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ABSTRACT: Eighty-one karst types and their main characteristics are described in this study, including 
the conditions of their development, the main characteristics of their karstification and their characteristic 
features. The classification includes the karst types of the Earth, a concise description of each karst type 
and the possibilities of belonging to several types of various karst areas. The classification of types is hier-
archical in terms of groups, subgroups, types and subtypes. Karst can be classified according to their mo-
mentary state (the group of static karst types) and to their development (group of dynamic karst types). 
The group of static karst types has the azonal and zonal subgroups. Azonal karst types may be situated 
under any climate. These karst types are categorized according to their geological characteristics (age of 
karstification, constituting rock, extent of coveredness, structure), their elevation, expansion, the mor-
phology of their surface, hydrology and to the effects occurring on the karst. Taking the above mentioned 
factors into consideration, the author distinguishes various types and describes their characteristics. Zonal 
karst types are also described (tundra karst, temperate karst, subtropical karst, tropical karst), karst 
types that can be distinguished based on their geomorphic evolution are identified and their characteris-
tics are presented. 
KEY WORDS: karst, karst type, classification of karsts, characteristics of karst type, azonal karst type, 
zonal karst type. 
 

0  INTRODUCTION 
In this study, the hierarchical classification of the Earth’s 

postgenetic karsts is presented and then karst types are described. 
Karst is defined as postgenetic one when karstification takes 
place after the development of the rock, while it is syngenetic 
when they happen simultaneously. Although the collection and 
description of various types are based on literature, the classifica-
tion of the Earth’s karsts as a uniform system and the hierarchical 
character of the classification is a new perspective. The introduc-
tion of the various types of karst areas, the classification accord-
ing to surface morphology and the classification of cryptokarsts 
according to several viewpoints can also be regarded new results.  

Taking their characteristics into consideration, karst areas 
can be categorized into karst types. In this study, karst types are 
described, then the conditions of their development, the main 
characteristics of their karstification and their characteristic fea-
tures are overviewed. Classification of karst is important since 
karst processes can be better overviewed and understood, and it 
may also contribute to the exploration and the development of a 
karst area. Grund (1914) and Cvijič (1925, 1918) also classified 
karst areas as karst types. Later works classifications involved 
more and more characteristics of karsts (White, 1988; Jakucs, 
1977; Sweeting, 1973; Gvozdetskiy, 1965), and thus more and  
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more complex karst type systems were created. 
Based on their characteristics (geology, climate, etc.), the 

karsts of the Earth can be classified in more than one way. 
Karst types can be divided into two large categories: static and 
dynamic (according to development) groups (Table 1). A static 
karst group gives the main characteristics of the categorized 
karst area at a given time. The karst type according to devel-
opment expresses what development level a given karst area 
reached during its development (the development is caused by 
the autonomous development of the karst, but this may be in-
fluenced by external factors). The maturity of the karst can be 
studied in many ways. Thus, a point of view of classification 
can be the state (the degree of its denudation) of the surface of 
the karst, or classification may also be possible with the con-
sideration of the development of the whole karst. The classifi-
cation according to geomorphic evolution may be general 
which is more or less valid for all karsts and karst types and it 
may be special that is related to the geomorphic evolution of 
the karsts of some karst types. Karsts of static type may be 
azonal and zonal. The karsts of the azonal karst types may de-
velop under any climate and they can be classified in several 
ways. Thus, their classification may be done based on the ge-
ology, elevation, expansion, hydrology and morphology of the 
karst. Zonal karst types are climate and biogenic dependent 
(Table 1). Every karst of the azonal karst type also belongs to 
the zonal karst type. Characteristics arising from zonality may 
manifest very differently on various azonal karsts. 

The same karst area may also belong to several different 
azonal karst types (for example the karst areas of the Alps be-
long to the high-mountain karst type according to elevation, 
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Table 1  Classification of karst types 

Group Subgroup Aspect of karst classification Type Subtype 

Age Paleokarst, recent karst Fossil karst, relict karst 

Rock Limestone karst, dolomite karst, marble karst,  

gypsum karst, halite karst, sandstone karst 

- 

Rock development Holokarst, merokarst, transitional karst - 

Structure Platform karst, geosynclinal karst, horst-type karst Eugeosynclinal karst, 

miogeosynclinal karst 

Cover See Table 2 - 

Morphology of its surface Karren karst, doline karst, polygonal karst, mound karst Pinnacle karst 

Elevation Coastal karst, plain karst, hill karst, low-, medium-  

and high-mountain karst 

- 

Expansion Block karst, karstschuppen, bed karst, plateau karst,  

block plateau, karst block, stripe karst 

- 

Karstwater temperature Warm-water karst, cold-water karst - 

Origin of water Autogenic karst, allogenic karst, mixed allogenic-  

autogenic karst 

- 

Water motion Eogenetic karst, telogenetic karst  

Azonal karst 

Effect Glaciokarst, fluviokarst - 

Static karst 

Zonal karst Climate Tundra karst, taiga karst, temperate karst, mediterranean 

karst, subtropical karst, tropical karst: inselberg  

karst, tropical karren 

Fengcong, fenglin, stone 

forest karst, arête karst,  

tsingy 

Karst cycle (Grund, 1914) Adolescent karst, mature karst, old karst - 

Karst cycle (Cvijič, 1918) Young karst, mature karst, senile karst - 

Dynamic 

karst 

 

Tropical karst (Waltham and 

Fookes, 2003) 

Juvenile karst, youthful karst, mature karst,  

complex karst, extreme karst 

- 

 

while they belong to the glaciokarst karst type according to 
effects that influenced them). It may be also possible that some 
parts of a karst area can be classified as various karst types. In 
either case, the karstification of such karst areas is usually more 
complex and more diverse than the karstification of those 
which only belong to one karst type. 

 
1  CLASSIFICATION AND CHARACTERISTICS OF 
KARST TYPES 
1.1  Static, Azonal Karsts 
1.1.1  Karst types according to the geology 

Classification may be done according to the age of karstifica-
tion, the constituting rock of the karst, the characteristics of the 
constituting rock (for example, structure, development) and con-
sidering the fact whether there is cover on the karstic rock and if it 
occurs what composition it has. 

According to the age of karstification, the karst may be pa-
leokarst and recent karst. Paleokarst became karstified in the 
geological history, its features are not active now, and they are 
mainly infilled and covered. Sweeting (1973) distinguished two 
varieties of paleokarst: a relict karst (the features did not become 
covered) and fossil karst (the features became covered, but later 
they may also have become exhumed). Recent karst is currently 
active, developing karst, but the start of the development of its 
features may have begun at different times. Jennings (1964) dif-
ferentiated syngenetic karst when the development and karstifi-
cation of the bearing rock is simultaneous. 

According to the rocks constituting the karst, karst may be 
carbonate karst (limestone, dolomite, marble) evaporite karst 
(gypsum, halite, potash) and the karst of other rocks (for exam-

ple sandstone) dissolving to a lesser and greater degree. Among 
carbonate and evaporate karsts, there is mainly a difference in 
the rate of dissolution which may also be manifested in the size 
and density of the developing features (for example if carbon-
ate karst is compared with gypsum karst). 

The difference may also result in the fact that the developing 
features become destroyed and the karst becomes covered with 
weathering residue (for example halite) to the effect of the great 
amount of precipitation. However, in the area of the temperate 
belt, the various dissolution intensity can also be seen in the dif-
ference of the features of the dolomite and limestone areas of 
carbonate karsts (Jakucs, 1977) (see below). The dissolution of 
these rocks takes place at low pH. 

Since the dissolution of the dolomite is also temperature 
dependent (water of 15 ºC dissolves CaCO3, and water of 40 ºC 
dissolves MgCO3 to a greater degree), in karsts with water of low 
temperature (temperate climate), the intensity of dissolution is 
lower (Jakucs, 1977). Therefore, in dolomite karsts with low 
water temperature, surface karst features occur more rarely, they 
are smaller (for example karren), and their shape may be different 
from the karst features of the limestone (for example the dolines 
are of small depth as compared to their diameter and thus, they 
have gentle slopes). However, under tropical climate where the 
waters are of higher temperature and thus, the dissolution of the 
dolomite is more intensive, the features of the dolomite do not 
differ from the features of the limestone (Jakucs, 1977). 

Among evaporate karst, mainly gypsum karsts and halite 
karsts are widespread on the Earth. The dissolution of these 
rocks is independent of pH. Halite karsts are mainly covered 
because of the fast dissolution of the halite. Uncovered halite 
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karsts occur under dry climate or at places where the fast rise of 
halite (for example salt diapir) is in harmony with dissolution 
(Veress et al., 2011). 

On gypsum, karren may occur on bare surfaces (but subsoil 
features can also be found), such as rillenkarren, trittkarren, rin-
nenkarren, wandkarren, pits, and grikes (Waele et al., 2017; 
Madonia and Sauro, 2009; Calaforra, 1996; Macaluso and Sauro, 
1996). On halite, mainly karren features of flow origin (rillenkar-
ren, rinnenkarren) are characteristic (Móga et al., 2018a; Veress et 
al., 2011). Among solution dolines, drawdown dolines are less 
specific, while point recharge dolines are more characteristic for 
example in gypsum karsts of Italy (Waele et al., 2017). Solution 
dolines may also form uvalas on halite. Upward stoping breccia 
pipes develop in evaporate karsts as a result of dissolution taking 
place at large depth too (Ford and Williams, 2007; Waltham et al., 
2005; Lu and Cooper, 1997; Quinlan et al., 1986). Collapse doli-
nes, caprock dolines and dropout dolines may also develop above 
them, on the surface of the cover, depending on the presence and 
quality of the cover. However, these features may have developed 
above already existing horizontal caves (Klimchouk, 2004; Klim-
chouk and Andrejchuk, 2003) and mines (Móga et al., 2017; An-
drejchuk, 2002) and at sites of surface water supplies (Johnson et 
al., 2003). On evaporates, ponors with blind valleys are also spe-
cific at rock boundary (Móga et al., 2018b; Waele et al., 2017), but 
features functioning as ponors are also common. Thus, karstic 
depressions, for example caprock dolines function as ponors 
(Móga et al., 2018b; Baumgardner et al., 1982). On bare gypsum 
surface at water drainage sites developing at fractures (Kósa, 
1981), such depressions develop into which surface waters are 
drained below the surface as a result of the fast dissolution of the 
rock. Poljes also occur on gypsum (Waele et al., 2017), while on 
halite depressions of large expansion (solution subsidence trough, 
solution-induced depositional basin) develop where a lot of brec-
cia pipes are situated adjacent to each other (Klimchouk, 2004; 
Martinez et al., 1998). In evaporate karsts, depressions with lakes 
are specific (Milanovič et al., 2019). Both on gypsum and on hal-
ite, inflow caves, effluent caves and through caves are characteris-
tic (Móga et al., 2018a; Waele et al., 2017). On halite, mainly in 
areas with dry climate there are expanded caves. On gypsum, 
vertical cavities (of shaft nature) are widespread (Szablyár, 1981). 

On sandstone (sandstone karst) dissolution takes place in 
alkaline medium. The intensity and degree of dissolution depends 
on the minerals of the sandstone, the temperature and the dura-
tion of dissolution. The dissolution of sandstones is mainly en-
abled by better soluble minerals with a cementing effect (Veress 
and Tóth, 2015; Briceño and Schubert, 1990). Mainly amorphous 
silica gets into solution if the temperature and the pH of the water 
is high and the duration of dissolution is several hours or days 
(White, 1988; Siever, 1962; Siffert, 1962). However, the process 
is retarded by the weak water drainage capacity of the rock: if the 
dissolved material is not able to be transported, it is precipitated. 
Therefore, on sandstone small-sized features (karren) are wide-
spread such as kamenitzas (though, these may have a diameter of 
several meters), grikes, rinnenkarren, chimneys, notches (Veress 
and Tóth, 2015), but on quartz sandstone, pinnacles, towerkarsts, 
labyrinths, giant grikes, dolines, corridors and shafts which de-
veloped by dissolution may also occur (Wray, 1997). On sand-
stone, caves of significant size may also develop by dissolution 

which often form a complicated network or a system of streams 
(Wray, 1997; White, 1988). 

The classification according to the development of the 
bearing rock originates from Cvijič (1925). He distinguished 
holokarst (the karst is built up of karstic rock in large thickness), 
merokarst (karstic rocks are interrupted by non-karstic rock 
intercalations) and transitional karst (the karstic rock is bordered 
by non-karstic rocks on the sides). In holokarst karstification may 
take place without hindrance. Here, there is a great chance of the 
development of complex, expanded karst systems. In merokarst 
and in transitional karst, karstification is limited spatially (non- 
karstic processes also exert their effect in alternation or mixing 
with karstic processes). 

According to the structure of the bearing rock, platform-type 
karst, geosyncline karst (Komatina, 1982) and horst-type karst 
(Leél-Őssy, 1959) are distinguished. In the area of platform-type 
karst, as a result of compression, the beds are horizontal which 
may be interrupted by terrestrial, non-karstic beds. In the karsts 
of this karst type morphological dissectedness and the velocity of 
water flow is small, cavities are horizontally developed (Komat-
ina, 1982). 

In geosyncline karst, which is separated from eugeosyncline 
karst and miogeosyncline karst, the deformation of the beds due 
to tectonic powers was significant, as a result of which folded 
structures and nappe structures developed which may have un-
dergone significant protrusion. To the effect of the latter, in the 
karsts of this type, vadose zone is where thick and vertical water 
flow systems develop, the climate is vertically zonal in their area. 
The karsts of this type belong to high-mountain karst and to gla-
ciokarst. Horst-type karst is separated into blocks. Adjacent 
blocks often have different characteristics (elevation, the degree 
of coveredness), thus the degrees of their karstification depend-
ing on their coveredness, their karst types, and the time of their 
karstification may also be different (Veress and Vetési-Foith, 
2019; Veress, 2016, 2000). 

According to the non-karstic cover of the karst, Gvozdetskiy 
(1965) distinguished bare karst (there is karstic rock on the sur-
face), soil-covered karst (the karst is covered by soil or dissolu-
tion residue, Fig. 1), covered karst (the karst is covered by 
non-karstic rock) and buried karst (where no karstification occurs 
because of the large thickness of the cover). Hevesi (1986) stated 

 

 

Figure 1. Subsoil grike (Croatia, mine wall next to main road Number 1); 

the cover is solution residue: 1. grike; 2. kamenitza-like depression on the 

floor; 3. ridge between grikes; 4. detached section of bedrock. 
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if there is non-karstic cover on the karst, it may be covered, 
non-individual (there is no karstic rock at the surface) and partly 
covered. He distinguished buried karst or closed karst (the cover 
is impermeable) and concealed karst (the cover is permeable) 
within covered, non-individual karst. Since one of the subsidence 
doline varieties (dropout doline) also develops on clay cover, 
covered karsts where the cover is unconsolidated, but cohesive 
and impermeable rock, superficial deposit can also be regarded as 
concealed karsts (Veress, 2016). Covered karst is present in sev-
eral karst areas of the Earth to a larger and smaller expansion. It 
mainly occurs at sites where there have been not enough time for 
the denudation of the superficial deposit (in glaciokarst, the mo-
raine, under temperate climate, the loess) or the superficial de-
posit redevelops (under tropical and Mediterranean climates the 
weathering residue), or the superficial deposit is not able to be 
destroyed or it is, but only to a small extent (karst depressions, 
the valleys of the karst). The features of these karst types are 
different too. Thus, on soil-covered karst, subsoil karren (grikes, 
kamenitzas, etc.), while on uncovered surface, karren of bare 
surfaces (in addition to the above mentioned features, rinnenkar-
ren, rillenkarren, etc.), solution dolines, collapse dolines and 
uvalas are formed, in buried karst, caprock dolines are specific, in 
concealed karst, the varieties of subsidence dolines, dropout 
dolines and suffosion dolines develop (Veress, 2016; Ford and 
Williams, 2007; Williams, 2004). 

Taking the cover into consideration, Quinlan (1978) distin-
guished subsoil karst, mantled karst, buried karst, interstratal karst 
and subaqueous karst. In subsoil karst, the cover is either the 
sediment that was carried over the karst or the weathering residue 
that was produced in situ. In mantled karst, the cover is consoli-
dated rock or allochthonous sediment. The karst is older than its 
cover. The mantled karst is a part of the karst landscape. In buried 
karst, the cover is allochthonous rock or sediment. The karst is 
older than its cover and it is not part of the karst landscape. Inter-
stratal karst is covered by autochthonous rock or sediment and this 
karst is a part of the karst landscape. The karst is younger than its 
cover. The subaqueous karst is a subsided karst. Thus, it is located 
either under the sea level or under a river (Table 2). 

Veress (2016) distinguished four varieties of cryptokarst: 
allogenic cryptokarst, autogenic cryptokarst, transitional crypto-
karst and cryptokarst developed from buried karst (Table 2). Al-
logenic cryptokarst corresponds to the mixed allogenic-autogenic 
cryptokarst described in literatures (see below), if the non-karstic 
rock is superficial deposit and not wedged-in rock. On the auto-
genic cryptokarst, karstification takes place within the impervi-
ous rock, where there is local water transfer into the karst from 
the cover. However, this variety also includes areas with thick 
impermeable cover, where the bedrock is evaporite. Evaporites 
located in great depths may become dissolved in this case too and 
thus, they affect the cover (collapse, subsidence). On transitional 
cyrptokarst, karstification may take place within the cover, but at 
its termination too. Within the cover, the karstification is similar 
to that on autogenic cryptokarst, while at its margin it is similar 
to that which takes place at rock boundary. On cryptokarst de-
veloped from buried karst, there is karstification where the 
epigenetic valleys opening up the impervious rock reach the 
bedrock. This variety corresponds to allogenic karst type de-
scribed in literatures (see below).  

According to Veress (2016), based on its development, 
covered (crypto) karst may be renewed allogenic covered karst, 
semi-allogenic covered karst, mantled allogenic covered karst, 
and horst covered karst (Table 2). By the present days, renewed 
covered karst has become separated (either it becomes elevated 
or it is separated by a valley) from its non-karstic sediment 
sources (Figs. 2a, 2b). The uncovered part of the semi-allogenic 
covered karst is crossed transversely by epigenetic valleys 
originating from the non-karstic terrain (Fig. 2c). In case of 
suitable conditions, the watercourses of the valleys transport 
the sediments of the non-karstic terrain out of the karst. On 
mantled karst, the karst is covered by consolidated imperme-
able rock. The pattern of the features of mantled karst on the 
karst depends on the characteristics of the consolidated imper-
meable rock (to what extent it contains fractures or its thickness, 
Fig. 2d). On horst covered karst, there are blocks being covered 
to a various extent adjacent to each other (the quality, thickness 
and expansion of the cover is different) and as it has already 
been mentioned, the karst type (Fig. 2e), the karstification of 
these blocks may be different too. 

The latter classifications (Veress, 2016) enable a detailed 
analyses of cryptokarst according to its character and develop-
ment since cryptokarst is not homogenous, but several varieties 
can be found in karsts on the Earth.  

 
1.1.2  Karst types according to the morphology  

In case of the dominance or absolute presence of a karst 
feature, karren karst, doline karst (Dicken, 1935), polygonal karst 
(Ford and Williams, 2007) and mound karst can be distinguished. 
Karren are predominant on surfaces with karren, while dolines of 
various size and type prevail on surfaces with dolines. On po-
lygonal karst (Fig. 3), as a result of doline widening, only 
mounds and dividing walls survived from the original terrain 
between the coalesced dolines (Williams, 1985). The tropical 
variety of the latter is the cockpit karst (Waltham, 2008). On 
mound karst mounds with various size and shape such as karst 
hills, pinnacles and inselbergs are widespread. According to Gi-
nés (2009), karsts where pinnacles, which are large-sized rem-
nant megakarren are predominant, are pinnacle karst. 

 
1.1.3  Karst types according to the elevation 

According to the elevation of the karst, there are coastal-, 
plain-, hill-, low-, medium-, and high-mountain karsts. On 
karsts with a more and more elevated surface, the amount of 
precipitation increases, the average annual and daily tempera-
tures, the number of frost-free days (and thus, the biological 
activity of the soil) as well as the degree of the coveredness of 
the surface (regarding both the non-karstic cover and vegetation) 
decrease, while the thickness of the vadose zone increases. As a 
consequence of the above mentioned differences, the intensity 
and duration of karstification as well as the flow system of the 
karst and thus, the character of cavity formation will be differ-
ent on karsts with various elevations. 

Among them, coastal karst has further special properties as a 
result of the effect of the bordering sea and lake. Coastal karst 
ranges from the low-tide level to the upper level of the supratidal 
belt, but the terrestrial effect is increasingly stronger over the high 
tide level. As a result of the subsidence of the land or the rise of  
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Figure 2. Theoretical profiles of medium-mountain covered karst types (Veress, 2016). (a) Recent allogenic covered karst; (b) renewed allogenic covered karst; 

(c) semi-allogenic covered karst; (d) mantled allogenic karst; (e) horst covered karst. 1. Limestone; 2. consolidated non-karstic rock; 3. unconsolidated, imper-

meable cover sediment; 4. permeable cover; 5. chimney, shaft; 6. sediment transport; 7. former sediment transport; 8. transport of cover sediments into the karst 

hollows; 9. no transport of superficial sediment from the block; 10. mountain foreland; 11. valley. 

 

 

Figure 3. Polygonal karst (Williams, 1971). 1. Topographic divide; 2. sum-

mit; 3. swallet; 4. stream channel; 5. basin order according to channels. 

 
the sea level, the cavities and springs of the karst get below the 
water level, cave development ceases, and depressions with lakes 
develop on the shore. The cavities of the karst may open up or 
may be transformed by abrasion. Sediment formation and karsti-
fication may alternate in the zone of low tide level and high tide 
level. Karstification takes place on abrasion platforms and cliffs. 
Karren are formed partly by CO2 produced by organisms 
(Jennings, 1985), and by karst water added to sea water (Back et 
al., 1984) and by mixture corrosion (Lundberg, 2009) and by bio-

erosion (McLean, 1974). Dissolution takes place simultaneously 
on bare surface (bare karren) and below the soil (subsoil karren) 
adjacent to each other (Gómez-Pujol and Fornós, 2009). Among 
karren, basins of various sizes, notches and grikes prevail, how-
ever there are differences in feature development in various cli-
mate belts (Veress, 2019). 
 

1.1.4  Karst types according to the expansion 
Karst with an expansion larger than 1 km2 and built up of 

karstic rock with a thickness larger than 40 m is called block 
karst, while karst with an expansion smaller than 1 km2 and 
built up of karstic rock with a thickness larger than 40 m is 
called karstschuppen, and karst built up of rock with a thick-
ness smaller than 40 m is called bed karst (Rónaki, 1970; 
Venkovits, 1959). Based on Hungarian examples, Leél-Őssy 
(1960, 1959) distinguished karst plateau, karst block plateau 
and karst block. The karst plateau has an expansion of 50–100 
km2 (or it may be greater than this). The karst block plateau 
developed by the dissection of the plateau is a plateau part with 
an expansion smaller than the previous one. Karst blocks are 
tectonically separated mountains with steep slopes. If the kar-
stifying rock outcrops on the surface in small width, but in 
large length, it is called stripe karst (Skoglund et al., 2010; 
Lauritzen, 1984; Horn, 1935). Karsts of such type occur in the 
Scandinavian Peninsula, where marble and non-karstic rocks 
alternate in the area of folded structures. Probably, the larger 
the expansion and the smaller inclination the surface of the 
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karst, the greater the chance of the development of varied karst 
phenomena and of karst systems with diversified composition. 

 
1.1.5  Karst types according to the hydrology 

Taking karst hydrology into consideration, thus, classifica-
tion may be based on the temperature, the permeability of the 
karst, and the place of origin of karstwater. According to the 
temperature of karstwater, cold-water karsts and thermal karsts 
(warm-water) can be distinguished. Karst is cold-water karst 
when the temperature of its karstwater is lower than the regional 
annual average temperature, but it is thermal karst if it is higher. 
Thermal karst develops at sites where the karst water is heated up 
by the Earth’s internal heat. Heating up may also be caused by 
the heat originating from the magma developing near the karst or 
by heating up or rising other waters getting to a lower depth 
(Erőss, 2010; Kovács and Müller, 1980; Alföldi and Lorberer, 
1976). On thermal karst, large-sized, labyrinth patterned caves 
developed by warm waters are common and in the cavities of the 
karst, minerals (for example aragonite) that were formed in a 
warm-water environment occur (Leél-Őssy, 2017). The upper, 
more elevated part of the karst is often cold-water karst, while its 
lower part is of warm water features. 

Regarding the matrix peremability of the karstic rock eo-
genetic and telogenetic karst can be distinguished (Florea and 
Vacher, 2006). The study of these karsts is of high practical 
importance because of the change of peremability. Eogenetic 
karst was investigated for example in China (Liu et al., 2019). 

According to the place of origin of karstwater, Jakucs 
(1977) distinguished autogenic and allogenic karst. The surface 
of autogenic karst is more elevated than the surrounding, 
non-karstic terrain and the surface of this latter terrain does not 
dip towards the karst. Therefore, only meteoric water gets into 
its area (Fig. 4a). On autogenic karst, solution features (solution 
dolines, uvalas, karren) are widespread. 

On allogenic karst, the non-karstic surface surrounding the 
karst dips towards the karst. This karst also receives water from 
the surrounding terrain. At the interface of the karstic and 
non-karstic rocks (rock boundary), ponors with blind valleys 
develop as a continuation of the latter with erosion caves. In the 
part of allogenic karst which goes beyond the rock boundary 
there may also be features of autogenic karst (dolines, karren), 
but epigenetic valleys are also characteristic. 

This classification was improved and the notion of mixed 
allogenic-autogenic karst was introduced (Ford and Williams, 
2007). According to Ford and Williams (2007), on allogenic karst, 
non-karstic impermeable cover is predominant. The karstic rock 
is exposed at epigenetic valleys (Fig. 4b). On valley floors, solu-
tion (drawdown) dolines develop and/or at valley rock boundary, 
ponors (Hevesi, 1986; Jakucs, 1977) and point recharge dolines 
may be formed (Sauro, 2012). The latter are dolines which re-
ceive the water of the stream of the valley floor. Autogenic karst 
features are present on the uncovered karst surface, beyond the 
rock boundary, on mixed allogenic-autogenic karst type (Fig. 4c, 
this karst type corresponds with the allogenic karst type of Ja-
kucs’s classification). Drainage is diffuse on autogenic karst, it is 
point-like on allogenic karst and both diffuse and point-like on 
mixed allogenic-autogenic karst. 

 

 

Figure 4. Autogenic (a), allogenic (b), and mixed allogenic-autogenic karst 

(c) (Ford and Williams, 2007). 1. Limestone; 2. impermeable cover; 3. 

watercourse; 4. spring; 5. stream subsystem; 6. percolation subsystem. 

 
1.1.6  Karst types according to affected impacts 

According to significant, non-karstic surface formation 
processes affecting karsts, glaciokarst and fluviokarst can be 
distinguished. 

Glaciokarst (Fig. 5) is karst formerly exposed to glacial ero-
sion (Sweeting, 1973). Glaciokarst also occurs on more elevated 
terrains in the karst areas of lower latitudes, and on less elevated 
terrains (British Islands) in karst areas of higher latitudes. Ac-
cording to Ford (1979), its features can be of karstic glacial ori-
gin (glacial features were transformed by karst processes), of 
glacial karstic origin (karst features were transformed by glacial 
erosion) and of mixed origin (features were affected several karst 
and glacial processes at different times). The development age of 
karst features is diverse. They may be of preglacial (Pleistocene), 
interglacial or postglacial age (Ford, 1979). 

On glaciokarst, according to coveredness, varied karst types 
occur, even adjacently to each other (partly as a result of diverse 
elevation, partly because of the stream load of ice). Thus, bare 
karst, soil-covered karst, concealed karst and mixed allogenic- 
autogenic karst can also occur (Veress et al., 2019). Its covered 
karst is specific since the cover (moraine) is mostly completely or 
partially limestone debris. Thus, the infiltrating water often be-
comes saturated already in the cover and in this case it does not 
exert a dissolution effect on the bedrock any more. 

The intensity of dissolution is extremely various partly 
because of the presence or lack of soil or because of the differ-
ences in the biological activity of the soil. As elevation in-
creases, the duration of dissolution related to the soil is in-
creasingly shorter because of shorter summer, but the duration 
of dissolution may also be longer on bare surfaces as a result of 
the great amount of snow and its slow melting. In addition to 
dissolution, frost weathering and mass movements are signifi-
cant landscape shaping processes. 

Valley glaciers created troughs and cirque valleys, while ice 
caps and ice sheets created slightly dissected plain surfaces. The 
small features of surfaces of glacial erosion are roches  
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Figure 5. Main features in the glacially transformed karstic high mountains based on the example of the Alps (modified after Veress, 2010). 1. Limestone; 2. 

older metamorphic basement; 3. moraine; 4. colluvial debris; 5. fault; 6. siliceous interbedding in limestone; 7. klippen (plateau); 8. eroded portion of nappe; 9. 

cirque; 10. trough; 11. roche moutonnée; 12. tarn backwall; 13. arête; 14. horn; 15. river valley; 16. niche with circular rim; 17. niche of frost shattering; 18. 

talus cone; 19. path of rock avalanche; 20. furrow of covered karst depression; 21. river; 22. paleodoline; 23. asymmetric paleodoline; 24. paleodoline with 

moraine; 25. paleouvala; 26. partially filled paleodoline; 27. recent solution doline; 28. recent asymmetric solution doline; 29. schachtdoline; 30. subsidence 

doline; 31. subsidence uvala; 32. giant chasm (bogaz); 33. shaft system; 34. passage, chimney, shaft system in cross-section; 35. ponor; 36. schichtrippenkarst. 
 

moutonnées, rock basins and stepped surfaces (Veress et al., 
2019). The latter is called “Schichttrippenkarst”, and “Schicht-
treppenkarst” by Bögli (1964), “limestone pavement” by Wil-
liams (1966) (Fig. 6). Features of karstic origin are various doline 
varieties, karren, shafts, poljes, ponors and gorges (Veress et al., 
2019; Veress, 2017; Ford and Williams, 2007; Smart C, 2004; 
Smart P I, 1986; Kunaver, 1983; Sweeting 1973). Giant dolines 
are old, large-sized karst features developed by ice, on the floor 
of which, on the accumulated superficial deposit concealed karst 
often developed (Veress et al., 2019). On concealed karst surfaces 
(on the floor of giant dolines, on some parts of troughs and cirque 
valleys) subsidence (suffosion) dolines are widespread. However, 
on glaciokarst soil-covered terrains, small-sized solution dolines 
of postglacial age occur, while on bare surfaces there may be 
small-sized schachtdolines (with a diameter and depth of some 
meters) with steep slopes. Shafts are caves of large depth which 
mainly developed below glaciers (Ford, 1984). On glaciokarst 
terrains, both subsoil karren and bare karren are widespread. The 
latter is mostly dominant on the stepped surfaces of troughs. The 
most common karren features are rinnenkarren, rillenkarren, 
trittkarren, wandkarren and grikes (Veress, 2010). 

Fluviokarst is karst subject to fluvial erosion (Sweeting, 
1973). In karst areas belonging to this type, in addition to kar-
stification, fluvial landscape formation is also present because 
of the partial presence of non-karstic cover. Therefore, in addi-
tion to karst features, valleys, epigenetic valleys and gorges 
also develop on the karst. The landforms are often mixed. Thus, 
on the floor of epigenetic valleys, ponors with blind valleys and 
doline rows may occur. 

 
1.2  Static, Zonal Karsts: Karst Types According to Climate 

The dependence of karst on climate can be direct and indi-
rect. Direct in a way that the quantity, distribution and quality of 
precipitation affects dissolution. However, temperature is also an 
important factor mainly because there is no dissolution and mate-
rial transport below a temperature of 0 ºC. If ground ice is present, 
and if there is any water of liquid state, it does not reach the rock 
and thus, dissolution is not possible. The indirect role of climate 
is effective through the soil and its biological activity. The greater 
the quantity of precipitation, the higher the temperature and the 
more long-lasting their effect is, the greater the biological activity 
of the soil through the organisms living in the soil. This results in  
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Figure 6. The stepped surface of a trough (the stepped are constituted by 

bedding planes and bed heads) with rinnenkarren in the foreground of the 

picture (Totes Gebirge). 

 
greater CO2 production and thus, in more intensive dissolution 
(Trudgill, 1985; Jakucs, 1977). 

On tundra karst, karstification is not favoured by the late 
cessation of ice cover, the presence of permafrost and the 
short-term liquid state of water, the lack or patchy development 
of the soil cover. Karstification is possible where heat is trans-
mitted from below into the karst (Van Everdingen, 1981), 
where there are surface streams (Ford and Williams, 2007), or 
salty ground waters (Pollard et al., 1999). Karstification may 
also occur at steep cliff walls (Lauriol and Gray, 2006), on ter-
rains with breccia (Ford, 2004) and where snow meltwater 
flows on bare surfaces. According to the above mentioned 
things, there are karren on bare surfaces, while caprock dolines 
occur can be found on evaporate areas. 

Temperate karsts are also diverse due to the diversity of the 
climate, but the karstification of the karsts of various climate 
types often differs only to a small extent. On taiga karst (in the 
northern part of the boreal climate, areas with subpolar climate 
belong to here where the winter is 6–9 months long) permafrost 
is widespread, but there is soil, and biological activity is also 
present during the summer. Karstification is not significant be-
cause of the low intensity of biological activity, the low quantity 
of precipitation and the presence of permafrost. On bare surface 
parts, slight karren formation may develop. On the floor of epi-
genetic valleys, there are small solution dolines (Veress et al., 
2014; Pulina, 2005) and subsidence dolines, while on the inter-
fluves mainly subsidence dolines occur (Veress, 2016). Complex 
systems may also develop: in larger depressions with several 
doline groups (Gvozdetskiy, 1981; Korzhuev, 1961). At the edge 
of non-karstic rocks, ponors may also develop. 

From the boreal belt towards the Equator, at the middle lati-
tudes, the climate with long summer (close to the ocean there is a 
climate with cool summer and farther from the ocean a climate 
with hot summer), then areas of subtropical climates can be 
found. 

In the area of middle latitudes, the intensity and duration 
of dissolution increases. This can be attributed not only to the 
larger quantity of precipitation and to the long frost-free period, 
but also to the significant biological activity of the soil. On its 
karst, subsoil karren (mainly grikes and root karren), dolines 

and uvalas are widespread. In addition to erosion caves, solu-
tion caves are also widespread. The high dissolved material 
content of waters favours the development of freshwater lime-
stones (calcareous sinter) (Jakucs, 1977). 

Dissolution takes place during whole year in karst areas of 
subtropical, but mainly of Mediterranean climate. The intensity 
of dissolution is enhanced by the great biological activity of the 
soil. In the areas where mainly subsoil karren is characteristic, 
but on bare slope sections (for example in the side of mounds), 
bare karren is also common. In these karst areas the doline 
landscape is much more specific. The density of dolines is large, 
doline systems and uvalas may develop. A specific feature of 
Mediterranean karst is the polje, of which several genetic and 
morphological varieties are distinguished (Gams, 1978). 
Among them there are poljes which are formed by glacial effect 
such as piedmont poljes (Gams, 1978; Sweeting, 1973), and 
those which are temporarily or permanently affected by 
karstwater. Subsidence dolines are common on polje floor sec-
tions with superficial deposit (Veress, 2016). Covered (con-
cealed) karst also occurs on the floor of other karst depressions 
(dolines, uvalas). Remnants features are widespread because of 
intensive dissolution. The intensive widening of dolines results 
in the development of polygonal karst and terrains with karst 
hills. Large-sized caves of various genetics are characteristic. 
The high dissolved material content of waters favours the de-
velopment of large-sized freshwater limestone features at karst 
springs and in the channels of streams. 

Tropical karst areas of the tropical climate developed under 
tropical wet, tropical savanna and tropical monsoon climates. 
Karstic dissolution is the most intensive here on Earth, because 
of large quantity of precipitation, high temperature all year round, 
but mostly because of great biological activity of the soil, this 
latter originates from the above mentioned factors. In addition to 
these, significant karstic denudation was also contributed by the 
fact that karstification has been taking place for several 10 mil-
lion years in areas of tropical climate and it was not interrupted 
by glacial periods and young transgressions. 

On tropical karst, mounds (karst mountains) prevail. This is 
inselberg karst. Basically, two varieties of tropical karst are dis-
tinguished, the fengcong and the fenglin (Fig. 7, Waltham, 2008). 
Fengcong is constituted by mountains with a common base, 
where there are dolines (fengcong doline) between the mountains. 
A variety of fengcong is cockpit karst, where there are large-sized 
depressions (cockpit doline) between the mountains and the 
ridges connecting them (Williams, 1985; Sweeting, 1973). On 
fenglin karst, the mountains are solitary, and they are situated at 
various distances from each other. There are intermountain plains 
between the mountains. Karst water level is situated below the 
floors of fengcong depressions, while it is at the level of inter-
mountain plains in case of fenglin. In depressions and on inter-
mountain plains, there are expanded concealed karst terrains with 
many subsidence dolines. Karren such as subsoil karren is wide-
spread, but karren of bare surfaces is also common, for instance 
rinnenkarren and kamenitzas on the top and on the steep slopes 
of inselbergs (Veress, 2019). Its large-sized karren constitutes a 
separate karst type (see below). 

On tropical karst, the density of caves is large, their size and 
genetics is diverse. Thus, they may be of vadose, phreatic and 
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erosional origin too. They occur in large numbers in karst insel-
bergs, where they may occur as the remnants of former foot 
caves (these drain the water of intermountain plains into the karst 
at the feet of inselbergs) in several levels (Waltham, 2008). 

Among karst types according to climate, the most com-
mon and most widespread features are the concretions here  

 

 

Figure 7. Inselberg karst (Balázs, 1986). I. Fenglin, a. intermountain plain, 

b. river, c. karst inselberg, d. alluvium; II. fengcong, a. ponor, b. doline, c. 

underground stream (active cave). 

 

 

Figure 8. Tsingy (Bemaraha, Madagascar, Delaty et al., 2006). 

 

which occur at springs, in river channels, in the side of inselbergs 
and in caves too. Its large-sized karren types are the stone forest 
karst, the tsingy and the arête karst (pinnacle karst). Stone forest 
karst is characterized by towers with steep sides (Knez and Slabe, 
2009), arête karst is characterized by ridges and mounds of less 
steep slopes (Day and Waltham, 2009; Williams, 2009), and 
while tsingy (Fig. 8) is characterized by grikes of various sizes 
(Veress et al., 2008). Bare karren of small or medium sizes (ril-
lenkarren, rinnenkarren, kamenitzas, grikes, etc.) often occurs on 
the steep slopes and the top of the mounds of these karsts. 
 
1.3  Dynamic Karsts: Karst Types According to Development 

Karst development types can be distinguished, taking into 
consideration the denudation of the karst surface, as well as with 
the simultaneous consideration of the surface and subsurface de-
nudation. Surface development and thus, classification may be 
different if the cover of the karst or the climate is also taken into 
consideration. The stages of surface development are followed by 
the development of different but characteristic landforms. There-
fore, researchers used various karst type names for the surface 
development phases. Early researchers (following the Davisian 
cycle theory) called the denudation of the karst as karstic cycle, 
the end point of which is either the formation of a karstic pene-
plain (Grund, 1914) or the complete denudation of the karstifying 
rock (Cvijič, 1918) or maybe reaching the base level of erosion 
(Jakucs, 1977). Jakucs (1977) called this karst peneplained karst. 
This karst type mostly occurs on tropical karst. Here, intermoun-
tain plains were destroyed until the elevation of the surrounding 
non-karstic terrain (or until the karst water level). Taking into 
consideration the surface development of tropical non-karstic 
areas as described by Büdel, Cui et al. (2002) distinguished two 
levels: the surface of the bedrock and the surface of the weather-
ing residue. The loss of the superficial deposit as a result of ero-
sional, but not dissolutional denudation is supplemented by the 
weathering residue which was produced during the dissolution of 
the bedrock. On tropical karst, this state of equilibrium may per-
manently survive. Thus, the landforms of the karst surface survive 
and redevelop while the surface of the bedrock will be of lower 
and lower elevation (Veress, 2016). The karst regenerates and gets 
into an earlier surface development stage only if the base level of 
erosion gets into a lower position or the karst becomes more  

 

Figure 9. Geomorphic evolution of karst according to Grund (1914). (a) Young karst; (b) adolescent karst; (c) mature karst; (d) old karst. 
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Figure 10. Karst types according to their landscape evolution (after Waltham and Fookes, 2003). 

 
elevated. In case of a surface development this type of karst cycle, 
the longer duration karstification takes place under unchanged 
circumstances and the more intensive the karstification, the 
greater the chance for the karst to reach the end of the karst cycle. 

Focusing only on surface karstification, Grund (1914) dis-
tinguished the following karst types on karst rock with any thick-
ness during a karstification cycle (Fig. 9): young karst (its dolines 
are small), adolescent karst (with large-sized dolines, uvalas and 
the plain remnants of the original terrain), mature karst (the origi-
nal terrain only survived on the top of mounds), and old karst (the 
roof level of mounds is also lower than the original terrain). 

According to Cvijič (1918), there are karren, dolines, poljes, 
ponors and river valleys on young karst, while collapse dolines 
and cave-ins can be found on mature karst. Senile karst is char-
acterized by river valleys which deepen into the non-karstic rock 
constituting the bedrock of the karst. Larger and smaller rem-
nants of the karstic rock only occur on interfluves. 

Focusing mainly on tropical karst, Waltham and Fookes 
(2003) distinguished five karst types (Fig. 10). On juvenile karst 
and on youthful karst, traces of non-karstic development are still 
recognizable (epigenetic valleys), but the former cover is not 
present any more. Karst features are less dominant and less di-
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verse, covered karst sections are of small expansion. On mature, 
the diversity of karst features is greater, the degree of cavity for-
mation (and the inheritance of the cavities onto the surface) in-
creases. On complex karst and on extreme karst, the amount of 
superficial deposit (weathering residue) is larger and larger, in-
creasingly more and increasingly larger karst features develop 
(their infilling increases too) and the number of remnants features 
is also rising. Inselberg karst develops on extreme karst. 
 
2  CONCLUSIONS 

According to its constituting material, karst can be carbon-
ate karst, evaporate karst and sandstone karst. Taking into con-
sideration the characteristics of the constituting rock, holo karst, 
mero karst and transitional karst can be differentiated, while ac-
cording to the structure of the constituting rock there is platform 
karst, geosyncline karst and horst-type karst. According to the 
cover, karst can be bare karst, soil-covered karst, buried karst and 
covered karst (the latter crypto karst and concealed karst). Cryp-
tokarst may be karst developing from allogenic karst, autogenic 
karst, transitional karst and buried karst. According to its devel-
opment, cryptokarst can be renewed allogenic covered karst, 
semi-allogenic covered karst and mantled allogenic covered karst. 
According to the morphology of its surface, karren karst, doline 
karst, polygonal karst and mound karst can be distinguished. 
According to its elevation, karst may be coastal-, plain-, hill-, 
low-, medium- and high-mountain karsts. According to its ex-
pansion, karst can be block karst, karstschuppen and stripe karst. 
According to the temperature of karst water there are cold-water 
karsts and warm-water karsts. With the consideration of water 
supplement conditions, autogenic karst, allogenic karst and 
mixed allogenic-autogenic karst can be distinguished, according 
to permeability, eogenetic and telogenetic karsts can be differen-
tiated. According to non-karstic surface formation processes, 
glaciokarst and fluviokarst may be differentiated. Karst of zonal 
karst type can be tundra karst, temperate karst, subtropical karst 
and tropical karst. On the latter, fengcong karst, fenglin karst, 
cockpit karst and pinnacle (stone forest karst, tsingy, arête karst) 
karst are distinguished. In general, according to the development 
of the karst, young karst, adolescent karst, mature karst and old 
karst are distinguished. According to their landscape evolution, 
tropical karsts may be juvenile karst, youthful karst, mature karst, 
complex karst, extreme karst and peneplained karsts. 

The presented classification may be suitable for the classifi-
cation of a karst area as belonging to one or even several karst 
types based on the characteristics of the types. The classification 
facilitates either the theoretical or practical (e.g., environmental 
protection, ecology) study of karst areas, and future events, and 
changes may be predictable. Taking the characteristics of types 
into consideration, the anomalies of the former and present de-
velopment of the karst area can be predicted (the difference from 
the usual development of the type). 
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