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Abstract
Carbonate rocks are important reservoirs of water and hydrocarbon. The attention of the
petroleum industry in the last years has turned to the research of fault-related hydrothermal karst
reservoirs. These are hypogenic karsts according to the recent classification of such systems. The
pitfalls, challenges, and associated uncertainties of reservoir diagenetic studies are that the
diagenetic fluids that were responsible for porosity enhancement or destruction in the reservoirs
cannot be directly sampled. One way to overcome these challenges is to study analogue modern
karst systems, where the fluids, their dynamics and effects can be investigated. The most
appropriate place to sample these fluids and products is the regional discharge zone of a
hypogenic karst.
The Buda Thermal Karst system (Budapest, Hungary) is one of the few sites, where fault-related
hydrothermal and mixed hydrothermal-meteoric fluids can be studied in situ, and their effects on
carbonates can be evaluated. As the result of the interaction of discharging waters and
carbonates, extensive cave systems has developed and is still developing today.
A comprehensive hydrogeological study was initiated and carried out for the characterization of
processes and products at the discharge zone of the Buda Thermal Karst. Methods included
hydrogeochemical, mineralogical, and microbiological investigations.
Among the results of the study, it was found that the morphology of the caves rather controlled
by the composition of fluids and their discharge distribution, than by the lithology of the host
rock. In addition, several processes were identified which can be responsible for cave
development and formation of minerals and which can act even simultaneously. Among them
mixing corrosion and microbially mediated sulphuric acid speleogenesis have crucial role.
However, based on the differences in fluids and their discharge distribution, different cave
forming processes dominate in the studied areas.

During the analyses of cave minerals it was demonstrated that common occurrence of ironhydroxide precipitates (characterized by high trace element content) with calcite rafts is
conclusive for cave formation, thus this paragenesis can be used as cave level marker in palaeo
systems.
The study is provided hydrogeological workflow and quantitative data set for fluid compositions
and cave dimensions for a hypogenic karst system, which can be used as input data for modelling
purposes.
Selected Reference
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INTRODUCTION

Fig. 1: Location of the Buda Thermal Karst in the Transdanubian Central Range and the
study areas in Budapest: North System (a) and South System (b): 1: Subsurface
boundary of Mesozoic carbonates, 2: Uncovered Mesozoic carbonates, 3: Buda
Thermal Karst.

One of the great challenges of carbonate reservoirs is to predict porosity/permeability distributions that resulted from a complex diagenetic
overprint. In particular, the interaction between deep-seated hot fluids and karst-related meteoric fluids is still poorly understood. Such mixing
may result in cave development and cementation. Faults and fractures are commonly the major fluid pathways of hydrothermal fluids. The
impact of mixed hydrothermal and meteoric karst development has been hypothesized for several carbonate reservoirs. Prediction of these
processes is a key uncertainty. In order to increase confidence in reservoir models, robust analogue data revealing the actual process and
distribution of porosity is required. The active Buda Thermal Karst system in Budapest, Hungary is a unique hydrogeological system, where
fault-related hydrothermal and mixed hydrothermal-meteoric fluids can be studied in situ, and their effects on carbonates can be evaluated.
As the result of the interaction of waters and carbonates, extensive cave systems have developed and still developing today. The
understanding of flow system and geochemical processes in an area, and, as a consequence, the porosity evolution, can give a new
approach in understanding diagenetic overprints. A comprehensive hydrogeological study was initiated and carried out for the
characterization of processes and products at the discharge zone of the Buda Thermal Karst. Methods included hydrogeochemical,
mineralogical and microbiological investigations.

HYDROGEOLOGICAL ENVIRONMENT
The Buda Thermal Karst System (BTK) developed in the NE part of the Transdanubian Central Range (TCR) (Fig. 1), at the boundary of an uplifted MesozoicTertiary carbonate unit of the TCR and the adjacent Neogene sedimentary basin. Being a marginal area at the boundary of uplifted carbonates and a
sedimentary basin, the Buda Thermal Karst serves as a discharge zone of the regional fluid flow. This implies that it may receive fluid components from several
sources, resulting in a wide range of discharge features, including springs, caves and mineral precipitates.
The aquifer of the TCR is a several thousand metres thick Mesozoic carbonate sequence. The lithological continuity of this carbonate series facilitates the
hydraulic continuity of the groundwater body of the TCR, which is characterized mainly by gravity driven groundwater flow (Alföldi, 1979; 1982). One of the
regional discharge areas of this carbonate rock aquifer system is localized in Budapest, and it is represented by a step-faulted boundary between the subsided
Fig. 2: Earlier conceptual model of the basin to the east (Pest) and the uplifted hilly range in the west (Buda). The course of the River Danube follows this boundary and represents the base level of
Buda Thermal Karst (mod. after Kovács erosion. The understanding of the operation of the system was hitherto based on conceptual models (Fig. 2). In the BTK area the Triassic and Eocene
& Müller, 1980)(T: Triassic dolomite,E:
carbonates are mainly exposed. Majority of caves is hosted by the Eocene carbonates. The gradual uplift of the area started in the Neogene, when the clay
Eocene limestone and marl, O:
Oligocene clay).
cover was eroded and the underlying Triassic-Eocene carbonates had been exposed. Related to the uplift, a regional-scale groundwater flow system has
developed in the several thousands of meters thick carbonates of the TCR.
Fig. 3: Stratigraphic column of
the BTK area (Poros, 2011)

Study areas
Characteristics
Topography & Lithology
The two study areas situated in the heart of Budapest, on the right
bank of the Danube, close to the main discharge zone of the Buda
Thermal Karst. The Rózsadomb and Gellért Hill represent the
nearest recharge areas, i.e. the local flow branches of the system.
Therefore, the elevation as the main factor of driving force is
illustrated. The Rózsadomb area is built up of Triasssic dolomites
and Eocene-Oligocene limestone and marl. In contrast, the
Gellért Hill section is composed of Triassic dolomites only partially
covered by a marl sequence.

North System

South System

Rózsadomb: covered karst with heterogeneous Gellért Hill: bare, partly covered karst with
homogeneous
lithology
lithologies
195 m asl.
Eocene-Oligocene Marl
Eocene-Oligocene Marl

235 m asl.

Eocene Limestone
Triassic
dolomite

Triassic carbonates

Water chemistry & temperature

20-30°C
770-980 mg/l
At the discharge zone of the North System lukewarm- and hot TDS
springs arise at faults crossings with distinct temperatures and
chemical compositions and are spatially clearly separated. In
contrast, the discharging springs have spatially (and temporally)
uniform temperature and chemical composition in the discharge
zone of the South System.

Cave morphology
The cave morphologies are different in the North and South
System. In the North System as a result of bedding planes
between limestone and marl, multi-level complex cave systems
have developed along bedding planes and faults. In contrast, in
the South System mostly isolated cave chambers of subspherical
shape have formed along faults and fractures.

Uniform distribution
33-43 °C
1450-1700 mg/l TDS
Ca-Na and Cl-SO4-HCO3
hydrogeochemical facies

Compartmentalized
distribution
>36,7°C
Ca-Na and
880-1350 mg/l
HCO3-Cl-SO4
TDS
hydrogeochemical facies
Structurally-controlled
Marl
multi-level
cave systems

Isolated, fault related
chambers

map by S. Kalinovits

Leél-Õssy et al., 2007

Eocene Limestone
100 m

Precipitates
Iron-hydroxides are characteristic recent precipitates besides
calcite rafts in the discharge zone of the Buda Thermal Karst. The
mineral composition of these precipitates is characterized by
ferrihydrite and goethite as proved by Mössbauer spectroscopy.
Microbiological investigations of these iron-hydroxide biofilms
identified bacterial communities characterized by anaerobic
ferri(III)- or sulphate reducing, or aerobic ferro(II)- or sulphide
oxidizing metabolic properties in both study areas.
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New conceptual flow models
Based on the results of field observations and retrospective
research conceptual flow models were established for the two
study areas. The major fluid pathways in both study areas are
faults and fractures. Based on the hydrogeochemical
investigations, contribution of basinal fluids to the discharging
waters of Buda Thermal Karst (in form of Na+, Cl-, H2SiO3, CO2,
H2S, CH4, and liquid hydrocarbons) has to be considered. With the
aid of radionuclides for the North System mixing end members
could be inferred and characterized. In the South System no end
member could be inferred with the help of radionuclides, therefore
the upwelling hydrothermal waters overwhelm here. This has a
direct impact on the dominant cave forming processes of the two
areas.

Meteoric end member
12°C, 775 mg/L TDS

Hydrothermal end member
12°C, 1440 mg/L TDS

Direct discharge of
hydrothermal waters:
47 °C, 1790 mg/L TDS

Cave forming processes

The morphology of the caves rather controlled by the composition
of fluids and their discharge distribution, than by the lithology of
the host rock. The up to recent widely accepted mixing model is
valid only in case of the North System. According to the
structurally controlled discharge mixing could only exist along
structural lineaments, therefore the cave patterns have strong
structural control. In case of the South System no mixing could be
proved, therefore the present study suggests microbially
mediated sulphuric acid speleogenesis as predominant process.
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