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Abstract: During inventory of mineral water sources in
1997-2000 1,687 sources were documented on the Slovak terri-
tory, 111 were not found, 297 disappeared and 30 were destroyed.
Mineral water sources in Slovakia are characterized by quite a
varied representation of chemical water types with a wide range
of TDS, temperature and yield. The largest representation of min-
eral water in Slovakia is located within the Central Western Car-
pathians (43 %), of which account for most of the resources Inner
Carpathian Palacogene (24.1 %) and Mesozoic sediments of the
Central Western Carpathians (15.2 %). The smallest number of
sources accounted for metamorphic rocks (3.2 %) and magmatic
rocks (1.5 %). The second most numerous sources of mineral wa-
ter are from Neogene sediments (31.7 %). This structural-geolog-
ical facies has the largest representation of mineral water sources
that have been acquired through technical work (the number of
wells far outscores the springs). The third and fourth most nu-
merous sources of mineral water fall within Flysch Zone (13.3
%) and Neovolcanites (6.8 %). The lowest representation of min-
eral water falls on Klippen Belt (4.2 %). The territory of Slovakia
is explored by a number of deep geological wells to verify the
presence of mineral waters. Only a small part of them has set the
hydraulic parameters of the aquifers. The most important aqui-
fers from the viewpoint of formation of mineral waters in Slova-
kia are the Mesozoic sediments of the central zone of the Western
Carpathian and the Neogene sediments, which fill up the basins.
The Mesozoic aquifers (limestones and dolomites) of mineral
waters have been verified by 79 hydrogeological boreholes (56
pumping tests) and the value of the geometric mean of transmis-
sivity coefficient G(T) = 9.08 . 10 m? . s’. The drillings carried
out in the Mesozoic carbonates are also reported for relatively
large yield Md Q=12.41.s"/MnQ=19.41.s™"). Neogene sed-
imentary aquifers (sands, sandstones, conglomerates) of mineral
waters have been verified by 58 hydrogeological boreholes (49
pumping tests) and the geometric mean value of the coefficient
of transmissivity G(T) = 5.35 . 10 m? . s". Drillings carried out
in an environment of the Neogene sediments have achieved bal-
anced yieldsMd Q=10.01.s/MnQ=10.51.s").

Keywords: sources of mineral waters, coefficient of transmissiv-
ity, deep borehole, chemical type of water, Western Carpathians

1.1 Introduction

By 1999, 1,687 mineral water sources were registered
in Slovakia. These sources are characteristic either of the
content of 1,000 mg . I'' of dissolved solids or dissolved
gases, CO, included (= 1,000 mg . I' ), H.S (= 1,0 mg . 1)
or they reach the ground surface temperature of more than
20 °C. The occurrence of mineral waters on the territory
between the Tatras and the Danube and Tisza rivers reflects
its geological and tectonic evolution. The presence of ma-
jor regional aquifers of mineral waters that are affected

tectonics of alpine or German types created the conditions
for the formation of the mineral waters in the hydrogeolog-
ical structure. In the past the ideas about the formation of
mineral waters in the space of hydrogeological structures
largely depended on knowledge of geological and tecton-
ic structure, chemical composition of mineral waters and
later of the isotopic composition of mineral waters. It has
been the isotopic composition of mineral water that has
contributed to the fact that the view of the nature of the
hydrogeological structure of mineral water as such has
changed from the hypothetical viewpoint to the real one.
Determination of the isotopic composition of mineral wa-
ters in the hydrogeological structures provides information
about the nature of the aquifer, where its chemical compo-
sition is formed over time. In some cases it is possible to
determine the hydrogeological structures in which mixing
of waters from multiple aquifers occurs. The knowledge of
the geological and tectonic settings of the hydrogeological
structure of the Western Carpathians, including the hydrau-
lic parameters of aquifers and character of mineral water
in terms of the chemical and isotopic composition, creates
a closer correlation to define the conditions of formation
of mineral waters. The data gained from deep boreholes
in different parts of the hydrogeological structure provides
valuable material that documents the evolution of moni-
tored parameters towards the depth.

1.2 Geological and tectonic conditions of mineral
waters genesis

The territory of Slovakia is situated within the West-
ern Carpathians, which are part of the Alpine-Himalayan
system with folded-Nappe structure. Formation of mineral
waters takes place in the rock environment, which is liable
to concentrate them, which is reflected in the quantity and
quality. As the mineral waters are affiliated to the geologi-
cal environment, which reflects the geological and tectonic
setting of the area, we will describe these in relation to
the structural-facies zone, which were earmarked by An-
drusov (1958). In Slovakia there are these zones: 1. Flysch
Zone, 2. Klippen Belt, 3. Central Western Carpathians, 4.
Internal Neogene depressions, plains and volcanic rocks
(Fig. 1.1).

The conditions favourable for the formation of mineral
waters were outlined by Mahel’ (1952) and supplemented
by Franko (1975) as follows:

— the presence of large amounts of Mesozoic sedi-
ments, mainly the Middle and Late Triassic
carbonates (limestone and dolomite) and evaporites
in the Permian, Early and Late Triassic;
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— Extensive Tertiary (Palacogene and Neogene)
marine and freshwater sediments, mostly pelites
with aquifer layers of psephites and psammites. In
the Miocene evaporites occurred;

— Tectonics of Alpine type within the Mesozoic
formations created far reaching folds plunging from
the mountain slopes into larger depths below the
internal basins and lowlands;

— Tertiary sediments have tectonics of Alpine and
German types;

— Longitudinal and transverse young faults;

— Deep faults among the blocks of the Earth’s crust
(CO,);

— Young Tertiary volcanism (CO,, favourable geo-
thermal conditions);

— Favourable geothermal conditions (average geo-
thermal gradient of 39 °C . km!, the average heat
flow density — 82 mW . m?).

1.3 Distribution of mineral waters in structu-
ral-facies zones

Geological setting of the Western Carpathians, which
build particularly the territory of Slovakia, is reflected in
the abundance of mineral waters (Tab. 1.1, 1.2) and the
diversity of their chemical types (Tab. 1.3). During the
inventory of mineral water sources in the years 1997-2000
1,687 sources were documented in Slovakia. Of this num-
ber, there were 1,249 sources, 111 were not found, 297
disappeared and 30 were destroyed. Among the lacking
sources there were 80 springs, 4 dug wells and 27 wells, of
which there is no information on their destruction.

Affiliation of mineral water to the individual zones of
the Western Carpathians is reflected in the frequency and
variability of chemical water types.

1.3.1 Mineral waters of the Flysch Zone

The Flysch Zone is made of Cretaceous and Palaeogene
alternating claystones and sandstones of marine origin. Of
the total number of mineral waters in Slovakia, this share
is 13.3% with five chemical types of waters (Tab. 1.3).

This zone is characterized by abundant representation
of small springs of cold sulphane and carbonate, very
weakly (up to 1 g . I'") and weakly mineralized water
(1-5g.1") of the chemical type Ca-Mg-HCO,, Na-HCO,
with yield do 0.1 1. s

The best known are the cold strongly mineralized
carbonated water with mixed mineralization from sourc-
es Cigelka (Na-HCO,-Cl) and Bardejov (Na-HCO,)
with yield up to 4 1 . s, In the area Bardejov — Strop-
kov there are important sources in Bardejov — Dlha Luka
(Na-HCO,-ClI), MikulaSova (Na-CI-HCO,) and Dubova
(Na-HCO,-Cl) with yield do 0.3 1. s'. Equally, the cold
(springs, wells) and the thermal sources (well FPJ-1) of
very high TDS strongly mineralized (35 —50 g . 1") are
iodine-bromine and water with thalassogenic mineraliza-
tion of chemical type Na-Cl in Oravska Polhora with yield
up to 1 1. s, Structural-hydrogeological borehole FPJ-1
(Fig. 1.2) reached a depth of 2,417 m and it verified the
sediments of Obidowa-Stopnice-Zboj unit in depth inter-
val 1,298 — 2,417 m. The water temperature at the collar
was 31.3 °C, available quantity at exploitation with free
spill was setat 1.01. s (Zakovi¢ et al., 1988).

Tab. 1.1 Status of mineral water sources as of inventory 1997 — 2000 (Zeman et al., 2000)

% ] el
N representation Spring Piscine Dug well Borehole
exist 1,249 74.0 690 7 138 414
not found 111 6.6 80 4 27
disappeared 297 17.6 188 3 40 66
liquidated 30 1.8 17 3 10
> 1,687 100.0 975 10 185 517
Tab. 1.2 Representation of mineral waters sources in structure-geological facies
q q % q Yo
No. Structure-geological facies N represe; tation Spring | Piscina | Dug well | Borehole
1. | Flysch Zone 225 13.3 158 0 20 47
2. | Klippen Belt 71 4.2 53 0 4 14
Magmatic rocks 26 1.5 18 0 1 7
Metamorphic rocks — Early Palacozoic 30 1.8 30 0 0 0
3. | Metamorphic rocks — Late Palacozoic 23 1.4 22 0 0 1
Mesozoic sediments of Central Carpathians 256 15.2 159 1 14 82
Inner Carpathians Palacogene 406 24.1 305 0 31 70
4 Neogene 535 31.7 169 8 99 259
" | Neovolcanites 115 6.8 61 1 16 37
> 1,687 100 975 10 185 517

Note: N — count of sources
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Better known are sources with hydrosilicatogenic min-
eralization; they are mainly medium-mineralized, carbonic
(5-10 g . I"") waters in Sarissky Stiavnik (Na-Ca-HCO,)
and Maly Sulin (Na-Ca-HCO,).

Source of mineral water with polygenic mineraliza-
tion of the chemical type Mg-SO,-HCO, represents cold
strongly mineralized water in Zbudzsky Rokytov with the
yield of up to 0.1 1. s

Fig. 1.2 Wellhead of borehole FPJ-1 Oravska Polhora — Sland
voda (Photo: Tetak, 2012, in Tetdk et al., 2016)

1.3.2 Mineral waters of the Klippen Belt

The Klippen Belt is formed by numerous carbonate
blocks of Triassic, Jurassic and Early Cretaceous age, which
are encompassed within the marly Cretaceous and Palaco-
gene layers. The best known are the cold carbonic sources
of weakly mineralized water in Nimnica (Na-HCO,) with
yield around 2 1. s™'. Sources of thermal and cold (21 °C)
weakly mineralized waters are known in Belusské Slatiny
(Ca-Mg-HCO,-S0,) with yield up to 10 1. s™'. In addition
to these better-known water sources there occur occasional
cold sources of carbonated and sulphane very weakly to
weakly mineralized waters of chemical type Ca-Mg-HCO,,
Ca-Na-HCO,, Ca-Mg-Na-SO, with yieldup to 0.11.s™.

1.3.3 Mineral
Carpathians

waters of the Central Western

Zone of the Central Western Carpathians is built of
crystalline fundament cropping out in the Core mountains
and envelope. The Core mountains are split from each
other by intermountain Young Tertiary basin. Volcanic
mountains and lowlands are located in the southern part of
the territory of Slovakia. The mineral and thermal waters
are the most abundant in this zone.

To Crystalline there are mainly bound cold carbon-
ic very weakly mineralized waters of the chemical type
Ca-Mg-HCO, with yield up to 0.1 1. s"'. Among the well-
knowvn we can state Stary Smokovec (Ca-Na-HCO,), Myto
pod Dumbierom (Na-HCO,-CI) and Jasenie (Ca-HCO,).
In the Crystalline the wells GVL-1 (Vlachovo) and RS-1
(Cuéma) with depth of 1,201.3 m/1,379.6 m documented
water of chemical type Na-HCO, with a temperature of
19 °C or 25 °C (Franko & Snopko, 1979).

To the Triassic carbonates (limestone and dolomite) of
different tectonic units there are bound almost all signifi-
cant sources of cold and thermal waters, which are used
for spa treatment, recreation or for filling in consumer
packaging.

On sedimentary Tatricum envelope are bound weakly
mineralized thermal water with sulphatogenic miner-
alization in PieStany (Ca-SO,-HCO,) and Trencianske
Teplice (Ca-SO,). The yield of these sources is rang-
ing within 20 — 40 1. s' and water temperature is in the
range 40 — 68 °C. The source Trajan in Piestany (Fig.
1.3) is a dug well with a depth of 8.4 meters, which is
deepened by two hydrogeological wells with & 400 mm
to a depth of 11.2 meters (Krahulec et al., 1977). The
maximum yield by pumping equals to 1,200 m*. day!
(13.9 1. s). The Triassic carbonates of the Tatricum en-
velope binds also cold carbonated weakly mineralized
waters in Baldovece (Ca-Na-Mg-HCO,-SO,), Slatina
(Ca-Mg-Na-HCO,-SO,, Ca-Mg-Na-HCO,-CI-SO,) and
Korytnica (Ca-Mg-SO,-HCO,). Their yield is ranging
within 1 — 4 1 . s and water temperature in the range
4.5 -16.5 °C (Franko & Melioris, 2000).

A
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Fig. 1.3 Dug well Trajan in Piestany Spa (Photo: Marcin, 2008)

On the Krizna Nappe there are bound mainly thermal
weakly mineralized waters with prevailing sulphatogenic
mineralization. They are extended at the northern edge
and amidst the Central Slovak neovolcanites. The best
known are waters of chemical type Ca-Mg-SO,-HCO,
in Slia¢, Kovacova, Sklené Teplice, Kremnica and Chal-
mova. In Turcianske Teplice the water is of chemical type
Ca-Mg-HCO,-SO,. Yield of the above sites is ranging
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Tab. 1.3 Mineral waters of Slovakia in structure-facies zones of the Western Carpathians (Franko & Melioris, 2000)

Structure- TDS Co, H,S Q t Chemical type water
l{ v RU | TU | MWO [g. 1] [g.1"] [g. 1] [1.s7] [°C] prevailing
-facies zones >20 meq . I %
min | max | min | max | min | max | min | max | max q. o
Ca-Mg-HCO,
CM 0.5 2.6 0.2 1.2 0.0 | 16.0 | 0.02 | 0.5 14 Ca-HCO
L. Na-Ca-HCO
1 3
Flysch Zone HSiM 0.4 25.0 | 0.02 2.5 0.0 | 304 | 0.01 0.3 Ca-Na-HCO,
™ 14.0 | 47.0 0.0 0.0 00 | 0.0 | 0.01 | 25 47 |Na-Cl
2. CM 0.5 32 0.0 1.7 0.0 4.4 0.07 | 10.0 | 21.5 |Ca-Mg-HCO,-SO,
Klippen Belt cM 0.01 | 2.1 | 11.0 [Na-HCO,
. Ca-Mg-HCO,
CR SiM 0.1 9.6 0.0 1.6 0.0 8.5 0.01 24 | 104 Na-HCO
cM 30 | 84 | 20 | 22 |*se |*st| 04 | 15 | 165 |S3Na-Me-HCOSO,
TCU Ca-Na-Mg-HCO,
SuM 2.7 3.6 0.2 2.9 0.0 12.0 1.0 56.6 | 69.5 | Ca-Na-Mg-SO,-HCO,
3. MS CM 1.5 3.9 0.01 1.7 0.0 4.0 0.9 47.5 | 45.0 Ca-Mg-HCOa-SO4
Inner KN
Carpathian SuM 0.5 3.9 0.1 14 | <06 |<06| 7.1 37.0 | 53.0 |Ca-Mg-SO,-HCO,
Pal Me- Me-
aacogene chN |eM | 07 | 35 | 007 | 22 [ 00 | 17| 05 | 712 | 480 |3 MeHCO, Ca-Mg
HCO,-SO,
CM 0.5 2.6 0.04 1.2 0.0 11 0.01 10.0 | 10.5 | Ca-Mg-HCO,
. Ca-Na-Mg-HCO,,
CPg HSiM 0.6 0.7 0.02 0.03 3.2 16.6 | 0.04 0.2 Na-HCOz
™ 8.7 12.4 0.0 1.27 0.0 0.0 0.2 0.6 Na-Cl-HCO3
CM 0.2 2.7 0.7 2.5 0.0 0.0 0.01 0.2 13.5 | Ca-Mg-HCO,
. Ca-Mg-Na-HCO,,
4. SiM 0.12 9.6 0.0 2.0 0.0 | 2.61 0.1 5.1 36.6 Na-HCO,
Neogene, Na-CLHCO
Neovolcanites ™ 1.9 41.6 0.0 0.5 0.0 | 0.0 | 0.08 | 25.0 | 91.5 NZ:CI- 3
HM 9.5 |292.0| 0.04 0.8 0.0 | 0.0 0.2 2.0 | 16.8 |Na-Cl
Na-Ca-Mg-HCO,-CI-SO,
MM 0.8 28.8 | 0.04 2.5 0.0 | 108 | 0.25 | 5.0 | 54.0 Na-HCO Cl g
Western
Carpathians* Na-Ca-Mg-SO,-HCO,-Cl,
PM 1.6 25.0 0.0 0.4 02 | 700 | 0.2 2.2 | 21.5 |Na-Ca-Mg-SO,-HCO,
Na-Mg-SO,

Note: Rock units /RU/: CR — Crystalline rock, MS — Mesozoic sediments of Central Carpathians, CPg — Central Carpathians Palae-

ogene,

Tectonic units /TU/: TCU — Tatricum Cover Unit, KN — Krizna Nappe, ChN — Cho¢ Nappe,

Mineral waters accordance origin of chemical composition /MWO/: petrogenic mineralization (CM — carbonatogenic dissolved
solids, SuM — sulphatogenic dissolved solids, SiM — silicatogenic dissolved solids, HSiM — hydrosilicatogenic dissolved solids, HM
— halitogenic dissolved solids, PM — polygenetic dissolved solids), TM — thalassogenic mineralization, MM — mixed mineralization

* — sources with mixed and polygenetic mineralization are distributed across the entire Western Carpathians, ** — traces of H,S.

within 4 — 40 | . s and water temperature in the range of
33 -53°C.

The carbonates of this Nappe bind thermal carbonic
weakly mineralized water of chemical type Ca-Mg-HCO,-
SO, in Liptovsky Jan, VySné Ruzbachy, Banska Bystrica.
The value of the yield of each site is within the range of 20
to 501. s™ and water temperature in the range of 20 —45 °C.
Source Krater (Crater, Fig. 1.4) in Vy$né Ruzbachy despite
its name, has nothing to do with volcanic activity, but it is
a karst-fissure spring. It has the character of a lake with
travertine rim with a diameter of 20 m and a depth of 3 m.
The yield reaches the value of 7.8 1. s (Krahulec et al.,
1977).

In the basement of the Inner Carpathian Palaecogene
in the northern Slovakia the wells Oravice OZ-1 and
0Z-2 (Fig. 1.5), Plavnica PI-2, Poloma Saris-1, Lipany
L-1 and L-2 documented the presence of mineral water
in the Mesozoic sediments of the Krizna Nappe close to
the Klippen Belt. Drillings OZ-1 and OZ-2 were carried
out to verify the presence of geothermal waters and wells
(PI-2, Saris-1, L-1 and L-2) in the north-eastern part of
Slovakia aimed to verify the hydrocarbon potential of the
area. The mentioned wells have documented the presence
of both polygenetic mineral waters with mineralization
in the Oravice area and also strongly carbonated mineral
water mixed with mineralization in the north-eastern part
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Fig. 1.4 Karst-fissure spring “Krater” in Spa Vysné Ruzbachy
(Photo: Marcin, 2008)

of Slovakia. Different chemical composition of water in
these areas is due to nature of groundwater circulation and
the remoteness of the remote catchment. While in the case
of Oravice the infiltration area is close (about 2 km — NE
slopes of the altitudinal point Osobita), for the north-east-
ern part of Slovakia the aquifers do not crop out directly
onto the surface of the potential catchment, but they are
covered by sediments of Palacogene. For potential area
may be assumed the slopes of the Branisko Mts., which are
located at a distance of approximately 10 — 15 kilometres.

Mineral waters of the Cho¢ Nappe and higher units are
typical of acratotherms presence (water with a very weak
TDS and temperatures above 20 °C) of chemical type

Fig. 1.5 Wellhead of borehole OZ-1 (lefi) and OZ-2 (vight) Oravice (Photo: Marcin, 2013)

Ca-Mg-HCO,. Well-known sources of this chemical type
are in Rajecké Teplice, Bojnice, Malé Bielice. The Cho¢
Nappe binds also thermal mineral waters with polygenet-
ic mineralization of chemical type Ca-Mg-HCO,-SO, in
Kalin¢iakovo and Vyhne. The yield of the sources in these
areas reaches a value of 50 1. s and 10 1. s'. The water
temperature ranges from 26 °C to 35 °C (Krahulec et al.,
1977).

Besides the above waters the carbonates of the above
units bind also carbonated weakly mineralized waters, e.g.
in Trencianske Mitice (Ca-Mg-HCO,), Ganovce (Ca-Mg-
HCO,-SO,) and Lipovce (Ca-Mg-HCO,), Santovka (Ca-
Mg-HCO,) and Safarikovo (Ca-Mg-HCO,, Silica Nappe).
Yield of the above waters is ranging within 1 —151. s and
water temperature in the range of 10 — 27 °C.

On carbonates of the Hungarian Central Highlands are
bound waters of the sources in Patince (Ca-Mg-HCO,) and
Starovo (Ca-Mg-HCO,-SO,). The yield of the sources of
these areas is ranging within 29 — 70 | . s and water tem-
perature is in the range of 20 — 40 °C.

Palaeogene sediments of the Inner Carpathian Pa-
laeogene overlay the older tectonic units of the Western
Carpathians. These rocks of marine facies have a character
of flysch turbidites, which constitute both the filling of In-
termountain depressions, but also they build up mountains
close to the Klippen Belt: Stulovské vrchy, Skorusinské
vrchy, LevoCské vrchy, SpiSska Magura, Bachuren,
Sarigska vrchovina Mts.

Mineral waters of the Inner Carpathian Palacogene are
linked to conglomerates and sandstones, and are similar to
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waters of the Flysch Zone. Cold hydrogen sulphide very
weakly mineralized waters of chemical type Ca-Mg-HCO,
and Na-HCO, are in prevail, with yield up to 0.1 1. s
In smaller quantities there are present cold carbonated
low-mineralized water chemical type Ca-Mg-HCO, with
similar yield. The most famous sources include Nova
Luboviia (Ca-Mg-HCO,, Ca-Mg-Na-HCO,) with yield 10
1. s, Also known are the sources of mineral water in Kon-
ska (Na-HCO,), Slatvina (Ca-Mg-Na-HCO,-Cl) and Voj-
kovce (Na-Mg-Ca-HCO,-Cl) with yield do 0.11. s,

1.3.4 Mineral waters of sedimentary Neogene

Neogene sediments fill up intermountain depressions
and the Vienna, Danube, Southern and the East Slovakian
Basins. Neogene mineral waters are tied to the position of
the basal clastic rocks, sand and sandstone which alternate
with pelites. Neogene mineral water sources are of the
highest yield (10 — 20 1 . s') and the water temperature
ranges from 40 to 90 °C. The waters are bound to sandy
sediments of Dacian, Pontian and Pannonian of the Central
Depression of the Danube Basin (Franko & Bodis, 1989).

Depressions in Slovakia filled with Neogene sedi-
ments are characterized by hydrogeochemical zonation
of mineral water in vertical and horizontal directions. In
the near-surface zone and on the edges of the depressions
there are present cold and thermal very weakly to weakly
mineralized waters of chemical type Ca-Mg-HCO, (e.g.
Diakovce borehole — Di-3, Dubové — Spring at Munici-
pality Office, Hodejov — Kupel'ny pramen, Trubin — Me-
dokys, Horné Plachtince — Medokys), Na-HCO, (e.g.
Diakovce — borehole Di-1, Dolna Strehova — borehole
M-4, Valaliky — KAH-5) and the same is valid also for
chemical types Na-Ca-HCO,, which attain a temperature
of 22 °C and TDS 0.3 g . I! (e.g. Dolna Strehova-Hamor —
borehole S-107) or temperature of merely 12 °C and high
TDS 8.5 g . I'' (Martin-Zaturcie — Fatra). Change in the na-
ture of mineral waters from Neogene depends on the depth
and position of aquifers and their distance from the edge
of the basin, but also on the presence of CO,. Depthwards
and more distant from the edge of the basin occur ther-
mal moderately to strongly mineralized water of chemi-
cal type Na-Cl (Gbely — borehole at the swimming pool,
Bahon — borehole B-1, Dunajska Streda — borehole DS-1,
Nesvady — borehole K-3, Nova Vieska — borehole NV-1,
Ciz — well Hygiea, Buzica — Slany vrt). Sources with the
highest yield (10 —20 1. s™') and temperature (40 — 90 °C)
have open sections in the sands of Dacian, Pontian and
Late Pannonian of the Central Depression of the Danube
Basin (Franko et al., 1989).

Sources of mineral waters of the sedimentary Neogene
with halitogenic mineralization reach a value of TDS
from 1.3 to 292 g . I'! (Plavecky Peter — sources Vajcovka,
PreSov-Solivar — Leopold Shaft). The largest representa-
tion of mineral water with this kind of mine- ralization is
located in the East Slovakian Basin, where Karpatian and
Badenian sediments contain halite.

1.3.5 Mineral waters of neovolcanites

Complex of neovolcanic rocks builds up central part
of Slovakia (Stiavnica, Stratovolcano, Stratovolcano in
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the Kremnické vrchy Mts., stratovolcanoes Pol'ana, Javo-
rie, Lysec, Celovce, eroded stratovolcanic relics from the
area of Tisovec and Rimavska kotlina Basin) and in the
castern part of Slovakia it is a line of stratovolcanoes of
the Slanské vrchy Mts. (stratovolcanoes Sebastovka, Zlata
Bana, Makovica, Strechov, Bogota, Mili¢ and Bradlo)
and Vihorlat (stratovolcanoes Kyjov, Sokolsky potok,
Morské oko, Diel and Popriecny). Neovolcanite rocks
complex is also involved in the sedimentary infill of the
Ziarska kotlina Basin, Danube Basin and the East Slova-
kian Basin. In terms of abundance of mineral water the
neovolcanites have the largest representation of resources
from the central regions of Slovakia.

Mineral waters of Neovolcanites (Badenian andes-
ites) were explored by deep wells in the Danube Basin
(Rusovce — HGB-1, Surany — S-1) with documented pres-
ence of mineral water of chemical type Na-Cl, TDS with
18.6 g . I'" and water temperature of 28 °C. Yield at the col-
lar was 0.1 1. s' (Bondarenkova et al., 1977). Geological
exploration well S-1 in Surany reached the andesite tuffs
and andesites at a depth of 1,750 — 2,700 m and document-
ed the presence of mineral water of chemical type Na-Cl
with TDS 32.5 g . I'.

In the Banska Stiavnica the 910 m deep borehole
documented flow of mineral water of chemical type
Na-Ca-SO,-HCO,, which had the TDS of 2.4 g . I'" and
water temperature of 46 °C (Remsik et al., 2007). Inflow
of mineral water occurred from altered vein filling in an-
desites.

On the western outskirts of Ziarska kotlina Basin and
the Vtac¢nik mountain range with a presence of faults of
the N-S direction 8 carbonic mineral water springs have
been documented. In Bukovina there are three springs of
mineral water of chemical type Ca-Mg-HCO, Wi'[hv TDS
of 1.4 g.1"to 3.4 g. I'". North of the village Dolna Zdana
surges mineral water of chemical type Ca-Mg-Na-HCO, in
four springs and one well. The TDS of the water amounts
t00.6 g. 1" t0 0.9 g . I''. West of Zvolen is spring Cerveny
medokys whose carbonated mineral water is of chemical
type Na-Ca-Mg-HCO, with TDS of 2.7 g . I'" and CO, con-
tent of 2.5 g . I''. Yield of mineral springs is usually up to
0.1t00.21. s, rarely as in the case of the resources in the
Medokys in Dolna Zdafia it can reach 0.5 1. s (Krahulec
etal., 1978).

1.4 Characteristics of mineral waters aquifers

Aquifers of mineral waters in Slovakia are character-
ized by lithological and age diversity, reflecting the geo-
logical and tectonic setting of the Western Carpathians.

In the individual structural-facies zones of the Western
Carpathians in Slovakia there are aquifers, which are lo-
cated in such a position and having a hydraulic character-
istics that are favourable conditions for the accumulation
of mineral waters. The amount of mineral waters concen-
trated in the accumulation area of individual structures of
mineral waters is, firstly, depending upon the very nature
of the hydrogeological structure (open, closed), secondly
it also depends on the extent of the aquifers, the thickness
and depth of the deposit.
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1.4.1 Aquifers of mineral waters in the Flysch Zone

The Flysch Zone is characterized by the presence of
aquifers with dominant fissure permeability. The lower-
most unit, whose aquifer has been documented by means
of boreholes, was Obidowa-Slopnice-Zboj unit which in
the territory of Slovakia was encountered in four wells
Oravska Polhora FPJ-1, Zborov Z-1, Smilno S-1, Zboj-1
in the basement of the Magura Nappe. Zboj tectonic brec-
cias and sandstones constitute the principal aquifer of the
mineral waters which have been documented in this unit.
Hydraulic parameters of this aquifer were obtained only
from the well-FTJ 1 where the value of transmissivity co-
efficient T=3.87 . 107 m? . s' (Zakovic et al., 2009).

In the Magura Nappe the most important aquifers of
mineral water are Magura formation of the Krynica litho-
facies-tectonic unit, Tvarozec Sandstone in the subsoil of
Bialowieza Fm. of the Bystrica lithofacies-tectonic unit
and Zlin Fm. (Makovica sandstone) of the Raca lithofa-
cies-tectonic unit.

The Magura Fm. (Cergov Mb. — mostly sandstone fa-
cies) builds bulk of the Cergov Mts. and there were realized
23 hydrogeological wells here. Of these, 4 hydrogeologi-
cal drillings verified the near-surface zone of disintegra-
tion (depth of wells up to 50 meters). Estimated coefficient
of transmissivity T reached 1.28 . 10°t0 2.84 . 10 m? . s7!.
Hydrogeological massif was documented by 19 wells.
The depth of these wells ranged from 100 to 205 meters.
The length of the open sections ranged from 38.1 m to
165 m. The lower part of the open section of wells was
located at a depth of 75 m to 187 m from the ground sur-
face. The upper part of the open section was located at a
depth of 5.9 m to 20 m from the ground surface. Estimates
of the coefficient of transmissivity T reached 5.64 . 107
to 1.59 . 10° m? . s’'. The estimate of the coefficient of
transmissivity for the near-surface zone of the hydrogeo-
logical massif Cergov has lower values compared to the
hydrogeological massif. In the drillings verifying the hy-
drogeological massif decline was observed in measuring
the yield of individual wells with their increasing depth
and increasing length of the open section (Marcin et al.,
2005).

Makovica and TvaroZec sandstones are characterized
by the fact that the hydrogeological drillings carried out
in these complexes have the highest transmissivity coeffi-
cient T in a zone of intense disturbance along the tectonic
lines and near-surface zone of disintegration of sandstone
complexes up to a depth of 100 m. The geological environ-
ment of this nature reaches a value of T9.8 . 10* m?. s to
9.1.103 m?. s’'. With increasing depth of wells the distur-
bance of hydrogeological massif fades out along with the
value of transmissivity coefficient (Zakovi¢ in Nemcok et
al., 1990).

1.4.2 Aquifers of mineral waters in the Klippen Belt

The Klippen Belt is characterized by the occurrence of
more resistant, especially limestone cliffs — klippens, pro-
truding from the generally less resistant marly flysch strata
forming Klippen envelope. The Klippen Belt consists of

several units that were thrust over each other and from the
North these are: Czorsztyn unit, Kysucka unit, Pruské unit,
Klapy unit, Orava unit, Manin unit.

Aquifers of mineral waters in this zone are Jurassic
limestones (Czorsztyn radiolarian limestone) and lime-
stones of Jurassic to Cretaceous (crinoidal limestone,
Pieniny limestone, Rogoznica Mb. Gregorian breccia).
In the Klippen Belt of the Cubovnianska vrchovina High-
lands these sediments were assessed using hydro-chemical
method on 12 in descending sources at estimated aquifer
thickness of the near-surface zone of 50 m. Due to the
nature of the ground (karst-fissure permeability) this es-
timate of the average coefficient of transmissivity should
be taken only indicatively. According to this analogy, the
interval of estimated coefficient of transmissivity T is from
1.10%m?.s"to3.10*m?. s (Jetel, 1999).

Sedimentary envelope of the Klippen Belt in the Cer-
gov Mts. was evaluated based on seven hydrogeological
wells. Of these wells three wells have verified Pro¢ and
Jarmuta Palacogene formations in near-surface zone
of disintegration (within 50 meters) and four wells the
hydrogeological massif. Estimates of the coefficient of
transmissivity for the near-surface zone of disintegration
reached T from 1.58 . 10° to 1.74 . 10* m? . s’'. The depth
of exploration wells verifying the hydrogeological massif
ranged from 100 m to 133 m. The length of the open sec-
tion ranged from 81.30 m to 123 m. The lower part of the
open section of the wells was located at a depth of 100 m
to 133 m from the ground surface. The upper part of the
open section was located at a depth of 7.0 m to 10 m from
the ground surface. Estimates of the coefficient of trans-
missivity reached from T 1.11 . 107 to 2.60 . 10 m? . s
(Marcin et al., 2005).

The Upohlava Fm. of the Klapy unit of the Klippen Belt
made up of calcareous sandstones, marlstones and clay-
stones of Albian to Cenomanian was documented by shal-
low wells in the area of Nosice — Nimnica. The estimated
coefficient of transmissivity of these wells was of the order
T=2.8.10"m?. s"'. Hydrogeological wells with a depth of
160-662 meters verify faulted zones of the Upohlava Fm
with mineral water, the value of TDS ranged from 3,741
to 3,960 mg . I'' and water temperature was from 11 °C
to 12 °C. The coefficient of transmissivity in these wells
T reached from 4.7 . 10 to 9.38 . 10° m? . s'. During
hydrodynamic tests the following yields/drawdowns were
documented: Q=0.151.s/s=54m; 1.01.s!/s =32 m;
2.31.s'/s=34 m (Urban et al., 1962; Rebro et al., 1978;
Rebro et al., 1989).

1.4.3 Aquifers of mineral waters in zone of the Central
Western Carpathians

Central Western Carpathians zone is made up of
aquifers, which are located in the crystalline, Triassic
carbonates of the tectonic units and Inner Carpathian
Palacogene.

The crystalline rocks do not contain significant mineral
water aquifers although at several sites their sources are
present. The most favourable conditions for accumulation
of cold mineral water can be found on the tectonic zones of
regional character (e.g. Sub-Tatric Fault, Certovica Line).
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For the crystalline rocks of the Central Western Car-
pathians the presence of mineral water with temperatures
exceeding 20 °C is not typical, so it was a little surprise
when the implementation of structural geological wells
in Spis-Gemer Ore Mountains detected their presence.
During the implementation of wells GVL-1 (Vlachovo)
and RS-1 (Cu¢ma) with depth of 1,201.3/1,379.6 meters
waters were documented of chemical type Na-HCO, with
a temperature of 19 °C or 25 °C. Inflows of thermal nitro-
gen poorly mineralized water into the well GVL-1 were
located at depths of 701 m, 723 m in the zone of metaso-
matic limestone surrounded by phyllites of the Gelnica
Series. In the borehole RS-1 the inflows of very weakly
mineralized water were met in the depth interval of 565-
647 m in the contact of greisen zone with the phyllites of
the Gelnica Series underlain by a granitoid body. Yield at
the collar of the borehole GVL-1 stabilized at 2.151. s
and at the borehole RS-1 at 1 1. s'. Static water pressure
at the well head GVL-1 reached the value 0.6 MPa and
in the borehole RS-1 it was 0.3 MPa. Based on these
results a new hydrogeochemical province of mineral wa-
ter — nitrogen acratotherms of the Spis-Gemer Ore Mts.
(Franko & Snopko, 1979) has been allocated in the Central
Western Carpathians. Metasomatic limestones surround-
ed by phyllites of the Gelnica Series documented in the
borehole GVL-1 had a value of transmissivity coefficient
T=1.15.10°m?.s"

Triassic carbonates (limestone and dolomite) of differ-
ent tectonic units represent significant aquifers, to which
cold and thermal waters are bound. Mineral water sources
identified in these rock complexes achieved relatively high
yield and belong along with the sources documented in
the Neogene sediments among the most important in terms
of productivity. Given the nature of the Triassic sediments
(limestones and dolomites) in each nappe the following
aquifers can be distinguished.

In the sedimentary envelope of the Tatricum unit ma-
jor aquifers are Gutenstein and Ramsau Dolomites. In the
Krizna Nappe the most important aquifers are Gutenstein
Limestone, Ramsau Dolomite and Haupt Dolomite in
the overlying Lunz Mb. The aquifers of the Cho¢ Nappe
and higher units are represented by Gutenstein Lime-
stone, Ramsau Dolomite, Reifling Limestone, Wetterstein
Limestone, Haupt Dolomite in the overlying Lunz Mb.,
Dachstein Limestone. The Silica Nappe as one of the
higher units contains the aquifers represented Guteinstein
Limestone, Steinalm Limestone, Schreyeralm Limestone,
Wetterstein Limestone, Tisovec Limestone, Hallstatt
Limestone, Dachstein Limestone. Hydraulic parameters
of hydrogeological units in Slovakia have been processed
through the wells database. Of this database 25,323 hy-
drogeological boreholes were involved, which enabled to
obtain data on the reinterpretation 16,729 pumping tests.
Group of the Mesozoic sediments contained 767 pumping
tests (Malik et al., 2007). The values of the coefficient of
transmissivity and filtration of the Triassic carbonates,
without distinction of tectonic affiliation documents Tab.
1.4. Among those assessed drillings were mostly shallow
wells and fewer consisted of data from deep wells.
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Transmissivity coefficient values were obtained from
the hydrodynamic tests in deep wells in promising geo-
thermal areas of Slovakia. Documented aquifers parame-
ters for mineral waters are listed in the Tab. 1.5. The total
number of wells was 147 and 141 of them identified pre-
sence of mineral waters and provided information on the
nature of the hydrogeological aquifer. Of these, data are
available from 77 wells documenting Mesozoic sediments,
58 wells of Neogene sediments and two wells of Neovol-
canites complexes. Transmissivity coefficient values were
available from 56 wells verifying the Mesozoic sediments,
the 49 Neogene sediments and 2 the Neovolcanites com-
plexes.

Mesozoic carbonates in Slovakia are the most import-
ant aquifers of mineral waters, delivering a geometric mean
of transmissivity coefficient G(T) =9.08 . 10 m? . s at
standard deviation of log value ¢ log T = 0.90 (Tab. 1.6).
In terms of classification Krasny (1993) these aquifers
attain a moderate transmissivity (Class III) and very high
variability (Class E), which represents very significantly
non-uniform geological environment. Drillings carried out
in the environment of Mesozoic carbonates are also repor-
ted to reach relatively large yields (Md Q = 12.41. s//Mn
Q=19.41. s"); the most productive is the borehole OZ-2
in Oravice (Q=1001. s' Tab. 1.5).

The highest value of transmissivity coefficient T for
Mesozoic carbonates in terms of wells has been docu-
mented in the Upper Nitra Basin (Chalmova — HCH-1),
Rimavské kotlina Basin (Tornala — HM-5) and Zilinska
kotlina Basin (Stranavy — HZK-1). In evaluating the
aquifers of each prospective geothermal areas of Slova-
kia based on the value T among the all wells of the areas
(condition over 3 wells in the area) as Upper Nitra Basin,
Komarno high block and Rimavska kotlina Basin appear
to be the most favourable. Drillings carried out within
these areas are mainly located in the discharge areas of the
hydrogeological structures and the obtained data of the of
the transmissivity coefficient T exhibit considerable varia-
bility. Their depth ranged from 158 m to 600 m (Tab. 1.7).

The lowest value of the transmissivity coefficient T for
Mesozoic carbonates in terms of wells has been documen-
ted in the Topol'¢any Embayment and Banovska kotlina
Basin (Topo/cany — FGTz-1) of the Central Neovolcanites
— NW part (Lukavica — LKC-4) and Liptovska kotlina Ba-
sin (Pavc¢ina Lehota — FGL-1). In evaluating the aquifers
of each prospective geothermal area of Slovakia on the
basis of available data of the transmissivity coefficient T
of all the wells the least favourable appears the Komarno
marginal block, Liptovska kotlina Basin, Topol'¢any Em-
bayment and Banovska kotlina Basin (Tab. 1.7). Drillings
carried out in these areas were located mainly in the accu-
mulation zones of the hydrogeological structures, except
for BeSenova boreholes, Malé and Velké Bielice.

Inner Carpathian Palaeogene sediments in Slovakia
are located around the Klippen Belt area; from the west,
they comprise Myjava-Hri¢ov Group. Its sedimentation
was followed by Sub-Tatric Group. Aquifers of mineral
waters in the Myjava-Hri¢ov Group is the Sulov Fm. In
the Sub-Tatric Group — Orava-Podhale section there are
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Tab. 1.4 Values of standard specific capacities and geometric means G(7) and G(K) of derived values of transmissivity and hydraulic
conductivity coefficients, calculated for different aquifer types in Slovakia (Malik et al., 2007)

No. Description Origin and classification | Group n M['q] Md['q] G[T] clog T G[K]
83 Cellu!ar dolomites, dolomitic Tectonically reduced MZ 6 0309 0372 553 104 051 405 10
breccias, rauhwackes carbonate rocks
84 Metamorphic limestones, Mgtan}orphlc sediments of MZ 5 0.603 0331 932 10% 0.66 847 10°
carbonates Triassic
Limestones, quartzitic . .
85 | limestones, nodular limestones, | >coiments of Middle and MZ | 34 | 1.622 3236 |352.10°| 081 |191.10*
. . Late Triassic
limestones with cherts
Sandstones, shales, variably
g6 | beds or intercalations Sediments of Middle and MZ | 20 | 0234 | 0182 [341.104| 093 |1.34.10°
of limestones, dolomites, Late Triassic
evaporites, metatuffs, silicites
87 | Limestones Sediments of Middle and MZ | 238 | 0339 0407 |6.19.10%| 106 |1.06.10°
Late Triassic
gg | Limestones and dolomitic Sediments of Middleand | 7| 3 | 54547 | 40738 | 464.102| 047 |6.00.10°
limestones, dolomites Late Triassic
89 | Dolomites Sediments of Middle and MZ | 438 | 0575 0580 |1.04.10°| 086 |2.37.10°
Late Triassic
9 Dolomites with intercalations Sedlmepts nglddle and MZ 3 0724 0.676 143 10° 071 257 10%
of shales Late Triassic

xplanation of abbreviations: n — number of interpreted hydraulic tests on hydrogeological boreholes and wells; M('q) — arithmetic
mean of the standard specific capacity 'q [1. s . m']; Md('q) — median value of the standard specific capacity 'q; G(T) — geometrical
mean of the transmissivity coefficient T [m’ . s”']; & log T — standard deviation of the transmissivity coefficient logarithm values; G(K)
— geometrical mean of the hydraulic conductivity coefficient K [m . s”']; MZ — group of Mesozoic sediments.

Borové and Biely Potok formations and in the Spis-Saris
section it is Sambron Mb. In southern Slovakia, between
Kravany and Stirovo extend the Palacogene sediments of
Buda facies protrude from the south, which overlay the
carbonates of the Hungarian Central Highlands. These
sediments together with Cretaceous sediments form an
insulator for Triassic carbonate aquifers of the Komarno
block (Brodnan & Nemsilova, 1960).

Hydraulic parameters of the aquifers Inner Carpathian
Palacogene and Buda Palacogene were evaluated in the
Slovak territory through the database of hydrogeological
wells, from which data were available on the pumping
tests. Group sediments of the Inner Carpathian and Buda
Palacogene involved 703 pumping tests (Malik et al.,
2007). The transmissivity coefficient and coefficient of
hydraulic conductivity values of the above sediments
documents Tab. 1.8. Among those assessments were used
mostly shallow wells and fewer were obtained from deep
wells.

Most famous sources of mineral waters are in the In-
ner Carpathian Palacogene of the Cubovna Spa at Nova
Lubovia and in Malé and Vel'ké Bielice near Partizanske.
Originally, in the Cubovna Spa there were located 5 sources
of mineral carbonic water that reached yield of 0.1 1. s
(Krahulec, 1978). Larger quantities of mineral water have
been obtained by realization of hydrogeological well LZ-6
in the area of the spring (Zakovic et al., 1993). The bore-
hole reached a depth of 176.1 m and verified inflows of
mineral water from graded-bedded coarse-grained sand-
stones of the Sambron Mb. in the interval from 17.0 to
21.0m-Q=1.0to 1.51.s", and in the interval from 96.0
to 111.0 m — Q = 22 1. s’ After the final incorporation

of the borehole there followed a three-month trial, which
documented an average yield of 11.4 1 . s with a water
temperature of 9 °C. Water from this source started to be
bottled (Zakovi¢ et al., 2006).

Hydrogeological drillings MB-1 (Malé Bielice) and
VB-3 (Velké Biclice) encountered the thermal water in
the discharge area in the elevation of the fundament. Wells
with a depth of 160 m and 102 m verified Palacogene
breccias of the Borové Fm. The value of transmissivity
coefficient T in these sediments was 2.81 . 10° m?. s! and
3.11. 103 m?. s”!, which significantly exceeds the value of
G (T)=3.58.10* m?. s! obtained from the evaluation of
60 pumping tests.

1.4.4 Aquifers of mineral waters in sedimentary
Neogene

Neogene sediments in Slovakia are significant aqui-
fers, delivering a geometric mean of the transmissivity
coefficient G (T) = 5.35 . 10* m? . s at standard devia-
tion 6 log T = 0.51 (Tab. 1.9). In terms of classification
by Krasny (1993) the aquifers are of moderate transmis-
sivity (Class III) and higher variability (Class C), which
represents rather inhomogeneous geological environment.
Drillings carried out in an environment in Neogene sedi-
ments achieved relatively balanced yields (10.01. s' —Mn
Q=10.51. "), the most productive are the wells FGG-2
and FGG-3 in Galanta (Q =251.s").

The highest value of transmissivity coefficient T for
the Neogene sediments among the wells has been docu-
mented in the Central Depression of the Danube Basin
(Velky Meder — C-2), Diakovce — Di-3, Zeliezovce —
HGZ-1). The wells with the highest documented values
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1. Regional Hydrogeologic Characteristics of Mineral Water Aquifers in Slovakia

of the coefficient of transmissivity contained greater share
of sandy component, which deposited on the slope of the
subsiding basin and finer particles of the pelitic component
were deposited to larger distance from the basin edge. In
evaluating the aquifers of each prospective geothermal
area of Slovakia based on the T value (condition over 3
wells in the area) the KoSicka kotlina Basin seems to be
the most favourable, followed by the Central Depression
of the Danube Basin (Tab. 1.7). The drillings carried out
in the Kosicka kotlina Basin were mainly located in the
area of predominance of sand deposits transported by
the then Hornad palacoflow. The drillings in the Central
Depression of the Danube Basin are distributed across the
whole area with different proportion of sandy component.
The depth of the wells in the Kosicka kotlina Basin ranges
from 160 m to 190 m, while in the Central Depression the
borehole depths are ranging from 290 m to 3,303 m and
Md of the wells depth is 1,800 m.

The lowest value of the transmissivity coefficient T for
Neogene sediments in the wells has been documented in
the Central Depression of the Danube Basin — W and SE
edge (Chorvatsky Grob — FGB-1) Strhare-Tren¢ Graben
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(Slovenské Klacany — TSK-1) and Humenné Ridge (So-
brance — TNS-1).

The Neogene sediments (sands, sandstones, conglom-
erates) of the Western Carpathians have got an important
position in the process of the mineral waters formation and
their accumulation. First, they are aquifers of significant
thicknesses in the basins and depressions, and secondly
they were often deposited directly upon the Mesozoic
basement of the Central and Inner Carpathians. This way,
the basal clastics of Neogene together contribute to the
genesis of the mineral waters of the Vienna Basin and
Levice block. This fact is the best documented by sources
of mineral water along the Levice-Turovce thermal Springs
Line that stretches with the length of about 20 km. On
this line surge out the mineral waters of varied chemical
composition with very different content of CO,, at many
places this phenomenon is accompanied by deposition of
travertine. The function of horst in all its length changes
due to its gradual subsidence, but also due to a change in
the nature of Mesozoic sediments. The Neogene sediments
that overlay the western part of the Horst, are Sarmatian
in age (tuffaceous siltstones and claystones) and in the

Tab. 1.6 The transmissivity coefficient for Mesozoic aquifers in Slovakia verified by deep boreholes

Age of Lithology Yield T Taet:l:lvl:eflr ;:Zl:ie Heat power TDS
aquifer of aquifer [1.s7] [m2. s] [°C) [MWt] [g. 1]
n 77 56 77 76 76
Min 1.6 6.70 . 10°¢ 18.0 0.1 04
Max 100.0 9.25.107? 129.0 29.0 90.0
Mesozoic carbonates | Md 12.4 8.26.10* 39.0 0.9 1.8
Mn 19.4 5.87.103 44.7 33 5.5
G 12.3 9.08.10* 40.1 1.2 2.2
c/clogT 19.0 0.90 23.1 5.7 11.9

Note: t — transmissivity coefficient, n — count of boreholes, Min — minimum value, Max — maximum value, Md — median, Mn — arith-
metic mean, G — geometrical mean, ¢ — standard deviation, ¢ log T — standard deviation of the transmissivity coefficient logarithm

values, TDS — total dissolved solids

Tab. 1.7 Values of geometric means of coefficient of transmissivity and standard deviation of the transmissivity coefficient logarithm

values, calculated for different aquifer types of perspective geothermal areas in Slovakia

Perspective geothermal area Type of aquifer n G(T) ologT
Komarno marginal block C 3 1.53.10* 0.04
Liptovska kotlina Basin C 4 2.88.10* 0.82
Central Depression of the Danube Basin N 43 5.27.10* 0.57
Topol'¢any embayment and Banovska kotlina Basin C 7 5.32.10* 1.16
Kosicka kotlina Basin — carbonates C 3 3.77.10* 0.62
Kosicka kotlina Basin — Neogene sediments N 3 1.28.10° 0.26
Central Slovakian Neogene volcanics NW part C 7 9.37.10* 1.08
Levocska kotlina Basin W and S part C 7 1.11.10° 0.44
Rimavska kotlina Basin C 3 1.35.10° 1.42
Komarno high block C 6 242.10° 0.9
Upper Nitra Basin C 3 3.73.103 1.33

Note: C — Mesozoic carbonates with karst-fissure permeability, N — Neogene sediments with intergranular permeability, n — count
of boreholes, G(T) — geometrical mean of the transmissivity coefficient T [m*. s'']; & log T— standard deviation of the transmissivity

coefficient logarithm values;
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Tab. 1.8 Values of standard specific capacities and geometric means of derived values of transmissivity and hydraulic conductivity
coefficients, calculated for aquifers of the Inner Carpathian Palacogene & Buda Palaecogene sediments in Slovakia (Malik et al., 2007)

No. | Description Origin and classification  |Group| n | M[lq] | Md[lq] | G[T] o ,ll? g GIK]
s8 Calca_reous s11t§tones ar}d claystqnes, Shallow sea sediments of the PG | 116 0054 0068 | 1.15 1041 092 | 466 10°
occasionally with coal intercalations Buda Palaeogene
59 Sands, marly and calcareous sands, Shallow sea sediments of the G | 16 | 0126 0141 1344 104| 056 | 1.29 10°
decomposed sandstones and siltstones | Buda Palacogene ’ ’ T ' o
60 | Gravels, decomposed conglomerates Shallow sca sediments of the PG 3 0.151 0.120 | 1.40.10%| 0.25 | 1.34.10°
Buda Palaeogene
Claystones, calcareous claystones and
marls and layers with overwhelming Marine sediments of Inner " s
61 claystones/ marlstones over sandstones, | Carpathian Palacogene PG | 127 0.107 0.7 1 1.73.10% | 0.81 1 1.39.10
including menilite layers
. . Flysch sediments of Inner
g2 | Claystone flysch —flysch with prevail- | /oo palacogene and Late | PG | 7 | 0.010 | 0012 |9.60.10¢| 057 |4.70. 107
ing claystones or marlstones C
retaceous
Normal flysch — claystones/marls Flysch sediments of Inner
63 | . y Y ? Carpathian Palaeogene and Late | PG | 220 | 0.102 0.102 |1.49.10%| 0.77 | 1.11.10°
siltstones
Cretaceous
. .. | Flysch sediments of Inner
64 | Sandstone flysch —flysch with prevail- | o ion Palacogene and Late | PG | 13 | 0.120 | 0.100 | 1.21.104| 0.65 | 5.51.10%
ing sandstones
Cretaceous
. Flysch sediments of Inner
g5 | Conglomerate flysch — flysch with Carpathian Palacogene and Late | PG | 4 | 0.158 | 0.178 |3.94.10%| 0.62 | 2.06.10°
prevailing conglomerates
Cretaceous
. . . Flysch sediments of Inner
66 | Sandstones with thin intercalations of | 7 /o palacogene and Late | PG | 120 | 0.123 | 0.145 |2.02.104| 0.74 | 7.92.10%
claystones
Cretaceous
Multicomponent conglomerates and Sea sediments and subaqueous
67 | breccias, variably with beds of sand- slides of Inner Carpathian PG 17 | 0.068 0.078 |7.70.10° | 0.80 | 3.68.10*
stones Palacogene
68 D Y ? > | pathian Palacogene and Late PG | 60 | 0.251 0.209 |3.58.10%| 0.99 | 1.58.10°
variably with beds of sandstones, occa- C
) retaceous
sionally also marlstones

Explanation of abbreviations: n — number of interpreted hydraulic tests on hydrogeological boreholes and wells; M('q) — arithmetic
mean of the standard specific capacity 'q [1. s'. m']; Md('q) — median value of the standard specific capacity 'q; G(T) — geometrical
mean of the transmissivity coefficient T [m’. s7']; o log T— standard deviation of the transmissivity coefficient logarithm values; G(K)
— geometrical mean of the hydraulic conductivity coefficient K [m . s']; PG — group of Palaeogene sediments.

Tab. 1.9 Characteristics of the Neogene sedimentary aquifers verified through deep boreholes

Age Lithology Yield T l;invlvlz Tlr zg::f Heat power TDS

of aquifer of aquifer [1.s7] [m2.s7] °C] [MWt] [g.1]
n 58 49 58 57 58
Min 0.3 4.17.10° 18.0 0.01 0.4

Max 25.0 6.93.103 91.0 6.8 30.0
Neogene sediments Md 10.0 5.14 .10+ 52.0 1.6 2.6
Mn 10.5 1.02.10° 52.1 1.9 4.2
G 7.7 535.10* 47.4 1.0 2.6
c/ologT 6.9 0.51 20.3 1.8 5.3

Note: n — count of boreholes, Min — minimum value, Max — maximum value, Md — median, Mn — arithmetic mean, G — geometrical
mean, o — standard deviation, o log T — standard deviation of the transmissivity coefficient logarithm values
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eastern part Badenian in age (epiclastic sandstones). The
complexity of geological and tectonic structure of the area
is a reflection of orogenic processes, where one part of the
territory subsided (Danube Basin), other on was lifted up
(Stiavnica Stratovolcano). The presence of multiple aqui-
fers with varied nature of the water in terms of the chemical
and isotopic composition portrays well the complexity of
forming of different chemical types of the mineral waters
of the Western Carpathians.

1.4.5 Aquifers of mineral waters in neovolcanites

The complex is characterized by neovolcanite rocks
of fissure-intergranular permeability. The regional tec-
tonic lines are essential elements in the accumulation and
distribution of mineral waters either due to complex neo-
volcanic rocks as well as the basement, which is built of
Mesozoic sediments and rocks of Crystalline. Therefore
sources of mineral waters are often present in the rock
environment of neovolcanites which have their origin in
the bedrock formed by Mesozoic rocks as in the case of
sources Kremnica — KS-1, Vyhne — H-1, Vyhne - HGV-3,
Lukavica— LKC-4, Sklené Teplice — ST-4 and Sklené Tep-
lice — ST-5.

The greatest potential for accumulation of mineral
water in rock complexes of the Central Slovakian ne-
ovolcanites, which contributed to the formation of min-
eral waters in Santovka — Dudince area, have Badenian
volcanic epiclastics. These sediments fill the depression at
the contact of neovolcanites with their basement. Tuffa-
ceous sandstones were documented by 80 m deep borehole
Dvorniky — HG-3 northeast of Dudince. Pumping tests
lasting 16 days documented yield Q =10.51.s'/s=7.5
m. The value of the coefficient of hydraulic conductivity
for these aquifers was k = 8.10° m . s and of the trans-
missivity coefficient T = 3.24 . 10 m? s’'. The water was
of chemical type Ca-HCO, and TDS amounted to 0.32 g .
I'! (Hlavaty & Fecek, 1973). The wells HT-1 and HIP-13
in Hontianske Trstany were 150 m and 173 m deep; they
documented the tuffaceous sand to sandstone of thickness-
es of 40 m and 120 m. For the well-HT 1 it was document-
ed yield Q = 12 1. s'/s = 1.43 m by hydrodynamic test
lasting 36 days. The water was of chemical type Ca-Na-
HCO, with TDS 0.54 g . I'". The evaluation of the pumping
test gave the value of coefficient of hydraulic conductivity
k=6.25.10°m. s and transmissivity coefficient T=2.07
. 102 m? . s' (Lauko & Novomestska, 1989). 30 days-long
hydrodynamic test in the borehole HIP-13 documented
yield Q =5.71.s"/s = 6.5 m (s = drawdown). The water
was of chemical type Ca-HCO, with TDS 0.56 g . I'' and
temperature 17 °C. Hydraulic parameters determined from
the evaluation of the pumping tests gave coefficient of
hydraulic conductivity k =3.33 . 10° m . s™! and transmis-
sivity coefficient T = 2.47.10° m? . s!' (Fecek et al., 1981).

The aquifers of mineral waters in neovolcanites (Bade-
nian andesites) documented by deep borehole Rusovce
— HGB-1 in the Danube Basin reached a value of the
transmissivity coefficient T = 1.14 . 10° m? . s”' (Bonda-
renkova et al., 1977). Tectonic affected neovolcanites rock
complexes in Banské Stiavnica were explored by borehole
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HR-1. Hydrodynamic tests documented favourable con-
ditions for the accumulation of mineral water in altered
andesite vein filling and the coefficient of transmissivity
T=5.13.10*m?. s (Remsik et al., 2007).

1.5 Conclusions

The richness of any country in the incidence of sources
of mineral waters is either a manifestation of specific na-
tural conditions or technical maturity. In the Slovak condi-
tions the number of natural sources clearly outweighs the
artificial ones; however, the physical state of some of them
is not very good. By the inventory of the sources of mi-
neral water in 1997-2000, 1,687 sources were documented
in Slovakia; 111 were not found, 297 expired and 30 have
been destroyed. Among the 111 not found sources 80 ac-
counted for springs and 27 for wells; 4 of them were dug
wells. In some places there occurs a destruction of natural
sources due to various factors, but still there is a need to
implement new sources to ensure supplies for the purposes
of filling the mineral waters into the consumer packaging,
for medical care, recreation and use of their thermal-ener-
gy potential.

The largest representation of mineral waters in Slo-
vakia is recognized in the zones of the Central Western
Carpathians (43 %), of which account for most of the
sources Inner Carpathian Palacogene (24.1 %) and Meso-
zoic sediments (15.2 %). The smallest number of sources
accounted for metamorphic rocks (3.2 %) and magmatic
rocks (1.5 %). The second most numerous sources of
mineral water fall within Neogene sediments (31.7 %).
This structural-geological facies manifests the largest
representation of the mineral water sources that have been
acquired through technical works (the number of wells far
outweighs the number of springs). The third and fourth
most numerous sources of mineral water fall within the
Flysch Zone (13.3 %) and Neovolcanites (6.8 %). The lo-
west representation of mineral water is within the Klippen
Belt (4.2 %).

The mineral water sources in Slovakia are charac-
terized by quite a varied representation of chemical water
types with a wide range of TDS, temperature and yield.
Colourful presence of chemical types of mineral water
depends on the nature of the aquifers of mineral water, the
tectonic disturbances and storage conditions at depth.

Individual structural-tectonic zones of the Western
Carpathians in Slovakia are characterized by represen-
tation of mineral waters of different chemical types. In
the Flysch Zone in the near-surface zone chemical type
Ca-HCO, is dominant, while with the increasing depth
the share of the component A increases according Pal-
mer-Gazda classification of groundwater. Some sources
with shallow water circulation exhibit H,S presence. On
major fault lines emerge waters of chemical type Na-HCO,
and Na-HCO,-Cl, eventually Na-CI-HCO,. An interesting
feature is the presence of mineral water of chemical type
Mg-SO,-HCO, (Zbudsky Rokytov) or the presence of
thermal water of chemical type Na-Cl in the well FPJ-1
in Oravska Polhora with TDS up to 50 g . I'' and a water
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temperature of 31.3 °C, which was documented in the se-
diment of the Obidowa-Stopnice-Zboj unit.

Mineral waters of the Klippen Belt with shallow
ground water circulation are of dominant chemical types
Ca-Mg-HCO, and Ca-Na-HCO,. Waters with deeper circu-
lation, surging along the tectonic lines are of chemical-type
Na-HCO, (Nimnica) and Ca-Mg-HCO,-SO, (Mojtin). Wa-
ter from Belusské Slatiny descends into greater depth and
at the surface it reaches a temperature of 21.5 °C.

In the zone of the Central Western Carpathians thanks
to its variegated rock representation there are present the
most chemical types of mineral waters. The mineral wa-
ters of Crystalline with shallow circulation are of chem-
ical types Ca-Mg-HCO, and Na-HCO,. At greater depth,
and within the tectonic zones the water of chemical type
Na-HCO, is present vscith water temperature up to 25 °C.
In the Vlachovo and Cu¢ma a province of nitrogen acra-
totherms has been earmarked. The Mesozoic sediments
of the Krizna Nappe are characterized by mineral waters
of chemical type Ca-Mg-HCO,-SO,, which in the case
of deep circulation reach a temperature of 33 — 53 °C.
Carbonated mineral waters of this nappe are of the same
chemical type, but achieve a lower temperature of 20 — 45
°C. In the Plavnica — Lipany area, near the Klippen Belt
the Mesozoic sediments Krizna Nappe were verified by
wells of depth of 3,500 m to 4,000 m in the bedrock of the
Inner Carpathian Palacogene sediments. These Mesozoic
sediments are water-saturated and the water is of chemical
types Na-HCO,-CI-SO, and Na-Cl. Mesozoic sediments
of the Cho¢ Nappe are characterized by the presence of ac-
ratotherms of chemical type Ca-Mg-HCO,. At some places
(e.g. Kalinciakovo, Vyhne) from the Mesozoic sediments
of the Cho¢ Nappe surge mineral waters of chemical type
Ca-Mg-HCO,-SO,. Carbonic and weakly mineralized
mineral waters of the Mesozoic sediments of the Cho¢
Nappe are of chemical types Ca-Mg-HCO,, Ca-Mg-HCO,
and Ca-Mg-HCO,-SO,. The carbonates of the Hungarian
Central Highlands in the area of Patince — Komarno bind
thermal waters (20 — 40 °C).

Mineral waters Inner Carpathian Palacogene are cha-
racterized by the presence of mineral water of chemical
types Ca-Mg-HCO, and Na-HCO,; sometimes even with
the presence of H,S. Cold carbonated waters are of che- mi-
cal types Ca-Mg-HCO,, Ca-Mg-Na-HCO, and in contact
with the Hornddska kotlina Basin and Branisko Mts. surge
mineral waters of chemical type Ca-Mg-Na-HCO,-CI
(Slatvina, Vojkovce). Neogene sediments have a wide rep-
resentation of chemical types of mineral water with a wide
range of TDS. Mineral waters with shallow circulation
are the chemical type Ca-Mg-HCO, and with increasing
depth they are enriched in component A according to Pal-
mer-Gazda classification of groundwater. In the Zahorska
nizina Lowland the mineral waters from greater depths
are of chemical types Ca-SO,, Na-SO,. At great depths of
the Neogene basin we encounter the highly mineralized
waters of chemical type Na-Cl. While in the case of the
Central Depression of the Danube Basin and Zahorska
nizina Lowland the waters are with thalassogenic minera-
lization, in the case of the Eastern Slovakia Basin domi-
nate the water with halitogenic mineralization.

Nature of water from neovolcanites is greatly influenced
by their deep position. Mineral waters of shallow circula-
tion are of chemical types Ca-Mg-HCO, Ca-Mg-Na-HCO,
Na-Ca-Mg-HCO,. The mineral waters of deeper circula-
tion reach higher temperatures and are of chemical type
Na-Ca-SO,-HCO,. Provided the neovolcanites complex is
a part of the sedimentary basin fills then the waters are of
chemical type Na-Cl or with thalassogenic or halitogenic
mineralization.

The most important aquifers from the genetic view-
point of mineral waters in Slovakia are the Mesozoic sedi-
ments of the Central Western Carpathian and the Neogene
sediments of the basins filling.

For the Crystalline aquifers (metasomatic lime-
stone in phyllites of the Gelnica Series), the borehole
GVL-1 in Vlachovo gave the transmissivity coefficient
T=1.15.10°m?. s"'. Favourable characteristics for accu-
mulation of mineral water were also found from at the
contact of greisens with the phyllites of the Gelnica Series
(RS-1 borehole Cuéma).

The Mesozoic aquifers (limestones and dolomites)
of the mineral waters have been verified by 79 hydro-
geological boreholes (56 pumping tests) and the value
of the geometric mean of the transmissivity coefficient
G (T)=9.08.10*m?. s’. Drillings carried out in the envi-
ronment of Mesozoic carbonates are also reported to have
relatively large yieldsMdQ=12.41.s'/MnQ=19.41.s"),
whereas the most productive is the borehole OZ-2 in Oravi-
ce (Q=1001.sM.

For the Inner Carpathian Palacogene aquifers (sand-
stones, conglomerates, breccias), the transmissivity coef-
ficient T value was obtained for the elevation part of the
bedrock within the discharge area of Malé and Vel'ké Bie-
lice. The value of this indicator ranges from2.81. 103 m?2. ™!
to 3.11 . 103 m? . s, Specified range of values for faulted
breccia exceeds the value of G (T) = 3.58 . 10* m? . s’
obtained for a set of wells to which data were available
from 60 pumping tests across Slovakia.

The Neogene sedimentary aquifers (sands, sandstones,
conglomerates) of the mineral waters have been verified
by 58 hydrogeological boreholes (49 pumping tests) and
the value of the geometric mean of the transmissivity coef-
ficient G (T) =5.35. 10 m? . s’. The drillings carried out
in the Neogene sediments environment achieved balanced
yield Md Q=10.01.s"/Mn Q=10.51.s"), whereas the
most productive wells FGG-2 and FGG-3 are in Galanta
(Q=251.s".

The neovolcanites aquifers (volcanic epiclastics)
of mineral waters, which are involved in the formation
of the mineral water in Santovka — Dudince have been
verified by 3 hydrogeological boreholes 80-173 me-
ters deep. The values of the transmissivity coefficient
T=247.102m?.s'to T=2.07.102m?. s". These aqui-
fers (Badenian andesites) were encountered by deep bore-
hole HGB-1 in Rusovce in the Danube Basin; the value
of the transmi- ssivity coefficient T = 1.14.10° m?>. s". In
the area of Banska Stiavnica in the tectonically affected
neovolcanite rock complexes the transmissivity coefficient
T=513.10"m?.s".
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