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The origin of. chloride waters at Wysowa,
West Carpathians. Chemical and isotopic approach.

ABSTRACT: Investigation of chloride subsurface waters occurring in the Car-
pathian flysch suggests that. they should be considered as a mixture of flysch
sediments connate water, metamorphic water and meteoric water. Dissolved solids
consist for the most part of sodium bicarbonate and sodium chloride which can
be related to water-rock-carbon dioxide interaction and to the presence of the
conmate water respectively. High 280/%60, D/H ratios and probably high boron
concentration are due to the. presence of metamorphic water. Concentration of.
calcium, magnesium, strontiuim and probably other divalent metals as well as
silica seems to be governed by mineralogical control, being in this case the form
of buffering by solid carbonates. Alkaline metals fit rather perfectly the dilution
pattern, though, it is modified by rock dissolution and other geochemical processes.
The behaviour of halogens follows the trend of alkaline metals dilution. Slope 1,
on the pH—pHCO; plot impose that the Wysowa mineral water system is open to
the large reservoir of carbon dioxide of constant cbemxcal potential (pCOs=const).

INTRODUCTION

Several kinds of mineral water occur in flysch rocks of the Polish
Carpathians, - namely .Cl-Na*, CI-HCOy-Na, HCOs-Cl-Na and - Cl-Na
waters (Fig. 1). Their spatial distribution was mapped by Dowgiallo,
. Plochniewski, Szpakiewicz (1974). The dissolved solids content amounts
up to 30 g/l. As far:as stable- isotopes of oxygen and. hiydrogen are
concerned the 380 values vary between 6.7 per mille to -10 per mille
and these of 3D between -20 per mille and -70 per mille.

The origin of these -waters and of their chemical composition as well
as the origin 6f the gas phase COj is still unclear, though considerable
effort has been made to resolve this problem. (Swidzinski 1965, Wecla-

This paper is based on the author's Ph. D. thesia prepared at the Lébbratm-y of Hydro-
geology, Institute of Geological Sciences, Polish Academy .of Sciences, Warszawa.

* Every ion mentioned in. the formula contributes at least 20 per cent mmequlvalents
‘Sum of cations or anlons is taken as:eqgual to 100 per cent.
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wik 1967a,b, Kolago & Plochniewski 1971, Dowgiallo 1973, 1976, 1978,
Cortecchi & Dowgialto 1975, Dowgiallo & Slawinski 1978).
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Fig. 1. Tectonic sketch of the central part of the Polish Carpathians and the
locations of the mineral waters of interest
1 Carpathian foredeep, 2 Skole unit, 3 Silesian unit, 4 Magura unit, 5 Pleniny Klippen Belt,
8 Location of the mineral waters of interest

The purpose of this study was to elaborate a consistent and com-
prehensive model of the origin and evolution of the Wysowa mineral
waters and their solutes including carbon dioxide on the base of repeated
chemical and stable isotopes measurements, and to compare them with
other Carpathian waters. '

It is also of practical importance to know what the origin of mine-
ralized waters in the neighbourhood of the Carpathian petroliferous
provinces is, whether the resources of these mineral watérs are renew-
able, what kind. of water-mineral-gas ractions formed their chemical
composition and how the fluid migrates. The knowledge of the corrosive
properties of water is also in need.

The investigations were carried out at the Wysowa-Spa nappe where
on the area of a few square kilometers several wells not exceeding
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" 100 m in depth provide acidoulous HCO3-Cl-Na waters for medicinal
purposes. .
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METHODS OF STUDY

Waters discharging from shallow -‘wells - were collected dufing; the period
1961—1977 in poliethylene bottles and-del-i_ver@g"ﬁ__i the -laboratory whére complete
chemical analyses were performed. In 1976177 special atiention was given to
the field measurements of pH, redox potential and alkalinity. The procedures
used were recommended by Barnes (1964) and Orion Research Co. In the same
period samples for measuring at monthly intervals-the isotope ratios $0/%0, D/H
and tritium concentration were also collected. Isotope analyses were performed at
the Laboratory of Physics and Nuclear Technics, Academy of Mining and Me-
tallurgy, Krak6w. Some of oxygen-18 and tritium measurements were performed
at the Laboratory of Dynamic Geology, Maria and Pierre Curie University, Paris.
Chemical analyses were carried out at the Laboratory of the “Balneoproject”
Enterprise, Warszawa.

GEOLOGICAL SETTING

The Magura .nappe of the Polish flysch Carpathians is the uppermost tectonic
unit overthrusted upon its basement consisting of other units. The sediments
occurring under the flysch are not known, though in the north the Miocene
formations have been found in deep drillholes. It is a question of considerable
importance how far :they extend towards the south.

" The surrounding Wysowa area is composed of a suile of sedimentary rocks
deposited in the flysch basin and belonging o the Magura nappe. This area was
mapped by Weclawik (1967, 1972) (Fig. 2). '

Four rock complexes were distinguished here on the ground of palaeontological
and lithological investigations (Weclawik -1969, Slaczka 1970):

1. The Incceramus beds consisting mainly of micaceous shales. Illite, musco-
vite, biotite have been recognized in this suite. This complex is dated- to the
.Campanian and the Maestrichtian.

9. The variegated shale beds are also composed mostly of shales. - Clay
minerals like illite and chlorite were found here in addition to quartz, plagioclase
and muscovite. They were deposited during the Paladéocene—Eocene period. In
the neighbourhood of Wysowa some bentonites were discovered. Their presence
might be. related to submarine volcanic activity in the flysch basin. Calciec mont- -
morylonites and illite predominate here (Sikora 1870, Koszarski & Wieser 1960).

3, The Beloveza beds are composed of sandstones and shales of the Eocena
age (Weclawik 1969).



PAWEE LESNIAK

il
tzp BB 5 [ EER 272 B2
u IE]]I[]Q_ S [EEgn

s [0 =0 Fxde (e

Fig. 2. Geological map of the Wysowa area (after Weclawik 1068)

1 Inoceramus Beds, 2 Varlegated Shale Beds, 3 Lenticle of sandstones, 4 Beloveza Beds,

§ Lower Magura Beds, ¢ Intermagura Beds, 7 Upper Magura Beds, 8 Undivided Magura

Beds, § Beloveza Beds of the Raca unit, 10 Zbor6w Beds of the Raca unit, 11 uppér terra-

ces, 12 low terraces, 13 River alluvia, 14 landslides, 15 alluvial fans, 18 lomgitudinal faults,
17 cross faulis, 18 anticline axis 19 State’s border
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- Fig. 8. Geological section-across the Wysowa Haliczowa anticline (gene‘ralized)'
1 Inoceramus Beds, 2 Variegated Shale Beds, 3 Lenticle of sandstones, 4 Beloveza Beds.
- § Inoceramus Beds, 8 —{ overthrust plane

4. The Magura beds are represented mainly by fthick bedded sandstones.

They are considered to be the youngest Tertiary sediments in the area under
consideration. )
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The tectonic of the Wysowa area is complicated. The main structure here is
an anticline (Fig. 3) crossovered by faults of the NW—SE direction (Fig. 2). The
Wysowa valley is developed in the axial zone of this anticline. A perpendicular
fault called the Cigelka—Wysowa fault crossovers the anticline and is supposed
to provide acidoulous waters of interest.

CHEMICAL MODEL — DILUTION TREND AND EQUILIERIUM RELATION

For the purpose of this work the following groups of mineral waters within
the Carpathians have been distinguished by their equivalent content of major
elemients. Chemical analyses {Table 1) were taken from Jarocka (1975).

The depths of wellé tapping the waters under consideration do not exceed
a few hundred meters except those of Poreba and Krynica where the intake
depths amount to 1800 m and -about 900 m respectively.

Table 1
Selected constituens and 3'%0 values of some Carpathian mineral waters (in g/t and, %, respo-
: . ctively) ' o
" Yoar of ' _ .
N, l'.mnhty and name m“u TDS Na 1. <l _BCQ, 3190
X | 1 Rabka Krakus 974 20.832 7.500 11.130 1422 +4.1
2. Rabka Warzelnia 1974 15.113 ses0 | w297 1338 -0
3. Rablka R-18 1974 25.684 9.350 13.942 1,598 +6:4
- &, Rabke IG-1 1974 2413 | 8125 12.096 1.457 +43
3. Rabka R-I9 i 1904 | 189m | 687 10203 1425 +22
I | 6. Cetkowice 1G- 1973 | 1247 4240 4.393 3.103 -
7. Porgba Wik, IG-1 1977 21.590 7.400 7843 | - 5583 -
8. Slone I - 1973 8.383 2.625 - 3097 | - 1948 -
9, Sions I 1973 4.802 1.500 1.629 1328 —
10, Bicdnik-Eazicnka 1973 5.653 1.728 1.925 1.566 -
11 | 11, Szcsainica Jan 1975 5346 1.230 0.664 299 -
12. Szozawnics Magdalena 1974 26.304 7.500 5.686 11.584 PPV
13, Szczawnica Stefan - 1974 7.263 1.263 1297 - [ - 3.564 —
. | 14. Szezawnice Szymon 1974 2.567 0.485 0.351 . 1402 —_—
| 15. Szczawnica Wanda ™ 8.565 2.200 1.603 4.099 ~51
16. Szozawa 2 - 1974 25.504 7.5 5957 10.699 +38
17. Szczawa Hanng 1974 7234 1900 | 1472 '3.173 ~0.4
18, Szczawa Driedzilla 1974 5.346 1.390 1.038 2497 -60
IV | 19. Wysows Aleksandra | 1974 25.673 7,000 1856 | 13275 +65
20. Wysows Bronislawa 194 4.188 1.000 0.519 2,183 -70 |
21. Wysowa Jozef 1 1974 1.619 0.290 0168 0.905 —
22, Wysowa Jozef 2 1974 4.593 0.860 0424 | 2475 —
23, Wysowa W13 (Anns) 1974 | 15321 4220 2260 | 8128 -038
24, Wysowa W-I4 (Franci-
s2ek) 1974 | 205719 5.450 3.082 10.269 +33
v | 25. Krynica Zuber ! 1974 24992 | 5700 0.708 17537
26, Krynica Zober 2 1974 22932 4.400 0242 16938 ° -
27, Krynica Zuber 3 ‘1974 27.991 €850 1018 19177
28. Krynica Zuber 4 . 1974 23258 6.550 0.893 19.676

_ 8150 data do not correspond to the years of sampling for chemical sanalyses.
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An interesting feature may be observed wheri plotting the total  dissolved
solids wversus chloride concentration of the known Carpathian waters Fig. 4).
Waters from Rabka (group I) fit the line TDS==1.805C1 which characterize the

{clign

‘e la Hix Ve Vo

Fig. 4. Relation betéveen dissolved solids and chloridé concentration in some

Carpathian mineral waters and in the Ocean
Roman numerals denote the following set of watérs: I Cl—Na waters from Rabka; II

HCOy—Cl—Na waters from Porcba, Cleikowice, Stona, Biefnik; III BCO;—Cl—Na acldoulous
waterl from Sgcezawa and Szezawnlea; IV HCOs;—-Cl-Na acldoulous waters from Wysows;
VvV HCOsg--Na acldoulous waters from Krynlca {(so called Zuber waters)

Solids lines are hest fit lines, Arable numerals correspond to the names of waters in Table 1

World Ocean {(Alekin 1965 Horne 1969). This relationship suggests that large
dilution caused by fresh water of undefined origin was involved in the evolution
of the chemical composition of the Rabka water. The same concerns other groups
which have been moreover largely influenced by carbon dioxide, as the bicarbo-
nate content amounts up to 90 per cent miliequivalents of anions ,(Ki'ynica —
group V). This factor ‘has changed the waters position on figures 4 and 7 along
the axis of total dissolved solids. All groups decline to the point (0;0) according to
a process which is called here the local dilution step. It might be referred to
paleoinfiltration or to the influence of recent local precipitation. as it will be
shown below, taking Wysowa as an example.

In order to verify the dilution hypothesis the model of Cdrpenter ahd Miller
(1960) has been applied. It has. been assumed that’ during the process & decreasing
concentration of a-chosen element should be accompanied by de(n'ease of chloride
concentration in the way that:

‘_‘[[:T:=K thus log [X]}=1log K-+1og[Cl}

where [X] and {CI] stand for analytical concentrations of the chosen -element and
the chloride concentrations respectively, and K is a constant.

The above equation plotted on the logarythmic scale forms a straight hne
of a slope 1.

Some discrepancy with the ‘model might be due to:

1. dissolution or precipitation of minerals other than chloride salts; _

2. dilution by water containing non negligible -amounts of dissolved solids; -

3. uncertainties of chemical analyses (the variation of chloride concentration
resulting from dissolution or precipitation  of chloride salts has been excluded

because of_the absence of evaporites in the flysch rocks).
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I one relates sodium and bicarbonate concentrations to chloride (Figs 5—6)
it is clear that the .dilution model is fit rather perfectly for the Carpathian
waters, though some deviations -should be considered.
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" Fig. 5. Relationship ;Det'ween.sodium and chloride concentration in some -_Carpathia-n_
minergl waters. For other explanations see Fig. 4
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Fig. 6. Relationship .betweeri bicarbonate and chloride concentration in  some.
Carpathian mineral waters. For other explanation see Fig. 4 ) .
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Group V (Krynica) is beyond -this relation especially on HCO/CI graph.
Though this discordance might be partly due to the large departure from the
equilibrium state with respect to the minerals, more careful research should be
carried out to resolve this behaviour. It is also clear that variations in sodium
and bicarbonate concentrations are proportional to the chloride concentration
within the groups, but inversely proportional among the groups.

It should be also remarked that variations in chloride comcentration within
a given group exceed considerably variations among different groups, so it is
equivalent to say that the local variation in chloride concentration is greater than
the regional one which was stressed by Kolago & Plochniewski (1971).

This relation found in the Carpathian waters empose two steps of dilution
pattern —— the first which was followed by increasing in alkalinity, alkaline
metals, and some halogens, and.the second one which will be investigated care-
fully within the Wysowa waters (group IV) (Fig. 17, Tab. 2).

For this purpose the following mineral water component have been considered:
Na, K, Li, Br, J, HBO,, TDS. Their concentrations were plotted versus chloride on
the logarythmic diagram. Statistical tests were perfomed to calculate correlation

P et g/t
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Fig. 7. Comparison of total dissolved solids and chloride concentration in the
) Wysowa waters and in the Ocean
‘Roman numeralg I and IV indicate set of waters as given in Fig. 4. Set IV, represents least
square fitting line of the data points of waters from Wysowa area, namely: 1 — Aleksandra,
2 — W—14 (Franciszek), § — W13 (Anna), 4 — Na Skrypinie, 5 — W--11 (Henryk), § — Bro-
nislawa, 7 — Jozef—2, § — W—12, § — Sione, 10 — Jbzef 1, 11 — arabic numerals at points
indicate year of sampling, e.gi1970—70. Dashed lines represent 85 per cent confidence Itmit.
The ingert gives the. essentlal feature concerning chemical evolution path of the Carpathian
: fluig . '
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Table 2

Chemical composition of the Wysowa mineral waters (sampled and analysed by Balnegprojekt
Enterprise i 1977, concentracion unit is mg/l)

| 1 | 2 ] 3 | 4| s | 6 | .7 | 8 | l 10
[ : P 69 65 6671 - 6451 63 |.-635| 65 6.1 595 605
5 : . 71 69 - 653 645 | - 649 6.42 641 37 568
MNagt 6800, 3500, - | "3650. | 1875 1700, 1425. | 1050, 910, 300, | 338
Krtay 135, 105. - 7. ) S0, - AL 1 A .28, 20, 18.5 12
Caprt 276, 2339 1, 134. 128, 9.3 172 252, 128 12
Mgyt 37 424 38, 7. | 3% 235 482 74.3 38 M4
Srp3+ —_ 028 12 0.35 0.65 - 0.6 -_ 0.3 0.52
Ligt ° 7.5 sS4 19 28 1.96 1.7 1,4 0.3 0.5
NH,+ 1.6 94 — 43 0.8 1.2 0.6 04 1.0 0.3
Bry™ 213 173 10.5 56 7.3 39 40 4.3 113 1.3
I~ 46° 4.0 2.5 13 0.84 095 032 0.3 0.21 -
Py (09 - 0483 - 007 | - 04 - 031 0.37 03" 0.25 03s
Clg~ 3852, 3014. 1934, 773. 903. 702. 4762 545, 90, 160,
HCO;~ | 12798, | 10600, - | 7237, 4415, - | 3918, 3056, 2818, 2668.. | 1258. | 1098.
S0 3 3. 35 lteace - | trace 20. 2, 10. 0. . 60.
HBO;y | 989, '810. 880, 292, 584, 203, 181, 1o. | 853 | sst
RSO0y 9.1 1.7 R TS T IR N S T 2 124 1.7 1.7 176 13.
D8 24980, | 20388. | 13728, 7650, 7425, | 5596. 4804. | 4620. 1931. 1894,

Arabic numerals at the top denote as follows: 1 — Aleksandra, 2 — W-14 (Fran-

ciszek)), 3 — W-13 (Anna), 4 — Na Skrypinie, 5 — W-11 (Henryk), 6 — Bronisha-

wa, 7 — Jézet-2, 8 — W-12, 9 — Slone, 10 — Jozef-1. pH values in the field
were measured by means of portable N-511 pebameter (Polymedron)

coefficients, regression é_quat'ions and slopes of the curves (Tab. 3—4). These
curves deviate in the same patiern from the theoretical dilution model for all
of the elements mentioned. This deviation is studied by means of the chemical
equilibrium theory (see Garrels & Christ 1965) as it is probably due to water-
-mineral interaction.

Table 3 .

Equations relating some of the elements and total dissolved solids in function of
chloride concentration, 8D in functions of 3%0 of the Wysowa mineral waters

: .Concentration Period of Relative

Bquation unit sampling | enrichment A/8
Loghin=0.925logCl+0.514 rogf! 19611977 16
logK =0.6$4|o¢€‘l-0.289 I T 1.6
logLi  =0.68%10gCI-0.552 " " 383,
JogBr  =0.807logCl—1.655 _ " o 18
‘ogl * =0.820{0gC1-2.313 " ” 490,
10gHCO; =0.718l0gCl+ 1.515 . " —_
10gHBO, = 0.78510gC1 + 0.042 " 1969—1977 260.
TDS  =6.521C1+0.729 s 1961—1977 —_
8D =2.56731%0~43.07 Y%o 1976—1977 —_

A stands for élement-ehloride relation in Wysoﬁva waters mean values from the
period of observations, B stands for element-chlonide relation in Ocean (Horne 1969)
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Table 4
Statistical parameters of regression equations
| = [1eect X | e | e k r
Na % 2.819 3.119 ‘03296 | 02858 *| 093 - 0.9
K 82 2.82t 1.556 0.3312 0.1700 " 0.65 051 -
Li st 2854 0415 | . 03%7 . 02340 0.69 034
Br 7 2,849 0644 | 03138 | 02404 081 o
I 0 2,891 0,057 :03097 |. 02277 | o8 .| o096
HCO,3 2 2.816 3.520 L0332 | oant 0.72 093
HBO, 4 2898 | . 2317 03207 |- 02340 079 092:
DS 75 1.361 o604 | 1983 0710 652 099
D. .89 -4.46 ‘| -s54.51 286655 | 1922275 2.57 )

Two las'l: Ynes are caluulated lmthou't lngan.thmic trans:tornmhon. They maarbe
dD=f {31%0%s) and TDS=f (Cl g/1) respectively. n stands for observation number,
o? stands or squared standard deviation, r stands for correlation coefficient

Ions activity and saturation factors in the Wysowa watérs have been calculated
by the “Equil” computer programme desc¢iibed by ‘Fritz (1975) Total c(mcentratxon.
of elements, pH, redox potential and temperature were taken’ into account to;
relate three types of equations in the programme: mass balance relationship, mass
action expression and electroneutrality equation. A set of 120 mineralr and
aqueous species were considered in the programme.

" The equations of mass action are of the type

[H35i04] Yi;810,10~
(HLSiQ.] Ya,s10,
where terms in square brackets stand for molalities and v for activity coefficients.
Mass balance. relationship- mcludes all forms of elements in the solution.
[SIT]=[H43104]+[1'195104]+

The following equation makes it possible to conserve the electroneutrahty of the
solution:

K=

[Nar]+2[Car] +2[{Mgrl +...=[Clr] +2[SO4} +[HCO®7} +...
The activity coefficient is computed by applying the following equation (Hel-

geson,. 1969):
Azi? ;/"

1+Bu/“

where A and B stand for the Debye-Hiickel coefficient, z; is the charge of the
species, @y — its diameter, I — ionic strenght and b is the deviation functmn

"The computation of activity dlstnbutlon species requires. repeatmg loops, as
the activity coefficients are the internal ‘function of ionic strenmght which-in turn
depends on fhe concentrations of individual species. As the lonic strenght is
converged to the true value, it means that at n-step, it does not differ from n-1
step more than by 0.5 per cent, the computation is stopped and -activity distribu-
tion species at equilibrium for given temperature and 1 atmosphere of total
pressure is known. Saturation state of minerals and particular gases considered
are computed. by Gibbs free energy dlfference A brief review of the result is
presented in Table 5.
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.Table 5

pH field-values. jonic strenght, partial pressure of CO,, activity and ion activity
. ratlos in the Wysowa mineral waters :

e log{Ef}_ lpg{.K_} m{_cil m{_M_c}‘

pH 15 | logeCO: og{HLSI0A} |8 ") 1% (3 ®m |
1. Aleksandra 69 0.3029 0.052 -393 | 620 | 427 10.88 10.33
2, W-14 (Franciszek) | 69 | 0.2481 -0.020 -383% | 411 | 417 1078 | 1043
3. W-13 (Anw) 6.7 0.1689 0.065 ~-407 | 573 | 382 10 28 9.96
4. Na Skrypinie 645 0.0938 0.097 377 | s25 | 343 9.86 950
S. W-1{ (Henryk) 63 0.0912 o192 | -8t 505 | 32 9.73 9.53
6.Bronislawa 6.33 0.0709 0.050 ~380 | so04 | 321 9.57 9.29
7. Jézef 2 6.3 0.0622 ~0.131 -332 | 507 | 289 10.16 9.92
8. W-12 6.1 0.0640 0.234 ~-382 | 460 | 27 9.53 9.31
9. Slone 595 0.0263 0.092 <365 | 402 | 258 9.06 877
10. ¥ozef 1 - 605 | 00271 -~ 0.066 -378 | 416 | 247 9.2t 8.97

Complete analyses are given in Table 2

These results could be referred rather to the near-surface condition than to

the deep water reservoir mainly because of the temperature difference.

~ Data limitation except thermodynamic data (see Fritz 1875) concerns especially
the determination of non-conservative species in their ionic forms as Al, Fe, Mn,
Si, though even classical alkalinity determination (Barnes 1964) without' flushing
the carbon dioxide 'of the sample by neutiral gas, is subjected to inaccuracy due
to the high pressure of COa.

Th Figures 7 and 8 relating sodium and chloride’ concentration based on 90
analyses (carried out since 1961) one can see a perfect correlation ‘(r = 0.99). The
slope of the regression line is equal to 0.93 indicating the validity of dilution
hipothesis. The Wysowa waters are enriched * in sodium about three times as
compared to sea water (Table 3). As mentioned above this enrichment should be
referred to the regional evolution of Carpathian ' saline waters which is
simultaneous to the increasing in alkalinity, from CO, attack on silicate rock and
H consumption. Therefore deviation from ideal dilution pattern is due to water-
godium bearing minerals interaction which supplies sodium inte the solution
The evolution path can be followed also on the activity diagram for a portion
in the system NaO—Al05—SiO—H;O (Fig. 9). More diluted Wysowa waters are
located in the lower part of the diagram within the kaolinite stability field,
waters of higher ionic strenght are likely to fall into sodium aluminosilicate
stability field. It is apparent that dilution process is responsible for such scatter
of points representing the Wysowa waters. |

One can observe similar behaviour within the potassium subsystem
K;0—Al0y—Si0—H0 (Fig. 10) where the Wysowa waters of high ionic strenght
ten to be located closer to kaolinite-muscovite boundary. As the waters of interest
are more diluted, they are relatively more enriched in potassium as the muscovite

and illite are unstable phases in the environment. This remark is confirmed by
slope K/Cl of the dilution line equal to 0.91 Fig. 11).

High, nearly 400-fold relative enrichment in lithium was ascertained in the

Wysowa waters. It follows the dilution pattern as the elements mentioned above

" * The enrichements is calculated in the following way: XiCly ¢ X/C1 where X denotes
the analitical conceniration of a chosen element and A denotes the water under conside-
ration.
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Fig. .8. Relationship between sodium and chloride concentration in the Wysowa
mineral waters. Other éxplanation are the same as given in Fig. 7
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Fig. 10. The Wysowa mineral waters on the stability field of some minerals in
the K,0-AlyO5-Si0s-HO system. Data points are the same as- given in Fig. 7
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Relationship between potassium and chloride concentration in the Wysowa mineral
waters. Other explanations are the same as given in Fig. 7
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do. Similar behavior can be probably explained by fncorporation of lithium into
sodium and potassium mineral lattices (Fig. 12).
Concentrations of calcium and magnesium do not follow the dilution model.
A constant concentration level of these elements may be elucidated by the buffer
" properties of carbonate minerals near equilibrium state - (Figs 13—14) according
to reaction

Me*+ +2H* =Me?* +C0,+H,0
where Me3+ stands for Mg or Ca. Concentrations of ‘other divalent metals like
Ba, Sr are probably buffered in this way.
It can be also seen that this buffer mechanism is more efficient in the case
of water having high ionic strenght.

In the subsystem CaO0—ALO;—SIO—H;0—CO, (Fig. 15) the Wysowa waters,
ag it might be supposed, fall into kaolinite stability field as they do in the

subsystem MgO—ALO;—SiOy—H0—~CO; (Fig. 16). The dilution trend is less
distinet as in the case of sodium and potassium subsystems. '
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, EER 1§ wgiusio) | the CaO-Al;05-8i0,-H;0-CO; sys-
- X - -3 -z -1 tem. Data points are the same as
‘ given in Fig. 7 -

Jodide and bromide in‘the Wysowa waters have a similar dilution slope
which is equal to 0.81 (Figs 17—18) respectively, but their relative enrichment
differs about 300 times, being 500 times greater in the case of jodide (Table 3)
as compared to sea water.

The probable source of jodirie and bromine seem to be flysch rocks with .
organic matter content, if the latter has had the chanmce to be preserved.during
a long geological period. _ ) .

Little iz known about the sulfate-sulfide subsystem in the Wysowa waters.
Sulfate is not abundant and sometimes does not exceed 3mg/l.-Its variability is
probably related entirely to near-surface redox condition.
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Fig. 17. Relationship between iodide and chloride concentration in the Wysowa
: mineral - waters. Other explanations are the same as given in Fig. 7 ;

One of the most uncommon features in the Carpathians is the boron
concentration. In the Wysowa waters it reaches as high value as about 900mg/l
(as HBOy). The concentration of boron is subjected to local dilution trend with
a slope of 0.8 in relation to chloride, correlation coefficient “being close to 0.92
(Fig. 19). This high boron concentration assigns 200 fold enrichment in relation' to
sea water. In the Carpathian. waters it roughly increases from group I to IV but
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Fig. 18. Relationship between bromide and chloride conceniration in the Wysowa

mineral waters. Other explanations are the same as given in Fig. 7

it is only 14 times greater in group V (Krynica). High boron concentration
corresponds rather to positive values of %0 in the Carpathian waters.
The provenance of boron can be derived directly from sedimentary rocks
which are the main reservoir of this element. Durkovic & Clicel (1866) reported
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R

0 25 30 Fr 80

Fig. 19. Relationship between boron and chloride concentration in the Wysowa

i4

mineral waters. Other explanations are the same as given in Fig. 7
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Fig. 20. -Relationship ‘between blcarbonat-e and chloride concentration in “thé " Wy-
sowa mineral waters. Other explanations are the same as given in Fig. 7
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Fig, 21, Relationship between pH and bicarbonate activify in the :Wysowa mineral
waters. Data points are the same as given in Fig. 7T

600 ppm of boron within sedimentary rock complex on the Slovakian territory.
Illite is always suspected to be the main boron-bearing mineral (Lerman 196¢
Harder 1970, Perry 1972). )

A constant concentration level of silica is not surprising (Tab. 2). In:the-
flysch water reservoir where the aluminosilicate minerals predominate and. the
silica concentration does not exceed several ppm it should be buffered by various .
silicate phases as suggested for example by Carpenter & Miller (1969). All waters
under’ consideration are saturated with respect to.the quartz.
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The conceniration of bicarbonate, which in the Wysowa waters is believed
to be.equivalent to the total alkalinity, fits the dilution line though it is declining
more slowly than chloride dees (Fig. 20). The slope of the HCOy/C1 line is equal
to 0.72. This corresponds to interaction with silicate rocks during their leaching
- from alkaline and halogen elements. '

From the regional point of view higher bicarbonate content is accompanied
in the Carpathian waters (Fig. 6) by lower chloride concentration, so it is obvious
that the regional dilution step has been associated with high activity of carbon
dioxide. ‘This is also manifested by carbonate deposits in flysch rock fractures.

A Hinear relation between pH and Cl has beer found in the Wysowa waters.
It means also that pH is proportional to bicarbonate activity with slope 1 and
thus ",imposes that the Wysowa water system is open to carbon dioxide ,resei'voir

" (pCOy = const) (Fig. 21) which can be felt by intuition. '

ISOTOPE COMPOSITION

Craig (1961) reported the empirical relationship - between oxygen-18 ~ and
deutérium activity in the waters of the metearic cycle. The following equation
was proposed: '

8D = 88530 + 10
wheére 3 vglue stands Ior “enrichment (+) or depleuion (—) in" deuterium or

xygen, relativély to the standard calléd SMOW (Standsrd Mean Ocean Water).

Systematic observation of isotope. compesition of oxygen and hydrogen in
the Wysowa .waters has confirmed the Dowgiallo’s data (1973) about their high
positive 8180 values, though the interpretation of the results requires revision
(Table 6). o ' o

The highest value of %0 reported from Wysowa reaches +6.7 per mille' which
is’ very uncommbn even in the World seale (see White &..al .1973; Clayton &
al. 1988). - :

The most negative values of 8%0 vary about —Ii0 per inille"in-the Wysowa
Jozet 1 water. The surface walers do not fall below this value. It should be
mentioned that samples were not taken in winter when oxygen in precipitation
is the heaviest. Considering the temperature relationship of Dansgaard (1964) the
mean annual value of precipitation in the area comsidered should not be more
negative than —11.5 per mille and —82.6 per mille for 3180 and 8D, respectively,
if the mean annual temperature at the altitude of 118Tm (Ostry Wierch Mt.) is
about 3,1°C. .

In the Wysowa chloride waters the relationship between 880 and 8D has
a form of equation:
8D = 268880 —43 (Fig. 22)
correlation. coefficient r = 0.99 -npumber of samples n= 89..

If one compiles the presented data of oxygen and hydrogen isotopes and those
reported by Dowgiallo-(1873) from Carpathians, it can be supposed that this line,
called below the Carpathian waters isotope line, represents at least the know
Carpathian chloride: waters being a proof of regional ‘geochemical processes which
were responsible for- isotope composition of the solvent. :
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Fig. 22. Relationship between #0 and D in the Wysowa mineral waters on the
background of the Craig’s meteoric line and Artemczuk’s- and Maliuk’s experi-
mental evaporation line. Data points are the same as given in Fig. 7. Arabic
numerals denote as follows: I — Carpathian flysch metamorphic fluid, 2 — Tay-
lor's range of metamorphic fluid, 3 — surface water in the Wysowa area

The scatter of the points representing these waters along the Carpathian
8D —38%0 line, especially for those with tritfum concentration below 4TU,
suggests contribution of at least three or more kinds of waters of different origin.

As it has been mentioned, fritium concentration in rich in oxygen-18 and
deuterium water does not exceed 4TU. Higher tritium concentration is observed
in the W-12 water, but it maintains a rather constant concentration level (Table 6).
This constancy can be due to the high water capacity of the underground
Teservoir. _

The most striking is that all waters having such different 8O/%0, D/H ratios
and tritium concentration are fapped in at a depth below 100 m and at a maxi-
mum distance of a few hundred meters.
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Fig. 23. Relationship between tritium and chloride concentration in the Wysowa
mineral waters. x — denotes single determination of chloride
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The concentration of tritium in the ,Stony” and the ,Bronistawa” waters
reaches 60TU and does not keep at all the constant concentration -level. Surface

water from the Ropa River and precipitation

were in 1977 at a level of about

150TU. Tritium concentration is inversely proportional to the chloride content —
—this relation depends on the presence of contemporary precipitation waters

(Fig. 23).

The depth at which tritium disappears

is about 20 m (Fig. 24—25). Simple

calculation has been performed to learn the percentage content of tritium
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Fig. 24. Relationship between 180 and the depth'of wells of the mineral

waters
at Wysowa - :
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Fig. 25. Relationship between

8%0 and ftritium concentration in the Wysowa

mineral waters
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containing water i the mixture. According to the mixing rule it is equal to the
ratio of fritium . concentration of the -sample fo the tritium concentration in
precipitation -

TUnlmre
TUuulplnlhn

X

The »Slony” water contains as much as 25 per cent of contemporary waters
(Table 7) if one takes the mean tritium content of water of interest and the
tritium concentration in precipitation equal to 150TU, which is in accordance with
the field observation.

Table 7
The portion of contemporary waters in the Wysowa
Portion of recent

Depth (m) Number of Me?rxv)mlue tritium containi
determivations water (per ecenx)
Aleksandra 100 8 1.2 0.8
Wysowa 14 30 17 3.2 31
Wysowa 13 36 3 38 25
Wysewa 12 40 14 9.0 6.0
»Bronisiawa” 18 A 32,6 218
»Stony” 165 13 »s 2352

The chloride conceniration in the Wysowa water is closely related to 380
values (Fig. 26). It can be easily explained up to the range of depth of 20 m
where tritium -is present. At greater depth where tritium disappears, such relation
might be explained only by the presence of old water deprived of Cl and low
3%0, 3D values (see also Fig. 25). This observation is in agreement with the scatter
of points along the Magura nappe line in the 8D — $%¥0 coordinates (Fig. 21). This
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Fig. 26. Relationship between 3180 and chloride concentration in the Wvsowa
i " mineral - waters
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line crosses the Craig’s meteoric line at about —10 per mille and —70 per mille in
880 and 8D respectively, -which point corresponds to recent precipitation water.

_However, -any conclusions are hardly possible  without intensive studies. of
paleoclimatology, paleogeography as climate and elevation of the flysch .massif
were decisive in the case of 3¥0 and 8D control of precipitation. An approach
to this problem was done by Dowglaflo (1979, personal communication).

MODEL OF 'WATER-SILICATE ISOTOPE EXCHANGE

This is a Question of considerable importance to know in what way ancient
flysch Carpathian ocean water has acguired its present high positive 380 values.
It has been assumed that the isotopic composition of water in the flysch- basin
was very similar to the present-day ocean water (Taylor 1974). ) .

This constancy is still open to discussion, though it is almost. sure that it did
not differ in Tertiary times more than by 2. per cent.- Therefore isotope exchange
between water and. silicates might be the unique process by which water. could
acquire positive value of 3%0 and negative 8D value.

Water-isotope exchange was deliberated by Dowgiallo (1973) to be the cause
of the oxygen ,shift” but finally he leaned to the evaporation process as respon-
sible for the positive value of 3%¥0, ’ - _ '

Silicate and especially clay minerals predominate in the Carpathian flysch
system (Ksiatkiewicz 1961, Slaczka 1970, Dominik & al, 1975). The most common
minerals in the flysch rocks are {llite muscovite, chlorite deposited on the flysch
ocean bottom or they may be in part autogenous (Wieser 1070, Sikora 1970).

It results from the structure of-clay minerals that it is possible for' water
to exchange isotopes with either interlayer water, OH. groups or’ aluminosilicate
oxygen, Probably in this order decreases accesibility of oxygen-18 and deuterium
for isotope exchange (for discussion see O'Neil & Kharaka 1976, Janies & Ba-
ker 1976)." Well crystallized illite is hardly accessible for exchanging oxygen at
the sedimentary temperature {see op. cit.). Higher temperature is needed to access
heavy oxygen located in aluminosilicate framework than in hydroxyl group or
interlayer water. : -

To study the possibility of isotope exchange in the Carpathian flysch system
some assumptions have been made. Muscovite has been taken as a representative
flysch rock micaceous mineral as the only one for which the fractionation factor
for both oxygen and hydrogen are known (O’Neil & Taylor 1969, Suzuoki & Ep-
stein 1976, Friedman & O'Neil 1977). Fractionation factor has been extrapolated
from a range 400—650°C to as low as 250°C which seems to be quilte justitled if
one considers that equilibration has been taking place gince Tertiary times. The
vélues. approximating the fractionation factors are following:

A muscovite — H,O = 2.38 10T-2-—3.89 for oxygen

A muscovite — H;O = —22.1 105T-2-19.1 for hydrogen
where A =3{ —51 =1000Ints-8

o — fractionation coefficient

3 f;, 8{, stand for 3 values after equilibration in phases A and B respectively

T — Kelvin temperature
The model of isotope exchange has been adapted from Sheppard’s, Nielsen’s,
Taylor’s (1971) and Taylor’s (1974) work to calculate the. final isotope composition
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of water 65' . As stated previously the initial composition of water 6; was taken
as 0 per mille for both oxygen.18 and deuterium. The initial assumed %0 and 3D
values of monomineral rock bl are -+ 18 per mille and —70 per .mille respectwely
These values have been taken from Hoefs (1973).

The water-rock ratio: _must be taken into account as the isotope exchange
depends largely on the amounts of water involved in the process. By definition

3 -G +A)
=

where A =3 —37 and W/R is the ratio of .the atom

per cent of oxygen (hydrogen) in water to the atom.

per cent of oxygen (hydrogen) in a mineral. In turn W/R ratic is related to
porosity. As porosity decreases during diagenesis and metamorphism, the W/R
does the same, and if temperature is assumed to be constant, W/R is the only
parameter that controls 3 ' Conversely, if the W/R is kept constant, 3 s
determined by A which depends exclusively on the temperature (Taylor 1877).
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Fig, 27. Evolution of the isofope composition of flysch fluids during equilibration
with monomineral muscovite rock along with the temperature and porosity

The results presented in Fig. 27 show the isotope evolution of trapped by
sediments flysch ocean water. At the temperature of about 325°C and 2 pér cent
porosity this conmate water attained the Carpathian 8D — 880 line at values
3180 f and an' equal to 4 12 per mille and —15 per mille respectively. The same

values of aﬂo: and bD‘fv are acquired at the porosity of 3 per cent while the

temperature exceeds 400°C. Thus variations in porosity have an apparent influence
on the water-mineral isotope equilibration, expecially as far as oxygen is
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concerned. Althoﬁgh a number of assuinpiions have been taken into consideration
it is quite probable that the Carpathian waters might have beén affected by such
a process.

EVOLUTION OF ISOTOPE COMPOSITION OF THE CARPATHIAN WATERS

Another hypothesis to explain the enrichment in oxygen 18 and depletion in
deuterium relatively to sea water has also been taken into consideration. It may
results the presence of the so called “metamorphic water”. That is fluid coming
from dehydroxylation of hydrous minerals (White 1957). '

It is not intentional to differentiate isotope exchange and metamorphic
reaction. Laboratory experimenis performed so far are “par excellence” at
metamorpbic or at least at low grade metamorphic temperature (e.g. see O'Neil
& Taylor 1969). _ '

The 30 value of metamorphic waters have been estimated by Taylor (1974)
to be in the range between +5 per mille and 25 per mille and 8D —20 per mille
to —65 per mille (Fig. 22). _

If one considers the initial isotope composition of Carpathian flysch water as
very similar to the present-day sea-water and 380 — 3D range of metamorphic
water (see op.cit) it can be believed that metamorphic fluid could have been
responsible for drastic change of isotope composition of trapped flysch water
(their dilution).

This isotope path of water in terms of 3D — 8180 values is very similar to
that obtained previously by water muscovite exchange model. Considering
metamorphic water hypothesis it must be assumed that favorable P,T conditions
for such dehydroxylation might have existed in deep-lying bottom of the flysch
rocks though even in flysch rocks metamorphic mineral association (greenstones)
have been reported by Burtan and Lydka (1978).

The presence of metamorphic water is a more naturalistic phenomenon than
pure isotope exchange. It explains large dilution which took place on the so
called regional stage. A rough estimate of $180 of metamorphic dilution water can
be made, if one assumes that the oAleksandra” water contains neither contempo-
rary water (TU = 0) nor paleoinfiltration water, the latter being more doubtful.
The tatio of chloride concentration of the Wysowa water to chloride concentration
in sea water will be the portion of connate flysch water, the rest about 80 per
cent being metamorphic water. Immediately, one obtains 380 of such water equal
to +84 per mille in the range of lower limit for metamorphic fluid predicted by
Taylor (1974). It would be not a good explanation however, if metamorphic
Carpathian fluid had uniform isolope composition. Water without paleoinfiltration
contribution should have maximum chloride concentration and a high positive
value of 8%0. This is the case of Rabka —I18 water in the Magura nappe having
C1 concentration about 13900mg/1 and 3180 = +6.4 per mille. (Fig. 28) As previously
880 of metamorpbic fluid will be equal to 22.5 per mille value close to the upper
limit of the Taylor’s range. Therefore the Wysowa water ,,Aleksandra” should
contribute the following portion of fluids of different origin: 50 per cent of
commate water (880 22O per mille), 20 per cent of metamorphic water (302230
per mille) and 30 per cent of water from paleoinfiliration (830 = —10 per mille).

The latter value of 8280 is a crude assumption because nothing is known about
the nature and origin of this fluid except the suggestion coming from the
Carpathian waters 8D — 380 line which crosses the Craig’s line at 380 = —10
per mille,
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Fig. 28. Evaluatron of the Carpathian metamorphrc fluid. 1 — Carpathian meta-
morphic ﬂuid 2 — Taylor’s range (380) of the metamorphic fluid. Other explana-
tions are the same as given in Fig. 4

In Fig. 28 the chloride concentration of the kmown . Carpathlan waters was
plotted against their 6’30 .values to make the calculation more nnagmable
Group IV corresponds to the Wysowa waters as in Figs 4—-—5 being the poorest
in Cl and’ mostly enrxched in oxygen-18. Line A represents ‘a changing . portion
nt trapped flysch ocean water (connate) and fluid released durmg metamorpmsm

Increasing portion of the latter is accompamed by the rise in brcarbanate
conéentration on the regional scale. Locally, as it is in the case. of Wysowa
itself, less cloride concentration conforms to the drop in bicarbonate and 3180
which s due. to the dilution by paleommtratwn and recent .meteoric Water

One can assume that during metamorphism not only water was released from
sedrmentary rocks but also carbon dioxide. Low grade metamorphism could have
,generated both the solvent (H;O) and COy as a _result of the following reaction
(Vartanian 1978):

1. 6CaCO, +5MgsSu0:o(0H)a +48i0;= 3022 MSsshoxoOH'FZHzo +5003
.2, m! + 3KA1513010(0H)3 + 68102 2Ca,Al 381301 on'L ZKAlshO. +2H30 +4C°z

3. 10CaCO;+3MgsAl,Sis010(0H)s +28i0, =3CasMgs5i.011(0H); +
+2CazAlzslsoxoOH+8HzO+10COz .

The. metamorphlc origin of Carpathian carbon dioxide as a result of carbonate
.rock metamorphism was suggested by Barnes & O’Neil (1976) who carried out 38C
research- work in Sloviakia. This has been deliberated also by Dowgiallo (1976)
and reconsidered by him 'i.n--;1978_. on. the ground of 3°C measurements and .gas
analyses in the Polish flysch area.
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A crude assumption can be made on the quantity .of fluids produced by such
reaction. From rock volume of 1000km3 (100 X 10 X 1), 18 per cent of CO; + H,O
will be released during the reaction (2), which is equivalent to 165 and 15 cubic
kilometers of COg and HyO respectively. Such amount could supply flysch chloride
water system through vast areas of the Carpathians and during geological period
‘of time. ' ’

DISCUSSION

The data in this paper represent chemical and isotope approach to
the origin of the Wysowa chloride waters, but the comparison with the
other Carpathian waters allows to formulate more general hypotheses.
Considering these data the former views on the origin of the Carpathian
chloride waters has been re-examined. '

Dowgiatlo (1973) examined two hypotheses to explain high positive

310 values of the Carpathian waters, In the first one he excluded the
possibility of the water-rock isotope exchange, though he stated,- that
it is more likely to consider the isotope exchange of these waters with
carbonates. Such exchange with silicates is hardly possible because of
the temperature factor. In the seconde hypothesis he denotes, that the
high positive 3180 values were acquired by the waters during evapora-
tion in closed flysch basins.
. Cortecchi & Dowgiallo (1975) - excluded the view that Carpathian
waters could have originated from the meteoric infiltration waters
subjected to the strong isotope exchange with the wall-rock because of
the relatively high 3D .values of these waters. They concluded also on
the background of 3180(H;0) and $180(SO;) correlation that recent
meteoric water is not present in the Carpathian chloride waters.
Cortecchi & Dowgiallo (1975) found that the slope - of the relationship
between 3180 .and 8D of the Carpathian waters reflects ultrafiltration.
However, this process does not explain at ‘all why waters under
consideration have the low content of dissolved solids and low 6D
values. _

Dowgialto (1976) proposed that the Carpathian waters should be
considered as a mixture of the infiltration meteoric waters and relict
marine waters, though justification he had done ,,the higher the content
of heavy .isotopes, the higher the content of dissolved solids” is not
convincing as is explained below. In. the case of the Rabka waters
Dowgiallo suggested the presence- of Miocene formation water. -which
has undergone evaporation as marked by positive 8220 values.

Dowgialto & Slawinski (1978) suggested that the Rabka waters
originate from the Miocene formation which underlies Carpathian flysch.
According to the mentioned authors these waters have come to the '
surface under high pressure and have undergone ultrafiltration. They
extend their interpretation for the large part of the West Carpathians.



" These hypotheses can be clearly contradicted if one remembers that
the Carpathian waters are enriched in oxygen-18 but depleted in
deuterium relatively to the initial composition (Tertiary sea water).
Evaporation of the sea water gives the slope of the D — $180 relation
equal 5.2 in the temper climate as one can conclude from the work of
Maliuk & Artemczuk (1976) (Fig. 22). It can be also as low as 2.6 in the
arid climate (Craig & Gordon 1965). Although the latter value is similar
to that of the Carpathian waters, the content of disselved solids in these
waters is low and does not correspond o the evaporative -conditions. In
the evaporation experiments of Maliuk & Artemczuk (1976) the total
salt content rose to 170 g/l and corresponding value 3180 rose to 6. 6%o.
Such high values have never been encountered in Carpathians.

Though the Carpathian waters have a slope 6D/6%80 similar to that
obtained by Coplen & Hanshow (1973) during their ultrafiltration
experiments, this hipothesis is as befere contradicted not only by high
oxygen-18 enrichment and deuterium-depletion, but also by the low
salf content rarely exceeding 25g/l. Much of it is HCO3 coming from
CO, attack on silicate rocks, or from oxidation of organic carbon. The
rule of the ultrafiltration is that the enrichment (depletion) of heavy
isotopes (both oxygen-18 and D) corresponds to the rise (drop) of the
salt content (depending on the membrane side).

- This chemical — isotope discordancy is convincing and so far there
is no proof that the ultrafiltration was a process which governs the
isotope and chemical composition of the Carpathian waters.

The origin of the Carpathiah waters can be explained by a consistent
isotope-chemical model. Initial Tertiary sea water was trapped in the
sediments and burried at a greater depth. During low grade metamorp-
hism boron-bearing fluid was released from the sediments, mixed with
connate water, which is reflected by the high enrichment in oxygen-18
and depletion in deuterium. By this process relict waters were diluted
(regional stage) to different degrees depending on the area and volume
of rocks involved in metamorphism. Accompanying generation of CO,
raised the alkalinity of the resulting fluid (Fig. 7) as well as some
alkaline metals and halogens concentratmn by rocks leachmg and
dissohition. '

The second dilution stage by meteoric waters is shown on fig. 22 to
be linear relationship with a slope 2.6 between éD and 4180. Generally,
this pattern corresponds to the five groups of the Carpathian waters
on the CI-TDS concentration plot (Fig. 4). '

Laboratory of Hydrogeology,

Institut of Geological Sciences

Polish Academy of Sciences,
Al Zwirki i Wigury 93,
02-089 Warszawa, Pola'nd
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PAWEL LESNIAK.

POCHODZENIE WOD CHLOREOWYCH W WYSOWEJ (KARPATY ZACHODNIE).
STUDICM CHEMICZNO-IZOTOFOWE

(Streszeczenie)

Przedyskutowano pochodzenie wé6d zmineralizowanych i ich skladnikéw wy-
stepujgcych na obszarze Wysowej w plaszczowinie magurskiej. Ze wzgledu na
$cisle powigzania geologiczne oraz podobny charakter chemiczny i izotopowy, omé-
wiono szerzej niektére wody wystepujace na terenie Karpat fliszowych. Sklad
chemiczny w6d Wysowej ustalono na podstawie analiz wykonywanych od 19681 r.
Stacjonarne badania skladu izotopowego wbd (80, D, T) przeprowadzono w la-
tach 19781977,

Analizy chemiczne zostaly wykonane przez Laboratorium Balneochemiczne
Przedsigbiorstwa Balneoprojekt; analizy izotopowe w Instytucie Fizyki i Techniki
Jadrowej w Krakowie i czefciowo w Laboratorium Geologii Dynamicznej Uniwer-
sytetu Piotra i Marii Curie w Paryzu

Interpretacija analiz chemicznych zosiala dokonana w dwbch aspektach: sta-
tystycznym, kibéry - postuzyl do udowodnienia rozcieficzenia wbéd Wysowej przez
meteoryczne wody réinego wieku, oraz réwnowag chemicznych, ktére zostaly
ustalone w wyniku zastosowania programu »Equil” (Fritz 1976). Dzigki temu pro-
gramowi zdefiniowano réine formy wystepowania materii (indywiduéw) w wo-
dach, oraz stan nasycenia tych wéd wzgledem niektérych mineraléw i gazbéw.

Interpretacje skladu izotopowego wobd przeprowadzono z uwzglednieniem iden-
tyfikacji procesu, ktéry moégh doprowadzi¢ wody Wysowej (a takze wody mineralne
wystepujace w innych punktach Karpat fliszowych) do obecnej wysokiej zawar-
todci ciezkiego izotopu tlenu 80 oraz do obniZenia stezenia deuteru w poréwnaniu
do wyjsciowej wody morskiej.
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Problem ten rozpatrzono w aspekcie wymisny izotopowej wbéd z glinokrze-
mianami oraz obecnoci tzw. wéd metamorficznych pochodzgeych z: dehydroksy-
lacji mineraléw. Wielkos$é¢ steZenia trytu -w wodach postuiyla do oceny udziatu
wspblczesnych wéd infiltracyjnych w -wodach Wysowej. Konfronfacja modelu
chemicznego, uwzgledmamcego z jednej strony wmoskx statystyczne, z drugiej zas
réwnowagl chemiczne z modelem izotopowym odnoszacym sig do _s_amego TOZpUSZ-
czalnika (H30) doprowadzila do nastepujacych wmioskéw: w Wysowej. wystepujy
wody zmineralizowane w sklad ktérych.wchodza w réinych proporcjach wo-
dy reliktowe zbiornika fliszowego, rozcieficzajace je i wzbogacajace w ciezki
tlen wedy pochodzace z przemian metamorficznych skal podloga lub spagowych
partii fliszu oraz Wwody paleoinfiliracyine i infiliracyjine wapbiczesne. Obecny
system woéd mineralnych w Wysowej otwarty jest do nieskoficzonej pojemnoS$ci
zbiornika dwutlenku wegla, a jego pofenciat chemiczny jest niezaleiny od sklad-
nikéw chemicznych. systemu fliszowego (pCOz=const). Gaz ten uwalniany jest
réwnolegle z wodg w procesach metamorfizmu. Wnioski te moina uogblnié na
obszar Karpat fliszowych, tam gdzie wystepuja tzw. szczawy chlorkowe,
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