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ISTVÁN C O R N I D E S * — Á R P Á D K E C S K É S * 

DEEP-SEATED CARBON DIOXIDE IN SLOVAKIA: ADDITIONAL 
COMMENTS ON THE PROBLEM OF ITS ORIGIN 

(Tabs. 2) 

A b s t r a c t : In a prev ious p a p e r w e presented carbon isotope d a t a of 
89 C 0 2 - r i c h Slovakian w a t e r samples and — based on a s tat is t ical a n a ­
lysis of these d a t a — w e have found t h a t t h e u p p e r m a n t l e can be ac­
cepted as t h e source of t h e deep-seated carbon dioxide im Slovakia wi th 
t h e least a m o u n t of difficulties. Recent ly it has been proven by a he l ium 
isotope research t h a t m a n t l e - d e r i v e d gas is ascending to the surface of 
t h e crust in t h e C a r p a t h i a n Basin. F u r t h e r m o r e , reca lculat ion of several 
of the S l : :C d a t a m e a s u r e d for the total dissolved c a r b o n a t e (TDC) has 
shown t h a t they h a v e become less negat ive t h a n the va lue of t h e ori­
ginal C 0 2 gas, due to dissolution of c a r b o n a t e rocks and significant 
isotope fract ionat ion, especially in t h e case of the 6 ' " 'C(TDC)>—3 "m 

values . 
These n e w findings prov ide addi t iona l s u p p o r t for the m a n t l e origin 
concept. 

P e 3 i O M E : B npeflbiflymeň CTSTLC 6 hum npe,iuio>KeHM ^arn-iue 06 ii30Tonax 
yr.nepofla 89 o6pa3uoB flByoKiicn yrnepoaa 113 wiOBanKiix MiiHepaJibHbix BO#. 
Ha ocHOBanini cTaracTimecKoro anajiii3a 3TIIX jiaHHux MTOKHO C naiiMeHb-
LLIIIMII 3aTpy/lHCHHJIMH npHHHTb, WTO IICTOHHIIKOM niyÔIIHHOM CCS B OlOBa-
KHH SIBJIHeTCil BepXHÍIH M3HTI4H. 
nocjieflHiie nccjieflOBaHMH H30TonoB rcjiMsi yKa3bmaioT, MTO cymecTByioT 
TaKMe ra3a BbiCTynaioinMC Ha noBepxHOCTb qepe3 Kopy B KapnaTCKOM Sacccw-
iic, Koxopbie co/;ep>KaT 11 ra3 H3 BcpxHeii MaHTiw. 
Kpoivie Toro nepeou,ein<a HCKOTopbix M3MepeHHbix 3HaMeHiiii Ä(13C) RRÍI CO-
BcpuicHHO pacTBopcHHoro KapSoriaTa (TDC) ii0Ka3aJia, HTO STM 3Ha"4CHHsi 
CTajTII MCHCC OTpiIHaTejIbHblMH, HCiM 3HaHeHHfl IICXOflHOTO C 0 2 BCJTCflCTIIM paC-
TBopennH KapSoHaTHbix ropm.ix n o p o ^ n ii30TonHOH cppaKUMOHanini ocoSeH-
HO B cjiynae <513c (TDS) > —3 "m. 
3TH pc3yjTbTaTbi noflTBep>i<flaiOT Haiue npefljio>KeHHc o rcne3ncc rJiyoiiH-
HOM CO., H3 BepxHeii MaHTHII. 

Introduction 

In a previous paper we have presented carbon isotope data of 89 carbon 
dioxide occurences ( C o r n i d e s — K e c s k é s , 1982). The samples were taken 
from CO-j-rich mineral water springs and wells (with free CO-, over, in the 
case of 4 springs near to 1000 mg litre) throughout Slovakia, and the (S':iC values 
of the total dissolved carbonate were measured. 

It has been pointed out that the <5l:iC values of the samples collected in the 
neogen volcanic areas and in the adjoining regions of Western Slovakia and 
of the nor thern par t of Central Slovakia (61 samples) are found in the range 
from —7 to—3 % 0 , except only 3 samples with á t : í C > —3 \ n (all values relative 
to PDB). F u r t h e r m o r e , the frequency distribution of the carbon isotope data 
of this group is almost normal (with just a quite small skewness on the positive 
side) suggesting homogenous origin for these CO-, occurences. 

* RNDr. I. C o r n i d e s . CSc, RNDr. Á. K e c s k é s . CSc, Department of Phy­
sics. Pedagogical Faculty, Lomonosova 1, 949 01 Nitra. 
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On the other hand. 14 of the 28 samples from North-Eastern Slovakia have 
á l : i C values higher than — 3 %Q, making the frequency distribution of all Slo-
vakian samples more discernibly skewed. The two samples from Cigelka, close 
to the Polish border, wi th <5I:!C > + 4 ",„, values are widely separated even from 
this overall distr ibution curve and require special consideration. 

Nevertheless, the high majority of the Slovakian CO-2 occurences (72 from 89) 
are characterized by the —7 to —3 "mi range of the carbon isotope ratio which 
is usually considered to indicate mant le origin. (This same kind of carbon di­
oxide was found dominant also in other CO.,-rich parts of the Carpathian 
Basin: in H u n g a r y and in Transylvania.) 

In the case of the minority (17 samples) of the Slovak CO., occurences we 
suggested that the^original" # I : ; C value of the dominant deep-seated carbon 
dioxide has been changed to higher values due to near-surface dissolution of 
carbonate rocks by the CO^-rich mineral waters, that is indicated also by the 
water chemistry and t raver t ine deposits. And since small scale dissolution of 
carbonates cannot be excluded even in the case of the majority of the sampled 
mineral waters with 5 I : !C > — 3.0 %0, this might be the reason for the slight 
deviation in their frequency distribution curve from the normal. Accordingly, 
the á l : ! C range of the deep-seated Slovak (in general : Carpathian) carbon di­
oxide we estimated to be about from —7.5 to —4.5 "mi. 

Some new results 

Recently some new findings have again widened the basis for suggesting 
mantle origin in the cast of the deep-seated CO., in Slovakia, and in the 
Carpath ian Basin in general. 

1. In the early eighties sampling was started in some gas fields in Hungary 
to obtain data on the elemental and isotopic concentrations of the noble gas 
content in the ear th gases in question. The detailed evaluation of the results 
has now been completed (C o r n i d e s et al.. 1986). 

As the most interesting result, we point out the high : !He content of the 
high yield dry CO-, gases near the villages Répcelak and Mihályi in the Little 
Hungar ian Plain, 70 kilometers to the south from Bratislava. In Tab. 1. the 
helium concentration, the "'He ''He helium isotope ratio and the ''He -"Ne ele­
mental ratio data are presented for three active carbon dioxide wells of this 
region. 

As shown by the :1He ''He values, the : !He content is significantly higher in 
these samples, t h a n that of the atmospheric helium, indicating a considerable 
amount of mant le helium in the CO., gases in question. By the use of the 
: iHe ''He and the ''He "-"Ne data the relative contributions of atmospheric, crustal 
and mant le hel ium can be calculated (S a n o et al.. 1982). The results obtained 
for the three samples of Tab. 1. are presented in Tab. 2. 

Since the ''He i 0 N e ratio (which is much higher in these gases, than in the 
atmosphere — see Tab. 1.) cannot be measured very accurately, the percentage 
data of Tab. 2. should be regarded only as reasonably estimated values. Never­
theless, the contribution of mant le helium to these gases is definitely estab­
lished and is quite significant, especially if contrasted to that obtained for 
earth gas samples of two other regions in Hungary (Debrecen—Hajduszoboszló 
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T a b l e 1 

Helium content, isotope and e lementa l ra t io da ta obta ined for th ree COj gas wells 

Sampl ing locality, 
code of t he well 

Répcelak, M-5b 
Répcelak. M-24 
Mihályi, M-25 

''He 
ppm 

1010 
430 
L 99 

T a b l e 2 

:iHe ''He 
x 10" 

2.9 + 0.2 
2.6 + 0.3 
5.5 + 0.3 

''He 20Ne 

1230 
88 

614 

Calculated a tmospher ic , crusta l and m a n t l e componen t of the he l ium gas contained 
in the gas of th ree Co. wells 

Sampl ing locality, a tmospher i c crusta l man t le 
code of the well (%) (",'„) (",„) 

Répcelak, M-5b 0.03 78.3 21.7 
Répcelak, M-24 0.36 80.3 19.3 
Mihályi, M-25 0.05 58.1 41.9 

a n d t h e M e c s e k M o u n t a i n ) , w h e r e t h e m a n t l e h e l i u m c o n t e n t w a s f o u n d n e g l i ­
g ib le , i.e. b e i n g w i t h i n t h e l i m i t s of e r r o r . I n t h e s e l a t t e r g a s e s t h e CO., c o n t e n t 
is v e r y low, t h e m a i n c o m p o n e n t b e i n g m e t h a n e . 

T h e r e a s o n s w h y t h i s p r e l i m i n a r y h e l i u m i s o t o p e r e s e a r c h is c o n s i d e r e d i m ­
p o r t a n t a r e as f o l l o w s : 

a) mantle-derived gas (helium) was found to ascend to the crust 's surface 
in the Carpathian Basin: 

b) and this mantle helium seems to be characteristic for the high yield carbon 
dioxide discharges. 

It is also to be mentioned that for the carbon dioxide occurences with high 
mantle helium content we have received values in the narrow range from 
—6.5 to 5.2 "mi, i.e. values within the range of mant le CO.,. 

As a most recent development, a group of English and Hungar ian geo-
physists and geologists have sampled 60 thermal water reservoirs throughout 
Hungary, and by reason of :iHe ''He isotope ratios measured for the helium 
gas they contain it was suggested that an appreciable amount of mant le 
helium is present in some groups of these waters , part icularly in those asso­
ciated with major faults (D e á k et al., 1985). 

2. As mentioned in the introduction, in the course of the investigation of 
C02-r ich mineral waters we have determined the carbon isotope ratio of the 
total dissolved carbon. This ó'l:1C(TDC) value can be very reliably measured: 
we have experienced + 0.1 [\m reproducibili ty when the TDC of the same 
spring was several times sampled and measured within a period of one year. 

On the other hand, the isotope ratio of the total dissolved carbon may be 
more or less different from that of the "original ' ' deep-seated carbon dioxide 
gas: the isotope fractionation in the water — carbonate system may result in 
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a significant shift of the ó l : iC(TDC) to higher values, especially if a considerable 
amount of carbonate rock is dissolved by the C0 2 - r ich water . This is the 
reason why we estimated a somewhat nar rower range for the deep-seated 
carbon dioxide in Slovakia wi th a maximum of the frequency distribution 
curve at about —6 %0. 

There are two ways to a t tempt determining <S1:)C(C02,g) data. i.e. the original 
isotope ratio of the deep-seated carbon dioxide gas. E x p e r i m e n t a l l y one 
may t ry to sample the gas volatilizing from the water to the atmosphere. In 
the case of chemical and isotopic equilibrium in an open system the <J|:,C 
value of this sample should be identical with a l 3C(C02 ,g), and H a l a s — L i s 
(1980) have shown that this method of sampling is sufficiently reproducible. 

In a t h e o r e t i c a l approach we may recalculate Sv''C(C02-g) from the 
5I:!C(TDC) data making use of the equations of chemical and isotopic equilibria. 
The reliability of this method is limited by the fact that various approxima­
tions are inevitably involved. 

In a recent paper L e s n i a k (1985) presented calculations of this kind for 
the carbon dioxide — underground water system of the Polish Carpathians 
using 29 carbon isotope data of L i s — H a l a s (1980). Since this paper deals 
also wi th 12 Slovakian samples the <Sl:iC data of which we have measured, a 
chance was given for a limited application of the computational method in 
our case. 

Unfortunately, L e s n i a k has not calculated the <5l3C(C02,g) values for 
the individual samples, instead he has d rawn two curves for ál:iC(CO.,,g) = 
= - 1 . 0 %0 and - 3 . 0 % in the TDC - <51:'C(TDC) and in the pH - ä1:?C(TDC) 
plane (see Fig. 4. and 5., respectively, in his paper). Nevertheless, the dots 
representing the samples in question in these figures, namely their positions 
relative to the curves drawn, give information on the respective a l : iC(C02,g) 
values. In particular, it is clearly revealed that 10 samples show a l : !C(C02,g) 
values lower than — 3.0 %0, including 7 which have <5I:1C(TDC) ž — 3.0 %0 data. 

To obtain numerical values we have made inter- and extrapolation in 
L e á n i a k's Fig. 4. and as a result a ô t ; !C(C02,g) range of —1.8 to —5.7 
has been found for the 12 samples, instead of the + 4.6 to — 4.3 range of 
the ÔI:!C(TDC) data. It is to be pointed out, that if we neglect the two Ci-
gel'ka samples, all values are near to —4.0 °oo or well over that , in good agree­
ment wi th our earlier estimation. 

Discussion 

A statistical analysis of the relatively high number of our data has revealed 
that the least amount of objections is to be faced if the results are interpreted 
by assuming mant le origin for the Slovakian deep-seated carbon dioxide. 

The new results outlined above eliminate two of the objections against 
this mant le origin concept. 

One of them is based on the reasoning that migrat ion of mant le gases 
into the crust and to its surface should be considered impossible in such a 
tectonically-magmatically relatively quiet region like the Carpathian Basin. 
The detection of significant amounts of mant le helium in ear th gases inside 
the Carpathians obviously rejects any such argument , though it doesn't, of 
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course, provide direct evidence for the mant le origin of the carbon dioxide 
too. 

As already mentioned, it is also objectionable that we used ó'l:iC(TDC) data 
in the case of CO.,-rich waters when we at tempted to elucidate the origin of 
the deep-seated carbon dioxide by interpret ing the carbon isotope composition. 
Nevertheless, the knowledge of the fractionation coefficients between the car­
bonate species, and also of their relative quanti t ies in the solution, makes 
possible a semi-quanti tat ive estimation of the shift from o l : iC(C02,g) to 
ôl:!C(TDC), reducing thereby the uncer ta in ty caused by this problem. This is 
what we did: we explained the skewness of the frequency distribution curve 
on the positive side by a considerable amount of dissolved carbonate, i.e. by 
high relative quant i ty of the HCO":l species, the carbon of which is much 
heavier than that of the CO., molecules. 

L e á n i a k's results definitely support our estimation. For all the twelve 
samples the <Sl;lC(CO.>,g) values are lower (by 3.0 "mi on average) than the 
respective <5':!C(TDC) data, the difference being larger for high, smaller for 
lower á l ; iC(TDC) values (positive correlation). It can be inferred from these 
results data higher than about —4 %o disappear from the frequency distr ibu­
tion of the <$l:''C(CO>.g) values, i.e. the skewness found in the case of the TDC 
disappears when the C 0 2 gas is investigated. 

Of course, it should not be overlooked that recalculated data are available 
for just over 10" u of the total number of the Slovakian samples, and since 
even this small number of data have not been "fully" recalculated, their 
usefullness is somewhat limited by the uncertainties of the extrapolation. 
Fur thermore , L e á n i a k's t rea tment of the data involves several a rb i t ra ry as­
sumptions that may have introduced errors of various kind and magnitude. 
For instance, it is obvious that real carbon dioxide — underground water 
systems are neither ideally open, nor ideally closed to CO) gas (see e.g. D e i n e s 
et al., 1974) and also equilibrium conditions may not always have been estab­
lished. As for the twelve Slovakian samples, ten of them have <5l:!C(CO.,,g) 
values within a range of 2 "no width, with an average of 4.6 %o- Accordingly, 
these samples really have identical values within ± 1 °«o. On the other hand, 
the Cigefka samples have <5l:lC(C02,g) values near to —2{\m, i.e. well outside 
the above range, though the shift from the measured á l :!C(TDC) value is 
the largest for these samples (6.5 %o). Therefore, the ideal open system condi­
tions may not be valid in their case, and the d'l:!C(TDC) value may have 
become higher due to the heavy carbon of the dissolved carbonate. Another 
explanation is offered by the, unique chemistry of the Cigel'ka wate rs : ex­
ceedingly high HCO":i to free C 0 2 ratio, low Ca-' content, but unusually high 
concentration of Na+ ions. 

Still, on the whole, we think that L e á n i a k's data give approximate but 
interpretable information on the carbon isotope ratio of the 12 samples of 
Slovakian deep-seated C0 2 . After all, he used the theoretical results and comput­
er program of excellent experts in the field. Unfortunately, however, the way 
in which L e á n i a k interpreted the results is devoid of the minimum of any 
scientific method. 

The conclusions he has drawn by the help of isotope data are based on Fig. 4. 
(p.282) of his paper. As for the interpretat ion of our Slovakian data, he s tates: 
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" . . . C o r n i d e s and K e c s k é s" belief that CO., becomes from the mant le 
is incompatible wi th the numerical values —1 %0 > l:1C(CO.,.g) > - 3 °no" (p.284). 
("becomes from" is obviously used for "comes from" or "originates from"). 

However, the author has not presented o l : !C(C02,g) "numerical values" at all 
and for this reason we had to rely on his figures. Strangely enough, it is 
clearly seen both in Fig. 4. and Fig. 5. tha t the "closed circles representing 
Slovakian wate r s" are not between the two curves derived for o l :1C(C02.g) = 
= —1.0 and — 3.0 %0, respectively, except the two Cigel'ka waters . L e š n i a k 
himself too used these figures to prove that a l : !C(C02.g) is constant: "In general 
the data points fall (Fig. 4) between two curves, i.e. —1 "no > o l ; !C(C02,g) > 
> - 3 %o", but w h a t kind of non-Euclidean geometry helped him to see the 
data points to be "in general" (i.e. mostly) between the two curves? As a mat ter 
of fact, L e š n i a k ' s statistics is very poor: 2 Slovakian samples between 
the two curves (just the exceptional ones from 89 samples) and 10 outside. 
And even if we look at all samples including also those from Poland — 
which, of course, didn't concern our considerations — the number of the 
"inside" and "outside" sample points is almost the same. 

Accordingly, L e š n i a k rejects our suggestion (not "belief" !) that mant le 
is the most probable source of the deep-seated CO., in Slovakia (and in the 
Carpathian Basin), on the basis of 2 non-representat ive samples (well outside 
the frequency distribution curve) against 87 representat ive samples, and this 
is really "incompatible" wi th any correct use of statistics in scientific research. 

Finally, we th ink that L i s and l i a 1 a s' (1980) suggesting mant le origin for 
the CO., occurences of Glebokie, Muszyna, Szczawnica and Žegiestów, is reason­
able. This is supported also by L e š n i a k's figures (though not by himself) 
in which the respective data points are well below the —3.0 %0 curve, similarly 
as in the case of the 10 Slovak samples. (Curiously enough, this fact was 
perceived by L e š n i a k only for 3 Polish samples). 

As for the other samples in the Polish Carpathians, we think that further 
investigation is needed to see whe ther another source of CO., (marine limestone) 
is to be suggested as well. Unfortunately, in this case the reliability of L e š -
n i a k's calculations is additionaly decreased by the "double recalculations" and 
by the apparent misunders tanding concerning the H a l a s group's method of 
sampling. 
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