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Abstract

Interpretation of the origin of groundwater, sampled and analysed in 2002-2003, in the SW part of the
USCB - at the borderland of Poland and Czech Republic, has been performed being based on chemical and
isotopic analyses. Mine water from Carboniferous aquifers (Poland) was identified as belonging to the following
genetic types: the oldest type of Permian hot climate, paleoinfiltrated Tertiary water types of pre-Badenian and
post-Badenian age, and Quaternary water types. Several mixed types of the above-mentioned ones were also
ascertained. Recent natural (or technological) waters mix together with waters of the deeper parts of the rock
massif. Miocene water from the Czech part of the USCB may be derived from Miocene seawater mixed with
water types of another origin. Cumulative mine water from the Ostrava and the Petfvald parts of USCB basin
(troughs) are formed by water from the coarse clastic Lower Badenian aquifer (“detrit”) mixed with recent
infiltration.

Abstrakt

Interpretace pivodu podzemnich vod z jihovychodni ¢asti hornoslezské uhelné panve v piihrani¢nich
oblastech Polska a Ceské republiky byla provedena na zakladé chemickych a izotopovych analyz vod,
vzorkovanych a analyzovanych v letech 2002-2003. DlIni vody z karbonskych zvodni (Polsko) pfislusi
k nasledujicim genetickym typtum: nejstar§i vody horkého klimatu, paleoinfiltrované terciérni vody pre- a
postbadenského stati a vody kvartéru. Byly zjistény i n¢které smésné vody téchto typl. V hlubinnych dolech se
nachazi smési recentnich pfirodnich (nebo technologickych) vod s podzemnimi vodami terciéru nebo karbonu.
Miocénni vody z Ceské casti hornoslezské panve pochazi z motskych vod, nékdy smiSenych s vodami jiného
puvodu. Vody v zatopené ostravské a petivaldské dil¢i panvi jsou smésnymi vodami vod hrubozrnnych klastik
spodniho badenu (,,detrit*) a infiltrovanych vod recentnich.
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Introduction

Over 200 years of mining activity in the SW part of the Upper Silesian Coal Basin (USCB), enabled
local hydraulic contacts between main aquifers in this region: Quaternary sandy aquifers, groundwater horizons
of Lower Badenian and Carboniferous aquifers. On the other hand, this part of the USCB is an area where
valuable balneological waters occur. Mining drainage, reaching the depth of 1200m, caused partial depletion of
the groundwater resources, and in consequence led to changes of their chemical composition. Groundwater types
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of the examined area might be often considered as mixtures of waters from different aquifers, sometimes with
some participation of technological fluids. Interpretation of the origin of brines occurring in the USCB, based on
chemical and isotopic analyses, was the subject of numerous published works, eg.: Buzek, Michali¢ek (1996),
Roézanski (1985), Rézkowski, Przewlocki (1974), Rozkowski (1999), Zuber, Grabczak (1985), Pluta, Zuber
(1995), Pluta (2003). This paper presents results of our original study on isotopic composition of groundwater,
sampled and analysed in 2002-2003, in the SW part of the USCB — at the borderland of Poland and Czech
Republic.

Sampling and analyses

The sampling covered groundwater from inflows into mine workings, from underground boreholes and
from balneological water intakes; the localities of interest are shown in Fig 1 and Fig 2. Examination of physico-
chemical parameters was performed by means of in situ techniques, in compliance with obligatory procedures
(Witczak, Adamczyk, 1995). Chemical analyses were carried out, using standard methods, by the Laboratory of
the Institute of Water and Wastewater Engineering of Silesian University of Technology in Gliwice. Isotopic
composition of water was analyzed by the Laboratory of Faculty of Physics and Nuclear Techniques of the
Academy of Mining and Metallurgy in Cracow. The results of spectrometric analyses (Finnigan Delta-S
apparatus) are presented as compared with Standard of Mean Ocean Water (V-SMOW). Error of single analyze
(including sample preparation) equals to £0,1%o and + 1% in case of delta '*O and delta *H respectively.
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Fig. 1. Sampling in the Polish part of the USCB: HE&% ‘ 2 ‘ m m

1 — Cracow Sandstone Series; 2 — Mudstone Series; 3 — Upper Silesian Sandstone Series; 4 — Paralic Series.
Sample numbers as follows in the text.
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Fig. 2. Sampling in the Czech part of the USCB.

Explanations: 1 — state border,; 2 — main faults, 3 — prospective areas limits; 4 — The USCB border, 5 — probable
border of the USCB; 6 — occurrence limits of Lower Badenian coarse clastic sediments; waters of the type: 7 -
HCO;3-Na; 8 - CI-Na; 9 — isolines of thickness of Lower Badenian coarse clastic sediments, 10 - cities; 11 —
sampling points

Interpretation

In order to describe the examined waters, we have adapted genetic classification, published by Pluta &
Zuber (1995), distinguishing the following types: connate water of the Miocene sea formations (M), the oldest
paleoinfiltration brines of a hot Permian climate (P), waters of Tertiary infiltration of the last hydrogeologic
cycle — between the last transgression and the beginning of Quaternary (T), Quaternary infiltration (Q), brines of
a pre-Badenian hot climate recharge: SOy4-rich (Us) and SO,-free (U), and mixed waters: QP, QT, QU, PQ i PU.
Interpretation of groundwater origin was performed also with exploitation of other published works that are
listed in the introduction.

For interpretation of isotopic analyses, it appeared helpful to take into account also hydrochemical
parameters and to divide analysed population into 4 groups, based on sulfates contents and values of CI/Br ratio:
group I - SO~600 mg/l; group I - 600>SO,>10 mg/l and CI/Br>300; group III - 600>SO,>10 mg/l and
Cl/Br<300; group IV - SO4<10 mg/l. Graphs of analysed parameters relationships are presented in Figs 3 to 9
(Figs 5 to 8 depict the parameters relationships, analysis of which was performed in order to support the isotope
data interpretation). Waters from the Tertiary formation of the Czech part of the USCB were at first interpreted
on the background of the Polish ones. Next their isotopic and hydrochemical parameters were analysed
independently, assuming that they may represent separate hydrochemical environments.

Groundwater of the group I - SO,>>600 mg/l

Concentrations of chlorides are well correlated to 5'*0 and 8°H values in waters of the Ist group. Points
27,29, 61 and 86 are located on a straight line. They represent waters sampled at the depths of 800 and 1000 m
(coal mines "Anna" and "Rydultowy”), featured by values: rNa/Cl 0,74 - 1,38 and CI/Br 230 — 270. Taking into
account their mineralization from 9,5 up to 46,1 g/l and iodine concentrations below 1,0 mg/l, they should be
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classified into the mixed water types — QP. By this, the presence of the youngest infiltrative waters at great
depths is reflected. This might be caused by admixtures of technological waters or by the role of mining activity
in opening paths for shallow groundwaters migration. Linear arrangement of the mentioned points leads to an
alternative hypothesis that one of the end members (apart from the P type) of such mixtures might be water of
QT or QU type. This is supported by the higher concentrations of SO, in lighter (in sense of isotopic
composition) and less mineralised samples.

Samples 1, 2 and 3, from the "Chwatowice" mine, have: 8'°0 and §°H values about -5%o and from -35
to -40%o respectively, mineralisation 65 - 81 g/l, rNa/Cl1 0,75 - 0,8, and Br/l 6 — 27. High values CI/Br: from 390
to 780, indicate a certain role of evaporites leaching in forming of the groundwater, and allow to classify them
into the PT type.

3'%0 - 8°H relationship for SO4-reach samples: 48, 60 ("Ryduttowy™), 65 ("Marcel") and 85 ("Anna")
suggest their mixed origin. Samples 65 and 85, both highly mineralized (100 and 120 g/l respectively), with
similar sulfates concentration (3200 mg/l) and Cl/Br value - about 330, despite the change in isotopic
composition, may be classified as the PQ type water types.

Sample 65 is represented at the 5'°0 - §°H diagram, rather below the zone of the oldest paleoinfiltration
(P), while the sample 85 (from the Chrobry shaft — the “Anna’ mine” is shifted towards lighter isotopic
composition. Presence of Quaternary waters in the sample 65 suggests disturbance of impermeable cover of
Carboniferous formation within the "Marcel" mining area, or impurities of technological waters in this sample.

Samples 48 and 60 were classified into the QP type. However, the sample 48 has a lighter isotopic
composition, lower mineralization and lower SO, contents. Cl/Br and Br/I values are equal to 330 and 11
(sample 48), and 300 and 68 (sample 60), indicating a possible admixture of Tertiary infiltration (T) in sample
48.
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Fig. 3. 6"%0 - °H relationship
Explanations: SMOW — Ocean water standard; WMWL — meteoric line; M - connate water of the Miocene sea
formations, P - the oldest paleoinfiltration brines of a hot Permian climate, T - waters of Tertiary infiltration of
the last hydrogeologic cycle — between the last transgression and the beginning of Quaternary, Q - Quaternary
infiltration, U+ Uy - brines of a pre-Badenian hot climate recharge. Ranges of 5'°0 and 6’H values for respective
water types after Pluta & Zuber (1995).
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Fig. 4. H — CT relationship in the whole population of analysed waters
Explanations: SMOW — Ocean water standard, P - the oldest paleoinfiltration brines of a hot Permian climate,
T - waters of Tertiary infiltration of the last hydrogeologic cycle — between the last transgression and the
beginning of Quaternary, O - Quaternary infiltration. Ranges of Cl and 8 H values for respective water types
after Pluta & Zuber (1995) — slightly modified.

Groundwater of the group II - 600>SO,*>10 mg/l and Cl/Br>300

The following samples were classified into the group II: 72, 73 ("Chwatowice"); 18, 20 ("Krupinski')
and 21, 22, 82, 83 ("Jankowice"). Samples 72 and 73 (QT type) were taken from shafts at the depth of about 50
m. By their parameters and situation on the 'O - 6°H diagram (shift from the present infiltration water towards
the heavier ones) their genesis connected with mixing between the Q and the T types of water is indicated. An
alternative explanation of their origin is also possible: the sample no 72 represents probably evaporated recent
water mixed with a small amounts of higher mineralized water of unknown origin. Isotopic composition of the
sample no 73 approaches most closely the one of Holocene water in the examined area.

In case of 20 and 82 samples, low SO, concentrations and values of Cl/Br~330, Br/I~45 (higher than
typical for waters of the U type), allow to classify such water to the mixed type — PQ.

By isotopic composition and value of Cl/Br~580 of the sample no 83, it is indicated that it belongs to
the T type. This sample however has too low mineral content and a low SO4> content, and therefore it was
classified as a mixed type - QT with some admixture of the P type water.

High mineralization (110 g/l) of the sample no 18, absence of SOy, low value of Br/I~6, and Cl/Br~480
- indicative for possibility of evaporites leaching, it is possible to interprete this water as being connected with
pre-Badenian recharge — of the U type.

Mineralization of about 59 g/, absence of SOy, relatively high values of Cl/Br (about 440) and Br/I~21
allow to classify samples 21 and 22 to the mixed types — P+U. Slight shift towards the lighter isotopic
composition might be attributed to an admixture of recent water (Q).
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Groundwater of the group III - 600>S042->10 mg/l and CI/Br<300

Water types of the group III were sampled within the depth interval between 400 to 1060 m. Their
isotopic composition indicates the P type (the oldest paleoinfiltration brines of a hot climate) or mixed types
(containing the P and the Q end members).

The following samples were classified as being of the P type: 4, 7, 8, 10, 13 ("Pnidwek"); 16, 17, 19
("Krupinski"); 31, 32, 79 ("Zofiowka"); 38, 40 ("Jas-Mos"), and 42 ("Marcel"). High Ba concentrations were
recognized in samples of 40 and 42 — about 1500 mg/I.

Water types derived from mixing of P and Q end components were represented by samples: 9, 11
("Pnidwek™); 23, 25 ("Jankowice"); 35 ("Borynia"); 75 ("Jas-Mos"), and 50, 64 ("Marcel").

Samples 6 and 12 ("Pniowek") were taken from the depths of 1000 and 1100 m respectively. They are
shifted towards positive values of 30 and they belong also to the group III (600>SO,>10 mg/I and CI/Br<300).
They were formed due to effect of evaporation of the P type, under conditions of low humidity and intense air
flowing (water sampled from inclined drift airway and from a pool in a drift). Sample no 5 ("Pnidwek” — leakage
from behind the Shaft II walling at the depth of 78 m) represents recent water (Q), evaporated at humid
conditions.

Typical paleoinfiltration brines of a hot climate (P) of isotope values: 8'*0 ranging between 3,6%o to -
1,0%o, and 8°H between -28,0%o to -12,0%o, are featured by strong differentiation of Cl contents, low variability
of 8°H, and decrease of iodides with rising chlorides concentrations. SO, concentrations in water of this type do
not exceed some dozens of mg/l, except for the sample from abandoned workings of the "Zofiowka" mine — no
79 (421 mg SOL/1).

Groundwater of the group IV - SO,<10 mg/l

Waters of the group IV, sampled at the depths from 600 to 1200 m, have isotopic composition specific
for paleoinfiltration brines of a hot climate (P). They were represented by the following samples: 33, 78
("Zofiéwka"); 36 (inflow from the "Zory" liquidated mine to the "Borynia" mine); 67, 68 ("Borynia"); 37, 39, 76
("Jas-Mos"); 49 ("Ryduttowy™); 41 ("Marcel") and 53, (KWK "Pniéwek").

Samples 77 ("Zofiowka™) and 87 ("Anna") should be classified into the PQ type, with little contribution
of Quaternary water, which at the deeper working floors, might be connected with the technological water.

By the barium concentration level of 400mg/1 in the sample 36 (inflow from the "Zory" liquidated mine)
a termination or delay in barite precipitation process is indicated, which was reported for this locality by Pluta
(2000).

Water from the Czech part of the USCB

All of the samples were taken either from Badenian aquifers, that are present in the overburden of
Carboniferous series, or contain substantial fraction of water of such an origin. The water is being exploited for
balneological purposes, they are also influenced by mine drainage in underlying Carboniferous complex.

Samples G1 and G2 (the OKD, a.s. Diil CSA, o.z. Karvind = “CSA” mine) and G10, G11 and G12 (the
CMD, a.s. Diil CSM, o.z. Doubrava = “CSM” mine) were primarily identified as inflows from coarse clastic
sediments on the base of lower Badenian (so called “detrit”). This must be stressed however, that the samples
may contain some part of water of other origin.

The G3 and G4 were sampled from balneological water exploitation wells in the Darkov health resort.
They represent waters of the upper sandy horizon of lower Badenian (situated above “detrit”). G5 and G6
obtained from the exploitation wells in the Klimkovice health resort, represent water of the lower sandy horizon
(lower Badenian), which is present within the structure of the Polanka upon the Oder river.

G8 and G9 are samples of cumulative waters from the liquidated mining areas of the Ostrava Trough
and the Petfvald Trough respectively. These waters are considered to contain components mainly of quaternary
and waters of the lower Badenian basal clastics.
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USCB

If waters of the Lower Badenian pelitic facies were of marine origin (Grmela, 1997; Hufova, 1971;
Tyl&er, 1977), the value of CI/Br~289 (rBr/Cl=1,54*10") and isotopic composition approaching closely to the
SMOW (Zuber, 1986) should be expected in case of our samples (with exception of G8 and G9). The analyzed
water however, have isotopic compositions different from the one determined in fossil marine waters of
Miocene, known from Dgbowiec and Zabtocie, in the territory of Poland.

The samples G1 and G2 are very similar to each other, taking into account their isotopic composition,
physico-chemical parameters, and also C1/Br and Br/I values (Fig. 9.). By 8'°0 - 8°H relationship, the G1 and G2
samples are ranked apparently among the SO, -free brines of a pre-Badenian hot climate recharge — the U type.
However, by low values of Cl/Br ratio, indicating rather a seawater evaporation, such a genesis is excluded. It is
possible that such water types belong to a separate type and they were derived from evaporated seawater (M)
mixed with other water of a lighter isotopic composition. As the CI/Br value in the assumed mixed water is
relatively high, chemical composition of the lighter waters might be formed due to evaporates leaching. Some
participation of the P type in the mixed water should not be excluded; due to sampling conditions in the mine
workings.

Location of samples G10 and G11 in §'°0 - 8°H diagram is very similar— their points fall into the area
of the T type waters. Such a situation is a little bit misleading, as the waters contain undoubtfully a fraction of
waters from “detrit”, which should be isolated from infiltration in post-Badenian period. The G12 sample is
shifted towards the waters of heavier isotopic composition. It should be pointed out here that higher mineralised
waters have lower 8'*0 and 8°H values (this refers also to G1 and G2). Chloride-bromide ratio in case of all the
three samples from the “CSM” (G10-12) mine does not directly confirm the genesis attributed to evaporates
leaching. The most straight interpretation connects their genesis with mixing phenomena, similarly as in the case
of G1 and G2, but with a greater participation of the recent water, and water of the P type in sample G12.
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Samples G3 and G4 (Darkov) are situated on 80 - 8°H and CI - 8°H diagrams on the mixing line of
recent seawater and light (in sense of isotopes) infiltration water. Values of CI/Br (about 200-220) and Na/Cl
(about 0,8) are lower than in the seawater. Chemistry of the higher mineralized sample - G3, approximates
SMOW more than G4 does. Sample G4 (the “Helena” well), as it from a smaller less depth, may contain some
part of the recent water.

Physico-chemical parameters of G5 and G6 (samples from Klimkovice), and their locations in 8'%0 -
8’H and Cl - 8°H diagrams are very similar. Slight differences are observed in CI/Br values - about 205 for
sample G5, and for G6 — 181 mg/l approx. Considering that G3, G4, G5 and G6 are representing sandy aquifers
of lower Badenian, any significant differences in isotopic composition of the waters should have not been
expected. It appears however, that G5 and G6 are shifted towards the heavier water and vary rightwards from the
meteoric line - WMWL on the 'O - 8°'H diagram. This suggest some fraction of evaporated seawater in their
composition. Both G5 and G6 were taken in the Moravian Gate territory, where the water of “detrit” series
contain elevated concentrations of geogenic CO, (Grmela, 1997). Hence, if there were any hydraulic connections
between sandy and “detrit” aquifers of the area, we should rather expect a shift of G5 and G6 towards left from
the WMWL line. This origin shift - resulting from isotope exchange between juvenile CO, and oxygen of water
(described eg. in. Cigzkowski, 1990) - is absent in mentioned samples, what proves their isolation from the CO,-
reach waters of the “detrit”.

Therefore, the absence of so called origin shift in samples G5 and G6 - origin shift resulting from
isotope exchange between juvenile CO, and oxygen of water (described eg. in. Cigzkowski, 1990) - proves a
lack of connections of these waters with CO,-reach waters of the “detrit”. This phenomena could be connected
with intense evaporation.

Parameters and position of samples G8 and G9 on 80 - §°H and CI - 8°H diagrams are similar and
participation of the most recent waters (Q) in their composition is evident. A significant fraction of cumulative
water in this area derives also from the drainage of the “detrit” sediments of lower Badenian (Grmela, 2003).
Interpreting chemical and isotopic composition of waters represented by samples G8 and G9, it should be stated
then, that these waters are formed by recent infiltration water mixed with smaller quantities of water from the
“detrit” aquifer.

Conclusions

The interpretation of isotopic composition of examined water samples is based on genetic
classifications, published by different authors; Pluta & Zuber (1995) among others. Additionally, considering
the basic hydrochemical constituents of the water, we divided the analysed population into groups, based on
sulfates contents and values of Cl/Br ratio. Then ilt was established that examined mine water from
Carboniferous aquifers (Polish part of the SW fragment of the USCB) belong to the following genetic types: the
oldest water of hot climate (P), paleoinfiltration Tertiary water of pre-Badenian (U) and post-Badenian (T) ages,
and Quaternary water (Q). Several types derived from mixing of mentioned end-members were also ascertained.

Mining drainage impact is manifested by the vertical extent of the intensive infiltration zone to the
observed depth of 800 m below the surface. However, the isotopic analyses indicate that recent natural water (or
technological water) mixes together with water from deeper aqiufers. Admixtures of water from Tertiary aquifers
were ascertained in the mine water within depth range of 565 m to 800 m below the surface.

Isotopic composition of Lower Badenian waters from the Czech part of the USCB is different to the one
determined in fossil marine waters of Miocene, known from the territory of Poland. Samples G1 and G2 (the
OKD, a.s. Dtl CSA, o.z. Karvind mine) possibly belong to a separate type and they are derived from evaporated
seawater (M), mixed with other water (formed due to evaporates leaching) of a lighter isotopic composition.
They also contain some admixture of the P type water. Samples G10-12 (the CMD, a.s. Dl CSM, o0.z. Doubrava
mine) were probably formed in a similar mixing processes, but with a greater participation of the recent waters
than in the case of G1 and G2.

Samples G3 and G4 (Darkov) are situated on the diagrams on the mixing line of recent seawater with
light - Quaternary infiltration water. Sample G4 (“Helena” well) may contain some part of the recent waters.
Samples G5 and G6 (Klimkovice), representing sandy aquifers of lower Badenian, are shifted towards the
heavier waters and leftwards from the WMWL line on the 3'°0 - 8’H diagram. By this, some portion of
evaporated seawater in their composition is indicated. G8 and G9 (cumulative water from the Ostrava and the
Petivald Troughs) were formed by mixing of water from the “detrit” aquifer with water of recent infiltration.
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Resumé

V letech 2002-2003 bylo provedeno vzorkovani ptirodnich zdroji dilnich vod v Ceské a Polské &asti
hornoslezské panve, vzorkovani fosilnich motskych vod piséitych poloh spodniho badenu, vod detritové zvodné
a karbonskych zvodni (Polsko). Lokality jsou zobrazeny na obr. 1 a 2. Vzorky z Ceské Casti panve jsou
predznaceny pismenem G. Izotopové slozeni (5'°0 a deuteria 6°H) bylo analyzovano v laboratofi Wydziatu
Fizyki i Techniki Jadrowej AGH Krakow (Polsko).

Pro interpretaci byl dale pouzit hydrogeochemicky rozbor téchto vod a vypoctené koeficienty
z hydrogeochemickych rovnovéh. Vody byly rozdéleny podle obsahu SO,* do ti skupin s hranicemi 600 mg/l a
10 mg/l. Skupina vod s obsahem <10, 600> mg/I byla jesté rozdélena podle poméru Cl/Br s hranici na hodnoté
300.

Skupinal :  vody o hodnotach SO4* > 600 mg/l,

SkupinaIl :  vody o obsahu 600>SO4*>10 mg/l a CI/Br>300,
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Skupina Il :  vody o obsahu 600>S04*>10 mg/l a CI/Br<300,
SkupinaIV :  vody o obsahu SO4<10 mg/I.

Toto rozdéleni bylo postaveno na dosavadnich znalostech zakladnich typd zdroji dilnich vod v oblasti
hornoslezské panve (vody kvartéru, piscitych poloh sp. badenu, detritu a ptipadné vod karbonskych) a na
zékladé multiparametrické analyzy souboru dat vod ze spodniho badenu a karbonu v Ceské ¢asti panve.
Shlukovaci analyza byla provedena pii akceptaci stanovenych parametri Ca>*, Mg*", Na*+K", CI', SO,*, HCO5"
a celkové mineralizace.

Zakladem interpretace vzorkd pro stanoveni izotopového slozeni byly vztahy charakteristickych
parametrii: koncentrace rNa/Cl, obsahy CI/Br a Br/l a celkova mineralizace. Vysledky jsou porovnany se
standardem recentnich moiskych vod (SMOW — Ocean water standard).

V genetickém rozdéleni podzemnich vod jsme se pridrzeli déleni a oznaceni provedeného v praci Pluta,
Zuber (1995): M ... miocénni motské vody; P ... nejstarsi solanky aridniho klimatu; T ... terciérni infiltra¢ni
vody; Q ... vody kvartéru; U (Us, U) ... vody predbadenského horkého klimatu (vnitin€ rozdélené podle obsahu
SO,4¥) a vody smésné z téchto zékladnich grup (QP, QT, QU, PQ a PU).

Vztahy jednotlivych sledovanych parametrt jsou graficky zobrazeny v grafech na obr. ¢. 3 az 9.

Prevazna vétSina vzorkt vod skupiny I nalezi zjevné k vodam moiského typu s riznym stupném
zahu§téni vyparem (s nepfekro¢enim bodu krystalizace halitu) a v rizném stupni pocateéni biodegradace
nékterych iontl. Vzorky vod ze skupiny III a IV (siln¢ odchylené od teoretické linie evaporaéni krystalizace soli
mofiské vody) reprezentuji smisené vody mezi moiskymi vodami (SMOW) a rezidui solanek po krystalizaci
halitu, opét s riznym stupném biodegradace nékterych iontt..

Analyza vysledkti hydrogeochemickych rozbort dale prokazuje, ze fosilni vody badenu a vody
z hlubsich urovni karbonského masivu v zékladnich iontech Na®, K" a CI jsou natolik geochemicky rezistentni,
ze procesy jejich degradace se prakticky v ¢ase neprojevuji.

Br” podobné jako Cl” se v dobé evaporace moiské vody chova konservativné . Jeho nabohaceni nad
SMOW nepovazujeme vSak za pouhy produkt rozkladu organickych latek z mikroorganismu (Fisher, Boles,
1990; Cai et al, 1997), ale je zde pravdépodobny i zna¢ny podil primarniho obsahu tohoto iontu v terciérnim
mofi (Worden, 1996). Tento zavér podporuje nevyrazna korelace Br/ I (zejména u vod skupiny II az IV).

Nizké obsahy a degradace SO, a charakterizaéni parametry ukazuji na vyrazné procesy pusobeni
mikroorganismt v reduk¢ni prostfedi v obdobi primarni a sekundarni migrace (Homola, Grmela, 1987). Protoze
tento stav nenastava méfitelné u soucasné moiské vody, odchyluji se fosilni vody (diky procesim geologickych
dob, tj. procesim neprobihajicim v realném case) od typu recentnich motskych vod. Uréity atenuacni proces se
projevil v piipadé iontu Mg®" oproti souéasnym SMOW:; jeho degradace ve srovnani s SO, je zieteln& nizsi.

V obdobi primarni migrace v podminkéach sedimentace spodniho badenu v jizni Casti hornoslezské
panve se ptuvodni synsedimentarni vody pohybovaly v prostiedi s pievahou karbonatti (dnesni vapnité jily) a
odtud miize pochazet jejich nabohaceni ionty Ca** oproti stavu odparku vod dnesnich moii. Znamenalo by to, Ze
nabohaceni Ca®" je sekundarni a je vyrazem geochemické alterace piivodni moiské vody s horninovym
prostiedim.

Recenzenti: Ing. Ladislav Tometz, Ph.D., Fakulta banictva, ekologie, riadenia a geotechnologii TU Kosice,
Ing. Jiti TylCer, CSc., Ostrava.
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