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Abstract: The sources of min eral and ther mal wa ters (MTW) are on the ter ri tory of cen tral Slovakia
mainly in the In ner Carpathians de pres sions and/or at mar gins of low lands. The springs are al ways
bound to cross ing of lon gi tu di nal (older) and transversal (youn ger) faults. The aqui fers of MTW are
formed by Tri as sic lime stones and dolomites, which are found in the moun tains as well as in the
pre-Ter tiary sub stra tum of de pres sions and low lands. MTW oc cur in Tri as sic car bon ates of en ve lope
and nappe units, and they are of ar te sian and/or open struc tures. Travertines have been de pos ited from
many MTW springs. There fore the ages of travertines in di cate the pe ri ods when these wa ters were
formed. The ages of travertines from 24 lo cal i ties with 61 de pos its were es ti mated by paleontological
finds and by ra dio car bon dat ing. The ra dio car bon ages plus 18O and 13C of MTW were de ter mined in
sam ples from 43 lo cal i ties with 61 sources. At pres ent, there are only bore holes avail able, as nat u ral
out flows have al ready been caught by them. A com par i son of all the avail able data, also re gard ing the
snow line changes dur ing the last 35 000 y, was car ried out with the aim to draw con clu sions on MTW
flow de vel op ment dur ing the Qua ter nary pe riod. The time in ter val of MTW flows from their re charge to
dis charge ar eas was eval u ated by means of ra dio car bon dat ing as well. The anal y sis of all the avail able
data re sulted in the con clu sion that MTW in Slovakia be gan to is sue 2 mil lion years ago at the end of the
Late Plio cene, and they were in creas ingly flow ing mainly dur ing inter gla cial pe ri ods. The ra dio car bon
ages of MTW vary within the in ter val of 32 000 and 9 000 y. Con se quently, the pres ent-day wa ters might 

be re charged dur ing the Würm 2-3 and Würm 3 Interstadials and the Ho lo cene pe riod.

1. Introduction

Ra dio car bon dat ing of ground wa ter, min eral and ther mal wa ters has been a widely
used method ap plied in hydrogeological stud ies (e.g. Vogel and Enhalt, 1963; Geyh and
Wendt, 1965; Vogel, 1970; Geyh, 1991; Geyh, 2004). How ever, there has been an ab sence 
of such in ves ti ga tions in the In ner Carpathian re gion. The sources of min eral and ther mal
wa ters (MTW) are mainly on the ter ri tory of Cen tral Slovakia. The ma jor ity of springs
out flow in the In ner Carpathian de pres sions and/or at mar gins of low lands. The is sues of
wa ters are bound to mar ginal faults be tween the moun tains and de pres sions and/or low -
lands. A less amount of is sues is bound to horsts (el e va tions) of the pre-Ter tiary sub stra -
tum in side de pres sions and low lands. The springs are al ways bound to cross ing of
lon gi tu di nal (mar ginal, i.e. older) and transversal (youn ger) faults. The aqui fers of MTW
are formed by Tri as sic lime stones and dolomites, which are found in the moun tains as well 
as in the pre-Ter tiary sub stra tum of de pres sions and low lands.
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The West ern Carpathians are part of the Al pine – Hi ma la yan folded moun tain sys tem.
The core crys tal line rocks units are over laid by sed i ments of en ve lope units that are cov -
ered by 2 to 3 nappes (lower, mid dle and up per). MTW oc cur in Tri as sic car bon ates of en -
ve lope and nappe units (Franko and Melioris 1999). There are ar te sian and/or open
struc tures of MTW.

The pres ent-day re lief of the ter ri tory (moun tains – de pres sions) started to de velop
dur ing the Neo gene (in the Badenian) mainly, how ever, in the Plio cene, and this
neotectonic stage has been last ing till now (Lukniš and Plesník 1961). In this stage the sys -
tem of intramontane de pres sions (bas ins, low lands) has been formed, which con tin ued in
de vel op ment in the Plio cene and Qua ter nary. The de pres sions are con nected with move -
ments at mar ginal faults, along which the moun tain ranges have arisen. With more in tense
move ments in the Plio cene also the first out flows of MTW to the end of the Late Plio cene
are con nected, from which travertines de pos ited. At pres ent, there are prac ti cally only
bore holes as nat u ral out flows are al ready caught by them. Only 17 bore holes from 44 catch
MTW at places where they have never outflowed.

Changes in cli ma tic con di tions took place and cold (gla cial) and warm (inter gla cial)
pe ri ods al ter nated at the be gin ning of the Qua ter nary. In cold pe ri ods ter races and loesses
formed and min eral wa ters is sued and travertines de pos ited from them (Ložek 1973) in
warm pe ri ods. In the glacials the ter ri tory of Slovakia was cov ered by tun dra veg e ta tion.
In the interglacials the tun dra re treated to the north and the ter ri tory un der study was cov -
ered by for ests (Lukniš and Plesnik 1961). The geo log i cal age of travertines is sum ma -
rised in a most com plex way in the mono graphic works by Ivan (1943), Kovanda (1971)
and Vaškovský (1977). As travertines have been de pos ited from many springs of MTW,
their age in di cates the pe ri ods when these wa ters have is sued.

The aim of the pres ent study was to in ves ti gate dis tri bu tion and ages of MTW ob -
served in the Central Slovakia. There fore, rel a tive and geo logic ages of travertines were
es ti mated, and MTW were ana lysed for 14C and sta ble iso topes (18O and 13C). A com par i -
son of the avail able data, also re gard ing the snow line changes dur ing the last 35 ky, was
car ried out with the aim to draw con clu sions on min eral and ther mal wa ter flow de vel op -
ment dur ing the Qua ter nary pe riod.

2. Sites and methods

The map with sam pling sites of MTW and de pos its of travertines in Slovakia is shown
in Fig. 1. The is sues of wa ters are bound to mar ginal faults be tween the moun tains and de -
pres sions and/or low lands (Fig. 2). Rel a tive and geo logic ages of travertines were es ti -
mated at 24 sites with 61deposits. MTW were sam pled at 43 lo cal i ties with 61 wells.
De scrip tion of the wells is pre sented in Ta ble 1.

Wa ter sam ples for ra dio car bon anal y sis of 100 L vol ume were col lected di rectly from
the source. Bi car bon ates were ex tracted as soon as pos si ble by co ag u la tion with bar ium
chlo ride. In the lab o ra tory, car bon di ox ide was re leased then from bar ium car bon ate by
ad di tion of H3PO4. Meth ane syn the sised from car bon di ox ide was used as a fill ing gas of
the low-level pro por tional coun ter. Mea sur ing time of sam ples was from forty to sixty
hours. In ad di tion to each wa ter sam ple also sam ples of back ground and of ra dio car bon
stan dard (NIST Ox alic Acid) were mea sured. A few mL of car bon di ox ide lib er ated from
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the BaCO3 sam ple were ana lysed us ing a mass spec trom e ter for the de ter mi na tion of the
iso to pic ra tio of 13C/12C and 18O/16O, which are ex pressed as d13C val ues rel a tive to the
PDB stan dard, and d18O data are re ported against the VSMOW stan dard. The pro ce dures
used have al ready been pub lished (Povinec, 1972; Povinec, 1980; Michalko, 1999) there -
fore they will not be de scribed here.

Ra dio car bon ap par ent age of wa ter was cal cu lated ac cord ing to the re la tion:
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where T1 2/  is the half-life of the ra dio car bon de cay,  A
t
 is the ac tiv ity of the sam ple at the

time of sam pling, and  A
0
 is the ac tiv ity of the stan dard sam ple ad justed for the time equal to 

zero. In the cal cu la tion of the ra dio car bon ap par ent age of ground wa ter sam ples we came
out from the em pir i cally con firmed as sump tion that the ini tia tive ra dio car bon ac tiv ity of
bi car bon ates in the in ves ti gated wa ter dur ing the pe riod of its in fil tra tion was 85 per cent of
mod ern car bon (85 pmc) (e.g. Vogel, 1970). Ground wa ter sam ples with ra dio car bon ac tiv -
ity higher than 85 pmc could be then con sid ered as con tem po rary.

3. Results

Rel a tive ages of travertines
The rel a tive ages of travertines (e.g. old est, older, old, young, youn ger, youn gest) were 

con sid ered ac cord ing to their dis in te gra tion. The ex am ples of such eval u a tions are pre -
sented in Fig. 3. Dis in te gra tion arises by frost, pres sure of gla ciers, karstification and
slope move ments. It is vis i ble from Fig. 3 that the great est dis in te gra tion is ob served in the 
travertines of Dreveník from Spišské Podhradie, which are bro ken up into in di vid ual
blocks. To less ex tent the travertines of Pažica, also from Spišské Podhradie, are dis in te -
grated. Less dis in te grated are travertines of Horbek in Vyšné Ružbachy and least those of
Hrádok in Gánovce. Ac cord ing to the rel a tive ages of travertines, we may then also eval u -
ate the rel a tive ages of MTW, as travertines de pos ited from them.

Geo log i cal ages of travertines
The geo log i cal ages of travertines are sum ma rised in Fig. 4. We may state that MTW

started to is sue ear li est at 6 de pos its of travertines in the Late Plio cene dated back 2 My.
Fur ther out flows of wa ters are con cen trated to the Günz-Mindel (4 de pos its), Mindel-Riss 
(7 de pos its) and Riss-Würm (10 de pos its) Interglacials. One de posit of travertines is
bound to the Günz 1-2 Interstadial and 3 de pos its to the Würm 1-2. 

The out flows of MTW con tin ued in the Ho lo cene at all the lo cal i ties or in their sur -
round ings. It is to be seen from Fig. 4 that with later and later interstadials and interglacials 
the num ber of wa ter out flows was gen er ally higher and higher. As travertines have been
de pos ited from many springs of min eral and ther mal wa ters, their age in di cates the pe ri -
ods when these wa ters have is sued.

Ra dio car bon ap par ent ages of MTW
The re sults of the iso tope anal y ses of the wa ter sam ples are pre sented in Ta ble 2. The

ra dio car bon ap par ent age and also the ra dio car bon ac tiv ity of the sam ples are pre sented
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with the stan dard de vi a tion of 1s. Con cen tra tions of car bon 13C show that in most cases
car bon in bi car bon ates in the in ves ti gated wa ters is iso to pic heavier than it is usual in plain 
ground wa ters. d13C val ues in ground wa ter are usu ally from -10 to -18 ‰ (Vogel and
Ehhalt, 1963). In the in ves ti gated wa ters d13C val ues are higher. Such d13C val ues sug gest
that be sides CO2 of at mo spheric or i gin also CO2 of man tle (ju ve nile s. l.) or i gin take part
in pro duc tion of bi car bon ates in the in ves ti gated wa ters. Man tle or i gin of free CO2 is also
con firmed by d13C val ues if they are higher than –7 ‰ (Cornides and Kecskes 1982).
These d13C val ues in di cate that the re sul tant ra dio car bon age of the ana lysed wa ters can be 
bi ased in such a way that it is higher than the real time of re tar da tion of the ground wa ter.
Con tam i na tion by the in ac tive car bon (CO2 of man tle or i gin) causes smaller stan dard de -
vi a tions than con tam i na tion by con tem po rary CO2 of at mo spheric or i gin. The con tam i na -
tion by 50 % of an in ac tive car bon causes en hance ment of ra dio car bon age of about 5700
years (one half-life of 14C) with out re spect to the real age of a sam ple.

The con di tion of trust wor thy re sults is sam pling of wa ter from such bore holes, in
which in flows are iso lated from their over ly ing and/or un der ly ing strata. All pipes of each
bore hole are ce mented above per fo ra tion. So it is tech ni cally pre vented from in flows of
wa ters into the bore hole from its sealed part. This way, how ever, can not pre vent from mix -
ing of wa ters dur ing their flow in aqui fers. Such cases can oc cur es pe cially in dis charge
ar eas of MTW. Then the wa ters of deep flow may be in flu enced by shal low ground wa ters
or by pre cip i ta tion.

These are the cases of bore holes BJ-101 in Lúèky (No. 22), Izabela in Vyšné Ružbachy
(No. 29), BR-3 in Bojnice (No. 43), B-6 and B-15 in Santovka (No. 2), Kúpelný and GA/1A
in Gánovce (No. 13) and BB-1 and BB-2 in Slatina (No. 23). We also sam pled neigh bour ing 
bore holes in the same hydrogeological struc ture for com par i son. Long-term ex pe ri ence has
shown that as cend ing ways (faults) of MTW prac ti cally rep re sent “sealed pipes” so that
mix ing of wa ters does not take place. How ever, geo logic po si tion of bore holes can in flu -
ence con sid er ably the re sults of iso tope anal y ses, as men tioned in the fol low ing text.

Bore holes BJ-101 in Lúèky (No. 22) and HGL-2 in Kalameny (No. 33) are in the same
hydrogeological struc ture. If wa ter from bore hole BJ-101 were in flu enced by the pres -
ent-day pre cip i ta tion, its age (23 ky) would be lower than the age of wa ter (18.3 ky) from
bore hole HGL-2. Sim i larly, in flu enc ing would be re flected in the d18O val ues. In wa ter
from bore hole BJ-101 the d18O value is -10.75 ‰ and from bore hole HGL-2 the value is
–11.25 ‰. Al most iden ti cal val ues are also for d13C in bi car bon ates and free CO2 (for
BJ-101 this is -0.81 ‰ and -7.27 ‰, and for HGL-2 it is -1.35 ‰ and -8.39 ‰, re spec -
tively).

Next we shall com pare bore hole BR-3 in Bojnice (No. 43) with bore hole BR-1 at the
same lo cal ity. Ac cord ing to dif fer ent wa ters tem per a tures (for bore hole BR-3 T = 34.5 °C
and for bore hole BR-1 T = 46.5 °C) the wa ter from bore hole BR-3 is in flu enced by wa ters
with shal lower cir cu la tion from pres ent-day pre cip i ta tion (O. Franko and J. Franko 2000). 
The ap par ent 14C age of wa ters (9.1 and 8.7 ky) is, how ever, sim i lar for both bore holes.
Also, the d18O and d13C val ues are sim i lar (for BR-3, d18O = -10.03 ‰, d13C = -7.12 ‰
and –14.11 ‰ and for BR-1, d18O = -9.96 ‰, d13C = -7.36 ‰ and –14.69 ‰, for bi car -
bon ates and free CO2, re spec tively).

Bore hole B-3 in Malinovec (No. 5) catches wa ter di rectly from the Tri as sic lime stones
and dolomites aqui fer, while bore holes in Dudince (No. 3) are lo cated in basal Neo gene
clastics. We know from hydrogeology of the area that, ge net i cally, these are equal wa ters
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(Melioris 2000). The wa ters in Dudince could be then in flu enced by own wa ters of aqui -
fers. The ap par ent 14C ages of wa ters (28 ky for B-3, 31 ky for HVD-2 and 28 ky for S-3)
and the d18O val ues are very sim i lar (-11.28 ‰ for B-3, -11.44 ‰ for HVD-2 and
-11.27 ‰ for S-3). Sim i larly, the val ues of d13C iso tope are prac ti cally equal (+0.74 and
–4.94 ‰ for B-3, +0.28 and –6.37 ‰ for HVD-2, and -0.05 ‰ and –6.61 ‰ for S-3).

We know that min eral wa ters from Santovka (No. 2) and Slatina (No. 23) are mixed
wa ters (Melioris 2000). Their ba sis are equal wa ters as in Malinovec and Dudince, how -
ever, they have been mixed with in fil trated re cent wa ters ac cu mu lated in Neo gene
volcanoclastics and al lu vial sed i ments. This is also in di cated by the ap par ent ages of wa -
ters and d18O val ues (-10.19 ‰ for B-6 (the age is 31 ky), -10.15 for OB-15 (the age is
18 ky), -10.20 ‰ for BB-1 (the age is 22 ky), and -9.76 ‰ for BB-2 (the age is 9 ky).
Also, the d13C val ues are dif fer ent (for No. 2, B-6, d13C = -0.56 ‰ and  –5.44 ‰, for B-15, 
d13C = -2.84 ‰ and –8.19 ‰, for No. 23, BB-1, d13C = -3.71 ‰ and –7.02 ‰, and for
BB-2, d13C = -7.17 ‰ and -11.08 ‰), as listed in Ta bles 1 and 2.

Bore holes ŠHB-2 and BC-1 in Brusno (No. 4) in ter cept wa ters in var i ous
hydrogeological struc tures, al though they are at dis tance of 100-150 m from each other.
To this dif fer ence, the var i ous ages of wa ters cor re spond (for ŠHB-2 the age is 16.3 ky,
and 20.1 ky for BC-3), and the d18O val ues are sim i lar (-10.08 ‰ for ŠHB-2 and
-10.17 ‰ for BC-3). These dif fer ences are also man i fested by dif fer ent d13C val ues
(-7.81 ‰ and –12.36 ‰ for ŠHB-2, and -4.46 ‰ and –10.60 ‰ for BC-1).

Ther mal wa ters in Gánovce (No. 13) are caught by shal low bore holes. In the same
hydrogeological struc ture the same wa ters are caught by deep bore holes in Vrbovo
(No. 11). Wa ters in Gánovce are not in flu enced by shal low wa ters, be cause they are prac -
ti cally of the same age (26.9 and 25.2 ky) and have the same d18O val ues (-11.21 ‰ and
-11.23 ‰, re spec tively) as wa ters in Vrbovo (27.1 and 26.1 ky, and d18O = -11.36 and
–11.50 ‰, re spec tively). Sim i larly, the d13C val ues are equal (for No. 13, Kúpelný, d13C =
-0.21 ‰ and –6.56 ‰, for GA/1A, d13C = -0.63 ‰ and –6.01 ‰, for No. 11, VR-2, d13C = 
+0.92 ‰ and –6.24 ‰, and for VR-1, d13C = +1.38 ‰ and –5.98 ‰).

4. Discussion

With re gards to the con tam i na tion of some wa ters by the sta ble car bon (CO2 of man tle
or i gin) it is pos si ble to com pare ages of wa ters only from such lo cal i ties where d13C val ues 
in wa ters are com pa ra ble. For ex am ple, in Turèianske Teplice wa ters from bore holes
TJ-20, TTS-1 and TJ-3 have ap prox i mately the same d13C val ues, but e.g. in Santovka,
wa ter from the bore hole B-6 the d13C val ues (-0.56 and -5.44 ‰) are higher than wa ter
from the bore hole B-15 (-2.84 and – 8.19 ‰). The d13C val ues in wa ter from the bore hole
B-6 point on the con tam i na tion by sta ble car bon, there fore the real age of this wa ter will
be lower than that given in Ta ble 2.

The cal cu lated ra dio car bon ap par ent ages of wa ters var ied within 32 ky and 9 ky (Ta -
ble 2). This might give an idea on te he time in ter vals of MTW flow from their re charge ar -
eas to their pres ent-day out flows. Re la tion be tween the in fil tra tion time of pre cip i ta tion,
from which MTW orig i nated, and cli ma tic changes dur ing the Würm is in Fig. 5. Cli ma tic
changes are rep re sented by os cil la tion of the snow line in the Tatra Mts. (Lukniš 1964).
The par tic u lar Würm pe ri ods are cor re lated with its pe riod in Cen tral Eu rope and the
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course of the snow line with gla ci ation in the Alps and the North ern Eu rope. From the
view of in di vid ual Würm pe ri ods, three facts are vis i ble from the snow line. First, the
Paudorf pe riod does not co in cide com pletely with the Würm 2-3 pe riod. Sec ond, the
small Bölling and Alleröd pe ri ods are in sig nif i cant, be cause they fall un am big u ously in
per ma nent with drawal of the snow line. Third, we can not con sider the al ti tude of the snow 
line 1700 m a. s. l. as ab so lute - 17 is sues of MTW are close be low it. These is sues and/or
lo cal i ties of MTW have in fil tra tion ar eas in al ti tudes lower than 1700 m a. s. l. at pres ent
(an ex cep tion is the lo cal ity Vyšné Ružbachy, No. 24). As for the last Würm stadial it is
nec es sary to men tion that not only this, but all the Würm gla ci ation was found in the Tatra
and Low Tatra Mts. only. Ac cord ing to the dif fer ences be tween con sid er able gla ci ation of
the Low Tatra Mts. north ern slopes and in sig nif i cant traces of their south ern slopes, the
ridge of these moun tains was a sig nif i cant cli ma tic bound ary dur ing the last gla cial. Then
out side the ter ri tory of the Tatra and Low Tatra Mts. north ern slopes pre cip i ta tion in fil -
trated in the re main ing ter ri tory of Slovakia. In this pe riod the Jan u ary iso therms with val -
ues about –16 to –18 °C and July iso therm with val ues 11-12 °C took their course through
the ter ri tory of Slovakia (Klute 1951).

 In prin ci ple, it is valid that older wa ters of at mo spheric or i gin are lighter and/or have
lighter ox y gen (Fig. 6). The d18O val ues of pres ent-day pre cip i ta tion on the ter ri tory of
Slovakia are vary ing within the lim its of –8.70 ‰ to –10.44 ‰ in av er age (for the years
1988-1997) (Michalko 1999). In low lands, d18O var ies from –8.70 ‰ to –9.45 ‰, and in
the moun tains be tween –10.10 ‰ and –10.44 ‰. The al ti tude of low lands var ies within
the lim its of 113-345 m a. s. l., and of the moun tains within the lim its of 692-2008 m
a. s. l. When trac ing springs in the Velká Fatra Mts. from car bon ates of the en ve lope unit
and the lower (Krížna) nappe, it has been es tab lished that with higher al ti tude the d18O
value is sink ing by 0.1 ‰ to 100 m (Michalko and Malik 1998). With re gard to the in fil tra -
tion ar eas, we may take into con sid er ation the val ues from the moun tains and we know
that their al ti tude in the Würm was lower from the pres ent-day one. So, for in stance, the
Tatra raised by about 300-400 m dur ing the late Plio cene and Pleis to cene (Lukniš 1959).
In spite of that, most of MTW have d18O lighter than pres ent-day val ues of pre cip i ta tion in
the moun tains. Fig. 6 con firms the pre vi ously men tioned re la tions. The old est wa ters
(23-32 ky), which in fil trated in the Paudorf (melt ing of snow and gla ciers) have the light -
est ox y gen (from -10.75 ‰ to –11.83 ‰) and vice versa. This reg u lar ity (there are also
ex cep tions) is ob vi ous from Fig. 6.

5. Conclusions

Sev eral ob ser va tions have been made in this pa per which could be sum ma rized as fol lows:
• The first MTW started to out flow by the end of the Up per Plio cene, 2 My ago, as ev -

i denced by the old est trav er tine oc cur rences.
• Next MTW outflowed dur ing the inter gla cial (Günz-Mindel, Mindel-Riss, Riss-

Würm) and interstadial pe ri ods (Günz 1-2, Würm 1-2) 900-70 ky ago, af ter the
geo logic and rel a tive age of trav er tine de pos its.
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• In gen eral the num ber of out flows of MTW in creases with the youn ger age of
interglacials.

• Ra dio car bon ap par ent ages of MTW ranged be tween 32 ky and 9 ky, thus in di cat ing            
the ap prox i mate time in ter val be tween the MTW re charge and their pres ent-day
out-flows from wells.

• MTW which are outflowing at pres ent were in fil trated dur ing the interstadials
Würm 2-3, Würm 3 and the Ho lo cene.

• The d18O val ues of MTW are vary ing from –9.89 ‰ to –11.83 ‰, how ever, in the
old est wa ters (23-32 ky) the in ter val is be tween –10.75 ‰ and –11.83 ‰. The old -
est wa ters in fil trated in the Paudorf (melt ing of snow and ice). Youn ger wa ters with
heavier ox y gen con tent in fil trated later.

• In the Ho lo cene MTW con tinue to out flow at all the in ves ti gated lo cal i ties, or in
their vi cin ity. 
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Fig. 1. Lo ca tion map of min eral and ther mal wa ters and de pos its of travertines in Slovakia. 
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Fig. 3. Rel a tive age of travertines ac cord ing to their dis in te gra tion (V. Lo�ek, 1973,com pleted by
O. Franko, 1999). Travertines: A - youn gest, B - young, C - old, D - older, E - old est. 1 - Solid
travertines, 2 - loose tufas, 3 - surficial rendzimas, 4 - bur ied rendzimas, 5 - substatum of travertines,
6 - frost dis turb ing of solid travertines sur face, 7 - joints in travertines, 8 - loess, 9 - loamystone scree,
10 - small caves with sinter dec o ra tion, 11 - karren, 12 - lay ers of loess in holes, 13 - erras (TF - terra
fusca, TR - terra rossa), 14 - pressuredeformed sub stra tum.

 

Fig. 2. Geo ther mal springs of Slovakia (O. Franko, 1999. Tec tonic sketch J. Vozár and �. Káèer Eds.,
1998). 1 - Outer Flysh belt; Krosno zone, Magura zone; 2 - Klippen belt; 3 - Tatricum base ment; 4 -
Tatricum cover unit; 5 - Fatricum; 6 - Veporicum base ment; 7 - Veporicum and Zemplinicum cover
unit; 8 - Hronicum; 9 - Gemericum; 10 - Meliaticum; 11 - Turnaicum; 12 - Silicicum; 13 - In ner
Carpathian Paleogene, Buda ba sin; 14 - Neo gene bas ins; 15 - Neo gene volcanics; 16 - main faults;
17 - Springs.



Fig. 4. His to gram of trav er tine de posit dis tri bu tion.

Fig. 5. Cor re la tion  of  ra dio car bon age dis tri bu tion  of the MTW ac cord ing to 
14

C iso tope and snow line.

Fig. 6. Cor re la tion of the ther mal wa ter age ac cord ing to the 
14

C iso tope and d
18

O (‰).
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Ta ble 1. De scrip tion of the wells.

No. Locality Well Aquifer 1
Stratigraphy

Water temperature
(oC)

1 Koplotovce KB – 2
KB – 2

L, D
T

22.2
20.0

2 Santovka B – 6
B – 15

V, L, D
S, T

14.5
14.1

3 Dudince HVD – 2
S – 3

V, G, Sd.
B, T

22.5
26.9

4 Brusno ŠHB – 2
BC - 1

L, D
T

24.0
19.8

5 Malinovec B – 3 L, D
T

26.0
 

6 Štúrovo FGŠ – 1 L, D
T

38.4
 

7 Pieštany V – 8
V – 4A

-  " - 
60.2
61.9

8 Kováèová K – 2 -  " - 47.9

9 Sliaè Ia -  " - 32.4

10 Sivá Brada B – 2 -  " - 15.4

11 Vrbov VR – 2
VR – 1

-  " - 
57.9
54.2

12 Bešenová ZGL – 1 -  " - 60.1 

13 Gánovce Kúpe¾ný
GA – 1/A

-  " - 
23.3
25.6

14 Liptovský Ján Rudolf -  " - 28.8

15 Turèianske Teplice TJ –20
TTŠ – 1
TJ – 3

-  " - 
45.1
43.6
42.3

16 Lúèka B Š – 1 -  " - 29.0

17 Vyšný Sliaè Èertovica -  " - 9.1

18 Arnútovce HKJ – 3 -  " - 30.5

19 Mošovce HV – 63 -  " - 20.1

20 Laskár Š1 – NBII
-  " - 

66.5
66.7

21 Trenèianske Teplice P – 1
SB – 5
V – 3

-  " - 
38.8
40.5
41.4

22 Lúèky BJ – 101 -  " - 32.2 

23 Slatina BB – 1
BB – 2

C, Q
N, T

16.8
15.3
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Ta ble 1. De scrip tion of the wells (con tinued).

No. Locality Well Aquifer 1
Stratigraphy

Water temperature
(oC)

24 Lipt. Štiavnica LŠH – 1 L, D
T

19.3

25 Poprad PP – 1 -  " - 44.5

26 Ban. Bystrica BB – 1 -  " - 20.7

27 Malé Bielice
Velké Bielice

MB – 3
VB – 2

C, L, D
N, T

39.3
38.8

28 Patince SB – 2
L, D
Ls, T

26.0

29 Vyš. Ružbachy Izabela
L, D

T
20.3

30 Belušské Slatiny Kúpe¾ný
BS – 2

-  " - 
18.1
18.9

31 Bánovce n/B BNB – 1 -  " - 41.8

32 Rajecké Teplice BJ – 19 -  " - 37.3

33 Kalameny HGL – 2 -  " - 33.5

34 Vyhne H – 1 -  " - 33.9

35 Sklené Teplice ST – 1
ST – 2

-  " - 
51.3
51.5

36 Rajec RK – 22 C
Pg

25.4

37 Stráòavy ŽK – 2 C, L, D

Pg, T

21.5

38 Chalmová HCH – 1 L, D

T

40.8

39 Kamenná Poruba RTŠ – 1 C, L, D

Pg + T

41.1

40 Oravice OZ – 2
OZ – 1

L, D

T

41.6
21.0

41 Kalinèiakovo HBV – 1
HBV – 2A

L

T

25.2
25.0

42 Peklina ŽK – 5 C
Pg

13.7

43 Bojnice BR – 1
BR – 3

L, D / T

Sd, L, D / Pg, T

46.5
34.5

1

L - Lime stones, D - Dolomites, V - Vulcanoclastics, G - Grav els, Sd - Sand stones, C - Con glom er -
ates, Q - Quartzites, T - Tri as sic, S - Sarmation, B - Badenian, N - Neo gene, Ls - Lias,
Pg - Paleogene.
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Ta ble 2. Ra dio car bon age and 
13

C and 
18

O iso topes.

No. T.D.S.

(g L-1)

d13C

HCO3-

( ‰ )

d13C
CO2

( ‰ )

Age

( Years )

d18O
H2O
( ‰ )

1 2.88
2.55

-4.44

-4.52

-9.14

-8.98
32000±2000
31000±900

-11.54

-11.50

2 3.81
3.35

-0.56

-2.84

-5.44

-8.19

31000±3300
18000±300

-10.19

-10.15

3 6.91
6.00

+0.28

-0.05
-6.37

-6.61

31000±1050
28000±730

-11.14

-11.27

4 1.31
2.50

-7.81

-4.46

-12.36

-10.60

16300±180
20100±280

-10.08

-10.17

5 6.25 +0.74 -4.94 28000±730 -11.28

6 0.75 -7.61 -15.02 28000±700 -11.17

7 1.28
1.36

-7.95

-8.66 -11.55
28000±740
26000±560

-11.34

-11.33

8 2.75 -3.94 -8.55 28000±740 -11.38

9 3.82 -2.32 -6.76 28000±710 -11.83

10 7.64 +3.44 -3.35 27600±720 -11.48

11 4.00
3.99

+0.92
+1.38

-6.24

-5.98

27100±790
26100±700

-11.36

-11.50

12 2.98 -1.20 -6.49 27000±750 -10.47

13 3.69
3.71

-0.21

-0.63

-6.56

-6.01

26900±650
25200±520

-11.21

-11.23

14 3.95 +1.03 -6.03 26000±710 -10.85

15 1.50
1.65
1.50

-2.33

-2.87

-2.20

-8.38

-8.50

-8.02

26000±580
25100±520
23100±490

-10.85

-10.72

16 6.02 +0.87 -5.00 25400±540 -11.62

17 3.05 -0.85 -6.54 25000±630 -10.34

18 1.52 -4.08 -10.08 25000±520 -11.15

19 1.48 -1.80 -8.20 24100±550 -10.87

20 0.97
0.97

-4.32

-5.43

-16.71

-11.68

23400±430
21000±400

-10.43

-10.54

21 2.83
2.72
2.72

-6.26

-7.52

-8.79

-11.65

-10.05

-9.40

23000±500
21000±400
20000±340

-10.79

-10.62

-10.62
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Ta ble 2. Ra dio car bon age and 
13

C and 
18

O iso topes (con tin ued). 

No. T.D.S.

(g L-1)

d13C

HCO3-

( ‰ )

d13C
CO2

( ‰ )

Age

( Years )

d18O
H2O
( ‰ )

22 2.88 -0.81 -7.27 23000±490 -10.75

23 3.59
1.35

-3.71

-7.17

-7.02

-11.08

22000±480

9000±98

-10.20

-9.76

24 3.48 -0.72 -6.47 21000±320 -10.55

25 3.08 -1.21 -6.96 20900±380 -11.01

26 3.30 -2.94 -7.87 20100±320 -10.17

27 1.07
0.85

-3.52

-6.62

-10.23

-12.98

20000±280

15000±230

-10.44

-10.12

28 0.72 -9.00 -16.09 19200±260 -10.94

29 1.68 -2.96 -7.99 18300±230 -10.78

30 1.82
1.78

-5.62

-4.71

-9.09

-9.68

16700±190

16400±180

-10.20

-10.12

31 0.57 -8.81 -12.02 18300±280 -10.07

32 0.68 -4.85 -12.62 17700±260 -10.18

33 2.61 -1.35 -8.39 18300±280 -11.25

34 1.19 -3.92 -9.44 17300±200 -10.38

35 2.52
2.52

-6.77

-6.53

-12.88

-11.95

15400±190

15400±160

-10.28

-10.31

36 0.49 -6.14 -17.40 15400±160 -10.12

37 0.42 -8.50 -16.66 14400±170 -9.89

38 1.37 -4.26 -13.12 12700±200 -9.99

39 0.39 -8.26 -16.22 13000±150 -10.07

40 1.27
0.89

-9.14

-12.66

-16.36

-20.70

12800±170

7700±90
-11.12

41 1.03
1.03

-9.15

-9.54

-14.34

-8.55

9900±100

9600±100

-10.72

-10.76

42 0.58 -8.06 -20.98 10100±90 -10.28

43 0.70
0.68

-7.12

-7.36

-14.11

-14.69

9100±140

8700±110

-9.96

-10.03

Num ber ing as in Ta ble 1.
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