2021), where information 
on previous speleological surveys and observed cave ele-
ments (cave forms and sediments) can be found. 
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Various allogenic sediments (e.g. pebbles, sand, silt/
clay) and autochthonous sediments (e.g. various flowstone 
formations) observed in diverse geomorphological forms 
suggest the existence of specific past or present hydrologi-
cal conditions. Those that provide information about the 
past are important since in some cases they are the only 
information left on the highly denuded karst surface. 

Therefore, sedimentological mapping, observations, and 
description of relevant sediments were also included.

By comparing the mapped features and combining 
their presence and interrelationship with the sedimento-
logical findings, a morphogenetic conceptual model was 
created to be used for further investigation of the study 
area. 

4. CONTACT KARST OF THE CORROSIONAL PLAIN SLAVINSKI RAVNIK

Regarding their shape, location and hydrological func-
tion we can assume, that the geomorphological forms 

on the northern margin of the Slavinski ravnik devel-
oped in different phases and were also remodeled under 
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Figure 3: Geomorphological map of the study area with the locations of the cave entrances and the passages of the active and unroofed caves. 
(DEM – LiDAR data, ARSO, 2021b). 
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the influence of the allogenic input from the Postojna 
Basin. The allogenic sediments filled the blind valley 
bottoms, and the sediments were washed into the karst 
mainly through ponors, enlarging and filling existing 
cave passages and causing the formation of paragenetic 
caves. Descriptions of the studied subsurface and sur-
face contact karst forms (Figure 3) are provided in the 
following chapter. 

4.1. ACTIVE AND UNROOFED CAVES
In the research area of Slavinski ravnik, 77 caves are 
known, represented by (sub)horizontal caves, vertical 
caves, and caves with combined passages (Cave Register, 
2021). Subhorizontal caves predominate, but there are 
also 23 vertical caves or caves with vertical entrances, 
scattered throughout the study area. The vertical caves or 
such entrances are thought to be vadose shafts related to 
regional uplift that forced water to shift vertically and fol-
low the downward movement of the water table, or they 

are vertical ponor caves where sinking water had to adapt 
to a rapid drop in the water table. 

The longest and best explored caves in Slavinski 
ravnik are the horizontal water caves Markov spodmol 
and Vodna jama v Lozi. Caves were explored separately 
and in 2009 were connected by cave divers through a si-
phon. Both caves together form a 7.7 km long cave sys-
tem (Cave Register, 2021). 

The cave Markov spodmol (reg. no. 878; Figure 3) 
has its entrance at WGS84 coordinates45.734627°N/14
.105311°E, which opens at the very end of the Sajevško 
polje blind valley. The cave is 868 m long and 61 m deep, 
which is consistent with the cave type of a horizontal in-
termittent ponor, which acts as a ponor of Rakuliščica 
only exceptionally and when the water level is very high. 
The active ponor of the stream is now located 26 m north 
of the entrance to Markov spodmol. The wide entrance 
to the cave is followed by a horizontal dry passage with 
small lakes, the area, and depth of which vary according 
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Figure 4: Markov spodmol – entrance (1), ceiling and wall pockets in Markov spodmol (2), anastomoses – up to 10 cm wide in the cave 
Vodna jama v Lozi near the entrance shaft (3), allogenic sediments coating of speleothems in Vodna jama v Lozi (4) (Photo 4.4: J. Tičar).
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to precipitation. After about 550 m the explorable passage 
ends with a siphon. The walls and ceiling of the cave pas-
sage are full of phreatic rocky relief features (e.g. scallops, 
pendants; Slabe, 1995; Figure 4.2). Allogenic sediments 
are preserved mainly in the higher levels of the passage 
within several meters high accumulations (Zupan Hajna 
et al., 2020; Švara et al., 2021). A dated section of allo-
genic sediments (Zupan Hajna et al. 2008, 2020) shows 
that deposition in the Markov spodmol occurred in 2 dis-
tinct periods, lower sediment layers are older than 3.34 
– 3.60 Ma and upper layers are younger than 0.78 Ma. 
The two-phased allogenic sedimentation was followed by 
sedimentation under more vadose conditions with oc-
casional epiphreatic water pulses, which will be further 
investigated. There is no evidence of sedimentation in the 
intervening period, due to the erosion that is common in 
these high-energy cave settings. 

The southeastern part of the cave system is rep-
resented by the cave Vodna jama v Lozi (reg. no. 911; 
Figure 3). Its 75 m deep vertical entrance is located at 
WGS84 coordinates 45.716671°N/14.118584°E. This part 
of the system is represented by 6880 m long subhorizon-
tal channels mostly filled by water. A short horizontal 
passage following the vertical entrance is accessible only 
when the water level is low. This part is characterized 
by fine clastic sediment accumulations that cover most 
of the cave, as fluctuations in the water table still occur. 
Walls, ceiling, and speleothems are covered with sedi-
ments from recent flooding, while ceiling pendants and 

anastomoses are exposed in some places (Figures 4.3; 
4.4). Since the sedimentation in this part is recent, there 
is no potential for further useful dating. The driest part 
of the cave (NW part, close to Markov spodmol) can be 
reached only by divers. 

The cave system extends in a northwest-southeast 
direction between 556 m and 470 m a.s.l., and has a 
height difference of 80 m between the outermost parts. 
Its speleogenesis can be related to allogenic water input 
from the Postojna Basin, as evidenced by the directional 
scallops and the mineralogical composition of the allo-
genic sediments, with the ponors located at the contact 
between carbonates and flysch (Zupan Hajna et al., 2008; 
Švara et al., 2021). One of the main inputs to the active 
cave system today comes from the Sajevško polje blind 
valley, but in the past it could have come also from the 
Biščevci blind valley as shown by some sedimentological 
evidence southeast above the blind valley or the extent of 
the westernmost part of the cave system.

Above the currently active cave system in the Slavin-
ski ravnik, where the altitudes are between 550 m and 
630 m a.s.l., the relict, unroofed cave Brezstropa jama 
v Lozi exists on the surface between 630 m and 580 m 
a.s.l. (Mihevc, 1999b, 2006; Figures 1; 3; 5). Its presence 
on the surface is a result of chemical denudation of the 
karst surface above the pre-existing cave, which exposed 
all allogenic sediments and speleothems.

With a length of over 4.3 km (Figure 5) and a height 
difference of 50 m between the upstream and down-
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Figure 5: Location and geomorphological map of the cave system in Slavinski ravnik:  active caves Markov spodmol and Vodna jama v Lozi 
and the unroofed cave Brezstropa jama v Lozi (DEM – LiDAR data, Geodetic department ARSO, 2021b). 
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stream ends, this horizontal cave is the longest known 
unroofed cave in Slovenia. The morphology of the cave 
appears as a mostly continuous trench with a passage 
up to 30 m wide and to 15 m high. The unroofed cave 
bottom part is mostly filled with allochthonous and au-
tochthonous sediments. The predominant allochthonous 
sediments consist of allogenic flysch sediments (sandy/
marly/clayey sediments) occasionally interbedded with 
partially cemented chert, while the autochthonous sedi-
ments are represented by speleothems, breakdown ma-
terial, and cryoclastic breccia from the walls of the un-
roofed passage (Figure 6). The slopes and rim of the un-
roofed cave, as well as the cave fill, are covered in some 
places by collapsed debris from the rest of the cave ceiling 
and walls. In places where the rim of the cave is highest, 
the limestone blocks show rotation due to recent mass 
movement or tectonic activity, while in other places the 
slope is balanced with less rockfall and more alluvium 
(e.g. Figure 6.1). Due to its length and uniqueness, the 
unroofed cave was registered as an outstanding contact 

karst feature of natural value in 2015 (Nature Conserva-
tion Atlas, 2021).

In several places, there are smaller (sub)horizon-
tal caves near the main unroofed channel (e.g. Jama pod 
Koško potjo – reg. no. 1962, Spodmol v Selški Lozi – reg. 
no. 1573, Spodmol ob Selški poti v Lozo – reg. no. 2808, 
Nova jama v Lozi – reg. no. 5509, Šimčev spodmol – reg. 
no. 931, and Markandelov spodmol – reg. no. 1074), which 
at some time probably served as side passages of the for-
mer active cave. The altitude of the passages, the thinness 
of their ceiling, and the content of allogenic sediments 
support this theory. The cave Spodmol v Selški Lozi at the 
entrance contains an allogenic sediment sequence, dated 
to an age of more than 3 Ma, which gives us the first in-
formation about the age of sedimentation of the unroofed 
cave itself (Zupan Hajna et al., 2020). For further research, 
an important site with allogenic sediments and speleo-
thems was recently discovered in the lower part of the cave 
Šimčev spodmol and sampled for paleomagnetic and pa-
leontological dating (Švara et al., 2021). 
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Figure 6: The main cave channel of the unroofed cave Brezstropa jama v Lozi (1), fallen stalactite in the unroofed cave (2) (Photo: J. Tičar), 
cemented allogenic sediment with pebbles in sandy/silty matrix (3), chert pebbles (4). 
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4.2. BLIND VALLEYS AND ALLUVIAL DEPOSITS
Blind valleys form at sinking points of allogenic rivers 
(e.g. Ford & Williams, 2007), and they deepen and en-
large over time in response to groundwater fluctuations, 
karst permeability, changes in the regime of sinking riv-
ers, due to allogenic input, and changes in the regional 
hydraulic gradient. Blind valleys begin to cut into the 
corrosion plain with low transverse and longitudinal 
gradients because river valleys would otherwise develop 
(Mihevc, 2007). 

Blind valley bottoms are usually filled with clastic 
sediments originating from nearby weathered imperme-
able rocks, deposited by allogenic waters and by intermit-
tent ponding of their bottoms (e.g. Gams, 1962; Radinja, 
1972; Mihevc, 1991a, b; Gunn, 2004). Allogenic streams 
drain at one or more points in the bottom, at the end, 
and/or sides of blind valleys through ponors in the allu-
vium or karst bedrock (Gunn, 2004). A relict blind valley 
forms as the flowing stream in a blind valley shortens due 
to subsidence of the erosional base or as a result of inter-
ruption of water inflow due to river piracy (Ford & Wil-
liams, 2007; Mihevc, 1991b, 2001, 2007). In these relict 
blind valleys allogenic sediments usually cover their bot-
toms partially, in dolines or small pockets in their karsti-
fied floor (Mihevc, 1991b, 2001, 2007).

On the northern boundary of the Slavinski ravnik 
three impressive blind valleys are expressed in the relief: 
the Biščevci blind valley, the Sajevško polje blind valley, 
and the Ivačevci blind valley, which have different charac-
teristics today than at the time of their formation (Figure 
3). The allogenic sediments were deposited in all blind 
valleys, as their presence indicates. Since the surface re-
lief is constantly changing due to various processes, all 
contact karst features cannot be considered uniform, but 
have undergone their own process of evolution. 

The Biščevci blind valley (Figures 1-3; 7-9) is the 
westernmost blind valley of the Slavinski ravnik corro-
sion plain. It is 1.76 km long and between 420 m and 1 
km wide and has an area of 1.27 km2. Its bottom lies be-
tween 541 m a.s.l. in the north and 553 m a.s.l. in the 
south. It is surrounded by a carbonate slope with a rim, 
the highest point of which is at 700 m a.s.l. on its east-
ern edge and 673 m a.s.l. on its western part. In the val-
ley bottom, river terraces can be observed, whose slopes 
are between 543 m and 545 m a.s.l. The slopes near the 
bottom of the valley are stable, while the slopes towards 
the edge of the valley margin become steeper and are 
therefore active with rockfall and screes. On average, the 
slopes are inclined about 25° and tend to be steeper on 
the western edge. On the western slopes, a 20 m wide 
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Figure 7: Biščevci blind valley at the NE part of the Slavinski ravnik (photographed facing south; RI-SI EPOS drone). After a period of heavy 
rainfall, the nearby river Nanoščica overflows south into the northern part of the blind valley and collects the water from the estavelles.
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remnant is observed as a karstified (relict) valley floor ex-
tending over 480 m, showing the former level of alluvia-
tion of an earlier phase of the blind valley. 

Today, the hydrological function of the Biščevci 
blind valley is opposite to that in the neighbouring active 
blind valleys. Due to the opposite inclination of the val-
ley floor (Figure 2, cross section A-B; Figure 3) combined 
with the present-day surface water runoff and fluctuation 
of the karst water table, the intermittent springs are now 
located on the relict ponor side of the blind valley. Af-
ter prolonged periods of rain, the karst water table in the 
blind valley rises and groundwater floods the lowest de-
pressions in the valley bottom. Surface water collects in 
two main streams flowing from the southern part of the 
blind valley towards the north into the river Nanoščica 
(Figures 1; 7-8). In the northwestern part of the blind val-
ley, the water sinks into one or two ponors which act as 
intermittent springs (i.e. estavelles) during high water in 
the karst. Nevertheless, occasional hydrologic activity re-
deposits allogenic sediments once transported from the 
basin, keeping the blind valley hydrologically active.

The bottom of the Biščevci blind valley is covered 
with up to 4 m thick fine-grained allogenic sediments 
from the last accumulation (ponding) phases, in places 
with some sandstone pebbles and less frequently with 

chert pebbles. The limestone bedrock is often exposed 
by intermittent springs in the valley bottom during dry 
periods or in places where the alluvial cover is thinner. 
Along the slopes and rim of the blind valley, chert and 
sandstone pebbles are found at several higher elevations, 
possibly indicating the elevation of the former (older) 
blind valley bottom (Figure 9). 

The Sajevško polje blind valley (Figures 1-3; 10-11) 
is located east of the Biščevci blind valley and covers an 
area of 0.64 km2. It is 1.2 km long and up to 620 m wide, 
with the lower part, which is 966 m long and up to 210 
m wide, lying between 573 m a.s.l. in the northern part 
and 558 m a.s.l. in the south, and is completely covered 
with allogenic sediments. It is surrounded by a slope with 
a rim that reaches its highest point at 680 m a.s.l. on the 
western side below the Učičnik hill and at 675 m a.s.l. 
on the eastern side below the Strmec hill (Figure 1). The 
western slopes are the steepest, with an inclination of up 
to 60°, while the slopes on the eastern edge of the blind 
valley have an inclination of up to 20°. Active slopes with 
rockfall and slope material are prevalent on both sides. A 
4 m wide relict bottom of the blind valley and the highest 
relict ponors are present on the western edge (Figure 11), 
but these cannot be precisely identified due to recent ac-
tive slope movements. 
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Figure 8: Flooding on the October 12, 2020 in the Biščevci blind valley, photographed towards the south (1), a small intermittent spring and 
stream in the background (2), and an intermittent spring at the southern part of the blind valley (3).
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The leveled floor of Sajevško polje blind valley still 
has an active stream, Rakuliščica stream, which flows 
from the northeast/north to the south. In its northern 
part the stream was slightly diverted into a ponor rep-
resented by the cave Ponikve pri Sajevčah (reg. no. 903), 
but in general it sinks near a mill 300 m to the north and 
only at high water further south in the cave Požiralnik 
pred Markovim spodmolom (reg. no. 904). At the high-
est water level, the stream overflows its banks 20 m fur-
ther and can sink into the cave Markov spodmol (reg. no. 

878), whose entrance is 4 m higher (Figure 10). On the 
western edge of the lower part of the blind valley are two 
relict ponor caves, the caves Ogrizkov spodmol (reg. no. 
923) at 568 m a.s.l. and Županov spodmol (reg. no. 924) 
at 575 m a.s.l, that may once have drained the water of 
the blind valley, the higher relict ponor being considered 
the oldest (Habe & Hribar, 1964). An intermittent spring 
Bruhalnik pred Markovim spodmolom (reg. no. 1080) is 
known on the blind valley`s western boundary but is ac-
tive only during high water. 
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Figure 9: Geomorphological map of the Biščevci blind valley (DEM – LiDAR data, ARSO, 2021b) (1), Biščevci blind valley towards the north 
in dry season (2; RI-SI EPOS drone). 
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Figure 10: Sajevško polje blind valley photographed facing the south (1), Sajevško polje blind valley photographed facing the north, with 
approximate locations (2) of the active ponor Požiralnik pred Markovem spodmolom - reg. no. 904, and the cave Markov spodmol -reg. no. 
878 (RI-SI EPOS drone). 

Figure 11: Geomorphological map of the Sajevško polje blind valley with well-expressed fan-shaped alluvial deposits in its NE part (DEM 
– LiDAR data, ARSO, 2021b). 
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In the easternmost part of Sajevško polje, two peri-
odic streams may appear after a rainy period. The south-
eastern stream sinks into the alluvium and flows into an 
intermittent ponor, while the second discharges allogenic 
sediment onto the alluvium cover (Figures 11-12).

The bottom of the blind valley is entirely covered 
with fine-grained allogenic sediments, with flysch peb-
bles exposed near the stream channel. On the western 
boundary, the alluvium cover is up to 8 m thick (Habe 
& Hribar, 1964). 

The eastern part of Sajevško polje contains an alluvi-
al accumulation consisting of sediments originating from 
six erosional gullies in the flysch hinterland. Streams flow 
periodically in two of them, cutting their streambeds 
into the sediment (Figure 11). The western edge of the 
fan-shaped alluvial deposit ends with the terrace, which 
was formed by the Rakuliščica stream. The alluvial de-
posits cover the entire Sajevško polje, comprising an area 
of 1.78 km2 that is up to 835 m long and about 470 m 
wide (Figure 12). It generally slopes 5° from southeast to 
northwest, and lies between 595 m and 565 m a.s.l. Its 
thickness is more than 7.5 m. In the borehole in the cen-
tral part of the alluvial deposit (Habe & Hribar, 1964) and 
in a nearby field, mainly coarse sediments were detected.

The Ivačevci blind valley (Figures 1-3; 13) is the 
easternmost blind valley. It is up to 845 m long in its 
western part and up to 560 m long in its eastern part, 
and up to 1.9 km wide on its northern margin and up to 
485 m wide in its southwestern part. It covers an area of 
about 5.1 km2. Its karstified bottom with dolines reaches 
from 670 m in its easternmost part to 610 m a.s.l. It is 
surrounded by a slope with a rim that reaches its highest 
point on its southeastern side below Jančarija Hill, while 
its western edge reaches 645 m a.s.l. The slopes have an 
inclination of up to 20° and are quite balanced with little 
slope material.

There is no active watercourse (Figure 13) in the 
blind valley that could have been involved in its forma-
tion, so it is a (hydrologically) relict blind valley. The fly-
sch hinterland contains several erosional gullies, some 
of which include periodic streams, the westernmost of 
which terminates in the active ponor of Požiralnik v 
Ivačevcih (reg. no. 2781) at the contact between lime-
stone and flysch. Potential relict ponors that once drained 
water from the blind valley are located on the margins 
of the valley floor and are represented by Spodmol 1 v 
Ivačevcih (reg. no. 2218), Spodmol v Ivačevcih (reg. no. 
1574), Jama v Ivačevcih (reg. no. 2779) and Brezno pri 

Figure 12: The upper part of the alluvial deposit at SE margin of Sajevško polje; photographed towards SE of blind valley (RI-SI EPOS 
drone).
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Jančariji (reg. no. 2470). After a rainy period, a small lo-
cal stream forms and sinks into the intermittent ponor of 
Brezno v Črmelaški ogradi (reg. no. 1554).

A big part of the blind valley bottom is rocky. Fine-
grained allogenic sediments present only in some dolines 
or other karst depressions, where they have not yet been 
washed into the subsurface. In the central and eastern 
part of the blind valley, alluvium is preserved in elongat-

ed patches where gullies form during rainy periods and 
wash sediment down the 5° slope to the southwest. The 
central stream still occasionally supplies some allogenic 
sediment from the flysch, while others have no direct 
connection to the hinterland (Figure 13). In the eastern-
most part, in the Črmelaška ograda, a suffosion doline 
has developed in the thick alluvium deposit, washing the 
sediment into the karst (Figures 13-14). 

Figure 13: Geomorphological map of the Ivačevci blind valley (DEM – LiDAR data, ARSO, 2021b). 
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5. DISCUSSION

Due to regional tectonic uplift caused by neotectonic 
processes (e.g. Placer et al. 2021), changes in denudation 
(e.g. Mihevc 2001), related to changes in climate and hy-
drological conditions (e.g. Zupan Hajna et al. 2008, 2020), 
and consequently alteration in the balance between sedi-
mentation and erosion, contact karst forms are not fully 
preserved in their original shape. Therefore, they can 
now be observed as active and relict geomorphological 
features that can be distinguished in surface relief as hy-
drologically active or inactive forms at the surface or in 
the subsurface. Due to past alluviation of these forms, al-
logenic sediments are fully or partially preserved (Figure 
3). Geomorphological, speleological, and sedimentologi-
cal mapping revealed three groups of ponor contact karst 
forms within the Slavinski ravnik research area:

(1) Caves: There are 77 known caves in the Slavins-
ki ravnik research area. They are present in all hydrologi-
cal zones of a karst system (vadose, epiphreatic, phreat-
ic). Active water caves, including the best-explored cave 
system of two connected caves Markov spodmol and 

Vodna jama v Lozi (Figure 5) present the epiphreatic 
part of karst. This horizontal water cave system is 7.7 km 
long. The main entrance is an intermittent ponor at the 
end of the blind valley Sajevško polje. The cave walls and 
ceiling forms show phreatic conditions at the time of cave 
formation and paragenesis at the time of cave filling by 
sediments. There are many vadose shafts, and also relict 
caves, e.g. Šimčev spodmol. On the karst surface the best-
expressed form is the unroofed cave Brezstropa jama v 
Lozi. It is a more or less continuous 4.3 km long denuded 
relict cave, with preserved allogenic cave sediments and 
different speleothems (Figure 5). The studied active and 
unroofed caves represent the main outflow routes for wa-
ter and allogenic sediments from the Postojna Basin at 
least during the last 3.6 Ma (e.g. Zupan Hajna et al. 2020).  

(2) Blind valleys: In the studied area there are three 
well expressed blind valleys filled with sediments. The 
Biščevci blind valley is the westernmost blind valley, 
1.76 km long and up to 1 km wide (Figure 9). The bottom 
of the blind valley is currently slightly tilted to the north 

Figure 14: The alluvium with the suffosion doline in the eastern part of the Ivačevci blind valley, photographed towards west (RI-SI EPOS 
drone). 
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and almost completely covered with allogenic sediments. 
Evidence of hydrological function from the time of its 
formation is not preserved; instead, intermittent springs 
and streams originate occasionally in its southern part 
and flow and sink towards the north. The former extent 
of the blind valley is indicated by pebbles on the slope 
and on the edge in the south-western to eastern part, 
as well as by a relict blind valley bottom on the western 
slope. Due to the large dimensions of the Biščevci blind 
valley, the large amount of allogenic sediments, and the 
fact that there is no present-day sinking stream, we can 
assume that the hydrological function of the blind val-
ley was quite different in the past (Figure 9). A stream 
that formed the blind valley to this extent should also 
have been capable of transporting a large amount of al-
logenic sediments. The current situation is showing as, 
that there are springs in the blind valley that eroded and 
washed away the old sediment, which can be a typical 
transformation path from an active to a relict blind val-
ley. The Sajevško polje blind valley is 1.2 km long and 
up to 620 m wide and contains the active Rakuliščica 
stream, which now incises its channel into the alluvial 
sediments and sinks mainly into the ponor Požiralnik 
pred Markovim spodmolom, rarely into Markov spod-
mol (Figure 11). An old remnant of the higher former 
blind valley bottom is preserved on its western edge, with 
relict ponors. The blind valley bottom is completely cov-
ered with allogenic sediments, while the eastern part of 
the Sajevško polje form a large sediment accumulation 
where six smaller alluvial deposits merge (Figure 11). 
The Ivačevci blind valley is the easternmost blind valley, 
up to 845 m long and up to 1.9 km wide (Figure 13). It no 
longer contains active watercourses, indicating that it is 
a relict feature. Periodic streams now sink mainly at the 
lithological contact on the northern edge of the blind val-
ley. Possible former ponors are located along the bound-
ary between the floor and the slope with rim. Relics of 
allogenic sediments are present mainly in patches in the 
deepest parts of the blind valley bottom. The blind valley 
shape, the location of the sediment, and its past and pres-
ent hydrological function indicate a complex evolution. 
From all this we can assume that in the past, two separate 
blind valleys developed in the Ivačevci area. These later 
merged into one due to a change of the gradient related 
to tectonic events that affected the hydrology of sinking 
streams. However, over time, surface water flows com-
pletely disappeared from the blind valley.

The catchment area of all described contact karst 
geomorphic features of the Slavinski ravnik corrosional 
plain is represented by the impermeable flysch of the 
Postojna Basin. Blind valleys and large ponor caves were 
formed at a time when the northwestern part of the cor-
rosional plain functioned as an active contact karst with 

considerable allogenic input. Because the landforms are 
quite extensive, the rivers that once formed them must 
have been larger than those of today. This suggests a dif-
ferent hydrogeological function of the Postojna Basin 
and a larger impermeable catchment area with a steeper 
inclination (Placer et al., 2021) than at present. 

In the present, relict and active contact karst forms 
intertwine on the surface and underground, representing 
different hydrological activities over time. The corrosion 
plain along with ponors has been controlled by the karst 
water level. This is indicated by the relative elevations at 
which these geomorphic contact karst forms are located. 
The hydrological regime from the time of blind valley 
and paragenetic cave formation has changed in com-
parison with the present situation. It shows an alteration 
most likely due to the regional tectonic uplift that led to 
disconnection from the main source of water and clas-
tic sediment supply from the Postojna Basin. Combined 
with extensive erosion of flysch deposits, this resulted in 
a lowering of the erosion base. 

A reversed hydrological function with intermittent 
springs can be observed today in the Biščevci blind valley, 
showing a slight deformation of this western part, while 
the karstification of the Ivačevci blind valley indicates an 
uplifted eastern part, that is on average 75 m above the 
Biščevci blind valley. There present streams sink on the 
northern edge of the blind valley, at the contact between 
flysch and limestones. Both cases show significant neo-
tectonic activity (regional uplift) related to the collision 
and counterclockwise rotation of Adria Microplate (e.g. 
Le Brenton et al., 2017), which is also evidenced by the 
stream incision and erosion instead of sediment deposi-
tion.

The overall arrangement of active and relict contact 
karst features shows similar patterns. Those located at 
higher elevations, embedded in the karst morphology, or 
features further from the sediment source tend to be rel-
ict, while hydrologically active features are found at lower 
elevations or closer to the Postojna Basin. Active ponors 
are located at the lowest point of the sinking stream 
(e.g. the ponor of Rakuliščica in Ponikve pri Sajevčah, 
or the ponor of a local intermittent stream in Požiralnik 
v Ivačevcih), whereas relict ponors are located higher 
in the karst terrain and are detached from the present 
contact with the alluvium, indicating relationships to a 
previous drainage system. For example, caves Ogrizkov 
spodmol and Županov spodmol indicating the level of 
drainage in the past, from the Sajevško polje blind valley 
and/or fan-shaped alluvial deposit. This pattern is also 
observed where active blind valley bottoms with river 
terraces are located at lower elevations, while relict blind 
valley floors can be observed at higher elevations, also in-
dicating a shift of active forms to lower elevations. Blind 
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valleys that formed on the northeastern edge of the cor-
rosion plain functioned as predominant sinking paths of 
allogenic streams, whose sediments filled the ponor caves 
and bottoms of the blind valleys. The amount and type of 
allogenic sediments varied over time with changes in cli-
mate and in the karst erosional base, and the lowering of 
the tributary drainage due to the erosion of flysch. The al-
logenic sediment, washed into the karst mainly through 
ponors, enlarged the caves and filled their channels and 
passages, which also led to the formation of paragenetic 
caves.

Ponor caves, such as the former active ponor of 
Markov spodmol, are the main infiltration points for wa-
ter draining from the non-karst areas, bringing a large 
amount of allogenic sediment into the karst. These long 
horizontal ponor caves exhibit a turbulent flow regime 
with large channels (e.g. Gams, 1974; Ford & Williams, 
2007). When large amounts of allogenic sediment accu-
mulate in cave passages and accumulation predominates 
over erosion, the caves usually reform through the pro-
cess of paragenesis (Renault, 1958, 1968), which has been 
the case of the cave system Vodna jama v Lozi. Parage-
netic caves are connected to ponor caves by bypass chan-

nels that form in the phreatic zone with a vaulted ceiling 
and sediment in the lower river canyon or other passages, 
where streams flow on the sediment just below the ceil-
ing (Ford & Williams, 2007). If the water table is continu-
ally declining it forces new channels to develop in verti-
cal, parallel planes that represent successive stages in cave 
development (e.g. Audra & Palmer, 2011). Where the al-
logenic fills are eroded, many paragenetic cave forms are 
revealed, e.g. ceiling channels and meanders, paragenetic 
rifts, suballuvial dissolution features, anastomoses, etc. 
(Bretz, 1942; Renault, 1968; Slabe, 1987; Mihevc, 2001a; 
Pasini, 2009). A similar arrangement of active and relict 
features may therefore apply to ponor caves affected by 
paragenesis and karst denudation. Active water caves, 
such as the described cave system move deeper in the 
karst, and consequently lower the ponor point. Relict 
caves, on the other hand, such as the unroofed cave Brez-
stropa jama v Lozi, tend to become a surface geomor-
phic form 80-100 m above the active cave system as karst 
denudation removes their ceiling and exposes horizontal 
passages with sediments. Further surface erosion com-
pletely removes them.

6. CONCLUSIONS

The aim of this work was to reveal the diversity of active 
and relict ponor-contact karst features of the Slavinski 
ravnik corrosional plain and to obtain information on 
the main factors influencing the development of the karst 
system. This was achieved by the survey of hydrologi-
cally active and inactive features with fully or partially 
preserved allogenic and autochthonous cave sediments 
shown in the geomorphological map (Figure 3).

By locating and describing the various forms and 
recognizing their interrelationships, phases of forma-
tion of the southern karst periphery of the Postojna ba-
sin were recognized. By the acknowledgement of active 
and relict forms, i.e. relict and active ponors at the end 
of blind valleys, relict and active caves within the cave 
system with the sedimentary record, etc., we determined 
their extent, the course of formation and sedimentation. 
With the knowledge of the hydrological situation and 
their general transformation, the genesis of the northern 
border of the Slavinski ravnik was outlined.

The geomorphic features represent different stages 
of contact karst formation and are distinguished as ac-
tive and relict contact karst features. The forms studied 
in the Slavinski ravnik are the active cave system of Mar-
kov spodmol and Vodna jama v Lozi (Figure 5), the relict 

unroofed cave Brezstropa jama v Lozi (Figure 5), the ac-
tive Biščevci blind valley (Figure 9) and Sajevško polje 
blind valley (Figure 11), and the relict Ivačevci blind val-
ley (Figure 13). The cave system Loza was formed by the 
Rakuliščica river, flowing from the Postojna basin. The 
cave system consists of active caves Markov spodmol and 
Vodna jama v Lozi, by partially and fully denuded Un-
roofed cave Loza and Spodmol v Selški Lozi, and bypass 
channels/connecting caves i.e. Šimčev spodmol. The cave 
system clearly shows a great history of phreatic, epiphre-
atic, and paragenetic development, which is confirmed 
by past and present water activities, cave features, sedi-
mentological records, and dating results. The Biščevci 
blind valley shows a former hydrological activity to a 
great extent, with neotectonic activity resulting in tilt-
ing of the valley floor with reversed hydrologic activity. 
The Sajevško polje blind valley shows a vast past and re-
cent hydrological activity with allogenic sedimentation 
from the Postojna basin in the last few million years. The 
placement of several relict and active ponors shows the 
evolution of the blind valley and represents significant 
past and present drainage from the basin to the cor-
rosional plain. The Ivačevci blind valley is a wide relict 
blind valley, that is uplifted above the other two blind 
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valleys. This was induced by neotectonic compression of 
the area, where allogenic sediments that once covered the 
valley floor infiltrated into the karst underground, and 
streams that once flowed towards the valley end began to 
sink at the lithostratigraphic contact.

In this study, using data from DEM, we investigated 
relict and active ponors, caves and segments of a cave sys-
tem, elements of blind valleys, and the hydrological situ-
ation of the area, which were mapped in detail geomor-
phologically and digitized in ESRI Arcmap and Golden 
Software Surfer. The spatial distribution of the detected 
allogenic and autochthonous sediments helped us to de-
termine the mutual connection of the geomorphological 
forms in the contact karst area of Slavinski ravnik. Based 
on their comparison and with the help of the knowledge 

about neotectonic impact on this area, we were able to 
determine their interdependence and deduce their ge-
netic connection.

Prior to this research, separate studies were con-
ducted with limited knowledge, mainly focusing only on 
specific and local problems within the Slavinski ravnik. 
This paper combines all speleological, geomorphological, 
and sedimentological aspects of the most representative 
ponor contact karst features, providing a more com-
prehensive understanding of the morphogenesis of the 
Slavinski ravnik area, rather than focusing only on the 
recognition of individual forms. This study will be fur-
ther deepened with the upcoming sedimentological and 
chronological analyses that are currently in progress and 
will be presented in the near future.
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