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ISTVAN CORNIDES — ARPAD KECSKES*

DEEP-SEATED CARBON DIOXIDE IN SLOVAKIA: THE PROBLEM OF
ITS ORIGIN ~

(Figs. 2, Tabs. 5)

Abstract: The carbon isotope data measured in various areas throug-
hout Slovakia have shown that the deep-seated carbon dioxide appea-
ring in the CO.s — rich mineral waters in this country is characterized
by the carbon isotope ratio 6"'C = -6.0 4+ 1.5 %, (relative to PDB), and this
is indicative for juvenile, i. e. for mantle origin. On the other hand,
the CO, derived from marine carbonate rocks is found to be a minor
component, except the cases of the rather few occurrencies of relatively
high 6¥C values. Based on very similar measured isotope data, the same
conclusion is valid for all other parts of the Carpathian Basin, in which
this type of investigation has been carried out.

Peswwme: Hd OCHOBAHHH [leB)’J’IbTﬂT()I!\ nnmepemn’i H3OTONHOrO CoCTaBa yriae-
poia B ABYOKHCH VIJIEpPOAa MHIEPaJbibiX BOA pasinunibix ofuacrteit CaoBakuu
ObIJIO YCTAHOBJEHO, YTO H30TONHOe cooTHowenue rayGuunoit CO, uaxoaurtes
B yakux npegenax §°C = —6,0 + 1,5Y%,. Irtor akt ykaseiBaer Ha 10OBEHHIb-
Hblit XapakTtep, T. e. Ha NpoHcXoxjaenve 3 mantHu, C Apyrofl cropoHsl, IBYO-
KHCb YIJICPOJd, NOJYHEHHYIO H3 MOPCKHX KapOOHATHLIX MOPOJ, MOMKHO CUHTATD
KOMITOHEHTOM CPABHHTEJAbHO MaJofl pacnpocTpaHeHHOCTH, KOTOPLIH TOJALKO B J10-
BOJBHO peﬂKllx CJAYYAsX HAXOJAAT B 3HAYNTCIbHBIX KOJHUECTBAX (I'II)I-I NMOBBILLEH-
uetx apauennax 4 C). TlogoGHule H3oTonHbIEe COOTHOLWIEHHST YrJiepofda Oblin
TaK#ae Haillensl B HEKOTOPRIX JAPYrHx obnactax kapnatckoro GaccefiHa, noi-
TBUI?H\'J{IIUU.[I'[E Bl;lLI.I(‘}’T‘IL'J\HiI'IyTHC NPeAnOaomenHsd O TNPOHCXOMIICHHH r.ﬂyﬁltii—
O ABYOKHCH VIViepoia.

Introduction

Owing to the numerous and high quality CO,-rich mineral water springs
and also to the dry CO, sources available for industrial use, carbon dioxide
is one of the significant natural resources of Slovakia. In addition to this eco-
nomic aspect, a genelic investigation of the crustal carbon dioxide is made
desirable also by the fact that it may reveal useful geological informations
of more general importance as well.

The deep-seated character of the Carpathian carbon dioxide, involving the
necessity of associating its origin with some basic and large-scale geological
phenomena, like magmatism and'or metamorphism, was recognized when the
first series of carbon isotope data were measured in Hungary (I. Cornides
— T.Silt, 1970; 1. Cornides, 1970). An important global survey, published
in 1978, has clearly displayed the relation between CO, discharges and seismicity
(I. Barnes — W. P. Irwin — D. E. White, 1978). However, the task
of finding and describing the detailed formation mechanism of the deep-sealed
carbon dioxide, in accordance with the general correlations and also with local
geological evidences, is still to be done.

An obviously promising approach is offered by isotope geochemistry.
Measurements of the C/!2C stable carbon isotope ratios of CO, occurrencies
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Table 1

Data of CO,-rich mineral waters, neogene volcanic area

Sampling alic Free CO, Temp. HCOy

Serial Code
No. site (PDB) mg/litre o mg/litre
1 LE-34 Santovka, B-6 — 3.8 2524 14.7 2082
2 LE-35 Santovka, B-9 — 3.8 1370 13.5 1847
3 Santovka, new —38
bore
4 ZV-70 | Dudince, S-3 — 2.5 1560 28.5 3059
5 LE-39 Slatina, BB-1 — 6.5 1886 16.5 2150
6 LC-61 | Zelovce — a7 1865 11.0 1014
7 LC-45 | Sklabina — 5.7 1900 12.0 1672
8 LC-32 Maly Krtis —4.5 2043 10.5 459
9 LC-34 Mula — 4.6 1850 6.0 2663
10 LC-4 Busince — 4.2 1502 16.0 6084
11 LC-9 Filakovo, Adam — 6.1 1969 10.0 1322
12 LC-50 Sid, Torey — 4.4 2600 10.8 970
| 13 RS-25 Konradovee — 5.3 1743 10.0 889
14 RS-19 Hodejov — 4.6 1938 11.0 1011
15 ZR-3 Bukovina — 3.0 1431 11.5 2351
16 ZV-17* Zvolen — 4.2 1930 16.2 1961
17 ZV-5 Slia¢ — 5.7 2160 12.0 303
WStefanka®
18 AS| Slia¢ — 5.2 1652 23.2 1052
SLenkey®
19 ZV-8 Slia¢ — 5.7 1475 22.7 1077
SAdam®™
20 ZV-25 Lukavica —5.3 924 12.7 1330
2 BB-27 Cerin — 34 1300 10.5 2538
Medokys
22 BB-33 Cerin =B 1710 13.5 3344
WKrater®
23 BB-10 B. Bystrica — 4.3 1880 17.4 1562
24 BB-21 Brusno — 4.3 1210 20.5 1267
LOndrej
25 PV-23 Kokoiovee —4.6 2300 9.3 1104
WTana®
26 PV-90 | Zlata Bann — 4.8 2000 10.0 415
27 PV-10 Kvasna voda — 4.9 2170 9.8 580
28 PV-97 Cemjata — 5.8 2131 10.0 1078

In this and all other Tables:
Code: as given in .Mineralne vody Slovenska” by P. Krahulec, et al. Osveta.
Martin 1977,
* : the spring was not quile reliably identitied.

have been carried cul in many pare of the world (I. Barnes — W. P. Irwin

. E. While, 1978). As Tor Slovakia. several data have been measured
and published by Barnes and O'Neil (I. Barnes — J. RO O'Neil. 1976). In
the carly seventies an extensive colleclion and carbon isotope analysis of CO,
sumples has been carvied oul throughout Slovakia (I Cornides — A Kecs-
ke, 19730 A Kees ks 1974), the results of which were summarized along
with the dalta measured in Hungary, and a preliminary interpretation was
alee atlempted (I Cornides — A, Keceskeés, 1974).
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Table 2

Data of CO,-rich mineral waters, the Trenc¢in area

Serial Code Sampling e Free CO, Temp. HCO4~
No. site (PDB) mg/litre °C mg/litre
1 TO-3 Norovee, JRED — 4.7 1050 | 6.5 | 1172
2 Norovce, well — 5.0 |
3 TO-17 Norovce, forest — 5.2 1036 8.0 1170
4 TO-5* Sisov —42 1250 8.0 1025
5 TE-12 Dubodiel — 3.8 1974 9.0 378
6 TE-48 Trenéianske — 3.0 2288 9.0 1318
1 Jastrabie 1. |
T | TE-83 Trenc¢ianske — 39 2060 9.0 1117
Jastrabie 2.
8 TE-27 Mnichova | —5.5 1024 8.0 895
Lehota
9 TE-25 Kubra — 4.3 2085 9.8 1625
10 | TE-43* | Soblahov — 6.4 1600 10.0 612
11 | TE-17* | Hrabovka — 3.2 1590 14.0 1281
12 TE-23 Zariecie — 6.2 1616 11.0 299
13 TE-21 Chocholna — 4.7 1750 7.0 1202
14 TE-71* Velcdice — 5.2 1276 11.0 409
15 TE-62 Zablatie — 47 2050 13.0 1385
16 Konovee 1 =10
Moravian border
17 Konovce 2. — 65

Moravian border

In the last few years some additional and control measurements were per-
formed, and now the whole set of the available data from Slovakia will be
presented, and the problem of origin will be dealt with in some detail.

Experimental

The sampling was carried out by using Ba(OH), solution on the spot, i.e. by
precipitating the total CO, content of 50 ml water as BaCO,. Only springs
of higher than 1000 mg litre free carbon dioxide content were sampled to
make sure as far as possible that deep-sealed CO, is dominant as against
dissclved carbonate (inorganic), or soil CO, (organic), etc. This way we hope
tc have fairly well restricted the change of the original carbon isotope ratio
of the CO, gas migrating to the surface by any other kind of carbon.

Carbon dioxide was recovered for analysis in the laboratory by the usual
phesphoeric acid treatment. The isotope analyses were carried out by the use
of a M 86 type mass speclrometer of Varian MAT, Bremen. The data were
corrected according to Craig and converlted to values referred to the PDB
standard.

The resulls are presented in several groups (Table 1. to 4.). The classifica-
ticn i inherently arbitrary to some extent: though the most obvious view-
points were taken into consideration, these were not the same in each case.
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Table 3

Data of COs-rich mineral waters, northern part of Central Slovakia

Code | Sampling | aBC Free CO-_)' Temp. HCO;~

No. | site ' (PDB) mg/litre o i mg/litre
| | |
' 1 | LM-37 | Korytnica —3.9 3319 6.5 1176
| Jozef“
[ 2 | LM-41 Korytnica —3.9 3170 6.5 1195
I | wZofia® [
|3 | BB-57 Myto pod —4.7 2250 10.0 1043
| | | Dumbierom
| 4 | BB-47 | Jarabal, —6.1 1810 8.0 244
5 | BB-48 | Jaraba 2. — 6.0 2650 2.0 903
6 - LM-136 Vysina Boca 1. — 5.7 2400 6.8 683
T LM-148 Vysna Boca 2. — 6.4 2650 6.8 592
8 | BB-68 Svermovo — 5.8 2050 13.0 1092
9 | LM-893 Lucky 1. — 4.8 354 21.5 848
10 | LM-91 Lucky 2. — 5.0 736 32.0 860
11 | LM-92 Lucky 3. —5.1 593 33.0 842
12 | LM-10* Besenova 1. —3.1 2360 11.0 1946
13 ! LM-8* Besenova 2. — 2.4 1360 14.0 2200
14 LM-144 Podturen —4.1 2010 10.0 1739
15 LM-135 | Pribylina . —4.9 2500 6.0 1989
' | Rac¢kova dolina
16 PD-72 Stary Smokovec —49 1130 6.3 195

The CO, occurrencies in the neogene voleanic areas (Stiavnické pohorie, Kru-
pinska vrchovina, Cerova vrchovina in the southern part of Central Slovakia,
and Slanské pohorie in Eastern Slovakia) are grouped together on the basis
of a reasonable geological point of view. The Trené¢in group is obviously sepa-
rated geographically (at the feet of and in the mountains Biele Karpaty and
Povazsky Inovec, Western Slovakia).

The areas of the third and fourth group (northern part of Central Slovakia
and North-Eastern Slovakia, respectively) can also be defined geographically,
but the dividing line between them was closen by taking into consideration
the carbon isotope data too.

Discussion

Evidently, the interpretation of the carbon isotope results has to elucidate
the origin (formation) of the deep-seated carbon dioxide and its migration
to the surface. The mechanism suggested should equally be in accordance with
some global and the local geological evidences, on the one hand, and with the
carbon isotope data, including their distribution in the given area, on the
olher, Tt is then to be expecled thal, in addition, the natural clustering of the
CO, oceurrencies will become sell-evident as well.

In table 5. the distribution of the carbon isotope data in the four areas (expres-
sed as usually by the §¥C values in per mil) is concisely characterized by the
ranges {6”(:”1;”' "smcm:m “nd A‘SHC - rSHCHmT_fsmcmin} and th!—_‘ averages
(515C).
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Table 4
Data of CO,-rich mineral waters, North-Eastern Slovakia
| Seriall 4o Sampling s%C | FreecoO, | Temp. | HCOy f
No. site ' (PDB) ‘ mgllire | °C | mgllitre |
| | | ‘ | |
1 | PD-19 | Ganovee 2. — 3.0 1025 19.0 ‘ 1507 |
2 | PD-20 Ganovee 1. —31 | 1570 | 232 1751 |
3 PD-33 Horka —33 | 1850 | 115 | 1342 |
4 SNV-1 Baldovce —31 | 2982 10.0 1549 |
5 | SNV-28 Baldovce, B-4 | —1.8 2626 ‘ 1L.0 | 2222 |
6 | SNV-24 Baldovce, BV-1 —4.1 2056 10.0 2150 d
7 | SNV-5 | Siva Brada —04 | 1776 | 138 | 3600
| ,U sv. kriza® | i |
8 SNV-4 | Siva Brada I —0.6 2650 7.0 4125
| ,,Sv. Ondrej* |
9 PV-100 | Lipovce, S-2 —31 2182 15.5 2432
10 | PV-45 | Lipovece, S-1 —24 | 2214 | 120 1960
| wSalvator®
11 | PV-74 | Sindliar —24 2330 9.0 | 1770 |
12 PD-85 Toporec —2.2 1750 10.0 | 1556
13 PD-108 | Vysiné RuZbachy —29 1284 19.0 1299
14 PD-109 Vysné Ruzbachy — 34 1306 | 20.5 1293
LWPri krizie |
15 PD-110 Vysné Ruzbachy 1. — 3.6 | 1190 205 1037
16 PD-111 Vysné Ruzbachy 2. — 6.0 1150 20.5 1037
17 | PD-106 | Vysné Ruzbachy —3.0 | 1008 23.0 1789
LKrater® | |
18 PD-100 Vyéné Ruzbachy — 4.0 2650 9.0 ' 171
.,stone pit* |
19 PD-7 | Forbasy — 4.0 3200 4.0 329 :
20 PD-58 | Nova Lubovna | —29 2200 | 6.7 836 !
LAlfred® |
21 BV-63 | Snakov — 3.0 2060 | 9.0 | 647 |
22 BV-35* | Hrabské — 1.6 2440 10.0 3220
23 BV-53 Nizny Tvarozec — 3.3 2300 8.0 1562
24 BV-266 Cigelka, P-1 + 4.6 . 2308 9.0 | 9484
25 BV-93 Cigelka P-2 + 44 | 2850 9.0 16623
26 | BV-3 Bardejovské kupele,| — 0.7 2095 17.0 3769
LLekarsky pramen®
27 BV-2 Bardejovské kupele, —25 2493 : 12.8 2385
LHlavny pramen®
28 BV-88 Dlha Luka — 3.0 1725 | 10.0 4168
Table 5
Ranges and averages ol the carbon isotope data in the four areas
| sow | &
Area — | Asvc | s1C ‘
min. max. | |
Neogene volcanic — 6.5 —2.5 4.0 —4.6 |
Trencin — 7.0 — 3.0 4.0 — 4.9
North Central — 6.4 — 2.4 | 4.0 — 4.8
North East | — 6.0 — 0.7 5.3 — 2.8
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The close similarity ol the groups 1., 2. and 3. is apparent: the ranges and
averages are nearly identical. The overall spread of the §"C values of these
groups is quite small: 93", of all data is within a range of 3,5"y. The frequen-
cy distribution is, as shown in Fig. 1., approximately normal.

As a reasonable interpretation of these facts, we may assume common and
homogenous origin, and very similar mechanism of formation and migration
[or these CO, occurrencies.
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Fig. 1. Fig. 2.

On the other hand, the §"C data of the fourth group are partly shifted
to more positive values, the average is considerably higher (by about 3 %),
and the spread is considerably wider, even if the two positive values of Cigelka
are ignored.

For this reason the united frequency distribution of all §1C data is about
doubly as wide as that of the first three groups, and, owing to a considerable
positive skewness, it iz definitely not normal (Fig. 2). Since a distribution
of this type usually indicates a heterogenous population. we think that two
diifferent kinds of source (origin) of carbon dioxide is to be postulated in Slo-
vakia to explain satisfactorily the measured isotope data.

According to Barnes and O'Neil the source of the Slovakian CO, is
caleite of marine origin, However, the eighteen samples they collected and
measured do not represent Lo a desirable extent the deep-seated carbon dioxide
of Slevakia., Four of them are mistakenly listed into the Slovakian group, and
in the case of other six Springs ol rather low carbon content the contamination
by surface-near crganic CO, is considerable indeed. making any evaluation
useless.

All the remaining samples are, unfortunately, clustering on the positive
slope of the Trequency distribution curve (Fig. 2). Their average is somewhat
higher than - 2%, and is quite Tar from the §C value -5 "y of the maximum
Gl the frequency distribution, near to which the high majority of the samoles
1 found.,



CORNIDES — KECSKES 189

The frequency distribution of our 89 samples may be thought to represent
more reliably the whole population of the deep-seated carbon dioxide
occurrencies in Slovakia. From the distribution observed in the case of the first
three groups a rather homogenous population may be inferred. with about
dMC = 5", as the most frequent carbon isotope datum. The slight positive
skewness may be explained by the existence ol some two-component CO,
occurrencies in which a more positive secondary component is admixed to the
deep-seated main component with near to -5", or even more negative §C
values. The obvious source of the secondary component is marine limestone.
in the Carpathian Basin these carbonale rocks are mostly found in the §C
range 0 to +3 (I. Cornides, 1971). The high (e.g. less negative than -3 "y)
§19C wvalues, that very rarely occur in the areas of the first three groups, may
appear as a result of limestone by the CO,-rich ground water (low temperature
rock—water interaction). As evidences the travertine deposits formed by the
water (e.g. in Cerin and BeSefiova). and the very high bicarbonate contents
can be mentioned. (For Cerin see A. Kecskés et al., 1981).

Similar shift to less negative. or even to positive values is more [requently
found in North-Eastern Slovakia, where large amounts of calcium carbonate
are available in the f[lysch rocks of that area. The result is the rather high
average of -2.8 "y.

Besides changes to considerably higher 'C contents, small shifts averaging
e.g. about 1%, may also occur owing to dissolution of relatively small amounts
of carbenate material. These changes, though do not affect perceptibly the
ncermality of the frequency distribution, may result in somewhat less negative
G1"C values even in the range -7 to -4 'y, and thereby even this main part
of the distribution curve, ie. its “normal component” is probably affected
¢ the extent of a small translation. e. g. of about 1%, in the direction to higher
BiC concentration.

Coneclusions

Based on the carbon isotope data of 89 properly selecled CO, occurrencies
in Slecvakia, the fcllowing statements scem to be justified:

1. The carbon isotopic composition of the high majority of the CO, occur-
rencies in Slovakia are found within the range of -7 to -3 "j: nearly 95" in the
case cf the first three groups. and still more than 80" if the occurrencies
in Ncrth-Eeastern Slovakia are also taken into account.

2. On the other hand. the share of occurrencies with §!% values in the marine
carbonate range is quite low. and nearly negligible outside North-Eastern
Slovakia.

3. Though it is, in principle. possible to explain the existence of §"'C values
arcund -5"y by assuming mixtures of carbonate derived and organic CO..
strict validity of a well defined mixing ratio for the great majority of the carbon
dioxide occurrencies is highly improbable. [t would be also quite difficult to
give an account of the very low [requency of CO, occurrencies with §%C values
in the limestone range.

4. The frequency distribution of the carbon isotope data suggests a deep-
sealed carbon dioxide characterized by the C range of -7.5 to -4.5 ", to be the
main component of the CO, occurrencies in Slovakia. This range is usually
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considered to be indicative for juvenile, i.e. for magmatic ore mantle origin.

5. By the same reasoning the carbon dioxide of marine carbonate origin
is to be taken as minor component, except the cases of the rather few occurren-
cies of relatively high §"C values. Both the local geological evidences and the
chemistry of the mineral waters in question suggest low temperature rock—
waler interaction, relatively near to the surface, as the mechanism by which
carbonate CO, appears in the walers.

6. According to similar investigations carried out in the Hungarian neogen
voleanic areas (I. Cornides — A. Kecskés, 1974) and in the Transylvanian
Eastern Carpathians (I. Cornides — M. Cornides, 1981) the origin of
the deep-seated carbon dioxide in Slovakia is identical with that recognized
also in other CO,-rich parts of the Carpathian Basin, and is different from
that of the carbon dioxide Barnes and O’Neil have investigated in Bohemia,
for which the flysch rocks underlying the Bohemian Massif and currently
undergoing metamorphism are suggested by them as source material and for-
mation mechanism, respectively (I. Barnes — J. R. O'Neil, 1976).
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