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The demarcation of catchment areas of surface streams is relatively
easy to define. There are time honoured methods to be applied. In most
cases surface features indicate the border especially when dividing ridges
are well marked or bedrock is impermeable.

This task is not so easy when streams are partly fed by infiltrating
water from permeable rocks or either diverging or bifurcating streams be-
long to the investigated area. Still there are proper engineering methods
for such cases.

The problem is much more complicated in the case of subsurface karst-
hydrological systems. The cavities of karst springs or karst streams situated
below the surface are difficult to access. They are very often hidden and
the area which is easy to be surveyed by cartograhical methods is only a
small part of the karst outcrop. The usage of fluorescent dye tracers takes
a long time, is very expensive, is not always effective and might cause en-
vironmental problems. The determination of subsurface water systems is
further impeded when one karstwater reservoir supplies more individual
subsurface streams. Without knowing the borders of karstwater systems,
estimation of karstwater supply, circulation and the effect of human im-
pact would be uncertain. Recently the study of human impact has become
a very important part of the protection of environment. The protection of
caves is possible only with the full knowledge and determination of the
catchment area.

As there is no general method to be applied in any particular case
the most appropriate one must be chosen after the investigation of the
catchment area.

The Aggtelek karst area, well known for drip-stone caves in the
north-east of Hungary, is not an individual karst area but a continuous
part of the Slovakian karst. The largest cave is the Aggtelek or Baradla
cave, a part of which (Domica branch) stretches over the border bet-
ween the two countries.

We investigated the Hungarian part of the catchment area of the ca-
vity system only, because the Domica part can be studied separately.
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According to our present kowledge the Baradla cavity system is 23
kilometers long and can be considered to be a subsurface stream system.
The segments having permanent streams are in fact subsurface river beds
and other parts with solution tunnels widening during flooding are inter-
mittent river beds. This latter gives way to the development of a lower
cave. Some tunnels of the cave are continuations of surface dry valleys in
front of swallow-holes.

As most of the swallow-holes (ponors or streamsinks can be found
at the border of open and half covered or open and covered karst areas,
non karst territories belong to the catchment area of the cave as well.

The Baradla cave represents an individual karsthydological system.
No traces of any link between the Baradla and any other cave of the Agg-
telek region have been found so far.

In general the water system of homogenous karst areas is a commu-
nicative system just like communicating vessels, but experience shows
that individual cavity systems can develop without the presence of im-
permeable rock wedging. The development of lithoclases into cavities and
whole cavity systems is affected by many factors (quality of rock, strati-
graphy, structure, surface features, hydrography etc.).

The formation of individual or partly individual cavity systems wi-
thin one block of rock is possible. Furthermore, segments of the cavities
can be filled in temporarily or permanently.

The investigation of the Baradla cave can only be possible bearing
in mind the above introduction.

The karsthydrological system, as it is strictly three-dimensional,
must be considered as a block of catchment area from the point of view
of water supply of the drainage area. In this way the surface catchment
area is only one part but by no means the most important part of the block’s
water supply.

Water infiltrating into karst rocks but not reaching great depth co-
mes from surface runoff. Thus all modification in cavity formation is due
to the changes in water quality from any interference from the surface.
Therefore the determination of the catchment areas of caves, owing to
their large size and importance, is an essential part of the study in these
areas.

It is surprising that the catchment area of this long explored cave
has not been thoroughly investigated. In 1831 Imre Vass published a re-
view on the phenomena of the catchment area but no detailed work could
be carried out for a hundred years.

The reasons are the following:
1. Data about the cave was scarce.

2. There was no map of proper scale.

A survey of G. Stompl (1923 —27) did not touch upon the character-
istics of the catchment area.
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E. Dudich (1931) published exact but only occasional observations
about the waterin the area. According to him the swallow-hole at the Aggtelek
entrance of the Baradla cave is fed by rainwater temporarily only and water
gathers in the baulks of Bagolyvigds and Fekete-t6. He also points out
that there are at least 6 or 7 places where water can get into the cave. He
states that exogene contacts are uncertain.

S. Jaské in his hydrological survey doesn’t deal with the surface catch-
ment area.

The very first thorough study on the catchment area from the point
of view of karstology and speleology was published by H. Kessler (1938).
He noticed that a large part of the catchment area was covered by per-
meable gravelled clay. The total extent of the catchment area, a part of
which belongs toSlovakia, is 36.19 sq. kilometres in which 13 streamsinks have
13 individual subdrainage basins. According to him the drainage tributary
arms of the cave are on the right of the main tunnel (in his opinion the
Biidosté Domica tunnel is part of the main tunnel) because the southern
slopes of the hills drain the water to the lowlands without an outlet and
through sinkholes the water is introduced into the tributary tunnels on
the right. His identification of the ties between the cave tunnels and the
swallow-holes has proved to be reliable with the exception of the Szérhegy
streamsink which feeds the Béke cave.

Later on L. Jakucs dealt with the connection between the catchment
area and water outlet of the cave stream (1951, 1956, 1963...) He proved
that at present there is no connection between the Béke and Baradla
cave. He presumed that the Réka cave is fed by the Babalyuk streamsink
and also determined the catchment area of the Béke cave. In this way
the direct connection between the Szirhegy swallow-holes and Béke
cave was clear.

Determining the boundary of the catchment area by surface morpho-
logy he states, that “the boundary of catchment areas in non karst areas
is clearly indicated by the surface dividing ridge”. He has made some fur-
ther statements of vital importance.

“The cave streams of the Aggtelek area are fed by the water of two
different type of catchment areas. The permanent and basic discharge
comes from descending water (A type)”. “The amount of B type water which
comes from non karst areas, fluctuates in the water outlet”. In this way
he made a distinction between karst and non karst surfaces in the catch-
ment area. He saw that non karst surfaces are covered by impermeable
clay. The average altitude of dividing ridges in these areas is 375
metres. According to his meaurements 4.5 sq. kilometres of non karst
catchment area belong to the main tunnel (Domica) which is smaller than
the area outlined by Kessler. Jakucs took the non karst surfaces into con-
sideration only and took away 70 per cent as the catchment of Babalyuk,
the water of which is not discharged into the main tunnel. Jakucs found
that the non karst catchment area of Retekdg is about 0.8 sq. kilometre.
Rainwater seeps under the karst into the Jésva valley from the 21 sq. kilo-
metre plateau, covered by Pannonian deposits.
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L. Jakucs found strong correlation between the average width of the
erosion tunnels (Mb) and the index number of non karst catchment areas
(Tv). The mb indicates the width of tunnels per sq. metre of the catchment

area.
Mb

mb= —
Tv

“If the equation is correct today, it had to be correct in the past as
well”. I.e. “if we measure the width of a tunnel in higher profiles we can
determine the size of the earlier catchment area”. Investigations of Jakucs
indicate that the slight widening of tunnel proflles refers to a certain en-
largement of the catchment area, probably as a result of the valley deve-
lopment.

In our investigations we determined the extension of surface catch-
ment area by maps and local field work. In the case of karst, map work
in itself is not satisfactory because the boundary of the catchment area
is not clear and there are almost horizontal plateaus on the non karst areas,
which also belong to the investigated territories. Dividing ridges can be
drawn by local observation during rainfall only.

The dividing ridge thus determmed surrounds areas which are very
different in hvdro]omc and hydraulic properties. Some areas definitely
drain towards the Baradla cave but the direction of drainage in other
areas is not certain.

The surface runoff of the mapped catchment area outside Hungary is
by no means drained by the Baradla system and there is no use taking that
area into consideration. On the other hand not all seepage water reaches
the Baradla cave. The boundary of the theoretically determined catchment
area in Hungary is different from that of Kessler’s.

To determine the boundary on Pliocene gravelled clay is relatively
eagy. East of the border the dividing ridge meanders at an altitude of 357 —
377 metres. The ridge passes between the plains of Harmashatar, Hideg-
vizoldal, Rozsnyéi-uiti-bérc and Bagolyvéigds. The average length of a
meander curve is 0.5 kilometre. Thus the catchment area of the cave is
separated from the catchment area of Szuha patak, Trizs patak and
Csorgds patak. Further on the direction of the boundary of the catch-
ment area turns to the southeast, separating Fekete volgy in the north
from the Imola streamsink’s and the Fekete stream’s catchment area.
At the top of Kerekerdd the altitude of the boundary decreases (353 met-
res) and then turns north again at an altitude of 375 metres. The boun-
dary in its total length connects areas which are temporarily without an
outlet (Nemecsek kaszdléja, Konkolyos, Néadas t6) but during heavy
rainfall the surface runoff diverges in two directions. At the foot of Szo-
mor-hegy there is a row of dolines where the boundary reaches a half
covered karst area and from there on the direction of runoff is difficult to
determine. There are open and half covered karst areas.

Water infiltrates through the dolines from the northern side of the
hill and geomorphology and stratigraphy show that water is probably
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collected by the lower tunnels of the Baradla cave. All water from the
northern slopes of Szédrhegy goes to the Hidegvolgy row of dolines and
its infiltration into the Baradla cave has already been proved. It is also
clearly indicated by the former swallow-hole at the Vorosté entrance of
the cave. The flow of infiltrating water into the dolines at Vorosté is not
certain. Probably it is distributed between the Baradla and Béke cave. In
this case there is subsurface bifurcation.

The surface runoff above the Jésvafé end of the cave directly flows
into Farkastorok-volgy (Jésva patak) and partly Kecs6-volgy (Keess-
patak). The northern boundary of the catchment area passes along the open
karst area. At Somostets it reaches an altitude of 438 metres then turns
to the west and meanders until the Baradla top which is higher than 391
metres.

The Baradla valley is cut by the boundary of the catchment area at
the dividing ridge of the row of dolines in the valley. This means that the
direction of runoff is marked to the north but not to the south. Probably
water infiltrates to the south and that part of the valley also belongs to the
catchment area of the Baradla cave. Further on the southeastern slope of
Poronyateté belongs to the catchment area of the valley within Hungary.

According to our studies the outlined catchment area of the Baradla
cave can be divided into 16 sub-drainage basins. The determination of
surface catchment areas in karst areas is different from that of non-karst’s.
This is because karst areas very often direct surface runoff into depressions
that do not have permanent surface swallow-holes. But at the same time
if these areas are connected with the water systems of cavities they be-
come part of subsurface water systems. To prove these connections di-
rectly is very difficult even with the use of fluorescent dye tracers. In our
present study we have relied on the results of previous water dying and
other methods of investigation.

We have set up four categories of sub-drainage basins in the catchment
area:

A.) Drainage basins of open and half covered karst areas.

1. A group of the drainage basins belongs to the water system of
the Baradla cave.

II. A group of the drainage basins which probably belongs to the
Baradla water system but the connection has not been proved.

B.) Drainage basins on covered karst areas. Karst blocks are deep
and sunk along tectonic faults. The area is covered by a thick layer
of Pliocene gravelled clay or coarse grained sand deposits. Valleys
are dry, in some places terraced. Surface streams can be observed
as far as the edge of the open karst area, where water disappears
through active swallow-holes. The swallow-holes can be open or
filled in with permeable deposits. A great amount of flint gets into
the caves through these sinkholes and this is significant in forming
the tunnels.
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C.) A part of the sub-drainage basins is complex, because they are partly
on covered karst areas and on the other hand the southern slopes
and valleys of open and half covered karst areas also discharge
water in their direction. In both cases these complex areas collect
surface runoff and the water disappears in one common swallow-
hole.

Bearing in mind the above mentioned, the 16 sub-drainage basins in
the Baradla catchment area can be characterized as it follows:

No 1. The drainage basin of Csernai-té swallow-hole: The smaller part of
the whole basin belongs to Hungary. Most of the area is covered karst,
the valleys are normal, the hills flattened. The average relief energy is
about 60 metres. The swallow-hole (which was obstructed earlier but is
active at present) collects water and conducts it to the cave but the tun-
nels are not known. A considerable amount of water comes from the
direction of Panyi-volgy, but the Slovakian part of the area is only partly
karstic and so the area would rather belong to category C.

No 2. is a complex C category sub-drainage basin, which conducts
water from the “Baradla front” in the south-west and Keresztfamegi baulk
in the south-east into the Acheron streamsink. During heavy rainfall the
area forms one basin with the sub-drainage basin No 4. Morphologically
there is only an 1.2 metres high ridge between the two basins. When water
outlet is at its peak a large amount of water from basin No 4. reaches the
Acheron swallow-hole. The surroundings of the swallow-hole has been ar-
tificially filled and in consequence of this there is no deposition in the shaft.
The northern middle part of the basin is open karst, but very little water
comes from there.

No 3. belongs to category A/I. Water from the southern part of the
Baradla valley, the eastern part of Poronyatet6 and western part of the
Baradla ridge infiltrates towards the Baradla cave or is directly conducted
to the Rubikon tunnel. The swallow-hole is not separated by a high eleva-
tion on the surface from the Acheron and Csernai tavi swallow-holes. The
water of the catchment area partly reaches the upper and partly the lower
tunnels of the cave.

No 4. is the largest basin of the cave’s catchment area. The network
of valleys is normal, the surface undulation is well proportioned with
hillocks in the north and hills of covered karst areas in the south. Water
getsinto the Babalyuksinkhole from Holl6fészek-volgy in the south-west and
Feketet6-volgy in the south-east. Relief energy is not significant but the
Pannon surface is well proportioned. The “plateaus” in between the val-
leys are not steep and surface runoff'is bad. There are intermittent lakes and
muddy areas (Kardos-t6, Kender-t6 etc.). The water and gravelled deposit
forming the main tunnels of the cave, comes from this basin. The valleys
are mostly dry and waterflow in the riverbeds is strictly limited to the
period of rain and the following 48 hours. Most frequently water disap-
pears in the narrow Babalyuk sinkhole but in case of heavy rainfall over-
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flows into the neighbouring holes, through basin No 2. According to some
hypothesis the Babalyuk sinkhole might conduct water to Réka cave, but
more likely to the lower tunnels of the Baradla cave. In this latter case
Bébalyuk hole proves a subsurface decapitation. South of the southern
boundary of the catchment area several gullies are to be found in the upper
parts of the valleys. The development of valleys to the north prove the
shifting of the boundary of the catchment area to the north. Presumably
the extent of the catchment area is gradually decreasing. In the east
sub-drainage basin No 4. is contiguous with the valley system of Nagy-
volgy, which belongs to the catchment area of Béke cave.

No 5. The area in the south is typical covered karst which gradually
turns into a half covered karst area. Surface runoff from the half covered
karst area (Almés-volgy) meets the water of the dry valley of Konkolyos
baulk at its deepest point. Relief energy is low, less than 45 metres. At the
edge of the open karst area Kisravaszlyuk and Nagyravaszlyuk swallow-
holes collect the water in a deep gully, while the largest tributary of
the cave (Retekag) joins them. On the surface of this sub-drainage basin
the extent of flint is fairly large (in other places it is usually covered by
Pleistocene clay) and a lot of water gets into the cave through the shafts.
Thus the widening of tunnels is fast.

No 6. is a small, well demarcated basin. The karst area is covered by
flint and clay. The size of the sub-drainage basin does not indicate the mea-
sures of Torokmecsetdg tunnel, which is behind Zomborlyuk swallow-
hole — a classically developed ponor.

No 7., 8. Water on this open and half covered karst area collects in
five separate dolines. Owing to the stratigraphy and position of the basin,
water is probably conducted into the Baradla cave. The drainage basin of
Aggteleki-t6 must have been linked with one of the tributary tunnels of
Torokmecset, that is why we have separated catchment area No 8.

No 11., 13. Both sub-drainage basins are half covered karst areas with
many dolines. There are no open holes in the dolines, thus seepage water
reaches the Baradla system (probably the lower cave) but the existence
of some link with Béke cave must not be left aside. The dolines and slop-
es of catchment area No 11. are covered by a thick layer of clay. The sur-
face was probably a covered karst area in the near past. The water in
sub-drainage basin No 13. must have been collected by the former swallow-
hole near the Vorosté entrance.

No 9., 10., 12., 14. are very small sub-drainage basins. Each of them
has only one or two dolines and the water infiltration into the Baradla
cave is only supposed. The fact, that no hydrological connection can be
observed towards KecsG-volgy, seems to be an indirect proof.

No 15., 16. sub-drainage basins are open and half covered karst areas
with a lot of dolines. The water is separately collected by the dolines.
Further way of water flow or infiltration is not well known. These complex
basins with dolines can have connection with the water system of Béke
cave. If the sink-holes in the surroundings of Voéros-té6 conduct water
into the Béke cave, an odd situation can be observed. Namely, the water

8 ANNALES — Sectio Geographica — Tomus XIII—XIV,
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from the surface above a cave (which is the Baradla cave in our case) is
conducted into an other cave. The only explanation of the curious pheno-
menon is that two separate cavity systems are too near to each other.

The present determination of the extent of the Baradla catchment
area is far more accurate than the earlier ones. According to our measure-
ments by planimetre, the extent of the catchment area and sub-drainage
basins is as follows:

Sub-drainage basin Category Extent (sq.km)
No' 1i seesissse B 0.7242
NO ‘2 ecomesnsas C 2.1028
NO 18s wavresmnsce AJl 0.9207
NoO & Fasesnien B 7.0645
No: b swisvvean C 1.5591
NO "B oiateis sioieeie B 0.2831
Noi 1T srmmreniices Al 0.8587
No: 18 whewsseiteles A/l 0.2070
No 9 vovevnnnn AJII 0.1056
NO=10% woiwae ayoisiae A/II 0.0938
Noidls: camsnasss AJI 0.9721
No.12:: wnisiasieae A/1T 0.2443
NO X8 < aoiesyorsios All 0.7170
No 4. awwiasivss A/II 0.0607
No 18 ssvenmasn AJII ‘ 0.4813
NOAG:: wiwiosisimimsese A1 | 0.6119

Total theoretical
extent of the eatch-
ment area of the
Baradla cave in
Hungary ...... 16.9068 sq. km

Total extent of the catchment area with regard to the set up categories
(A[I-1I, B, C):

A.) Catchment of open karst areas 5.1731 sq.km
I. Water conducted into the
Baradla system 3.6755 sq.km
II. Water probably conducted into the

Baradla system 1.4976 sq.km

B.) Catchment of covered karst areas 8.0718 sq.km
C.) Catchment of open and half covered karst areas 3.6619 sq.km
Total 16.9068 sq.km

A detailed determination of the catchment area of the Baradla cave
provides an opportunity for us to carry out karst hydrological estimations,
we can outline the area to be protected and we can draw conclusions to the
further geomorphological evolution of the surface.

On the southern boundary of sub-drainage basin No 4. several gullies
are rapidly being formed. This indicates the uplift of the surface and thus the



THE CATCHMENT AREA OF THE AGGTELEK BARADLA CAVE 115

catchment area of Retek-4¢ and some other tunnels is growing. This
morphological deduction fits in well with the statements of L.Jakucs (1956).

The uplift of this part of the watershed is proved by L. Bendeffy, pu-
rely from the data showing the changes of altitudes of the trigonometry
network system within ten years. According to his measurements a strip
on the south of the catchment area is rising by 0.05 millimetre per year
and the southern part of the open karst area by 0.067 mm quicker than
the area with swallow-holes between the two stripes. The growing diffe-
rence in altitude increases the water discharge into the shafts.
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PE3IOME

BOJOCBOPHAS IJIOIIA Ib TNEIIEPBI BAPAIJIA HA TEPPUTOPUU
BEHI'PHUMN

ITo nMmeomMMest cBeIcHNAM arrresieKckast neuepa Bapajia npejorasasier co6oit
CaMOCTOSITEJILHVIO  KapCTo-rHAPOrpaduueckyio  cucreMy. TouHoe BbijesieHHe I'PaHMIL
NIOBEPXHOCTHOIT BOXOCOOPHOIT Muomiay nemepst Gbijio MPOMSBEIEHO YaCTHYHO Ha OCHO-
BaHUH pesibepa ¥ 4aCTHUHO HA OCHOBE KapCTo-rujporpaduueckux Hadmoxenuii. Ilosepx-
HOCTHast BOJOCOOpHAsl IUIOM@Ab BKJIOYAET OO0JIbLICH YacTblo TEPPHUTOPHIO, MOKPHITYIO
TOJICTBIM CJI0EM HEKapCTOBBIX OTIOYKEHHIf, MeHbIuasi ykKe eé 4acTh IMOJIVIOKPBITA OTJI0-
JKEHUSIMH MJIH JKe TNPEJCTaBJIeHa OTKPLITBIM KapcToM. B cOOTBETCTBHMM € 9THM BOIOCHOP-
Hasl IIolajib rnewepbl MoykeT ObITh pasjesieHa Ha TakHe 4YacTH: 1. OTKpPBLITOKapCToBasl,
2. MOKPBHITOKApCTOBasi M 3. MOJVIOKPHITOKapcToBasi. Takoe pasmeneHye BoxocGOpPHOI
TIJIOWA/IN HA YaCTH Ja€T BOSMOYKHOCTb IIPOM3BE/ICHHST KapCTO-THAPOrpaHuecKuX pacuéTos,
CHesIaTh BBIBOJIBL 110 IIELEPHOI reHeTHKE I 110 UCTOPUI eé Pa3BHTHSI, a TakyKe BBIICINTH
30HY T10 OXPaHe MNelepbl Ha MOBEPXHOCTH 3eMJIH.
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