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INTRODUCTION

Several different classifications of speleological objects have been made up
to now. Unfortunately, inconsistencies in some classifications have resulted in
the appearance of several criteria within a single division which in turn gave
rise to different interpretations and provoked confusion among speleologists
and hydrogeologists (Garasi¢,1993). For example, the division into caves, pits,
“ice holes” and potholes in itself contains classification according to the main
channel inclination (caves, pits), according to hydrogeological function (pot-
holes), according to the physical condition of materials in a particular object
(ice, snow) and, finally according to local names.

The intention was to create a universal classification of speleological
objects using speleomorphologic and speleohydrogeologic criteria. Furthermore,
numerous examples of objects investigated in the Croatian karst could not be
avoided. These classifications can be applied in all karst zones of the world
(despite different speleogenesis, tectonics, lithostratigraphy etc.). Classifications
of speleological objects made in 1976 and 1982 (Garasi¢ M. & Cepelak, R.
1976, 1982) served as the starting point for this investigation.

SPELEOMORPHOLOGICAL CRITERIA

The shape of a speleological object (cave) depends on lithologic and
stratigraphic characteristics of the rocks from which it originates (Moore, G.W.
& Sullivan, G. 1978) on the intensity and type of tectonic activity, the
underground water activity, the karstification rate and, finally on speleogenesis
(Alboy, L. 1975, GaraSi¢, M. 1989a, 1989b, Jasinski, M. 1966).

2.1. Types of speleological objects

While studying the features of caves in the Croatian (Dinaric) karst
(Garasi¢, M. 1986, 1987, Garasic, M. & Cvijanovi¢, D. 1985, 1986) I noticed
that their most correct division is based on the main channel inclination
(Cepelak, R. & Garasi¢, M., 1982) since, in this way, the speleological objects,
i.e. all cavities in the Earth’s crust in which a man can be physically present
(Curl, R. 1964, Gvozdeckij, N. 1981), can be divided into caves and pits. It
is essential (according to UIS - Union International de Speleologie) that caves
must be over 10 meters long, while the depth of pits should exceed 5 meters.
Smaller objects are classified only exceptionally if they are characterized by
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some specific features (e.g., if they are found in rocks where their occurrence
is not normally expected or if they are the collapsed parts of some greater
objects, etc.).

Other classification, e.g. into caves, pits, potholes, “ice holes”, sinkholes
etc. could not be regarded as the most appropriate solution since several
criteria are adopted in a single division. The same applies for the classification
according to local names such as zvekaras, bezdankas, semicaves, potholes,pits,..
etc. as these names are in fact synonyms for the same type of speleo-features.

Horizontal speleo-features in Croatia are most commonly formed in zones
of slightly inclined bedded rocks, along horizontal longitudinal faults or, less
frequently, next to nappes.

Vertical speleo-features encountered in Croatia are usually found near deep
reverse faults, anticlines and overturned beds and folds.

Over 7300 speleological objects (caves and pits) are registered in the
Croatian karst region (Fig. 1.) and the data for 5263 of such objects are
considered in this paper (i.e. dimensions, strikes, forms, types, geological and
hydrogeological characteristics, etc.).

2.1.1. Caves

Caves are one type of such speleo-features (Kyrle, G. 1923, Ford, T &
Cullingford, D. 1976) where the main channel is slightly inclined or horizontal.
Theoretically, caves include all objects whose main channel is inclined from 0
to 45° (rise or dip) (Renault, P. 1970, Martinoff, A. 1976). About 29% (1526)
of all speleo-features encountered in the Croatian karst region are horizontal
speleo features. Some examples are: Drljica Cave (Pazariste, Lika), Dancinova

In Croatian karst there are more than 7300 registered caves and pits. Cave Cavle
in Dalmatia.
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Cave (Radu¢, Lika), Péelina Cave (Mogori¢, Lika), Veternica (Medvednica,
Zagreb), Cave Lipa (Lokve, Gorski kotar), Kustrovka (G.Dubrave, Kordun)...total
: 1526 caves.

The arrangement of caves in relation to hydrogeologic regionalization is
different for individual karst regions (Herak, M. 1976, 1984, 1986). In other
words, most of the caves in Croatia are situated in the Inner Karst region
(over 65 %), while they are less frequently found in the Outer Karst region
(about 24%). Caves are distinguished according to the arrangement of the
main channel and side channels: simple caves, dendritic caves, multi-level
(etage) caves and cave systems.

2.1.2. Pits

Pits are vertical or inclined speleo-features (inclination from 45° to 90° -
rise or dip) (Burke, A. & Bird, E 1966). In the karst region of Croatia the
number of registered pits predominates over the number of caves (3631 pits
= cca 69%). Some examples are: Golubnjaca pit (Podlapac, Lika), pit called
“Jama na Kamenitom vrsku” (Delnice, Gorski Kotar), Martineza pit (Buje,
Istra), Brgud pit (Dragozeti¢i, island of Cres), Vilim pit (Lokvice, Mt.
Biokovo), Trogrla pit (Mt. Dinara), Duple pits (Zrni¢i, Mt. Velika Kapela),
Durinka pit (Kosinj, Lika), Jama u gaju (Kozalj vrh, Kordun), Lukina jama
(Hajducki kukovi, Velebit)...total : 3631 pits.

Their distribution is unequal in different karst areas of Croatia. Pits
account for 76% of all speleo-features in the Outer (Adriatic) Karst belt, and
for approx. 30% of such features encountered in the Inner Karst belt. On
some localities, pits are almost the only speleo-features, i.e. at Stirovata on
Mt. Velebit, Mt. Velika Kapela, on the island of Bra¢. Pirkovaca pit (Ladena,
Mt. Biokovo) from the Outer Karst belt is presented in Supi¢ié, Z. (1981)
work. According to the shape and distribution of the main and secondary
channels, pits can be: simple pits, branching pits, step-like pits and pit
systems.

2.1.3. Combined or complex speleological objects

It is sometimes very difficult or almost impossible to define the character
(type) of a speleo-feature. An object may be a combination of vertical and
horizontal speleo-features where no single feature is predominant (Fenelon, P,
1974, Bogli, A. 1980, Geze, B. 1965, Audetat, M. 1981). For instance, a
speleo-feature with a vertical entrance (pit) may be continued as a cave, while
a speleo-feature with a horizontal entrance (cave) may be continued as a pit
(Trimmel, H. 1968, Trombe, E. 1973). If vertical and horizontal dimensions are
more or less equal, it is impossible to define the type of a speleo-feature. In
such cases, we are dealing with complex or combined speleo-features. Such
objects account for approx. 2% (106) of all objects found in the Croatian
karst and they are linked to the Inner and Middle Karst belt. Some examples
are: “Mijatova jama” pit (Mate$ko selo, Kordun), Kojina cave (Furjan,
Kordun), Zaki¢nica VII pit (Mt. Medvednica, Zagreb), “Vrbanova peé” cave
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(Lovinac, Lika)... total : 106 caves.

The complex speleological object of Mijatova pit (Matesko selo, Kordun)
from the Inner Karst belt is presented in Gara8i¢, M. (1980.).

2.2. Morphological types of speleological objects

Types of speleo-features called morphologic types may be differentiated
according to the shape and distribution of channels in speleological objects.

After analysing the distribution of different morphologic types of speleo-
logical objects in the Croatian karst, it is possible to conclude that simple pits
and caves generally predominate in the Outer Karst belt (Istria, islands, Mt.
Velebit, Mt. Biokovo), that branching speleo-features appear at points where
several joint system meet (especially in the Inner and Middle Karst belt -
Kordun, partly in Mid-highlands of Lika, etc.), and that the level speleo-
features are located in the areas of the neotectonic uplift (Mt. Velebit, Mid-
hightlands of Lika, Mt. Dinara, etc) in the Inner and Outer Karst belt, that
the steplike pits most often appear in areas with the alternation of limestones
and dolomites, i.e. in areas with lithologically and sometimes even stratigraphically
different units (i.e. Pit of Bunovac on Mt. Velebit) in Triassic limestones and
dolomites, Simunova pit on Mt. Mala Kapela - the alternation of the Jurassic
limestones with cherts and dolomites, etc.), that the cave and pit systems are
located in the tectonically very active zones where even hydrogeological
relations are such that several speleo-features are joined into a single feature
(Kordun, Lika, Gorski Kotar).

2.2.1. Simple speleological objects

Simple speleological objects have only one channel (horizontal or vertical)
without secondary ones. Although one might think that simple speleological
objects are usually of smaller dimensions, it is not always the case: some caves
are more than 200 metres deep (Mamet pit, Mt.South Velebit) and might be
over 400 m long (Kuruzovi¢eva cave, Vaganac, Lika) and are still considered
to be simple speleo-features.

It can generally be stated that such objects originate in compact rocks, and
that their speleogenesis started from one source.

About 20% (1115} of the total number of speleo-features in the karst of
Croatia are simple pits and caves (including abris - rock shelters that are
formed almost exclusively by the sea or lake wave action). Some examples are:
Mamet pit (Stikada, Mt. Velebit), Kuruzoviéeva cave (Vaganac,Lika), Podgracisce
II pit (Praznice, island of Brad), Semi¢ pit (Semié, Istria), Vrtlina cave
(Visocica cave, Velebit), Kovaceviceva cave (Praznice, Island Brac), Peéina kod
Plasa (Brinje, Lika), Ponor SuSik sinkhole (DreZnica, Gorski kotar), Prazi¢
ponor sinkhole (Zrni¢i, Mt. Velika Kapela), Mamulna cave (Buni¢, Lika),
Zelena cave (Buni¢, Lika), KarinCica (Karin, Ravni kotari)...total : 1115 caves.

Simple caves and pits are not equally distributed within karst belts; they
are most often found in the Outer Karst belt. The simple cave of Vrtlina on
Mt. Velebit is presented in PavliCevié, D. (1966), whereas the simple pit
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Podgracis¢e II near Praznice on the island of Bra¢ is shown Garasic,(1974).

2.2.2, Branching speleological objects

Speleo-features with at least one secondary channel of the horizontal or
vertical type are considered a branching type. The size of branching speleo-
features is variable (i.e. from several tens of meters to several kilometers).
Within the total number of speleo-features found in the karst of Croatia, the
branching type is represented by about 30% (1526). Some examples are:
Cerovacka Lower cave (Cerovac, Lika), Gospodska cave (Cetina river spring,
Dalmatia), Rudeli¢a cave (Civljane, Dalmacija), Cave on Gromacki vlak (Dubrovnik,
Dalmacija), Zala cave (Gornje Dubrave, Kordun), Cave near Veliki Kozarac
(Vrbovsko, Gorski kotar), Hajdova hiza cave (Kuzelj, Gorski kotar), Bezdan
pit in Sadilovac (Mt. South Velebit), Pukié¢ caves (TuSice, Lika), Madje pits in
Medacka staza (Mt. South Velebit), Golubnjaca pit (Veliko Rujno, Mt.
Velebit), Gaji¢a cave (Gracac, Lika), Bijela voda cave (Karin, Ravni kotari)...total
1 1526 caves.

Most caves are characterized by a maximum of 3 different joint systems
that are parallel to the cave (pit) channels. Branching speleo-features are most
often encountered in the Inner Karst belt, but they are also frequent in the
Middle Karst belt. In the Outer Karst belt branching speleo-features are less
represented, what is understandable if one takes into account the fact that this
type develops mostly in the horizontal speleo-features that are less common in
the Outer Karst belt. The branching speleo-feature Bari¢eva cave (Licko
Petrovo selo, Lika) located in the Inner Karst belt is presented in Cepelak,
R. (1965).

2.2.3. Level speleological objects

Level speleological objects are the objects where cave channels are devel-
oped in several different levels or floors. Horizontal speleological objects of
this sort are by far more numerous than vertical ones. In the karst of
Croatia, they account for approx. 9% (474) of the total number of the
registered speleo-features. Some examples are: Veternica (Mt. Medvednica,
Zagreb), Cave near Luka (Sica, Kordun), Ostoji¢a cave (Stikada, Lika),
Pivnica cave (Mt of Zumberak), Babina cave (Lovinac, Lika), Lokvarka cave
(Lokve, Gorski kotar), Bibicka cave (Tro$t Marija, Gorski kotar)... total : 474
objects.

Such speleo-features are the most numerous in the Inner and Middle Karst
belt, particularly in the well bedded limestones. Multi-level speleo-features
usually exceed 100 meters in length, while some branching level ones are
more than several kilometers long.

2.2.4. Knee-formed speleological objects

Knee formed speleological objects are those that have two or more vertical
steps. This morphologic type accounts for approx. 40% (2095) of the total
number of speleo-features in the Croatian karst and is therefore the most
frequent morphologic type. This is due to the fact that they are developed
exclusively in the vertical speleo-features (pits) that are more frequent than
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caves. Some examples are: Pepelarica sink hole (Jadovno, Mt. Velebit),
Vilimova pit (Lokvice, Mt. Biokovo), Jama pit near RaSpor (Ralpor, Istra),
Sink hole near Klana (Klana, Rijeka), Jama kod MateSi¢ stana (Gornji
Humac, Island Brac), Sink hole Ponikva II (Skrad, Gorski kotar), Batluska pit
(Batlug, Istra), Balinka pit (Plaski, Lika), Gligina jama (Studenci, Lika), Jama
na Vriicu (Kuselj, Lika), Campari pit (Beli, island of Cres)... total: 2095
objects.

Knee-formed speleological objects are most frequently found in the Outer
and Middle Karst belt, especially in the areas with the horizontal or slightly
inclined bedding, and with distinct lithologic and stratigraphic changes (ie.
changes in Triassic limestones and dolomites on Mt. Velebit, or the alternation
of the Jurassic limestones, dolomitic limestones and dolomites on Mt. Biokovo).
Their size can vary from a few tens of meters to several hundred meters. The
knee formed pit located on the Grgin brijeg (Mt. Velebit) is presented in
Garasi¢, M. (1982).

2.2.5. Cave or pit system

This is the most complex morphologic type of speleo-feature of the
Croatian karst. This type can briefly be defined as two or more speleological
objects joined into a single unit. The system must have at least two entrances.
Only 53 cave systems (approx.1%) are registered in the karst of Croatia and
only some of them are a few kilometers long. Smaller speleo systems are
found in the Outer Karst belt, while the greatest and most complicated
systems are located in the Inner Karst belt - more than 15 kilometers long.
Some examples are: Pulin ponor - Medvjedica cave (Ogulin, Gorski kotar),
Muskinja cave - Panjkova cave (Krslja, Kordun), Jopideva cave - Spring Bent
(Brebornica, Kordun), Kiceljeve pits (Little and Big) (Ravna Gora, Gorski
kotar), MateSi¢a pe¢ cave system (Ladevac, Kordun)...total : 53 objects.

All cave and pit systems found in the karst of Croatia have strong active
water streams which leads us to the conclusion that they are still in the
second phase of the speleogenesis. These systems are formed in the Creta-
ceous and Jurassic limestones, partly in the dolomitic limestones. In my
opinion, the number of very complicated systems found so far does not
correspond to the actual distribution - I belive that these systems are more
numMerous.

Cave systems are located in the tectonically very fractured rocks with
prominent bedding, and powerful active underground water streams. Cave
system Muskinja cave - Panjkova cave (Kr§lja, Kordun) located in the Inner
Karst belt is presented in Garasié, M. (1984b).

SPELEOHYDROGEOLOGICAL CRITERIA

3.1. Speleological objects and karst hydrogeology
The dependence of good understanding of karst hydrogeology on speleo-

236



Mladen Garasié:Speleomorphological and speleohydrogeological classification of speleological ...

logical objects has been known for a long time (Castany, G. 1982). Speleologi-
cal features with a hydrogeological function, i.e. sink holes, ponors, springs or
percolating objects belong to the circulation chain of the karst water. Some
authors (Jennings, J. 1971, 1985, Gams, I. 1974, Jakucs, L. 1977, Collignon,
B. 1989) even explain the Paleo-conditions in various types of karst by
establishing a direct relation with speleological features.

The first scientific theories on karst and levels of subsurface waters are
based on data derived from the knowledge about speleological features
(Grund, A. 1903, Katzer, F 1909, Cviji¢, J. 1925). Recent investigations,
(Bahun, S. 1968, 1969, Bahun, S. & Fritz, F. 1971, Bojani¢, L. & Fritz, F.
1970, Herak, M & Stringfield,V. 1972, Magdalenié, A. 1971, 1984a, Milanovic,
P. 1979), using the modern scientific hydrogeological approach, stress the
importance of “Subsurface geology” - speleogeology results, that contribute to
better understanding of the Croatian karst (Jurak, V. 1984).

In some karst areas of Croatia, especially near the dividing line of Adriatic
and Black Sea drainage areas, speleological features can be significant indica-
tors for defining that dividing line (i.e. Kamenak cave near Vodote¢ in Lika
- Magdaleni¢, A.(1984b) or Rokina bezdana near Jezerane in Lika - Garasic,
M. 1977). Herak, M. & Stringfield, V. (1972), Milanovi¢, P. (1979) and Bauci¢,
I. (1965) analyze some caves located in the Croatian karst area, where the
subsurface connections between sink holes and springs had been established by
dyeing. These connections were later confirmed by speleological methods -
general strike of cave channels in that area with respect to the direction of
underground flows (i.e. Imotsko polje, Sinjsko polje). ZotlJ. (1974) also
describes the importance of understanding the karst hydrogeology during the
tunnel construction in karst. During the excavation of practically all longer
traffic or hydrotechnical tunnels in Croatia, caverns, i.e. speleological features
without the natural surface exit - were found (Bozidevi¢, S. 1983, Malez, M.
1956, Garasi¢, M. 1988) in Ucka tunnel (over 1350 meters long) Vrbovsko -
Stubica (17 caverns up to 50 meters long), tunnel for “ Obrovac “ reversible
power plant (caverns longer than 1,5 kilometres and chambers bigger than 100
metres) and during the construction of some other structures. The necessity
of hydrogeological and speleological explorations during the construction of
such structures is obvious. In the karst of Croatia in urban areas (ie Rijeka,
Split, Dubrovnik) or away from them (ie HPP Sklope in Lika), speleological
features that might endanger the stability of constructions at those sites were
found during the construction works. Speleological explorations helped to gain
more knowledge about the hydrogeology of those areas (Bonacci, O. 1987),
indirectly about engineering geological characteristics of rocks on particular
sites, and about the possibilities for the safe and correct execution of works.
It is nowadays widely accepted that full knowledge about the karst hydrogeology
is not possible without proper knowledge of the morphology and hydrogeology
of speleological features. That is the reason why the speleological features
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have been treated as an important part of hydrogeological registers (Sarin, A.
& Urumovi¢, K. 1980).

3.2. Hydrogeological function of speleological objects

The inseparable relationship between the karst hydrogeology and speleo-
logical features that is derived from the verycomes just from the hydrogeological
function (rule) of speleo-features is well known, no matter if it relates to the
past or present function (Kempe, S. 1972, Bretz, J. 1942).

If we sort speleo-features with permanent or periodical ground water
occurrence that can be found in the karst of Croatia, we may differentiate the
following types:

. Periodical Springs (caves or pits)

. Permanent Springs (caves or pits)

. Periodical Sink holes (caves and pits)
. Permanent Sink holes (caves and pits)
. Estavelas

Vruljas (submarine springs)

g. Percolating speleological objects

3.2.1. Periodical springs

Periodical springs are speleo-features from which water rises during the
rainy season. There are 3,5% (193) such springs registered in the Croatian
karst. Periodical springs are more often caves than pits, but more than
hundred meters deep pits, taken as periodical springs have also been regis-
tered (ie. near Vrgorac, Zupa, Pavlinoviéi in Biokovo hinterlands and in
Imotska krajina). The periodical spring cave Vrelo (Jasenak, Gorski kotar) is
presented in Garasi¢, M. (1986) work. Some of periodical springs (caves and
pits) are: Spilj (Polojska kosa, Kordun), Sutina jama (Potok, Kordun), Zagorska
Cave (Josipdol, Lika), Mra¢na peéina cave (Perusi¢, Lika), Borina peéina cave
(Vrbovsko, Gorski kotar), Duéa jama (Kati¢i, Kordun), Pits of Betine (Kokoridi,
Vrgorac), Gospodska cave (Cetina river spring, Dalmacija), Cavle cave (Muskovci,
Zrmanja, Dalmacija). Periodical spring caves are most often located along the
rims of karst poljes (Licko, Gacko, Krbavsko, Sinjsko, Ogulinska zavala etc) in
the Middle Karst area. Their function as springs directly defines the under-
ground water level in the defined period. The flow duration is different (from
a few hours to a few months in a year), and depends on numerous factors
(the drainage area, the underground water links, the width and the size of
cave galleries, the altitude, lithostratigraphic properties of rocks, hydrometeo-
rological conditions etc.). “Potajica” (intermittent spring), that yields water
periodically within strict time intervals also belongs to this group of speleofeatures
(Rikavica, Jablanac, Croatian littoral).

3.2.2. Permanent springs

Permanent springs of cave or pit shape are speleo-features from which
water springs throughout the year. The quantity outflow may vary even few
hundred times, and it depends on the rain and dry seasons of the year. In
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238



Mladen Garasic.Speleomorphological and speleohydrogeological classification of speleclogical ...

the karst of Croatia 0,7% (37) such speleo-features are registered. Some

examples of permanent springs (caves and pits) are: Bistrac (Gornje Dubrave,

Kordun), Crno vrelo (Kordunski Ljeskovac, Kordun), the Kupa river spring

(Gorski kotar), the Rjetina river spring (Rijeka), Bent (Brebornica, Kordun),

Jastrebm]a (Frketi¢ selo, Kordun), Cave near Cankoviéi (Gradac, Lika)...total
: 37 objects.

Until present time, more spring caves than spring pits have been regis-
tered, but that does not need to be the final conclusion about their
distribution. Spring pits can only be explored by diving (ic. the Kupa river
spring, the SluSnica river spring, Sinjac spring), but that is still an insuffi-
ciently used speleological technique (Burges, P. 1976, Exley, S. 1973, 1980). At
the same time, exploration of spring caves is possible by means of very simple
methods (ie. walking in rubber boots, by caving boats etc.). Permanent springs
appear more often in the Inner Karst belt, but they are also found in the
Middle Karst belt: Sources of almost all karst rivers are located in speleologi-
cal features, but many of them have not as yet been explored (ie. rivers
Zrmanja, Una, MrezZnica, Krupa, Krnjeza etc.). The permanent spring cave
Jastrebinja (Frketi¢ selo, Kordun) is shown in Garasié, M. (1977) work, while
the spring pit Sinjac (Plavéa Draga, Lika) is presented in Garasi¢, M. (1986).

3.2.3. Periodical sink holes

Periodical sink holes are such speleological objects that funnel water from
surface to underground, so they (caves and pits) act as sink holes during the
rainy period of the year. All together 5% (258) periodical sink holes are
registered in the karst of Croatia. Examples: Ponor on Grgin brijeg (Jadovno,
Mt. Velebit), Panjkova cave (Krslja, Kordun), Ponor Jovac (Brocanac, Kordun),
Ponor Vratimnice (Je¢miste, Mt. Zumberak) Ponor near Ramna kala (Cimus,
Mt. Zumberak), Jelar ponor (Gradac, Lika)...total : 258 objects. These are
relatively frequent speleological features; their relation with periodical springs
is variable, but periodical sink holes are the more numerous. The cause
should be in the quantity of precipitations that reach the karst surface and
immediately sink underground by means of periodical sink - caves and sink -
holes. The periodical sink cave Tumarna cave (Perjasica, Kordun) is shown in
Garasi¢, M.(1981), while the periodical sink hole Jama u Zelinu (Crni Lug,
Gorski kotar) is presented in GaraSi¢, M.(1986) work.

3.2.4. Permanent sink holes

Permanent sink holes are speleo-features into which water sinks all the
year round. The water quantity oscillates a few hundred, and even a few
thousand times (i.e. Novokralina cave necar Rupa in Istria swallows perma-
nently at least 1 to 2 l/sec, but during rainy periods even more than 10 m?/
sec, Pepelarica ponor sinkhole that swallows from 1 l/sec to a few m¥sec etc.).
In Croatian karst 1% (55) such speleological features that act as permanent
sink holes have been registered. Examples are : Perinka pit (Svica ,Lika),
Sinkhole Ponor on Bunovac (Mt. South Velebit), Tumarna (Perjasica, Kordun),
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Pulin ponor (Ogulin, Gorski kotar) (permanently in past, and now periodi-
cally) Ponor Gusci (Tocak, Kordun), Ponor Bele vode (Crni Iug, Gorski kotar),
Ponorac (Rakovica, Kordun), Pit in Pazin (Pazin, Istria)..total : 55 objects.
They are located near superficial water streams, i.e. by the river banks (i.e.
Korana, Krka, Zrmanja, Krnjeza, Krupa etc) or lakes (i.e. Perua lake, Plitvice
lakes), or along the rims of karst poljes when they act as main sink holes
(ponors) of sinking rivers (i.e. Lika, Gacka, Ricica, Obsenica, Licka Jasenica
etc.). The sinkhole Ponor on Bunovac (Mt. South Velebit) that acts as a
permanent sink hole is presented in GaraSi¢, M. (1978).

3.2.5. Estavelas

Estavelas are morphologically complex speleo-features (Forti, P & Cigna,
A. 1978), that are hydrogeologically acting as periodical springs and periodical
sinks. The water rises from estavelas during high underground water level
(rainy season), but with the falling water level, estavelas became sink holes.
In the karst of Croatia 7,5% (387) estavelas are registered. They are situated
exclusively in the Middle Karst belt. Examples are: Velika pecina (Blata,
Lika), Markarova pecina (Stajnica, Lika), Dabar pedina (Dabar, Lika), Pelina
kod Tisovca (Lika), Budilovica pedina (Licka Jasenica, Lika), Peina pod
Sitnikom (Dabar, Lika), Crnacka peéina (Jezerane, Lika), Crna peéina (PazariSte
, Lika)...total : 387 objects. Garasi¢, M. (1986) shows the estavela Markarova
pedina (Stajnica, Lika) located in the Middle Karst belt.

3.2.6. Vruljas ‘

Vruljas are speleo-features situated under the sea level (Exley, S. & Young,
F. 1982) that act as fresh water springs. They may be permanent or periodical
depending on the fresh water supply. They are characteristic exclusively for
the Outer Karst belt (Alfirevi¢, S. 1969). In the karst of Croatia 9 (0,3%),
such speleo-features have to this date been explored. Examples are: vruljas
near lka, Volovsko, Novi Vinodolski, Senj, Jablanac, Makarska...total : 9
objects. Their length varies from 8 to 23 meters, and the depth from 10 to
30 meters, and pits are predominant. The presently available data are
insufficient for generalization.

3.2.7. Percolating speleological objects

Percolating speleo-features are those where the active water stream perco-
lates through, but neither come from the surface (sinkholes), nor springs at
the entrance (spring cave). Such speleological features are the most numerous
in the Croatian karst and 17% (903) such features have been registered. They
represent the real treasure of hydrogeological data because the presence of
underground water in the particular karst areas can only be determined by
their direct explorations. Percolating speleological objects are the most usual
in the Inner and Middle Karst belts. Garasi¢, M. (1986) shows the percolating
cave Tamnica (Potok, Kordun). The examples for percolating speleo-features
are: Veternica (Mt. Medvednica, Zagreb), Jopic¢eva cave (Brebornica, Kordun)
Tamnica cave (Potok, Kordun), Mijatova jama (MateSko selo, Kordun), Mandelaja
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(Ostarije, Kordun), Babina cave (Raduf, Lika), Cave Jama pod Debelom
Glavom (Blagaj, Kordun), Rokina bezdana (Jezerane, Lika), Javornica cave
(Mt. Medvednica, Zagreb).

3.3. Water in the speleological objects

Analysis of the hydrogeological function of speleological objects in Croatian
karst shows that 35% (1842) of the total number of speleo-features have a
hydrogeological function (i.e. have active water), and about 65% (3421)
speleo-features are dry. However, even among the “dry” speleological objects
there are some with dribbling water or moisture, but in negligible quantities.
It should be noted that many speleo-features are not speleologically explored
so that it is not possible to exactly define the number of permanent spring
caves and pits in the Croatian karst. After statistical analysis of 35% (1842)
of all speleological objects with water, the following results were obtained:
10,5% (193) periodical springs, 2% (37) permanent springs, 14% (258)
periodical sink holes, 3% (55) permanent sink holes, 21% (387) estavelas,
0,5% (9) vruljas and 49% (903) are percolating objects.

The analysis shows that hydrogeologically percolating speleological objects
and estavelas are the most frequent in Croatian karst. Most estavelas are
located along the rims of poljes (Licko, Stajnicko, Crnacko, Dreznicko,
Krakarsko, Ogulinsko, Blata, Gracacko etc) in the Middle Karst belt. Estavelas
are related to the contacts of permeable and impermeable strata (most often
Jurassic and Cretaceous limestones and dolomites with Quaternary clays).

If we consider the water present in speleo-features, we might say that it
is most abundant in Mt. Mala Kapela (estavelas and sink holes), i.e. Jasenak,
Dreznica, Crnac, Krakar, Stajnica, Glibodol, Dabar, Jezerane, Li¢ka Jasenica,
Blata, Plaski, Latin, Josipdol, Musulinski potok etc.,and in Lika region - Mid-
highlands of Lika,Vrebac, Mogori¢, Plo¢a, Lovinac, Sv. Rok, Raduc, Stikada,
Gracac, Buni¢, etc. Percolating speleological objects are also most often found
in Lika (§Vica, Kompolje, Radu¢, Perusi¢, Pazari§te, Korenica etc) and in
Kordun (Perjasica, Primislje, Donje and Gornje Dubrave, Potok, Tounj, Kukaca,
Slunj, Rakovica, Skradska gora, Polojska kosa, Trzacka kosa etc.). Speleological
objects with permanent water are rare in Istria (ie. Pincinova pit near Porec
or in the cavern in the “Uc¢ka” tunnel) and on the islands. But, on the islands
of Kornati there are 47 registered pits with brackish water (so called bunar
pits). In the Bukovica, North Dalmatia and Ravni kotari some speleological
objects with water are located near the canyons of the rivers Zrmanja, Krka
and Karisnica (Muskovci, Karin, Islam Latinski, Zegar etc), periodical spring
caves Bijela voda cave (Karin), Cude cave (Obrovac), Cavie cave (Muskoveci).
The Krnjeza river spring is significant (the flow estimated in July 1977 was
2 m¥sec). The speleological objects with water in South Dalmatia are rare
(Cave Mo¢iljska, Cave near Gromacki vlak near Dubrovnik and Sipun cave in
Cavtat (brackish water). The Inner region of Biokovo hinterland has plenty of
water in speleological objects, predominantly in pits (i.e. Gvozdenica cave near
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Zagvozd, Pit in Pavlinovi¢i, Rebiéi, Zupa, Orah, Kokori¢i, Vrgorac etc.). In
the Northern Gorski kotar there are speleological objects with permanent
function as spring (i.e. Trbuhovica cave near Prezid, Tejina pit near Cabar,
Zeleni vir spring near Skrad, Pit on the Prezidanski Berinséek, Cave in Tr$ce
etc.), but the largest number of speleological features in that area function as
sinks. Almost always, the sink holes in Gorski kotar are located at the contact
between Triassic or Jurassic limestones or dolomites and older Paleozoic
clastites (sandstones, micaceous schist and shales etc.).

The quantity of water in speleological objects may in a certain way show
even the reserves of underground water in some areas of Croatian karst. For
instance, the quantities of water in Rokina bezdana pit near Jezerane (Mt.
Mala Kapela) were estimated. On average flow in the dry season was between
0,5 and 2 m%sec (from 1971 to 1988, it was measured eleven times in October
and November). The flow rises a few dozen times during the rain seasons
(estimated by the erosion marks on rocks in the cave and detritus deposited
on the higher terraces inside the cave). In Velika peéina near Blata (Lika),
there is 10000 to 20000 m* of water that does not flow out of the cave during
the dry season. In the cave under Sitnik (Dabar, Lika), the steady inflow
during July and August (5 measurements in 1976, 1981, 1983, 1987 and 1990)
is between 300 and 500 I/sec. In Babina cave, that is located near Opsenica
sink hole (Lika), during the summer months the flow ranges from 0,9 to 1,5
m®sec, in spite of the smaller volume of water in Opsenica sinking hole
during the superficial flow (it even dries out completely). Furthermore, lakes
250 to 650 metres long with some 25000 m® of water were found in Panjkova
and Muskinja cave. A steady flow in dry months (measured in 1983 and 1987)
varies from 100 to 200 l/sec. Even during the big drought in the autumn of
1983, this cave system had plenty of water. Such examples are numerous in
the Croatian karst, ie. Kr¢i¢, Crno vrelo, river RadaSica spring, river Licka
Jasenica spring, river Slu$nica spring etc.

In the sink holes of Croatia, I witnessed on several occasions the rapid rise
of water and I estimated the quantity, ie. in Novokracina cave (Rupa, Istra)
on November 17, 1967 the amplitude of the wave was 1 meter, and length 10
metres, and the speed was 3 m/sec, the flow was approx. 30 m¥%sec. In the
Ponor pit on Bunovac (Mt. South Velebit), the flow registered on July 13,
1977 was 2 m’/sec at the depth of 65 metres, and in Panjkova cave, the flow
registered on November 25, 1985 at the cave entrance was 2 - 3 mP%sec.
Garasi¢, M. (1977, 1981c, 1986, 1990) quotes the data about some speleologi-
cal objects with water in Croatian karst and specifies the water quantity
(flows) for some of them.
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CONCLUSION

Based on the data of large number (5263) of researched speleological
objects (features) in the Croatian Karst, morphological and hydrogeological
classification was made. It is a matter of a large number of objects, the
largest accumulated at one place in Croatia up to now. Situation, morphology,
hydrogeological function, as well as the genesis type of speleological object
show particular regularity in appearances of these phenomena in Croatian
karst. Since Croatian karst, due to hydrogeological districts (areas),is divided
in Inner, Middle and Outer karst region (zone), incline and form classification
of the cave channels (morphologicaly) , and according to hydrogeological
function, exactly add and built an additional part to the mentioned hydrogeological
districts (areas), for example, in the Outer karst region (zone) vertical
speleological objects (shafts and pits) predominate, those of simple or knee
type, in Middie karst region (zone) branching or jevel speleological features
predominate, with estavela function, etc.

Speleogenesis, not specialy prominent in this work, but serving as a
classification base, caused the appearance of every type of speleological object
(feature) in tectonic function (especially neotectonic), in lithostratigraphic and
hydrogeological functions and geological processes of erosion, corrosion, abra-
sion etc.

The orientation of the main channels of speleological objects is closely
connected with the appearance of faults, folds, anticline crests in certain areas
of the Croatian karst. About 66% (3474) speleological objects are oriented in
the direction NW - SE, so called “Dinaric direction”, while 16% (842) objects
are almost vertical on that direction, and 18% (947) objects are oriented in
different directions.

In the Croatian karst, 29% (1526) of the caves (horizontal objects) are
registred, which are mostly in the Inner and Middle karst region. Also were
found 69% (3631) of the pits and shafts (vertical objects), and they are mostly
in the Outer and Middle karst region. In the Inner karst region weer there
2% (106) of speleological objects that are combined or complex, it is difficuit
to determine wheather they are pits or caves.

According to the form and distribution of the channels in the objects,
Croatian speleological features are divided into simple caves and pits 20%
(1115), branching objects 30% (1526), multi-level objects 9% (474), knee-
formed objects 40% (2095) and cave systems 1% (53).

From the hydrogeological standpoint, speleological objects are divided
according to the hydrogeological function - dry objects 65% (3421) and objects
with water 35% (1842). Water is always (continually) present in about 19%
(1000) of the objects, and in 16% (842) of the objects it depends of the
scasons.In the Croatian karst water appears in the speleological objects with
following hydrogeological functions : periodical springs (caves or pits) 3,5%

243



Acta carsologica, XXIV (1995)

(193), permanent springs (caves. or pits) 0,7% (37), periodical sink holes
(caves or pits) 5% (258), permanent sink holes (caves or pits) 1% (55),
estavelas 7,5% (387), vruljas 0,3% (9) and percolating speleological objects
17% (903).

Percentage maybe slightly differs the relations among occasional classes, but
it is confident that all the morphological and hydrogeological classifications
will be the basis of further more precise divisions. Using these classifications,
every speleological object in the Croatian karst, will be defined in a morpho-
logical and hydrogeological sense.
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SPELEOMORFOLOSK‘L} IN SPELEOHIDROGEOLOSKA
KLASIFIKACIJA SPELEOLOSKIH OBLIK (JAM IN BREZEN) NA
HRVASKEM KLASICNEM KRASU

Povzetek

Speleoloska in hidrogeoloska klasifikacija je napravljena na podlagi velikega
Stevila (5263) raziskanih speleoloskih objektov. Avtor deli hrvaski kras na
notranji, srednji in zunanji pas. V zunanjem prevladujejo vertikalni objekti, v
srednjem pa razvejani oziroma objekti v nivojih, Cesto s funkcijo estavele.
Smer glavnih rovov je v tesni zvezi s tektonskimi linijami: 66 % speleoloskih
objektov je v dinarski smeri, 16 % je pravokotnih na to smer, 18 % pa ima
drugaéno usmeritev. Po hidrogeoloski klasifikaciji deli avtor objekte (od vseh
jih ima 35 % hidrolosko funkcijo) na 7 skupin: obfasni izvir, stalni izvir,
periodi¢ni ponor, stalni ponor, estavela, vrulja, pretocni speleolodki objekt.
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