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GENETIC TYPES OF THE HUNGARIAN KARST

SU M M ARY
The diversified landforms o f the Hungarian karst regions are discussed in a phenomenological grouping. The
major phases o f karstification (Early Cretaceous, Latest Tertiary, Pleistocene) are characterized and their
morphological features are listed.
The author emphasizes the particular importance o f the tectonic control in some karst regions o f this country,
pointing out that hydrothermal activities accompanying tectonism have brought about one o f the most interesting
form-assemblages o f surface and subsurface hydrothermal karstification in Hungary. A particularly striking
phenomenon is the karstification o f the dolomite area o f the Buda Hills under the effect o f hydrothermae
(dolomite pulverulence, formation o f thermal caves, etc.). The different form-groups connected with changes
in the temperature and chemical composition o f the thermal caves o f the area are analyzed.
The problems o f water control in coal mines situated in a karstic environment and the karstic hydrocarbon
reservoirs are also dealt with in detail. Two main types o f Hungarian karst forms are distinguished: the Aggtelek
type, reflecting the effects of all three phases o f karstification and the Transdanubian type showing just a
partial karstic effect owing to a post-Cretaceous burial. With their ground-plan resembling to surface river
valleys, the erosion karst caves have their most beautiful representatives in the Aggtelek Karst Region.

Hungary is one of the small countries of central
Europe with an area of 93,000 kilometres square,
i.e. 0.9% of the area of the continent. Tne country
is located in the centre of the middle Danube Basin
and surrounded by the mountain chains of the
Alps, Carpathians and Dinarides. This geographic
situation has determined geologic and geomorphologic patterns. 68% of the landscapes consists of
plains resulting from basin infill by younger sedi
ments and 29% of low rolling hills, or plateaus
covered by young, mostly unconsolidated sedi
ments attaining altitudes of 200—400 m. Only 2%
of the area of Hungary is higher than 400 m a.s.l.
Therefore, there are no high mountains, and high
land landscapes (500—1,000 m) are confined to
minor, isolated patches.
From the above summary it would appear probable
that the karst regions of Hungary will be insigni
ficant in extent and importance when compared to
the rest of Europe and that there may be few note
worthy karstic phenomena. Karst areas are small.
The total area of exposed karst amounts to 1350 km

square, or only 1,45% of the nation's territory
( Fig. 1). This is certainly small particularly comPar"
ed to neighbouring Yugoslavia where the combined
area of karst landscapes is about 67 times greater
(90,000 km square in round figures). So it may
appear really surprising or paradoxical that in
such an apparently “karst-poor” country as Hun
gary there is an astonishing diversity of karst phe
nomena of great scenic beauty.
To illustrate this claim it would perhaps fie
sufficient to mention the more than 40 km °f
richly decorated cave galleries and chambers that
are known in the Aggtelek karst area; or the very
large, hydrothermal dolomite karst features of
Transdanubia which display a breathtaking variety
of form; or to the many large hotsprings caves of
Hungary with their rich secondary mineral deposits
of barytes, gypsum and aragonite. Another rarity
and curiosity amongst European caverns are the
Calc-tufa caves such as Anna Cave at Lillafured:
this is an example of syngenetic karstification within
the country rock. Finally, it might be mentioned

Fig. 1. Surface karst lands o f Hungary. For the names o f the karst regions indicated with numerals, see text

that a considerable portion of the petroleum pro
duction of Hungary is recovered from karstic chan
nels, in this instance a network of deeply buried,
ancient caves.
The explanation of the wealth of karst in Hungary
is as follows:
1. The Hungarian karsts are small and isolated
enclaves within mountain masses composed of
other rocks e.g. volcanics, sandstones etc. Because
tectonic and hydrological environments are varied
the contained karsts have diversified and peculiar
morphostructures. Environmental control of pro
cesses of karstification and their reflection in result
ing morphostructure are more striking in the small
karst islands of Hungary than in most other regions
of Europe.
2. Karsts exposed at the surface in Hungary
may be described as “residual karsts'* because they
represent only a very small fraction of the hidden
karst masses contiguous with them. In early geolo
gical eras (primarily in the Cretaceous and early
Tertiary) the hidden karst rocks were exposed and
already in an advanced state of karst denudation.
Subsequently they subsided and were buried as a
consequence of basinal tectonism (Tertiary and
Quaternary) and cover sediments have confined
aquifer bodies within them. Readers are referred
to Fig. 2, a litho-facies map of the pre-tertiary
basement based on deep drilling information, which
indicates that almost half of the country was once
a limestone karst region. Degree of karstification
of the old mountains that are now buried in the
basement can be assessed by examining core
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samples (degree of corrosion) as well as inferred
from the number and depth of sudden drops of
drill pipes which indicate something of the degree
of cavernosity (Photo 1). These means of analysis
have indicated that the concealed karst masses of
Hungary are very similar in their state of denuda
tion to the karst rocks presently exposed. Hence,
it is concluded that the exposed karsts possess deep
and widely ramifying systems of roots (termed
root-karst) associated with synchronous karst
development. In other words, present surface karst
areas contain unusual features which cannot be
interpreted as the products of recent or modern
surficial processes but which must be reflections of
ancient, underground agents of denudation. The
author believes that recognition of such relation
ships may provide a key to interpretation of the
hydrothermal karst phenomena characteristic of
the Transdanubian Mountain Range.
3.
Finally, it should be pointed out that the
Hungarian karsts have been particularly intensively
explored. There are few other nations, even in
Europe, where fossil and active underground karst
networks have been so exhaustively investigated.
This unusual situtation is to be attributed to the
fact that because of the association of karst and
buried bedrock, karst research is bound up with
many everyday problems of development of the
nation’s industry, energy supply, mining, urbaniza
tion and water supply. Exploration of karst pheno
mena has for a long time been part of the plan of
the people's economic development, carried out by
established geological, civil engineering, mining

Fig. 2. Basement karst facies map o f Hungary. The
huge carbonate mountain chains or rock belts exten
ding deep underground were in earlier geological history
mountains exposed to karstic denudation at the surface

engineering or hydrological services. One consequen
ce of the carefully scheduled research programmes
has been the location since the early 1950s of a
number of large new caves; following location,
special exploration adits were opened at specific
points to gain access to these caves.
In the following discussion, the author first
reviews the regional systems of limestone and
dolomite karsts in Hungary and then expounds
the fundamental principles of a comparative typo
logy of the individual karst districts.
Hungary’s karsted limestone and dolomite out
crops are primarily found in the Highland Range
which traverses the country from southwest to
northeast. Away from the Range there are only
two other minor karst outcrops, in the Mecsek
Mountains and along the shore of Lake Ferto,
(Fig. L ).

With the exception of some late Tertiary and
Quaternary strata, carbonate rocks of Hungary
display considerable tectonic disturbance, being
abundantly fractured and considerably folded in
some areas e.g. Mecsek. The karst rocks are
enclaves incorporated within older or younger
rocks. In several cases limestones are intruded
(e.g. by andesites) or covered by volcanics as in
the Dunazug Mountains and Matra Region. All
these circumstances are due to the fact that, because
of the northward drift of the Tisia massif forming
the substratum of the middle Danube Basin, the
respective rock sequences have been piled up on
the southern margin of the Transdanubian Moun
tains and this motion has produced in the foreland
a fault block range of diversified geology and
densely dissected structure with highly localized
folding.
On the basis of topography the following karst
regions are popularly distinguished in Hungary
(numbers are keved to Fig. /):
1. Karstic solution cavities in a bore plug from upper
Cretaceous limestone in Nagylengyel, at a depth
o f 1600 m. In the section o f walls o f the solution
cavities the depth o f oil infiltration can also be
seen. The pores o f rock are not oily.

I. Transdanubian Mountain Range'
1. Dolomite karst of Keszthely Mountains
2. Mesosoic karsts of the Balaton Highland,
including the Sarmatian limestone landscape of
the northern half of the Tapolca Basin.
3. Karst of the southern Bakony Mountains.
4. Karst of the northern Bakony Mountains.
5. The mainly Triassic dolomite karst of the
Vertes Mountains.
6. Mesozoic karst of the Gerecse Region, (includ
ing the Sarmatian limestone zone of the Zsambek
Basin).
7. Triassic limestone karst of the Pilis Mountains
with the Pomaz Calc-tufa plateau.
8. The mainly hydrothermal karst features of the
Buda Hills, including the Sarmatian limestone of
the Teteny Plateau and minor Lajta Limestone
patches on the Pest Plain.
II. Karstic Inselbergs o f Transdanubia
9. The Lajta Limestone karst of the shore of
Lake Ferto, Northwest Hungary.
10. Karst features of the Mecsek Mountains.
11. Karst of the Villany Mountains and the
Beremend block.
III.

Karst landscapes o f the North Hungarian

Highland

12. Lajta Limestone karst in the southern Borzsony Mountains (Szokolya Basin, Torokmezo).
13. Limestone blocks of the Cserhat Region
(Naszaly, Mt. Romhany, Mt. Csovar).
14. Karst features of the Biikk Mountains with
the Uppony block.
15. The Aggtelek Karst Region with limestone
areas of the adjacent Rudabanya. Szalonna and
Szendro blocks.

The karst landscapes differ from each other in
size, in geological-tectonic structure and in timerange and degree of karstification, i.e. in geomor
phology, as well. Since lithification the Paleozoic
and Mezosoic (mainly Triassic) limestones and
dolomites have undergone several intensive phases
of karstification so that they have preserved very
large karst solution forms of most complex genesis.
The best preserved morphological features were
generated under tropical denudation conditions
during the first half of the Cretaceous, then by
sub-tropical-mediterranean denudation phases of
the upper Tertiary and finally by erosion cycles of
the Quaternary.
Rock surfaces which were characterised by typi
cally tropical forms during the Cretaceous e.g.
haystack, minor karst towers etc., would be overlain by younger sediments including bauxites and
manganese ore which more or less perfectly pre
served the ancient karst forms. These paleokarsts
were later partially exhumed by repeated phases of
erosion (Aggtelek Karst, Photo 2) or have been
revealed by mining for manganese and bauxite. An
example of exposure by mining are the karst cones
of the Csarda-hegy deposit at Urkut or the features
underlying the lszkaszentgyorgy anti Gant bauxite
( Photo 3).
In addition to the heavily dissected palaeokarst
landscapes are karst peneplain plateaus of which
portions at different altitudes in the Aggtelek Karst,
the Also-hegy, the Nagyoldal, the Haragistya-teto,
etc., as well as the Nagy and Kis plateaus of the
Biikk Mountains best preserve the ancient forms.
The different Hungarian caves formed at different
periods. Genetic asynchrony is recognized on the
one hand between different caverns formed in
different ways (e.g. stream caves controlled by local
base levels, tectogenetic caves, hydrothermal ca
verns, etc.); on the other hand by asynchronous
features which occur within one single genetic
type or even within a single cave. For instance
studies at Solymar Cave in the Buda Hills confirm
that part of the system formed during the main
denudation phase of the Cretaceous (“First Excava
tion Phase”). In the Eocene and Oligocene this
part was largely filled with alluvial gravels which
became cemented and are preserved in the cave
walls. Later, hydrothermal activities associated
with Miocene volcanism partially reexcavated the
old caves and created new extensions. This “Second
Excavation Phase” produced large vents, spherical
concentric niches and blind pockets in the passages
as well as providing gypsum deposits that are still

3. Lower Cretaceous primary karstic terrains at
lszkaszentgyorgy. These tropical karren had been
covered from the upper Cretaceous up to recent
and have been excavated by bauxite-mining.

preserved in the Feher-terem Passage. There followed
a “Third Excavation Phase” of ordinary erosion
and solution by running waters, manifested locallv
by icely eroded river channel forms with terrace
remnants. This phase is either pre-PIeistocene or
not later than the Mindel-Riss Interglacial because
non-potamogenic sediments of later, humid denu
dation phases (Riss-Wurm Interglacial) remain
undisturbed. It should be noted that above Solymar
Cave the surface karst forms of today are not asso
ciated i.e. indicating that the “Third Excavation
Phase” terminated a long while ago.
Such heterogenity is characteristic of Hungarian
karst. Almost every landscape has specific features
of its own. Therefore it is difficult to generalize
and to identify global morphologic features. Detail
ed accounts of individual areas have been given
by Lang, Leel-Ossy, and others. An attempt is
made below to outline the most typical and the
most unusual features of Hungarian karst, grouped
phenomenologically.
1. Relationship between karst formations and tectonics

In the Transdanubian Mountain Range karsts
are tectonically controlled. Powerful and renewed
movements have divided the mountains into minor
blocks. Dilatation fault-fissures occur in dense
swarms, especially in Triassic dolomite and lime
stone features but locally in Eocene limestones as
well. Strike of the fissure systems corresponds to
two principal tectonic axes, the northeast-southwest
axis of the mountains and transverse faults normal
to it. The fracture planes, which are frequently
vertical, have offered channels for groundwaters
2. Recent denudation phases in the uvala o f the
Voi ds Lake at Josvafd. Lower Cretaceous limesto
ne pinnacles like tropic cone-karst, were ex
cavated from beneath Cretaceous terra rossa.
Thus their karst-denudation continues (BeatRocks).

Fig. 3. Sketch o f the Ferenc-hegy Cave o f Buda, clearly illustrating the tectonic origin o f the system o f caverns
concerned

and thus control their direction of flow and hydrodynamic characteristics. Because of the fractures,
horizontal evacuation of waters at actual watertables could rarely take place, whilst vertical flow
was little impeded. Therefore flow paths descended
far below local base levels, developing caverns
along their routes.
By this means a maze of tectonic cave systems
has developed, particularly in the Buda Hills.
The caves comprise intersecting, narrow galleries
with high, parallel and precipitous walls and the
rock masses delimited by them are disintegrated
into chessboards of cube-like slabs. The Ferenc-

hegy Cave of the Buda Hills is the prototype of
such a mode of cave formation (Fig. 3). Similar
examples are Matyas-hegy Cave, Szemlohegy Cave,
Solymar Cave, Legeny Cave in Pilis, Tavas Cave
at Tapolca etc.
In addition, tectonic movements have served as
locating agents for several classes of phenomena.
For example, it can be shown that Hungary’s
natural hotsprings, recent and fossil, are localised
along Piedmont tectonic fracture lines or at fracture
intersections. This has resulted in a peculiar linear
system of development of hydrothermal karst
phenomena ( Fig. 4).

Fig. 4. Dolomite karst features o f the Budadrs Hills with indication o f the pulverulent dolomite karst facies.
The occurrences o f changes in rock quality (including dolomite pulverulence) correspond to those points oj
intersection o f tectonic lines characterized by earlier hot water emergences. Legend: 1. fresh Hauptdolomit,
2. crumbling Hauptdolomit, 3. pulverulent Hauptdolomit, 4. Iithocloses or fracture lines.

I
Tectonic control is involved either directly or
indirectly in determining the strike directions and
other morphological features of certain karst pla
teaus (the Biikk Mountains, the seven minor pla
teaus of the Aggtelek Karst Region and the Karst
Plateau of western Mecsek Mountains) and of
karst valleys, river caves, chains of dolines or even
individual dolines and uvalas etc.
2.
Hydrothermal karst phenomena
(thermal waters, hydrothermal caves, dolomite
pulverulence, siliceous rock
towers, pinnacles, travertine accumulations)

Past and present, Hungary has been the scene
or large-scale hotspring activity associated prima
rily with the faulted southern margin of the Transdanubian Mountain Range. Today thermal waters
along the Danubian margin of the Buda Hills
(Gellert Bath, Rudas Bath, Lukacs Bath etc.) and
in the Keszthely Mountains (Heviz) induce local
changes in the rocks by corrosion, mineralogical
transformations and sedimentation. In the geolog
ical past the thermal waters appear to have had
wider distribution, higher temperature and greater
chemical aggressivity at certain periods of time.
Consequently, hydrothermal activity was a consider
able, locally dominant, factor modelling the geo
morphology of rather large areas. Because thermal
springs emerge primarily in dolomites and lime
stones, the hydrothermal effects created peculiar
karst phenomena. The most typical hydrothermal
karst formation of central Hungary is the Triassic
Hauptdolomit and Dachsteinkalk of Buda Hills.
Hydrothermal karst features may be both sur
face and subsurface. However it should be recogniz
ed that because hydrothermal karstification is a
process of subsurface origin it always produces
three-dimensional spatial features which may be
contrasted with the mainly two-dimensional surficial forms created by other karst processes e. g.
karren, solution dolines etc. Hydrothermal karst
features observed at the surface always extend to
depth e.g. silicified vents, pulverized dolomites etc.

4. A gypsum stereo-model o f the sections at the main
entrance showing hydrothermal evacuation in the
Solymar Devil's Hole.

Thermal caves are one of the most remarkable
forms. Hungary contains active examples (e.g.
Gorombolytapolca Cave) and inactive. The caves
have been created by waters or by vapors rising
from great depths, partly by direct dissolution,
partly by chemical alteration of the permeated rock
which permitted its ready destruction by more
common weathering processes. Morphology of such
caves is quite different from that of common karst
caves because development is not dependent upon
gravity-controlled water flow. Thermal caves may
develop with almost equal facility in all spatial
directions i.e. unlike the case of stream caves
developed by entrenchment or lateral action, ther
mal galleries develop from the bottom upwards
and may distribute radially towards the surface,
developing more and more intricate ramifications
5. A gypsum stereo-model with scale relations and
characteristic shape showing the Satorkoj.uszta
Cave at Dorog, a prototype fo r hydrothermal
cave. The base point in the cave, where the slots
with spherical recesses and the passages fo rk
from, is at the top-ciumnev o f the lower LargeChamber (at the point signed with the finger).

6. Groups o f druse o f different crystal-types o f aragonite and gypsum o f hydrothermal origin from the
Sdtorkdpuszta Cave.

as they approach it. Most branchways do not reach
the surface but terminate in blind vents or pockets
quite abruptly without any transition. Such pockets
usually have a regular spherical or hemispherical
form (Pavai —Vajna, 1930; Jakucs, 1948). Accord
ingly, galleries are arranged within the rock like
boughs and twigs of a bush. Forming something
like a string of beads, a maze of concentric cavities
of regular spherical form may interconnect to
create further passageways. These caves are usually
so complicated spatially that their cartographic
representation by the common planimetric projec
tions may prove to be practically useless. Therefore
it is advisable to construct threedimensional, truescale models in gypsum (Photos 4 and 5).
Hungarian speleologists consider as a rule that
Satorkopuszta Cave near Dorog represents the
purest monogenetic prototype of hydrothermal
cavern development. Other hydrothermal caves in
Hungary display rather more complex genesis with
a number of factors interacting. The hydrothermal
excavation process is usually guided by tectonic
controls (Solymar Cave, Szemlo-hegy Cave, Matyashegy Cave etc.) but thermal-morphology may be
re-arranged occasionally by post-genetic effects
such as stream erosion as well (portions of Matyashegy and Solymar systems, Pal-volgy Caves etc.)
Moreover, several instances are known to the
7. Cavernous gypsum stalactites from the Large
Chamber o f the Sdtorkdpuszta Cave. Their thick
nesses are larger than a human trunk, and their
genetics has not yet been unanimously cleared
up (Photo: I. Marko.)

author where a hydrothermal plume penetrated
briefly into an existing cavern of different origin.
In these cases the thermal waters did not erode the
cave but produced mineral encrustations on the
walls (Ferenc-hegy Cave.)
The thermal caves contain various paragenetic
mineral overgrowths on walls and roofs. Most
common are Aragonite, crystalline gypsum (Photo
6) and large individual gypsum crystals; there are
some instances of gypsum stalactites and stalag
mites (Photo 7) scalenohedral, rombohedral calcite crystals, limonite pseudomorphs of pyrite,
platy baryte and fluorite crystals. Presence of
baryte and fluorite causes one to ponder the origin
of the hydrothermal plumes. The question is much
debated today. It can hardly be doubted that,
even when hot, karst waters do not contain barium

of fluoride compounds. Consequently, it is most
probable that the origin of the Hungarian thermal
waters is associated with post volcanic effects. The
common occurrence and abundance of gypsum
deposits in the caves testify to the fact that the
waters involved in cave formation must have con
tained some free sulphuric acid and this would
not be the case if the plumes were composed simply
of meteoric karst waters that were warmed up as
a consequence of circulation to considerable depth.
The most conspicuous hydrothermal karst phe
nomenon that is most widely distributed at the
surface is pulverulence and susceptibility to disinte
gration of the Hauptdolomite. This phenomenon is
seen principally in the Buda Hills but can also be
observed in places in the Dachstein limestone on
Fazekas Hill. Consequently, pulverulence is not
specifically restricted to dolomites. But examples
from dolomite include totally pulverized beds which
retain the original position and same macroscopic
texture as do fresh, intact dolomites, although the
microstructure has been completely disintegrated
in situ. In many places the Hauptdolomit is exposed
as a dust that is very fine-grained. Because the soil
if any develops very poorly it supports little vege
tation and thus appears as white, shining surfaces
resembling desert sand (Photo 8). Rainwaters
rapidly scour gulleys in the pulverulent dolomite
which are quickly destroyed and replaced by others.
Deflation of the powdery surfaces is common.
In former times, entrepreneurs mined the dolomite
dust by hand, creating caverns and galleries of
strange configuration that illustrate most excellently
the relationship between zones of pulverization and
remaining unaltered rock (Photo 9). As evidenced
by the distribution, pulverulence occurs only along
tectonic fracture lines or about the zones of their
intersection and is related in every case of places of
past hotspring efflux. Dolomite pulverulence was
shown to have been caused by hydrothermal water
by Scherf (1922) and Jakucs (1950). The mechanism
is thought to be deposition of aragonite or anhydrite
from interstitial waters which alter, with an increase
in volume, to calcite or gypsum that is stable at
normal temperatures when hydrothermal volumes
decay. Volume expansion pulverizes the microscopic
texture.

9. The entrance hole o f a peculiar cavity system
freed from dolomite powder mined out from un
broken rocks (upper picture) and its gypsum
model with scale relations and characteristic
shape (lower picture.) The entrance holes in the
pictures, signed with fingers are the same.

Free sulphuric acid and iron sulphate are very
often present in hydrothermal waters and may also
have intruded the calcitic interstitial matrix of the
dolomites, thus exchanging their products of de
composition. If the matrix is converted to gypsum
or even to siderite, crystalline structure is immedi
ately disintegrated. Accordingly, dolomites display
in a disintegrated texture and dusty habit may be
interpreted as equi-final products of various chemi
cal processes associated with aqueous hydrothermal
invasion.
It is also true that solution by cool waters pro
motes pulverulence of the rock. In the Hungarian
climate, the calcite matrix cementing twinned crystal
grains is relatively rapidly exsolved from dolomite
and a crumbled, pulverulent rock may be the pro
duct. However, the dolomite dust occurrences of
the Buda Hills are always located upon sites of
extinct hydrothermal springs indicating that the
pulverization is to be attributed mainly to thermal
waters (Fig. 4).
8. A characteristic phenomenon o f hydrothermal
dolomite karst: the karst o f desert-like, powdered
dolomite ( Feher Hills at Pilisvorosvdr.)
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In the dolomite karst lands a special hydrother
mal origin is attributed to towers and pinnacles
which project high above surrounding land because
the rock is more resistent to karst denudation. Such
features have formed where waters of past hotsprings deposited hydroquartzite i.e. silica. The
silica-rich solutions penetrated a few metres into
the walls of the ancient spring vents and deposited
hydroquartzite there reinforcing the rock. Forma
tions of this kind are found principally in the
Csiki Hills near Budaors, on the southern slope
of the Huszonnegyokros Hills and a similar mecha
nism was responsible for formation of the Ordogtorony (“Devils Tower”) at Pilisszentivan (Photo
10). There is no pulverulence in the southernmost
range of the Budaors Hills, from the Torokugrato
to the Kohegy. All that is found there is heavy
silicification indicating that hotsprings here must
have been silica-depositing from their beginning,
whereas in the Csiki Hills there was simultaneous
discharge of silica-free thermal waters at lower
temperatures.
There are other evidences of changes of tempera
ture and chemical composition in the Hungarian
hotsprings. Thermal waters emerging along the
river bed of the Danube in Pleistocene time did not
carry silica and their capacity to excavate caves
had markedly declined. These waters developed a
strictly lime-depositing characteristic. This was
the time when Hungary’s vast accumulation of
freshwater calc-tufa were laid down. The greatest
is the plateau of Castle Hill in Buda. Its mode of
occurrence and texture can be studied in caves on
the Hill.
3. Concealed or deep karst phenomena in Hungary
(mine waters,
hydrocarbon accumulations in karstic reservoirs)

As has been mentioned above, a consequence
of the multiple fault tectonic history of the Transdanubian Mountain Range is that karst water
tables (i.e. horizons of preferential solution at
depth) have occupied differing positions with re
ference to the actual land surface at differing times.
Consequently there are dissolution horizons at
several different levels in most fault blocks of the
Triassic basement. Uplift and subsidence was so
dynamic that vertical displacement of horizons
may exceed 1,000 m.
Karst water channels were plunged to great depth
in deep-sunken blocks and remained as huge reser
voirs after the advent of the inactive tectonic
phase. A peculiar feature of these sunken reser
voirs is the fact that they are in hydrological
contact with one another laterally, by way of
fractures. This is the reason why, when a cone of
depression is introduced artificially by pumping
one of the deep-sunken cavern systems, the karst
water masses (hitherto static) are able to flow
towards the point of withdrawal and so assure
recharge. Due to these patterns of interconnected
karst channel systems at great depth, prolonged

10. The Devil's Tower at Pilisszentivany: one o f the
characteristic shapes o f hydrothermal dolomite
karst. 11 was primarily a slot o f a thermal spring.

withdrawal of water may induce a fall of karst
water levels throughout an entire mountain range
or even in several contiguous mountain ranges.
This has been illustrated by numerous instances in
the Transdanubian Mountain Range. Unfortuna
tely, coal and bauxite mines operated in these
areas below the water table very often breach
karst channels and, unless the points of breaching
are very rapidly sealed off by cementing, the mines
can only be preserved in operation by continuous
pumping of the intruding karst waters. The rate
of water withdrawal in some districts has become
so high that natural karst springs have dried up
(Fenyes Spring at Tata), indicating that the karst
watertable has fallen considerably throughout the
Mountains.
Buried in the Hungarian deep karsts are solutional galleries of considerable size which if inter
cepted by mining may supply catastrophic floods
of water that can scarcely be halted because of
their enormous size; sometimes an entire mine is
flooded and devastated (e.g. Dorog, Tatabanya,
etc.) Where pumping has made such hidden caverns
accessible to Man it is apparent that hydrothermal
agencies have played a part in their enlargement.
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For example, cavern systems entered at 500 —600 m
depth in Dorog coalmine display walls covered by
aragonite, gypsum, etc., crystalline deposits similar
in development, habit and beauty to those known
in the Satorkopuszta Cave, which is situated much
above the modern watertable.
There is cavernous deep karst in areas where the
overburden consists of thick formations of non
karst rock. As determined mainly by petroleum
drilling experience, carbonate basement rocks of
the Hungarian Basin substratum contain open
solution caverns as deep as 1,000 —2,000 m below
ground. In these caverns beneath NagylengyeJ in
Transdanubia and Szeged in the Great Hungarian
Plain a remarkable quantity of hydrocarbon has
accumulated.
Karstification that produced the Hungarian
deep-karst hydrocarbon reservoirs occurred in two
main phases, late Jurassic — early Cretaceous and
late Eocene-Helvetian. In the former phase karstifi
cation of Triassic rocks occurred and in the latter,
of Cretaceous limestones. It is evident, too, that in
the second phase there was renewed karstification
of Triassic strata. Accordingly karstic development
of the Triassics presently situated at great depths
in the basement should be considered to have been
more complex than that of the Cretaceous reservoir
horizons.

11. A rock shape showing different karst-genetic
phases in the Aggte/ek Karst.
4. Surface karst solution phenomena
(Karren and dolines)

Surface solution phenomena attain varying
degrees of development in Hungary’s karst areas.
On the limestone and dolomite surfaces of the
Transdanubian Montain Range there are compa
ratively few forms, despite the range of ages of
strata. Although certain karren forms, mainly
rounded types do occur in some places, development

12. A section o f the large karren-field called Devil's Ploughing at Aggtelek.
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of dolines is quite insignificant = “Transdanubian
karst tyre". This absence is particularly striking
when it is remembered that these karstic blocks
abound in hydrothermal karst phenomena and
tectonic caves; the more so when compared with
the very dissected karren fields and doline pitted
surfaces of the Aggtelek Region, the Biikk Moun
tains and Mecsek and Villany Mountains =
“Aggtelek type". This is particularly surprising
for there is no basic difference, either in lithology
or climate, between these two morphologically
contrasted types of karst regions. Moreover, the
number and time spans of their periods of karstification during geological history are very similar.
So, explanation of the difference must rest primarily
upon different tectonism and temporal differences
in the thickness and consistency of overburden.
It appears that because of strong tectonism and
consequent frequent marine transgressions with
deposition of sedimentary rocks followed by their
partial erosion, the solutional attack during succes
sive phases of karstification in the Transdanubiantype areas impinged upon different karst surfaces
each time. In other words, there was no cumulative
superimposition of the individual karstic forms
created during succeeding, widely spaced intervals
of time. As a result the modern topography does
not exhibit in any integrated manner cumulative
effects of phases of karstification of the geologic
past.
In karst areas of Aggtelek the converse is true.
Successive phases of karstification impinged upon
the selfsame surfaces which are exposed today.
Thus, in the Bakony and Vertes Mountains paleo-

13. Finely developed root-karren o f temperate zone
type in Triassic limestone at the side o f the
Aggtelek Lake.

karst surfaces of Cretaceous age are buried by great
thicknesses of Tertiary sediments and will not be
revealed until these plus bauxites underneath are
stripped away by Man (see Photo 3). At Aggtelek
the same Cretaceous paleokarst terrains remain
exposed at the surface today (Photo 11) and are
undergoing normal karstification. This phenome
non Hungarian speleologists term “permanence of
karstification" of Aggtelek-type karst lands.
The very complex form assemblages that may
arise where there is “permanence of karstification"
can be studied on the slopes of the uvala of Lake

14. Dolines with relatively small depth but large in diametre in the Great Plateau
o f the Biikk Mountains.
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15. A row' o f dolines in the Aggtelek Karst,
along the road between Aggtelek and
Josvafo.

Voros at Josvafo, particularly in a cluster of cliffs
called the Medve-sziklak (“ Bear Rocks” ). It occurs
in many other places in karstlands of Aggtelektype e.g. in the Villany Mountains. Wherever
present these forms are associated with accumula
tions of dark red terra rossa i.e. with a tropical
red karst soil that implies denudation under climatic
conditions considerably warmer and more humid
than at present.
The most beautiful bare karren fields of Hungary
occur at Aggtelek (Photo 12) and on the southern

slopes of the Villany Mountains. Similar fields occur
in great numbers in the Transdanubian Mountain
Range, where the dolomite karren of Veszprem,
Hajmasker and Budaors deserve special mention
because of their rock-desert barrenness.
I'he limestone karren are generally of the subsoil
kind with mazes of nicely developed root-channels.
Free karren (gravitational forms such as rillenkarren
or rinnenkarren) are not common. The frequenc\
of root-karren (Photo 13) indicate that the slopes
upon which they occur must have been covered

Fig. 5. Comparison o f the orientations o f asymmetric dolines in the Biikk Mountains with the rock dip direc
tions observable at the dolines. Heavy arrows are pointed towards the steepest, opposite sides o f the dolines.
Small arrows indicate rock dip directions. Divergencies in the orientation o f the arrows prove that the dis
proportions o f the dolines are due to the specific microclimatic effects corresponding to exposure to different
quarters o f the heavens and not to the different dip angles o f the strata.
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Fig. 6. As evidenced by the geological sections o f karst dolines with the topsoil and the various disintegration
products removed and thus cleared down to the bedrock surface, the so-called “collapse dolines” are virtually
due to corrosion o f the limestone bedrock under the soil cover rather than a subsidence or collapse o f the bedrock
itself Independently o f the original dip angle o f the rock, dip direction and angle will remain constant during
the entire doline formation process and only the foresets o f beds largely reduced in thickness in the course of
corrosion will collapse.

not long ago by rich topsoil and lush vegetation,
neither of which is present today. Oak-dominated
forests and karst bush which used to cover the sur
faces were eradicated in historical times, presumably
by Man's activities as in the karstlands of Dalmatia.
Dolines occur in three karst areas only, the Aggtelek karst, Biikk Mountains and western Mecsek
Mountains. However, there are a great many of
them at these localities and some are of considerable
size (Photo 14). The smallest dolines are 5 10 m
in diameter and 1 3 m deep. The largest are 100
300 m in diameter, 20 40 m in depth. Sometimes,
several dolines are combined in a uvala (Aggtelek
Karst).
As a first approximation, the dolines appear to
possess circular form in plan view. In reality,
however, most are assy metric, certain of the side
slopes (East-facing slopes in a majority of instances)
being steeper ( Fig. 5). A great many dolines are
known where, as a consequence, length of west
facing slopes is several times greater than that of
east-facing slopes. This phenomenon is attributed
to the different soil climates and consequent biolo
gical and vegetational characteristics of slopes of
different exposure. The amount of dissolution of
slopes of differing exposure varies also.
Except in one or two cases Hungarian dolines
are of subsoil solution origin rather than being due
to collapse. There is no close genetic interdependence
of dolines and large solutional cave systems. In

modern times there have been instances of minor
collapses of soil at the bottoms or on the side slopes
of the dolines but these can be interpreted as confined
to the soil and represent its adaptation to changes
in the bedrock surface underneath that are a con
sequence of subsoil solution. Investigations by the
author have shown that bedrock strata preserve the
original directions and degrees of dip in dolines,
which would not be the case if these features were
of collapse or subsidence origin ( Fig. 6).
Chains of aligned dolines are readily observed
in all three karst areas of Aggtelek type (Photo 15).
Earlier workers attributed alignment to collapse
of underlying caves but this has not been supported.
Such aligned dolines are solutional macroforms of
the limestone bedrock surface when subjected to
subsoil solution, exactly as is the case with indi
vidual dolines. Development of lines of dolines is
attributed to directional control by pre-existing
denudation forms, primarily river valleys, which
during karst denudation phases determine geog
raphical location of microregions of enhanced
solution intensity. A particular factor is the accu
mulation in paleo-valley bottoms of soils eroded
from side slopes; thicker valley-bottom soils induc
ing enrichment of carbon dioxide in the filtering
waters.
In areas containing both aligned dolines and
scattered individuals, the aligned features are larger,
better developed and at lower altitude.
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waterfall tufa plateau

Fig. 7. Block-diagram o f the calc-tufa hillock o f Lillaftired hiding the syngenetic Bon ds (Anna, Petdfi) Cave
in its body. The hillock with its frontal edge protruding was built up by karstic cataracts o f the River Szinva
whilst its frontal base was constantly undercut by Garadna brook.

5. Karst sediments
The Hungarian karstlands are rich in karstic
sediments, primarily various types of travertine.
In frequency and volume per unit karst area abundancies exceed even those of the Alps or the Dinaric
karst. Although surprising upon first reflection,
this follows from natural laws. It is due to two
effects. First, the Hungarian karstlands are at
relatively low altitudes and their soil and air
temperatures are higher than those of the Alpine
karst regions. Second, unlike Mediterranean karsts,
Hungarian karstlands are humid throughout the
summer or, more precisely, throughout the period

of vegetation growth. Combined, these circum
stances are very favourable for deciduous forest
growth (oak woodland) and in their natural state
the Hungarian karsts were characteristed by dense
forest cover and the concommitant bioactive soil
formation upon the rock. As a result, meteoric
waters passing through the soils carry a very high
carbonic acid content. The simultaneous availability
of both warmth and moisture renders solution in
the Hungarian karst more efficient than in the
Alps (where, as a rule precipitation occurs only at
the peak of the growing period) or the Mediterra
nean where rainfall is often inadequate during
growth periods.

16. The Sed Creek is digged at a
depth o f SO m into the dolomite
plateau at Veszprem. The town
was built on the edge o f the
plateau along the clough.
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That massive accumulation of travertines (tufa)
about springs is unambiguously correlated with the
quality of vegetation covering spring catchments is
most eloquently indicated by those travertine sites
where the springs stopped depositing calcite follow
ing degradation of plant and soil cover by Man.
An example is the Inota Spring w'here the catchment
has become completely barren and the Garadna
Spring of the Biikk Mountains or Josva Spring at
the village of Josvafo. Before clearance, all these
waters were strongly travertine-depositing in cha
racter and built huge calc-tufa mounds.
At those springs where the natural vegetation
and soil cover are preserved on the catchment, such
changes have not occurred. Examples are Monosbel
Spring in the forested western Biikk Mountains and
the nearby Szalajka Spring, Szinva Spring etc.
Amongst the cold water calc-tufa accumulations
of Hungary the hillock of Lillafiired is certainly
the most interesting because it contains a primary
cave, Mesztufa (Calc-tufa) Cave, earlier known as
Anna Cave, today called also Petofi Cave. This
cave is a typical example of syngenetic karst deve
lopment; it formed during building of the enclosing
rock. Its galleries and chambers have been locally
widened and interconnected by artificial adits.
Naturally, caverns of varying size are known in
other travertine mounds as well but because of a
peculiar configuration of relief and hydrography,
calc-tufa deposition at Lillafiired was associated
with a cavern — forming process of above-average
efficiency. The calcite-depositing Szinva stream
discharges from a hanging valley (i.e. as a waterfall
of substantial height) into the Garadna stream and
calc-tufa deposited by the Szinva at the base of
the falls was continuously undercut by the erosive
waters of the Garadna. Because of this, Lillafiired
Mound could not grow in the normal way with a
convex slope but developed as a plateau with an
overhanging face. (Fig. 7). Roots of aquatic plants
suspended from the overhangs were calcified and
reinforced by grasses, mosses, leaves etc., which
accreted to them and were calcified in their turn.
New curtains of calcified vegetation grew progressi
vely outwards, enclosing new cavernous spaces.
This process of “cave-building” can still be studied
at Szinva waterfall and older calcified draperies of
vegetation still hang down like lace from the vaulted
roofs of Mesztufa Cave.
6. Lrosional karst valleys
and cave systems

Surficial karst valleys of an interesting linear
erosion origin are abundant in Hungary though
they do not attain the scale of karst canyons. Even
the so-called “Remete-hegyi-szurdok” (Remete
Hill Canyon) is really just a rocky valley head with
an open, V-shaped cross-section. Although minor
stretches of some karst valleys contain sub-vertical
cliffs (Maria Cliff in the Vertes Mountains, Kerteskoi
Canyon and Gaja Canyon at Bodajk in the Bakony

77. Stream erosion forms in the Retek passage
(Baraclla Cave) as underground continuation o f
valley terraces.

Mountains, Csunya Valley, Felsotarkany Pass,
Csondro Valley and Szinva Valley in the Biikk
Mountains and Sed Valley at Veszprem (Photo 16),
these are far from being imposing karst canyons
even on the European scale. In Hungary, karstic
erosion could manifest itself only underground
where it has produced a maze of hidden valleys of
considerable size.
The modern stream caves have been produced,
not by local seepage waters from the karst basin
but by allogenic rivers draining adjacent non-karst
rocks. Genetically the classic cave systems of Hun
gary are not truly products of limestone dissolution
but represent the sub-surface extension of river
valley incisions. All the large caves are vaulted
erosional valleys (active or inactive) which head in
normal surface valleys and return to them. The
sinkholes (swallow holes) and springs associated
with such caves are no more than the points at
which stretches of surface valleys become subsurface
valleys and vice versa (Photo 17)
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Of the river-channel erosional caves of Hungary,
the giants of the Aggtelek Karst Region such as
Baradla, Beke Cave, Szabadsag Cave at Egerszog
and Vass Imre Cave at Josvafo, are the foremost.
In addition Kecskekut Cave in the Biikk Mountains
and Abaliget Cave in the Mecsek Mountains deserve
mention. This list does not exhaust the inventory
of Hungarian caves for a substantial number of
other sinkhole and spring caves, partly or completely
explored, are known in the Aggtelek Karst and
Biikk Mountains. However, these are the subject of
a special paper and so are not discussed further
here.
English translation revised by D .C. Ford.
Prof. Laszlo JA K U C S ,
University o f Szeged
Physical G eographical Institute
H —6722 Szeged
Tancsics M ihaly u. 2.
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