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ABSTRACT 

B~rochemica1 investigations in the ~ore1and ~ the ~skos1o
venska armada-open-pit 1ignite mine, 1ocated in the Most part 
o~ the 1argeet 'Dertiary basin be1ow the Ore Mountains (the 
North Bohetllijpl Lignite Basin), have been ~ocused on the 
groundwater 0~ 1. Quarternary deposits, a. Tertiary basin se-
diments and vo1canites, ). crysta11ine comp1ex in the basin's 
ba~nt, and 4. crysta11ine complex o~ the Ore Mountains • 
s1opes. 

The chemistry ~ the above aqui~ers • groundva.ter is expressed 
by the HCO~:so4 and Na:Ca hydrochemica1 cO&f'f'icients, pH va-
1ues and et;ncentrations ~ the trace e1e-nts Li and F. 

Bas.ed on these panuaeters, the vertica1 hydrochemiea1 strati
~ieation of' the &edimentary and erysta11ine eomp1ex can be de
termined. 

'Ihe hydrochemiea1 zana1i ty, mani~es t by increasing pH va1ues 
and Li contents , and by changing HCO~ :SOft and Na : Ca ra ti os 
~or the bene~it of' hydrogen carbonat~s and sodium ions, to
wards the ba.sin ~ s basement, is preconditioned by the di~~e
ring water retention times o~ indi vidua1 aquifers, groundwater 
metamorphism in sha11ow aqui~ers due to acid rains, and the 
occurrenee of a ~ormation, dozens o~ -tres thick, o~ Tertiary 
c1ays and mudstones and/or degraded vo1canites which act in 
the basin as a hydrogeo1ogica1 iso1ator separating the sha11ow 
aquifer ~rom those 1ocated deeper. 

IN1RODUCTI<fi 

Deve1opment of' Czechos1ovakia's economic potentia1 requires new 
energy sources. For this reason, 1ignite mining is being expan
ded in Tertiary 1ignite basins be1ow the Ore Mountains. 
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Tbe geological origin of these basins is analogous to that of 
lignite basins fOllnd on the G:mr's territory. The two basin sys· 
tems are separated by the crystalline complex of the Ore Moun
tains, which forme the water divide and political borderline 
between the GDR and ~SR (Fig. 1). 

Earlier, coal in Tertiary basins was mined from underground 
mines. For economic reasons, this -thod of coal mining has 
been abandon-ed a.f'ter 1945 and coal is nOlol extracted from open 
pit mines. The squa~ area of mining fields is enormous, amoun
ting to saGE 850 km in the North Bohemian Lignite Basin· which 
is the largest and the most important lignite basin in essR as 
well as one of the largest such basins in Ve5te:rn and Central 
Europe. The thickne- of unproductive layers which must be re
moved prior to mining is up to 170 m in the studied region, 
i.e. in the foreland of the eeskoalovens-ka armB.da mine. 

The areal extent and depth of the existing and planned open 
pits in North Bohemia and the coal mining its·elf considerably 
affect the geological, hydrogeological a.nd ecological eondi
tions in the region, and reflect also in the social sphere 
(evacuation of towne aDd villages, llligration of population), 
consuming at the same time subl!ltantia.l economic and financial 
resources. 

Tbe planned ~ of an appro:x. 200 m deep lignite pit in 
the foreland of the eesko-slovenf:lka armB.da mine. having some 
2 km long face., required, in view of the pit slope's stability, 
verificatitm of the e'f'fects of quarrying and mining on the 
hydrogeological system (particularly on,~e groundwater level), 
on the expected de-tering of the Ore Mountains' slopes, and 
on the groundwater inflO'III into the pit's bottom; also needed 
went engineering-geological, hydrogeological and geotechnical 
investigation~~ in tb.e pit's locality and in tbe adjacent area 
of the Ore Mountains's crystalline complex. :ixploratory bore
holes -re drilled. level- drifts were driven, and a monitoring 
syt~tem for mQnitoring slope stability and c'banges :in the hyd:ro
geological system was estab'lished. Investigations were super
vised by specialists of Stavebn:L geologie Praba, who also 
evaluate the measurement data. 

The paper CGIIltains aseess.ment of the hydroche11lical investiga
tion focused on the evolution of the ground'Water chemistry in 
the studied region, in time and space, prior to the starting 
of the mining work itself. 

1. INVESTIGA.TICIN ME'mODOLOGT 

The groundwater c~stry was monitored in the period from 
1982 to 1985. 

The subject of monitoring was groundwater in exploratory bore
holes and springs (Fig. la). 
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The design of the boreholes (aquifer iso1ation by cementing 
bridges) bas made it possible to examine the quality of water 
separately from Quarternary deposits, the Tertiary formation 
sediments, Tertiary volcanites and the basement and mottntain 
crystalline complex. Spring water analyses have helped to stu
dy the chemistry of the shallow aquifer forming in the talus 
covering the Ore Mountain's crystalline complex. 

Samples of water from boreholes having a positive piezometric 
niveau were taken from the overflow, while boreholes with a 
negative niv.eau were sampled during pumping tests. 

Springs and overflow boreho1es were monitored over the Long 
term, at approx. monthly intervals. 

The water samples served for the determination of the contents 
of primar¥- and secondary cations and anions, some trace eLe
ments, HllSiO" and pH. The sum of the absolute ion and H.r..Si04 contents represents the Total Dissolved Solids (TDS) value. 
For springs and the overflow borehole .J.A.l6, the ana lyses were 
completed with the determination of the j\mp~·al development 
of the sulphate sulphur isotopes ratio S: -s, expressed as 
s ,348. 

2. INVESTIGA.Timi RESULTS 

2.1. Ch;mistry of the shallow aquifer's groundwata~ 

2.1.1. Springs 

Thirty-three talus springs were monitored, and their chemi'Cal 
properties found to be simi1ar: the primary ions inclUded al
kali earths (Ca, Mg) and suLphate ions, exceptionally also 
hydrogen carbonate ions (Fig. 2). The pH was usually lower than 
7.0. The TDS content was rarely over 200 mg/1. The equilibrium 
partial pressure of C02 (pc

02
) calculated from HCO~ activity 

and the pH value for -line representa!~ve springs NoA.15 and 46 
amounted to ).J • 10 and 5.5 • 10 MPa resp. 

Changes in the sulphate content and the groundwater pH were 
found, depending on the altitude of sampling and its distance 
from the groundwater divide (Fig. 3). The sulphate content in
crease towards the basin is obvious from the diagram. 

f")ll 
The average values of o S (~ +)~•)for sulpbates of the repre-
sentative mountain as well as foothill springs corresponded to 
those for precipitation water in areas with intensive firing of 
fossil.fuels (!~mejkal, 1986). 

In the 1982-1985 period, the ion contents in monitored repres~ 
tative springs did not show any regular rise or decline (Figs. 
4 and 5); only short-term, periodic changes in pH (Fig. ~) and 
in the TDS content (Fig. 6) were observed. 
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Table 1. Vertical hydrochemical profile and selected hydraulic 
parameters (average values) of groundwater aquifers 
in Quarternary deposits, Tertiary formations and the 
crystalline complex 

TDS pH HCOJ/SO~ Na/ea F- Li+ Q 

mg/1 mg/1 (1/s) 

1/s/m m/s 

0.2 

27J 6.1+ o.l+ 

288 6.1+ o.l+ 

J80 6.9 20 

JJl 8.2 2 

6 

t) 

-g 1+11 7.1 15 
N 
0 
Ill 

~ 256 . 7.J 6.5 
If 

O.J 

o.l+ 

5 

0.8 

·a 

~l!!:!~~-!.2:._!2 

0.12 O.OOJ +J.o6 5·9 (1) 

~2!~~-!'2!.-~ 
0.11 o.Oo6 +J·C17 8.9 (0.09) 

0.16 0.02 

!!E2~L£~X! 

0.02 O.Jl 

Coal seam ---------

10.4 

0.22 0.09 lJ 

Basement sandstones 

0.76 0.11+ 18.4 

Y2!£~!!!~ 

-5 1.02 9.8.10 

0.15 

0.01 1.4.1o-7 

-6 O.OOJ 1.2.10 

2 0.2 o.os -1.42 11 -6 1.1.10 

J 

Basemant 

0.24 0.27 15 
-8 

0.002 ).1.10 

Mountain crystalline complex 
---------------------------- -6 

0.52 o.o4 11 o.o24 1.2.10 
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2.1.2. Boreholes 

Thirty-seven analyses of water from 25 boreholes having open 
sections, in the shallow aquifer 2 to 15m under the surface 
were evaluated. 

Tbe chemical properties of the borehole water corresponded to 
those of the spring water from the Ore Mountains' foorhills 
(Figs 1 and 2, Table 1). Again, ions of alkali earths (ea, Mg) 
and sulphates predominated, while hydrogen carbonates occurred 
as an except!gn• The Pco2 value of water (the CN60l boreholp) 
was 5.1 • 10 MPa. 

2~2. Chemistry of the Tertiary formation ~undwater 

2.2.1. Overlaying clays and mudstones 

Only- two water samples were analyzed, obtained during the 
drilling of the AL56 borehole. The samples were taken from 
the overflow (0.15 1/s), from a depth of 35 m. 

When compared with the Quarternary aquifer, the chemical com
position of this water was .foun?- to be different {Table l). 
Here the dominant ions were sodium and hydrogen carbonate, the 
TDS content was )80 mg/1, and the pH value was 6.9. The Pc02_

3 value for the groundwater from overlaying clays was 3.1 • IO 
MPa. 

2.2.2. Coal seam 

Only one water sample was analysed; it was taken during pum
ping from the HJI 157 borehole (open section, 93 to 127 m). 

The coal seam groundwater's chemistry differed from that of 
the shallow aquifer. Calcium and hydrogen carbonate ions pre
domina ted in the sample, the TDS content was 331 mg/1, and 
the pH value_~as 8.2. The Pco

2 
value of the caal seam water 

was 6.3 • 10 MPa. 

2.2.3. Basal sandstones 

Six groundwater analyses were obtained from five boreholes 
having open sections from 180 to 190 m. 

Sodium and hydrogen carbonate ions predominated in the samples. 
Average TDS content was 324 mg/1, pH was 4·4, and the Pco2 va
lue (the HJI l59A'-borehole) was 1.2 • 10- MPa. 

2.2.4. Volcano-detrital formation 

In this formation, water was sampled in six exploratory bore
holes, four of them with overflow. Three overflow boreholes, 
JA-41, P3 and Slo6, were drilled in tte exploratory drift 

1(Fig. la). 
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Alkali earths ( Ca, Mg) and hydrogen carbonates predominated ;.n 
all of the samples. Except for the JA16 borehole, the Ca:MG 
ratio of all samples was lower than 1, i.e. inverse to that o1' 
the groundwater circulating in an acid, alumosilicate medium 
(e.g. gneisses in the basement of the Tertiary formation). 
The averag5 Pcoa value for the volcanic formation was found to 
be 2 • 10 MPa. 

The volcanite water chemistry was monitored in the JA16 over
flow borehole at approx. monthly intervals (Fig. 7) • In this 
borehole water from volcanites (olivine basalts) was collected 
together with the gneiss water in the 42 to 81 m section. The 
borehole overflow was 0.77 1/s, and the water had a stable 
temperature of 13.4°C. Fig. 7 shows the stable chemical com
position of the water. The aquifer's isolation was verified by 
correlation analysis. The borehole water was compared with the 
water from selected mountain and foothill springs as to the 
contents of sulphates, hydrogen carbonates, chlorides, nitra
t .. ,. , f'iuorides, sodium, calcium and magnesilum ions, and pH. 
A:· the level of-significance 0.01, positive correlation was 
found between the JA16 borehole and spring No. 46 only, based 
on the Mg content. The Spearman's coefficient of correlation 
was +0·7· 

34 32 . ~ 34 The S: S ratJ.o also showed stable values. The average o S 
value was -1.42%o (V=9%, n=9). This value, different as it is 
from those of the springs, indicates the isolated groundwater 
circulation as well. 

2.3. Basement rocks of the basin's sediments 

In the region under study, the basement of the basin's sedi
ments is mainly .composed of' muscovite or two-mica oriented 
orthogneisses. Isolated occurrences of biotite paragneiss. 
In their upper stratas, the basement rocks are subject to process 
of kaolinization. 

Five boreholes with open sections 140 to 190m were sampled. 
The dominant ions were sodium and hydrogen carbonates, the TDS 
conten!_

4
11ias 411 mg/1, and pH was 7.1. The Pco2 value was 

8 • 10 MPa (the HJI156 borehole). 

2.4. Mountain crysta.lline complexes 

In terms of' petrography, the Ore Mountains crystalline comp
lex in the studiied region is identical with the basement of' 
the Tertiary sediments. In its upper part, processes of seri
citization and chloritization were registered most frequently 
and it is assumed that during the formation of the Ore Moun
tains the kaolinized profile of' the crystalline complex had 
been carried to the basin's sediments. 

Evaluated were 14 analysis f'rom 11 hydrogeological boreholef, 
most of them drilled a 1 the foot of the Ore Mountains. rhc• 
boreholes have open sections from 18 to 100 rn.. ;~-I 5 .; r- r :1 
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contains analysis of water inflows from the gneisses in the 
top wall of the exploratory drift (Fig. 2~ point 1) and ana
lysis of water from the overl'J.ow borehole CN94 (overflow o·.o5 
1/s, temperature 9.5°C). . ·· 

'Ihe dominant cations were either calcium or sodium, while 
hydrogen carbonates. were the main anion~% 'Ihe Pcoa value for 
the overflow borehole CN94 was 3.2 • 10 MPa. 

This wat~~ differed f'roDl the one in the crystalline complex in 
the basin s sediments i,n that the .'IDS content and the HCO'l ~so4 ratio were lower, and .the Li c;ontent was lower by nearly 6ne 
order. The hydraulic parameters of the two aquifers, determined 
by means Cif hydrodynamic tests, were. also different (Table 1). 

4. DISCUSSION 

In the region under study, ·e()mposed of' Quartentary deposits, 
Tertiary sediments of the Most Basin, and the crystalline com
plex of' the adjacent Ore Mountains massif and the basin's base
ment, three basic types of' groundwater have been identified 
over the vertical pro:file and the areal distributim of the che
mical..propertilrS, namely~ groundwater of the shal.lQIII aquifer 
in Quartentary deposits, aqtifer in the Ter:tiary• volcano-de
trital fo~tion, and the aquifer conmon to. both the Tertiary 
basal Jl&ndstone& and the crystalline compiex of' the basin • s 
bas~ment •. 

The shallow aquifer's chemical properties are caused by the 
presence of sulphate and hydrogen ions f'rom acid precipi ta ti oao. 
the latter has been monitored in· the region since about the 
mid-19708. Mol.dan (1980) mentions average pH of' 3.82 f'ora}!re
cipitation water in Most, and an 18.3 Dlg/1 content of so11 • 
'Ibe pH value .is •rk8dly lower than the value 5.66 listed f'or 
the pH of' precipitat.ion water unpolluted by emissions, in which 
the hydrogen ions • activity results from the chemical balance 
between atmospheric water and carbon dioxide whose natural con~ 
tent in air equals 0.03~ vol. (Paces, 1984). 

'Ihe strong ef'f'ect of' acid rains on the shallow aquifer • s 
groundwater was monitored particularly in certain moUntain 
springs discharging at an altitude of about 700 m a.t.s.l. 
The ef'f'ect of acid rains, the small thickness of' the unsa tura
ted zone and the short retention'time of' groundwater in gneiss 
talus (consisting mainly of alumosilicates which are resistant 
to chemical weathering) are especially manifest in the low 
average pH values of these springs {as low as 4.4). A higher 
pH of' mountain springs was observed only in periods with low 
precipitations, usually in October. In springs discharging at 
lower altitudes, higher average pH with no marked fluctua
tions was measured between 1982 and 1985 (6 to 7). 'Ihe chemi
cal composition of' these springs' water is the result of' its 
longer contact wi tb the rock. 'Ihe dominant anions, sulphates, 
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have their origin in pi>ecipi tat:ion water \,according to the iso
tope analysis of sulphate sulphur i. 

The lo~ pH (6.4) and HCO~:so4 and Na:Ca ratios (lower than l on 
the average) of the water in the shallow aquifer in Quarternary 
deposits tested, are associated to the springs in the foothills 
of the Ore Mountains. This water, t:oo, is dominantly affected 
by acid rains. 

The chemical properties of the water in deeper aquifers Sf the 
Tertiary formation and the basement crystalline comple~ indi
cate their hydraulic isolation from the shallow aquifer. These 
aquifers' coefficients of filtration and specific yield are as 
much as four orders lower than those of the shallow aquifer in 
Quarternary deposit:s. Their chemistry is the result of the 
meteoric water/rock interaction under low partial pressures of 
co

2
• Consequently, the groundwater has a higher pH (7.5), con

ta1ns mainly sodium and hydrogen carbonate ions, and its TDS 
content amounts to 200 to 500 mg/1. The lower content of dis
solved salts is proportional to the low leaching ability of 
this water un~~r relativelr

3
low partial co2 pressures - bet

ween 1.2 • 10 and 3 • 10 MPa; these vaiues correspond to 
the Pco2 of the_,oil air un~~r Central European climatic con
dit1ons (5 • 10 to l • 10 MPa; Gazda, Paces, 1975). 

An example of groundwater chemism in an alumosilicate medium 
under higher Pco2 are carbonated mineral waters issu~ngc rrom 
t:he crystalline comp,lex in the basement of the Most or Cbomu
tov Tertiary basin. In 1985, near Kadan on the fringe of the 
Chomutov Basin, carbonated mineral water was tapped by the H8 
borehole. Its TDS content is 2.8 g/1, dominant ions are Ha+ 
and HCO- , pH 6.7, free carbon dioxide content is 660 mg/1, 
and its3temperature is 17°C (Fig. 2). Salts are dissolved in 
the mineral water at a Pc 

2 
of 0.0) MPa. More intensive dis

solution also results in f/1gher contents of alkali metals 
Li+ (1.1 mg/1) and Rb+ (0.13 mg/1). 

Judging from average pH values of approx. 7.0 and the 
HCO :so4 ratio greater than 1, the groundwater in the Tertiary 
vol~ano-detritaY formation and in the Ore Mountains· crystal
line complex is relatively well isolated· from the shallow 
aquifer and has no direct contact with acid rains. According 
to the Na:Ca and Na:Mg ratios approx. equal or lower than 1 
for the volcanite water, these aquifers can be assumed to 
have a faster circulation of groundwater as compared with the 
aquifer in the basement crystalline complex. The dominant ca• 
tio~s' content in the volcano-detrital formation groundwater 
(!>A.g +ions) is the result of the water's reaction with rock 
composed mostly of da:r;k minerals and basic fel,spar: and docu
ments the groundwater s chemism in a medium which is petrogra-, 
phically different and hydrogeologically isolated from the 
other aquifers. 
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CONCLUSIONE 

Hydrochemical investigat~on has been carr1.ed outc in the fore
land of the ceskoslovenska armada open pit mine located in the 
Most region of the North Bohemian Lignite Basin. 

The investigation concerned ground1o1ater quality in Quarternary 
deposits, Tertiary formation sediments and the crystalline com
plex in the basin's basement and the adjacent Ore Mountain~ 
massif. 

Vertical hydrochemical zonality has been identified,manifesr 
by increasing Li content, changing HCO :so

4 
and Na:Ca ratios 

for the benefit of hydrogen carbonate ~d sodium ions, and 
increasing pH. Three basic types of ground1o1ater have been 
identified: 

1. s~llo1o1 aquifer in Quarternary deposits 
2. aquifer in the Tertiary volcano-detrital formation 
). aquifer in the Tertiary basal sandstones and the 

basin's crystalline basement. 

The'differences in investigated aquifers chemical properties 
are due to the metamorphism of the shallo"' aquife~ caused by 
acid rains, different durations of meteoric waters contact 
with rocks having different petrographic composition, and the 
occurrence of an up to 170m thick forDBtion of Tertiary clays 
and mudstones Which separate the shallow aquifer from those 
located deeper, acting at the same time as a hydrogeological 
isolator. 

The results of the investigation are expected to be used for 
regional monitoring of the changes in the geochemistry and 
ecology of the Ore Mountains region's landscape 1o1hich is 
affected by the wet and dry acid fallout generated by indus
trial agglomerations and mining. The investigation will also 
facilitate identification of waters inflowing into the coal 
pit during mining and help to design protection against the 
water's corrosive effects on building DBterials and the me
tal structures of mining and pumping equipment • 
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