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Introduction, objectives  

More than 100 caves are known under the 5–6 km2 surface of Rózsadomb in a wider sense, which forms 
part of the Buda Mountains. These caves have a total length of more than 55 km and they mostly run 
under residential areas. Due to their special origin, size, forms and mineral precipitations, the caves of 
Rózsadomb within the Buda Thermal Karst are considered of particular importance not only in 
Hungary, but also in the international professional community. These caves were dissolved by 
upwelling thermal waters related to the karstic processes in the depth, independently of surface 
morphology, along tectonically determined structural zones and fractures. These thermal karstic cave 
systems, the mineral associations created by earlier hydrothermal events, and the present flow-out area, 
the warm and lukewarm springs tapped along the Danube made the Buda Thermal Karst a characteristic 
and complex type area of hypogene karstic processes and phenomena. Owing to the above endowments, 
the thermal karsts of Rózsadomb and its surroundings (the large caves and the related springs of 
Rózsadomb) have been on the waiting list of UNESCO’s World Heritage. 
In the dissertation, I research the hypogene (thermal water) and epigene (linked to infiltrating water) 
solution and precipitation phenomena of the Rózsadomb caves in the Buda Thermal Karst by the 
example of the inactive Szemlő-hegy Cave and the active Molnár János Cave. I pay special attention to 
the study of speleothems. Szemlő-hegy Cave has been opened and developed for tourists since 1986, 
and this brought advantages: several parts became exposed in the passages, which offer excellent 
opportunities to study the thermal water speleothems, deposits and forms. At present, the thermal karst 
cave is an inactive system of passages in lifted position in the vadose zone. I have compared this cave 
with the active Molnár János Cave, which mostly lies in the phreatic zone at the foot of Rózsadomb, and 
whose passages were mainly explored in the past 15 years. 
Among the Rózsadomb caves in the tapped area of the Buda Thermal Karst, at present, Molnár János 
Cave is the only known passage system of more than 6 km length, whose sections are almost completely 
filled by thermal water; therefore, the processes of hypogene thermal karstic cave development can be 
studied in a “natural laboratory” with the help of divers. The uppermost parts of the passages are already 
in the airy sections, so their speleothems, deposits and solution form can be directly observed. Besides 
the physical-chemical analysis of the samples selected from a few cavities filled by thermal water in the 
passages, I wanted to understand the solution phenomena and solution forms of the host rock as well as 
to analyse its deposits and speleothems. By doing so, I wish to give a complex description of the 
parameters of the current thermal water section in the process of hypogene cave development. By 
examining the recent solution-precipitation phenomena, I register the present (thermal water and near 
water level) events and their paragenetic sequence. With the observation of the morphology (type of 
precipitation, speleothems), structure and texture of the speleothems, I seek for an answer to how the 
speleothems reflect and preserve the marks of solution-precipitation processes and how the temperature 
and chemical parameters of the water that created them can be determined. I compare the results 
received from the speleothems with the known data of recent water analysis (e.g. chemical composition, 
temperature, states of saturation). 
I used GIS to model the location and direction of the passages of the Rózsadomb caves, the height of 
cavity development levels above m.s.l., that is the frequency distribution of cave passages. In the course 
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of mapping the speleothems, I documented the spatial position and spread level of the various types of 
speleothems, thus also the elevation of the thermal water level above m.s.l. in the given periods.  
My research looked for answers to when and along which tectonic direction and dyke generation 
developed the cavities, to the reasons and process of the development of siliceous altered zones, and to 
how the deposits and speleothems were formed, and further, why the types of speleothems and the 
frequency of their appearance are different in the Rózsadomb caves and in some parts of caves. 
Szemlő-hegy Cave (2.2 km), formed in hypogene way by the influence of thermal waters in lower 
position in the Pleistocene, is now in lifted position in the unsaturated zone. Its passages and formations 
are now under the influence of epigene, surficial processes (e.g. infiltrating water), so the development 
of thermal water solution forms, deposits and speleothems cannot be directly examined. The marks of 
the earlier hypogene and the present epigene influences can now be observed together. My aim is to map 
the types of speleothems in detail, and after registering their position, to examine them morphologically, 
sedimentologically, mineralogically and geochemically in order to identify and separate the speleothems 
and the evolution environment of hypogene and epigene phenomena, to set up the paragenetic sequence 
and to outline the history of events. With examining the deposits and the solution residuals of the base 
rock, I tried to understand the sedimentary process and accumulation in the thermal karst caves 
(theoretically, locked from the surface), meanwhile examining the possibility of opening to the surface. 
The environment of formation and the temperature of the thermal water speleothems as well as the 
composition of the one-time water can be estimated on the basis of analysing the recent speleothems and 
the parameters of the thermal water (e.g. chemical composition, temperature, saturation states) that 
created them. The phenomena in Molnár János Cave partly offer a good ground for such comparison. I 
calculated the palaeo-temperature on the basis of results given by stable isotope geochemical 
measurements. 
My research results contribute to the knowledge of the Pleistocene changes of the thermal water level in 
time directed together by the climate and tectonics, the marks of which can be examined first of all with 
the speleothems in Szemlő-hegy Cave.  
With results of my dissertation – on the basis of present thermal water cave examinations –, I attempt to 
outline the history of events and the development of cavities, speleothems and deposits as well as to 
reconstruct the temperature and composition characteristics of the thermal water and the temporal 
position of the one-time water level by the example of Szemlő-hegy Cave. 
  

Applied methods 

I used GIS methods to analyse the structural position and the distribution of passages of the thermal 
karst caves in Rózsadomb (ERDAS Imagine 9.1, ArcGIS10, POLYGON Cave Surveying Software, 
GEOrient). I carried out detailed terrain observations, sample collections and speleothem mapping in 
Szemlő-hegy Cave and in Molnár János Cave. On the map of Szemlő-hegy Cave, with the help of the 
depth data originally shown on the longitudinal and cross sections and with the help of the known Baltic 
m.s.l. elevations I have vertically levelled the longitudinal sections by metres, and recorded my 
observations, the results of my sample collecting and mapping on them. 
Water samples were collected and on-spot water measurement was taken with the help of divers (mainly 
with Dénes Szieberth) in Molnár János Cave (water temperature, pH, specific electric conductivity, TDS 
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derived from it, redox potential: PONSEL ODEON). The water temperature data, completed with depth 
information, were in situ recorded. The main-ion analysis of the water samples (titrimetry: hydrogen-
carbonate, calcium-, magnesium- and chloride-ions; Spektromom 195 spectrophotometer: sulphate-ion, 
silicate, nitrate-ion; Flamom-type flame-photometer: sodium and potassium-ion) and the determining of 
the amount of CO2 (CO2 monitor M-70) were carried out in the lab of the Department of Physical and 
Applied Geology at the Faculty of Sciences of Eötvös Loránd University, the measurement of hydrogen 
sulphide was measured by the titrimetry of cadmium sulphide precipitated on spot (Department of 
Analytical Chemistry of the Institute of Chemistry at the Faculty of Sciences of Eötvös Loránd 
University). The auxiliary and trace element composition of water and carbonate samples were 
measured by the Agilent 4100 MP-AES microwave plasm emission spectrometer (Institute for Nuclear 
Research at the Hungarian Academy of Sciences, Isotope Climatology and Environmental Research 
Centre – ICER). The determination of saturation index and precipitation modelling from the data of 
ground and laboratory water measurements was done by using the PHREEQC Interactive 3.4.0 
geochemical modelling software. I analysed the collected samples of speleothems by macroscopic and 
micropetrographic examinations (OLYMPUS SZXi stereomicroscope, thin sections of 30 µm thickness 
and 5 x 5 or 5 x 7 cm size: OLYMPUS BH-2 polarisation microscope, OLYMPUS MAAS Nuclide 
ELM-3R cold-cathode (CL) luminoscope, Department of Physical and Applied Geology at the Faculty 
of Sciences of Eötvös Loránd University; ZEISS Axioskop 40 UV-fluorescent microscope, blue light 
generation, Geological, Geophysical and Space Sciences Research Group at the Hungarian Academy of 
Sciences and Eötvös Loránd University). The mineralogical, geochemical and petrographic analysis of 
the speleothems and the deposits we carried in the following way: X-ray-powder diffraction 
examination (XRD): Siemens D 5000-type diffractometer equipped with scintillation detector, 
Department of Minerology at the Faculty of Sciences of Eötvös Loránd University; examinations by 
scanning electro-microscope (SEM+EDX): AMRAY 1830-type EDAX PV 9800 energy-dispersive 
spectrometer, Department of Petrography and Geochemistry at the Faculty of Sciences of Eötvös Loránd 
University; grain-size distribution: HORIBA Partica LA950V2-type laser grain analyser, Department of 
Environmental and Landscape Geography at the Faculty of Sciences of Eötvös Loránd University.  
From the stable isotopes, the carbon- and oxygen-isotopes of carbonate were measured by carrier gas 
technique (Finnigan delta Plus XP mas-spectrometer), the hydrogen- and oxygen-isotopes of the water 
samples were measured by LGR LWIA-24d laser analyser (Research Centre for Astronomy and Earth 
Sciences at the Hungarian Academy of Sciences, Institute of Geology and Geochemistry, Stable Isotope 
Lab). The measurement of the sulphur- and oxygen-isotopes of the sulphate and sulphide was made by a 
ThermoFinniganDeltaPLUS XP isotope-ratio measuring mass spectrometer (Institute for Nuclear 
Research at the Hungarian Academy of Sciences, Isotope Climatology and Environmental Research 
Centre – ICER). 
I examined the time of formation of the carbonate precipitations in caves by the uranium-series (U-Th) 
radiometric dating method based on the ratio of 234U/230Th isotopes with the help of G. Surányi 
(chemical processing: Geological, Geophysical and Space Sciences Research Group at the Hungarian 
Academy of Sciences and Eötvös Loránd University, measurement of the quantitative isotope 
composition of uranium- and thorium-containing solutions: Finnigan Thermo ELEMENT2-type ICP-
HR-MS mass spectrometer, Wigner Research Centre for Physics at the Hungarian Academy of 
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Sciences, Institute for Particle and Nuclear Physics). The Monte Carlo method was used to calculate the 
error of dating.  
 
Results, theses of the dissertation 
 
In my doctoral research, I studied the structure, solution forms, formations and deposits of the passages 
of the topographically exposed Szemlő-hegy Cave, a member of the Rózsadomb caves in the Buda 
thermal karst area. I compared these characteristics with processes and phenomena of the active Molnár 
János Cave. It was important to separate the influences of the thermal (hypogene) water and the 
infiltrating (epigene) water from the surface as well as to handle the underwater, surface and cave-air 
speleothems. My major conclusions are as follows: 
 
1. The thermal water filling Molnár János Cave has vertically different physical-chemical 
parameters within the cave. Relatively warm, 27 °C water with high dissolved material content is in 
the upper 5–10-metre space above the lukewarm, 20 °C water component containing less dissolved 
material. That is, the water body shows temperature and salinity stratification. Warm water “inflow” 
with similar value can be observed in the eastern part of the cave, while lukewarm water inflow is 
observable in the NW part (and also in the Old Part). The two types of water mix in 10–15 m depth 
forming an opalesque zone (thermocline and halocline), where transitional values are typical. In the 
lower zone, the slow streaming of the water can be observed, while in the airy chambers rising above the 
water it appears as calm water surface of the pond. The pond in the Kessler Room and the shallow pond 
of the Szent Lukács Branch are connected together through the cracks and the pores of deposits. The 
influence of the locally infiltrating water is not observable in the large capacity spaces, but it can already 
be noticed in the water of shallower ponds. The saturation and precipitation conditions modelled on the 
basis of measured parameters show good correlation with the present dissolution and precipitation 
phenomena found in the caves. At present, Szemlő-hegy Cave is characterised by epigene infiltration 
only.  
 
2. The solution forms of the studied caves (in contrast with the earlier, “conservative” opinion) 
were only partly formed under the level of the thermal water filling the passages, partly formed 
by dissolution above the water level. The underwater formation of the solution forms can be well 
observed in Molnár János Cave, where the mixing corrosion, the CO2 bubbles upwelling in the water, 
and the slow streaming of the water produce mainly forms resembling to flow shells and simple pockets. 
The better developed spherical niches are formed by the corrosion of condensed water above the surface 
of the water. On the basis of the above observations, in Szemlő-hegy Cave, it is possible to separate the 
presumably underwater solution forms (flow shells or “scallops”, smaller pocket-like forms, channels of 
bubble flow) and the bigger spherical niches above the surface of the thermal water formed by the 
corrosion of condensed water, which also appear as cap-forms in the roof of the limestone.  
In the spherical niches, the thermal water speleothems formed in the phreatic zone can be considered as 
the marks of the oscillation of water level, because the spherical niches in the vadose zone were 
dissolved by the corrosion of condensed water; however, the underwater speleothems on their surface 
were formed after the rising of the water level. Along the NW–SE fissures, which are perpendicular to 
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the main direction of passages, upwelling CO2-rich warm air of hypogene origin can be detected from 
the deeper, active thermal water (unknown) sections even today. This air uniformly re-dissolves the 
surface of the speleothems (and “evaporative frostwork” develops at the edge of the forms). 
 
3. The deposits of Molnár János Cave are mainly composed of the solution remnants of the base 
rock of the place or the material of the siliceous altered zone; no traces of deposit transportation 
from outside are observable. The grain size depends on the host rock, which is typically rock flour, 
clay and sand in small amount. The main components are dominantly quartz and kaolinite in varying 
proportion. Pyrite and illite can also be seen in certain sections (depending on the state of redox). In the 
case of Szemlő-hegy Cave, the deposit of the Hosszú Passage is also the solution remnant of rocks and 
the re-deposition of the interbedding clayey “tuff layer”. The deposits contain clay fraction in higher 
proportion, rock flour in relatively less proportion, and the mineral composition is characterized by 
quartz and kaolinite. Clay of surface origin (plagioclase, pyroxene and amphibole) may have mixed with 
the deposit of the Oldal Passage through the Örvény Passage and/or the Kinizsi Section, so the marks of 
periodical openings or deposits percolating through the cracks can be noticed, which probably derived 
from Tard and/or Kiscell clay. The deposit in the deeper parts of the cave is thicker, thinner and 
cemented in the shallower, higher parts, and the surface of deposits is almost always covered by 
carbonate formations (crusts, coatings).  
 
4. The wide, porous altered zones (formerly known as „siliceous veins”) developed with the 
interaction of pyrite-containing calcite veins and oxidative water (thermal water) as a result of 
vitriolic solution. On the basis of phenomena observable in the Kessler Room and the opening auxiliary 
tunnel of Molnár János Cave, locally strong vitriolic solution evolved through the oxidation of the 
Miocene pyrite-calcite mineral veins when the “siliceous” porous altered zone developed. This acid 
dissolves the carbonate content of the marl, and due to its reaction with the clay minerals kaolinite and 
quartz precipitate in the cavities. Jarosite can also be found locally. The iron content of pyrite wanders 
towards the edge of the zone in the form of Fe3+ in the very acidic solution. After it gradually becomes 
neutral, it precipitates as ferrihydrite and transforms into goethite. The few-centimetre wide pyrite-
calcite mineral vein in the grey marl characterized by reductive conditions, exposed during the building 
of the auxiliary tunnel, cannot be traced further in the decayed, clayey sidewall of the cave cavity and in 
the roof, but continues in the upper colour zone (white in the middle, yellow and red on the sides) as an 
almost carbonate-free, rich in quartz and kaolinite, porous transformed zone with considerable width (1–
2 metres). Due to the poor stability of the transformation, collapses and the upward expansion of tunnels 
can be observed in the room as well as in the other, underwater sections. The pyrite of the mineral veil is 
gradually replaced by hematite and goethite along the zone, the transition of which can also be well 
noticed. Gypsum also often appears along the zone, which precipitates by evaporation when the vitriolic 
water released by the oxidation of pyrite reacts with the carbonate. This process can be explained as 
vitriolic dissolution, which takes place in the presence of O2-rich diluted solution even today 
simultaneously with the development of the cave. This phenomenon (process) can be observed in many 
places of the passages that developed in the marl of caves in uplifted position. This cannot be noticed in 
the passages in limestone of Szemlő-hegy Cave, but it is characteristic everywhere in the roof of the SW 
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section (in the Április 3. Corridor and in the Csengő Room) that developed in marl. Here, the siliceous 
alterations dropped and high-reaching chimneys developed.  
 
5. At present, intensive Fe-Mn precipitation takes place in the underwater section of Molnár 
János Cave, and Fe-Mn-oxidic and sulphate mineral associations are characteristic in the vadose 
zone above the surface of the water. The coarse-grained calcite and barite crystals filling the 
cavities indicate that carbonate and sulphate precipitated under the deeper water somewhat 
before or at the beginning of the development of the cave. The carbonate speleothems of “Vulkánok” 
may have been born in warmer water and not under the present conditions. At present, intensive 
underwater carbonate or sulphate mineral development cannot be observed. Among the speleothems 
above the surface of the water, the Fe-Mn-oxidic speleothems are definitely present as vertical coatings, 
and the sulphates are present as translucent, coarse-grained gypsum “thorns” in the clayey, dissolved 
wall, and subordinately as gypsum threads, gypsum snakes. Gypsum speleothems cannot be found in 
places where infiltration from the surface is observable. The formation of sulphate minerals is mainly 
the result of the evaporation of the thermal water and the vitriolic solution and precipitation locally 
linked to the oxidation of the pyrite or pyrite veinlets of the marl. Compared with the above speleothems 
in the Kessler Room, varied carbonate speleothem complexes can also be seen in the Szent Lukács 
Branch, which already mainly runs in the vadose zone. Intensive formation of thin cave rafts takes place 
on the top of the shallow, calm water surface that have a relatively large evaporation surface. They are 
preserved after sinking below, but the precipitation of the underwater calcite crust, the further thickening 
of cave rafts cannot be noticed (yet). In the vadose zone, dolomite, huntite as well as aragonite and 
calcite appear partly linked to the paragenesis of gypsum. These are present as characteristic forms 
of “evaporative frostwork”, tiny cave coralloids, needle hairs. Their formation is related to the corrosion 
process, evaporation and microbial contribution of the condensed water. The dating of the tiny 
popcorn-like “evaporative frostwork” forming in the vadose zone and consisting of calcite and 
dolomite shows that the highest endpoint of the side branch may have been above the one-time 
surface of the water already 6,500–7,000 years ago. Celestite also accompanies the gypsums in small 
amounts. Since their formation is related to the evaporation of thermal water, they can be identified as 
speleothems of hypogene origin. Infiltrating water from the surface is not observable in the environment 
of speleothems. 
 
6. The spectacular mineral precipitations in Szemlő-hegy Cave were formed partly before the 
origin of the cave, partly basically at the same time or somewhat later related to the thermal water 
in the phreatic and vadose zones and at their border, and they are partly subsequent – in many 
cases even recent – precipitations. Mineral precipitations related to thermal water and infiltrating 
water took place simultaneously in the cave passages. Calcites older than the passages in Szemlő-
hegy Cave may fill cracks, which may have developed as a result of the Miocene hydrothermal events 
(or later). Later, in the Pleistocene, the cave development took place mainly along these cracks. In some 
places in the cave, coarse-grained calcite can be found in cavities. Further, passage-coating calcite and 
barite minerals along the NW–SE fissures were probably formed later, before the birth of the cave or in 
its early stage (not more than 1.5 million years ago). The speleothems in Szemlő-hegy Cave were 
influenced by hypogene and epigene effects too; their identification and separation proved to be a 
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complex task. The large number of Middle- and Late Pleistocene speleothems in the cave is mainly 
characterized by carbonate mineral associations, but larger quantities of gypsum coatings can be noticed 
in some sections.  The precipitation of the latter was probably formed in the vadose zone, in sections 
above the thermal water by its evaporation, with the oxidation of the pyrite of the rock. The formation 
evenly covers the solution forms and/or speleothems, and locally in the contact zone dolomite and 
celestite is representative. Dolomite appears also in the cavities of porous cave coralloids and was 
probably formed as speleothems by microbial contribution. In the vadose zone, a part of the 
“evaporative frostwork” and cave coralloids developed in relation to the evaporation of the thermal 
water, the corrosion of the condensed water and the outgassing of evaporation CO2; this is supported by 
the stable isotope values. The cave coralloid often contains aragonite or it is completely built of 
aragonite. Aragonite needles and calcite crystal stripes often alternate in it, and even barite is observable 
mainly within the calcite veins. They are present as tiny crystals with specific shape on the aragonite 
needles, and calcite crystals precipitate in and on the free intra-crystal pores. Cave coralloids in 
transitional situation are often noticeable; here, the joint influence of the infiltrating water and thermal 
water may have been dominant. The cave coralloids formed as a result of the evaporation of the 
infiltrating water clearly separate within the stable isotope field. In the last two cases, the speleothem 
types often alternate with light yellow dripstones. The most intensive dripstone development in the cave 
takes place in the SW passage, the cover of which is thicker than in the other sections. The age of cave 
rafts of thermal water origin and the mammillary crust and the age of the dripstones prove that the 
epigene karstic process of infiltration and dripstone development already took place also in the 
time when hypogene karstic influence was dominant on the bottom of the passage. These dripstones 
are dark brown, and their stable isotope values show that in the time of their infiltration (180–220 
thousand years ago) a long interaction of rock and water may have prevailed thanks to the thicker cover 
layer. In the phreatic zone of the thermal water, mammillary crusts may have developed coating the side 
of the basin of ponds and the solution forms in even thickness, while thin calcite raft may have 
developed on the surface of the calm and smooth ponds; due to the waves, the rafts sank deep and 
accumulated on the bottom. If this happened just in a few-centimetre depth of the water, thin, non-
cemented calcite rafts accumulated; if the rafts sank to deeper, newer calcite coatings precipitated on the 
rafts, which thickened and cemented them. 
 
7. I have demonstrated that the detailed mapping of the position of the mammillary crusts formed 
in the phreatic zone during the thermal karstic phase, of the calcite rafts developed on the surface 
of the cave pond, and of the cave coralloids formed in the vadose zone, of the dripstones formed 
from the infiltrating water, and of the cave coralloids related to the evaporation of the water, and 
the examination of the above speleothems make it possible to reconstruct the changes of the 
thermal water level and water temperature in Szemlő-hegy Cave.  
After determining the absolute age of the different speleothem types by U-Th method, the beginning and 
the end of the evolution of the characteristically thermal water carbonic precipitation series became 
known. With this, it was possible to estimate the time that the supersaturated and speleothem-producing 
thermal water spent in the cave passages. I have determined when and by what influence the water 
became supersaturated in the caves, when the formation of cavities was replaced by the development of 
speleothems, and that in what distribution, where and when the thermal water speleothems typical of the 
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specific precipitation environment were formed in this precipitation period. The examination of 
speleothems clarified whether there was any traceable water level oscillation in the Pleistocene (or 
whether the decrease of the thermal water level was consistent during the rising of the area), and when 
the thermal water speleothem development began and when the water left the given cave passages. The 
speleothems (mainly dripstones) formed by the influence of epigene, from the surface infiltrating waters 
can be found also in the cavities of the vadose zone, which offer information on the Middle-Late 
Pleistocene and Holocene conditions of infiltration, climate and its change. The dating reveals when it 
became possible for the specific cave section (vadose zone) to receive infiltrating water from the 
surface. 
 
7a) The “palaeo-surfaces of water” reconstructed on the basis of mapping the speleothems in 
Szemlő-hegy Cave show that the water was present in the form “palaeo-ponds” in the bottom of the 
NE–SW running fissure-like main passages and not as a uniform, water surface. Their water surface 
may have been at 179–180 m above the Baltic m.s.l., and the water surfaces may have been separated by 
“dykes”.  Before this, the thermal water was probably unsaturated due to the mixing corrosion and 
continuous water inflow, and no precipitation took place. The water of the separated “palaeo-ponds” 
may have become oversaturated about 500 thousand years ago, and the development of calcite 
rafts may have begun due to the increased CO2 outgassing of the nearby water surface. In this 
time, the water temperature may have been about 37 °C (on the basis of precipitation temperature 
values calculated from δ18O data). This is indicated by the thin calcite rafts in the uppermost position. 
The formation of mammillary crusts and the thickening of sunken rafts began only later in the less deep 
parts (about 390–410 thousand years ago).  

7b) The gradual rising of the Buda Mountains and the incision of the Danubian channel resulted in the 
gradual decrease of the water level and also water temperature, which meant that the elevation above sea 
level of the original underwater site of the calcite rafts and the mammillary crusts moved downward 
(about 360 thousand years ago, 31 °C, 171 m above m.s.l.). In the meantime, vadose-zone speleothems 
(e.g. cave coralloids) developed in the parts above the water level. About 290–300 thousand years ago, 
the level of the 27–28 °C thermal water may have dropped to the present 172 m above m.s.l. This 
is indicated by the appearance of popcorn-like speleothems within the sequence and by the presence of 
anomalously luminescent and fluorescent stripes. 

7c) Probably, due to climatic and/or tectonic influences, the water level may have risen even by 5–6 
metres about 280 years ago, up to the present 178–179 m above m.s.l., and the water temperature 
also increased: the near-surface temperature may have been 47–48 °C. This is why the appearance 
of new thin calcite rafts can be observed, and the large amount of popcorn-like calcite coatings on the 
bottom of passages may have developed mainly in this period (their age is about 260 thousand years, 
and they indicate 40–41 °C water temperature at 174–175 m above m.s.l.). Thin calcite rafts can be 
observed within the calcite coatings, which shows the simultaneity of the development of calcite rafts on 
the water surface and the underwater precipitation of calcite coatings. After this, a relatively gradual 
decrease of water level and cooling is noticeable, but small-scale oscillations (2–3 °C temperature 
changes) can be verified within the sequence. 



- 9- 

 

7d) The temperature of the water towards the end of the “thermal water period” may have been 
only 21–25 °C. With progress of the process, the thermal water became lukewarm and could be present 
only in the lower parts of the cave, mainly in the deeper-lying and smaller rooms. At a place, calcite raft 
developed from the 36 °C water (164 m above m.s.l.) 222 thousand years ago, and calcite coating was 
formed from the 23–24 °C water on the lower endpoint 191 thousand years ago. In another section 
(~168–169 m above m.s.l.), popcorn-like calcite coating developed from the 31 °C water 228 thousand 
years ago; the latest (about 186 thousand years old) thin calcite rafts on the top of the sequence were 
formed from shallow ponds (20–21 °C) before the water had left the passage. On the basis of 
minimum ages, the “thermal water” of 20–23 °C finally left the lowest parts of the cave (164–167 
m above m.s.l.) ca. 160 thousand years ago. The cooling of the water may have been speeded up by 
mixing with the infiltrating cold water from rainfalls. The dating of the cave coralloids and dripstones 
indicates that the main passage already ran in the vadose zone 50–70 thousand years ago. In the 
Földszíve Room, the thin calcite rafts under the reddish-yellow dripstone cover are about 9,400 years 
old, and they were formed from a 14–15 °C shallow pond, which was probably a small lake formed later 
by the infiltrating water, and developed independently of the thermal water. The dripstone coatings on 
the calcite rafts already developed in the vadose zone 6,000 years ago.  
 
8. The GIS analyses of the Rózsadomb caves in larger scale demonstrated that the strike direction 
of the thermal karst cave passages developed in the Pleistocene and the development of Miocene 
hydrothermal mineral veins observable (also) in the caves followed the same, tectonically 
determined structural zones, fractures and cracks. The position of the passages of Ferenc-hegy, 
Szemlő-hegy and József-hegy Caves were mainly determined by the cracks caused by tectonics, while 
in the case of the eastern zone of Pál-völgy Cave System (e.g. Mátyás-hegy Cave) and Molnár János 
Cave, in addition to the structural elements, the 20–30° inclination of the rock strata to SSE also had an 
important role. On the basis of the frequency distribution of passages, several remarkable cavity 
levels can be observed, among which the height-intervals containing the large caves are most 
significant. They well correlate with the spatial distribution of thermal water speleothems and 
travertines. Their position is the result of the joint influence of climatic and tectonic processes.  
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