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Hy dro gen sul phide (H2S) oc curs in ground wa ter in var i ous lithostratigraphic units of the Zechstein Ba sin in the
Legnica-G³ogów Cop per Ba sin (SW Po land). This re gion is lo cated in the Fore-Sudetic Monocline within which, sev eral tens
of kilo metres NE of the study area, at greater depths, nat u ral gas fields with hy dro gen sul phide (H2S) oc cur. The Main Do lo -
mite (Ca2), in which H2S-con tain ing nat u ral gas has ac cu mu lated, is youn ger than the Zechstein Lime stone (Ca1), which is
ac tively mined. The Ca2 and Ca1 for ma tions are sep a rated by a thick anhydrite suc ces sion in clud ing a wedge-shaped salt
body. Hydrochemical anal y ses of 18 ground wa ter sam ples taken from dif fer ent ho ri zons within the Zechstein strata showed
spa tial vari abil ity of H2S and chlo ride con cen tra tions. A con cep tual model of ground wa ter flow with dis solved H2S in the
Zechstein for ma tions was de vel oped. H2S mi gra tion is as so ci ated with ground wa ter flow be tween the Ca2 and Ca1 aqui fers
through fis sures in the anhydrite strata that sep a rate them. Hy drau lic con tact through fis sures in the anhydrite lay ers is the
re sult of long-term ex ploi ta tion of the un der ground cop per de posit. Ground wa ter flow be tween the lay ers is in flu enced by a
large change in the piezometric pres sure of the ground wa ter in the de pres sion cone caused by min ing drain age.
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INTRODUCTION

The oc cur rence of hy dro gen sul phide (H2S) in geo log i cal
strata re sults from re dox re ac tions that in volve sulphates and
hy dro car bons, as the as so ci a tion of these is ther mo dy nam i cally 
un sta ble in most geo log i cal set tings in volv ing diagenesis, cata -
genesis and metagenesis (Machel, 2001). Hy dro gen sul phide
can be pro duced by var i ous geo chem i cal and geo log i cal pro -
cesses in clud ing: 

– thermochemical sul phate re duc tion – TSR, 
– mi cro bial sul phate re duc tion – MSR, 
– ther mal de com po si tion of sul phur-con tain ing or ganic com -

pounds of oil and or ganic mat ter, 
– re ac tion of el e men tal sul phur with hy dro car bons,
– vol ca nic and plutonic pro cesses (Orr, 1977; Krouse et al.,

1988; Machel et al., 1995; Worden et al., 1995; Worden and 
Smalley, 1996; Machel, 2001; Zhu et al., 2005; Zhang et al., 
2008).
This gas is com monly found as so ci ated with sul phate and

car bon ate rock units form ing sour nat u ral gas res er voirs

(Worden and Smalley, 1996; Aali and Rahmani, 2012; Liu et al., 
2014; Bilkiewicz and Kowalski, 2020; Kotarba et al., 2020;
Torghabeh et al., 2021; Cheng et al., 2022). Be sides its oc cur -
rence in these nat u ral gas res er voirs, the or i gin, mi gra tion and
ac cu mu la tion of H2S has been also stud ied in con nec tion with
coal seams (Liu et al., 2012; Deng et al., 2014; Tan et al., 2020;
Xie et al., 2021), pe tro leum fields (Kotarba et al., 2017b) and the 
ex plo ra tion, de sign and op er a tion of geo ther mal fa cil i ties
(D’Amo re et al., 1990; Mayrhofer et al., 2014; Jácome Paz et
al., 2022).

The oc cur rence of H2S in Po land is mainly as so ci ated with
oil and nat u ral gas fields ac cu mu lated in the Zechstein Main
Do lo mite (Ca2) (Karnkowski, 1999; Bilkiewicz and Kowalski,
2020; Kotarba et al., 2020), of the Fore-Sudetic Monocline (also 
re ferred to as the Fore-Sudetic Homocline – ¯elaŸniewicz and
Aleksandrowski, 2008), though also in Up per Ju ras sic and
Cenomanian strata of the Pa leo zoic-Me so zoic base ment of the
Carpathian Foredeep and in the Up per Pa leo zoic strata of the
Lublin Ba sin (Karnkowski, 1999).

The pres ence of H2S in ar eas other than vol ca ni cally ac tive
zones and sul phate and sour gas ac cu mu la tions as so ci ated
with car bon ate rock for ma tions is gen er ally rare. The Legnica-
 G³ogów Cop per Ba sin (LGCB), SW Po land, had not been con -
sid ered as an area where H2S may oc cur. How ever, H2S was
un ex pect edly de tected in 2010 in the Lower Anhydrite (A1d)
strata of the LGCB (Kijewski et al., 2012). There af ter, this gas
oc cur ring in A1d and Zechstein Lime stone (Ca1) strata may
cause po ten tial risks in min ing op er a tions. Kotarba et al.
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(2017a, 2020), based on pre lim i nary iso to pic and min er al og i cal
stud ies, in ferred that such lo cal oc cur rences of H2S dis solved in 
ground wa ter of Ca1 strata may be sourced from nat u ral gas ac -
cu mu la tions in the Zechstein Main Do lo mite (Ca2). How ever,
the path and man ner in which H2S mi grates from the Ca2 strata
to the older and deeper Ca1 strata is still un known. Es tab lish ing 
the or i gin of H2S in the LGCB area and its vi cin ity is dif fi cult be -
cause of a com plex pat tern of gas mi gra tion dis solved in
ground wa ter where flow paths are de ter mined both by the geo -
log i cal struc ture of the monocline in this area and by min ing op -
er a tion im pacts.

This study ex plores (i) the spa tial oc cur rence of H2S dis -
solved in ground wa ter of the geo log i cal struc ture of the LGCB
and its sur round ings, and (ii) the path and man ner of mi gra tion
of H2S to the Ca1 strata in the LGCB area lo cated be tween
G³ogów city in the north and Polkowice city in the south (Fig. 1)
based on the chem i cal com po si tion of 18 ground wa ter sam ples 
in re la tion to the geo log i cal set ting and hydrogeological con di -
tions of the Fore-Sudetic Monocline. 

GEOLOGICAL AND HYDROGEOLOGICAL 
SETTING

The LGCB is lo cated in the SW part of the Pol ish Zechstein
Ba sin, in the west ern part of the Fore-Sudetic Monocline. The
Zechstein strata of the Fore-Sudetic Monocline are de vel oped as 
megafacies that make up four ma jor car bon ate-evaporitic cy cles
(PZ1, PZ2, PZ3 and PZ4) that orig i nated mainly dur ing
transgressive-re gres sive pe ri ods with thick suc ces sions of car -
bon ates, sulphates and salts rep re sent ing cli ma tic changes from
hu mid to arid (Wag ner and Peryt, 1997). These strata de vel oped
in the Pol ish Zechstein Ba sin, which was a part of the
epicontinental ma rine sed i men tary ba sin known as the South ern
Perm ian Ba sin (Peryt et al., 2010). The first three cy cles are
widely de vel oped across the Pol ish Zechstein Ba sin and each of
them starts with a basal car bon ate unit which pre cip i tated from
wa ter of raised sa lin ity and is over lain by evaporites formed dur -
ing pro gres sive evap o ra tion re sult ing from de fi ciency of new
seawa ter (Wag ner, 1994; Wag ner and Peryt, 1997).
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The Zechstein strata in the LGCB are monoclinal, dip ping
3–6° NE (Fig. 2). Lo cally these strata are bent into steeper flex -
ures with dips  up to 30°. In the study area there are faults that
dip at 30–90°, most be ing steep. The throws on the faults reach
70–100 m (Markiewicz, 2007). The fault planes are usu ally filled 
with brec cia, gyp sum, cal cite or bar ite, so faults can form hy -
drau lic con nec tions be tween aqui fers in the LGCB.

In the Zechstein strata of the LGCB area there are two aqui -
fers: Ca2 and Ca1 (Bocheñska, 1988, 2003). Both aqui fers are
re charged from Paleogene sands on out crop lo cated SW of the
LGCB. The Ca2 con fined aqui fer is formed by karstic and fis -
sured dolomites 10–30 m thick (Becker et al., 2007). Be fore
min ing op er a tions were started in this area the ground wa ter
piezometric pres sure in the Ca2 aqui fer was 5–9 MPa de pend -
ing on the lo ca tion of the mea sure ment point on the monocline.
The rock hy drau lic con duc tiv ity ranged from 9 · 10–8 to 9 · 10–6

m s–1 (Bocheñska, 1988, 2003). The Ca1 aqui fer com prises fis -
sured-karstic lime stone and do lo mite from a few to >30 m thick.
Un der nat u ral con di tions be fore min ing, the hy drau lic con duc -
tiv ity of these rocks ranged from 2 · 10–8 to 2 · 10–7 m s–1, and
the ground wa ter piezometric pres sure was 4–10 MPa (Bocheñ -
ska, 1988, 2003). 

The Ca2 aqui fer is sep a rated from the Ca1 rocks by a suc -
ces sion of an hyd rites (Lower Anhydrite A1d and Up per Anhy -
drite A1g), and the Old est Ha lite (Na1) of the PZ1. The av er age
thick ness of the evaporite rock pack age is ~130 m (K³apciñski
et al., 1984; K³apciñski and Peryt, 2007).

In the LGCB area there ex ist also ex ten sive hy dro dy namic
and struc tural ef fects re lated to de cades-old min ing op er a tions
ap pear ing as: (i) a de pres sion cone, which causes re ver sal of
the nat u ral piezometric pres sure head in the aqui fers (Fig. 2)
and (ii) nu mer ous and wide spread cracks and fis sures in the
rock mass that cre ate new and priv i leged flow paths for ground -
wa ter (Becker et al., 2007). In the Ca1 unit, within the range of
the de pres sion cone, ground wa ter flows to its cen tre not only
from the S, i.e. from the out crop be neath the Paleogene sands,
but also from the W, N and E. In cen tral re gion of the LGCB,
there are ver ti cal re lax ation frac tures in the A1d and A1g strata.

Ver ti cal rock frac tures above the cop per-bear ing layer in the
LGCB are the re sult of min ing ac tiv i ties, seis mic trem ors and
rock bursts (Burtan, 2017; Gogolewska and Strzeszyñska,
2019). Some seis mic events in the study area are high-en ergy
(Szczerbowski, 2019). As a re sult, cracks were cre ated in the
evaporite rock pack age, which is im per me able un der nat u ral
con di tions, en abling the flow of ground wa ter from the Ca2 to the 
Ca1 strata. Con fir ma tion of the hy drau lic con nec tion be tween
both aqui fers is the low er ing of the ground wa ter pres sure in the
Ca2 suc ces sion – by the year 2022 the pres sure had de creased 
by 600 m as com pared to the orig i nal pres sure from ~1970 (Fig. 
2). The large dif fer ence in the ground wa ter pres sure gen er ated
in the Ca2 suc ces sion caused a re ver sal of the orig i nal re gional
ground wa ter flow di rec tion in this strata. Cur rently, within the
range of the de pres sion cone in the LGCB, part of the ground -
wa ter in Ca2 flows from the N and NE, i.e. from the zone where
Ca2 is more deeply bur ied (Figs. 1 and 2).

GROUNDWATER SAMPLING AND ANALYTICAL
STUDY METHODS

Ground wa ter sam ples were col lected at wa ter out flow
points lo cated in Ca2 (3 sam ples), A1d (2 sam ples) and Ca1
(13 sam ples) strata (Ta ble 1). In to tal 18 ground wa ter sam ples
were col lected, de ter mined by the avail abil ity of wa ter out flow
points and the tech ni cal pos si bil i ties of sam pling dur ing un der -
ground min ing ex ca va tions. Ground wa ter sam ples were col -
lected di rectly ei ther from a bore hole head in an ex ca va tion
side wall or roof, or out flows from a rock fis sure, into glass bot -
tles and PET con tain ers, and im me di ately trans ferred to the
lab o ra tory. Sam ples in tended for H2S con cen tra tion anal y sis
were col lected into dark glass bot tles and pre pared for anal y sis
by add ing 5 ml of 10% zinc ac e tate fol lowed by add ing NaOH to
bring pH to the range of 8.5–9.0. Chem i cal anal y ses of sam ples 
were per formed by Qual ity Re search Cen tre Lab o ra tory (CBJ)
in Lubin, Po land, in ac cor dance with the pro ce dures ap pli ca ble
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in the lab. In di vid ual de ter mi na tions were made in ac cor dance
with the fol low ing meth ods and stan dards: H2S – spec tro pho to -
met ric method ac cord ing to in ter nal norm WKJ-4/IB/123, chlo -
ride – ti tra tion method ac cord ing to PN-ISO 9297:1994, so dium
– spec tro met ric AAS method in ac cor dance with in ter nal norm
WKJ-4/IB/118, sulphates – gravimetric method in ac cor dance
with PN-ISO 9280:2002, cal cium – ti tra tion method ac cord ing
to PN-ISO 6058:1999a, mag ne sium – cal cu la tion method in ac -
cor dance with PN-C-04554-4:1999b, to tal dis solved sol ids
(TDS) – gravimetric method in ac cor dance with PN-EN 15216:
2010, pH – potentiometric method in ac cor dance with PN-EN
ISO 10523:2012. 

For a better un der stand ing of H2S or i gin and its mi gra tion
and for de ter min ing  ground wa ter flow, sta ble hy dro gen iso tope
com po si tion data of ground wa ter sam ples pub lished by Duda
et al. (2023), were also used for in ter pre ta tion.

RESULTS AND DISCUSSION

The chem i cal com po si tion of ground wa ter in the LGCB, in -
clud ing the con cen tra tions of hy dro gen sul phide and chlo rides,
var ies spa tially de pend ing on the lithostratigraphic unit from
which the sam ple was taken and the lithostratigraphic unit from
which the wa ter stud ied ge net i cally orig i nates. To tal dis solved
sol ids (TDS) con tent in the sam ples ana lysed var ies from

53,000 mg L–1 in ground wa ter from Ca2 strata to 347,850
mg L–1 in ground wa ter from Ca1 strata (Ta ble 1). The H2S con -
cen tra tion was found to range from <0.002 mg L–1 to 1,100
mg L–1 in sam ples of wa ter flow ing out in the Ca1 unit, and 14.6
mg L–1 in wa ter sam pled in the Ca2 strata (Ta ble 1, Figs. 1
and 3). Mea sured ground wa ter pH val ues in the Ca2 unit do not
dif fer sig nif i cantly (6.5–6.7) and range from 5.5 to 7.4 in ground -
wa ter from Ca1. In the A1d strata ground wa ter pH val ues
reached 7.0 and 8.6.

Ground wa ter in the Zechstein aqui fers of the LGCB are mix -
tures of wa ters of dif fer ent or i gins and res i dence times in the rock 
mass. In the Ca2 strata, ground wa ter has sig nif i cantly lower sa -
lin ity than the brines flow ing out of the Ca1 strata (Figs. 3 and
4A). The Ca2 unit con tains wa ter of the chlo ride-cal cium type
(Cl-Ca), which, ac cord ing to a clas si fi ca tion pro posed by Sulin
(1948), may be re lated to hy dro car bon ac cu mu la tions (Fig. 4B).

In the Ca1 unit brines oc cur with chlo ride con cen tra tions
vary ing from about 45,000 mg L–1 up to about 190,000 mg L–1

and wa ters con tain ing H2S oc cur lo cally in this ho ri zon. The
area of oc cur rence of more con cen trated brines and H2S is gen -
er ally spa tially cor re lated with the wedg ing zone of the Na1 salt
seam (Figs. 2 and 3). Con cen tra tions of H2S in the ground wa ter
sam ples ana lysed typ i cally show slightly higher val ues in the
cen tral part of the study area, which is con sis tent with the cen tre 
of the de pres sion cone into which the ground wa ter flows.
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T a  b l e  1

Lithostratigraphy at the sam pling point, chem i cal com po si tion and pH 
of the ground wa ter sam ples ana lysed

Sam ple 
code Lith.

H2S TDS Cl  Na SO4 Ca Mg
pH

(mg L–1)

1 Ca1 0.1 208 550 112 153 73 000 3 672 n.a. n.a. 7.4

2 Ca1 0.011 335 250 194 351 130 625 2 620 n.a. n.a. 6.5

3 Ca1 0.021 242 250 132 354 72 790 1 636 n.a. n.a. 7.0

4 Ca1 <0.002 259 600 138 623 65 740 762 14 451 1 993 6.2

5 Ca2 14.6 126 950 69 795 37 100 2 462 4 672 1033 6.7

6 Ca1 0.168 298 250 179 781 115 000 2 722 2 885 731 7.2

7 Ca1 0.138 292 100 179 073 117 000 3 252 2 581 768 7.0

8 A1d n.a. 315 250 198 892 124 000 943 8 220 465 8.6

9 Ca1 n.a. 229 400 126 144 71 500 1 032 10 670 873 5.7

10 Ca1 2.22 347 850 193 421 123 700 1 531 4 026 1003 5.8

11 Ca1 n.a. 85 900 48 215 n.a. 3 883 n.a. n.a. 6.6

12 Ca2 n.a. 53 000 25 719 14 750 3 871 1 775 466 6.6

13 A1d n.a. 133 350 75 929 48 190 4 261 2 595 1144 7.0

14 Ca1 n.a. 83 250 43 746 25 300 3 871 2 295 1130 7.0

15 Ca1 1 100 326 650 193 937 127 400 4 477 2 022 1 256 7.3

16 Ca2 n.a. 81 850 40 832 25 500 3 672 2 637 693 6.5

17 Ca1 n.a. 283 250 138 204 69 500 983 12 136 1 920 6.8

18 Ca1 0.233 313 850 136 110 58 400 614 18 762 2 284 5.5

Lith. – lithostratigraphy; TDS – to tal dis solved sol ids; n.a. – not ana lysed

https://doi.org/10.1016/j.apgeochem.2023.105804


The in creased sa lin ity of the ground wa ter from Ca2 flow ing
into Ca1 strata re sults from leach ing of the Na1 seam in the
zone of its wedg ing. This seam is de formed by in ter nal tec ton -
ics and in ter sected by a salt-anhydrite brec cia (Markiewicz and
Banaszak, 2005; Garlicki et al., 2007). On the ba sis of the cor -
re la tion of rock tem per a ture and its depth in the LGCB shown
by Speczik et al. (2007) it was es ti mated that at the depth of
950–1050 m, where ha lite Na1 oc curs, the tem per a ture of
rocks and ground wa ter is 37–40°C, which fa cil i tates the leach -
ing pro cess. 

In the Ca1 unit there oc curs also ground wa ter with a higher
sa lin ity than wa ter in the Ca2 strata, though not as high as
ground wa ter from Ca2 in the con tact zone with Na1 (Figs. 3 and 
4A). Typ i cal chlo ride-mag ne sium (Cl-Mg) ground wa ter is as so -
ci ated with the Ca1 strata (Fig. 4B). The ground wa ter is of
palaeoinfiltration or i gin and con tains a com po nent in dic a tive of
the lon gest res i dence time in the rock mass, as dem on strated
by the lo ca tion of sam ples in the di a gram plot ting the d2H val ues 

against the con cen tra tion of chlo rides in the sam ples ana lysed
(Fig. 5). The area of Ca1 where these groundwaters oc cur is in
the cen tre of the LGCB, where the thick ness of the Na1 seam is
al ready large enough to sig nif i cantly limit the hy drau lic con nec -
tiv ity be tween Ca1 and Ca2.

In the LGCB re gion hy dro gen sul phide oc curs both as gas
dis solved in ground wa ter and free gas as so ci ated with
small-scale, low-pres sure ni tro gen-dom i nated gas ac cu mu la -
tions con tain ing hy dro car bon gases, mainly meth ane (Kotarba
et al., 2017a). Gases con sti tut ing these ac cu mu la tions are of
var i ous or i gin, re lated to dif fer ent for ma tion pro cesses and dif -
fer ent sources, even tu ally reach ing the same trap. Hy dro car -
bon gases on the Fore-Sudetic Monocline are be lieved to be
linked both to the Car bon if er ous and the Ca2 source rocks
(Kotarba et al., 2017b, 2020; Bilkiewicz and Kowalski, 2020).
Our cur rent re search on the or i gin of nat u ral gas in the LGCB
area in di cates that gases oc cur ring in the Zechstein strata show 
var i ous mo lec u lar and iso to pic com po si tions sug gest ing the ex -
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Fig. 3. Spa tial vari abil ity of H2S and chlo ride con cen tra tions in the LGCB ground wa ter along the lines of geo log i cal 
cross-sec tions in di cated in Fig ure 2 (cross-sec tions cour tesy of Stanis³aw Mazur, In sti tute of Geo log i cal Sci ences, 

Pol ish Acad emy of Sci ences)
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is tence of dif fer ent ge netic groups of nat u ral gas. Hy dro car bon
gases from nat u ral gas sam pled from bore hole heads in Ca1
strata to gether with ground wa ter sam ples 4 and 3 ex hibit sta ble
iso to pic com po si tions char ac ter is tic of thermogenic gas gen er -
ated from type III kerogen of higher ma tu rity cor re spond ing to a
Car bon if er ous source rock, while hy dro car bon gas col lected
from a bore hole head in Ca1 strata to gether with the ground wa -
ter sam ple 18 shows a dif fer ent sta ble iso to pic sig na ture, in di -
cat ing thermogenic gen er a tion from type II kerogen of lower

ma tu rity, which is sim i lar to gases gen er ated from the Ca2
source rock (Figs. 2 and 3). This in di cates that in the LGCB
area there have been ac tive mi gra tion paths for gas from both
the Car bon if er ous and the Ca2 strata.

Hy dro gen sul phide is a com mon com po nent of nat u ral gas
in hy dro car bon de pos its de vel oped in the Ca2 strata of the
Fore-Sudetic Monocline lo cated tens of kilo metres N and NE of
the LGCB (Kotarba et al., 2000, 2020; Bilkiewicz and Kowalski,
2020). Pre vi ous stud ies (Bilkiewicz and Kowalski, 2020;
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A

Fig. 4A – con cen tra tion ranges of the main chem i cal com po nents of ground wa ter from the
Zechstein lithostratigraphic units in the LGCB, g L–1; B – iden ti fi ca tion of the hydrogeochemical
type of ground wa ter based on Sulin’s (1948) clas si fi ca tion

Fig. 5. Con cen tra tion of chlo ride (g L–1) ver sus sta ble hy dro gen iso tope 
val ues (‰) of the ground wa ter sam ples ana lysed, show ing ground wa ter 

sa lin ity changes dur ing flow from Ca2 to Ca1 (ar row)

H2S – mg L–1 (d2H data of ground wa ter sam ples cour tesy of Marek Duliñski, 
Fac ulty of Phys ics and Ap plied Com puter Sci ence, AGH Uni ver sity 

of Sci ence and Tech nol ogy)
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Kotarba et al., 2020) in di cated that H2S in these gas ac cu mu la -
tions was pro duced mainly as a re sult of (i) thermo chemical sul -
phate re duc tion (TSR) of an hyd rites of the PZ1 cy cle as sup ply -
ing the high est amounts of H2S, (ii) ther mal de com po si tion of
or ganic mat ter con tain ing sul phur com pounds and (iii) mi cro bial 
sul phate re duc tion (MSR) of an hyd rites of the PZ1 cy cle. This
sug gests that one of the main sources of H2S in the LGCB re -
gion is Ca2 strata from which H2S can mi grate to the Ca1 unit
as gas dis solved in ground wa ter, us ing the same avail able mi -
gra tion routes as hy dro car bon gas of Ca2 or i gin.

Other im por tant sources of H2S are con nected with the
anhydrite strata of PZ1, es pe cially those en riched in or ganic
mat ter (Kijewski et al., 2012), where hy dro car bons nec es sary
for sul phate re duc tion in TSR/MSR pro cesses are pres ent and
may lead to H2S pro duc tion. H2S in these strata has been also
ob served as mi nor man i fes ta tions in cores from bore holes
drilled in or der to ex plore the cop per de posit in the LGCB re -
gion. This ho ri zon can act rather as a lo cal source for H2S and
may con trib ute to cur rent MSR pro cesses.

A con se quence of the hydrogeological con di tions that oc -
curred in the LGCB as a re sult of long-term min ing op er a tions
could be changes to the path and man ner of H2S mi gra tion
through the strata in this area. In the Ca2 aqui fer, H2S dis solved 
in ground wa ter can prob a bly mi grate across a dis tance of sev -
eral tens of kilo metres from the nat u ral gas fields in the Ca2
strata which on the Fore-Sudetic Monocline are lo cated deeper
than in the LGCB area, where min ing drain age oc curs (Fig. 2).
Fur ther more, in the LGCB and its vi cin ity, gas can mi grate not
only up wards along the nat u ral lithostratigraphic pro file, but also 
in the op po site di rec tion, e.g. from the Ca2 aqui fer down wards
into the older and deeper Ca1 suc ces sion. Hy dro gen sul phide
dis solved in the ground wa ter of the Ca2 suc ces sion most likely

reaches Ca1 through fis sures in the PZ1 an hyd rites and salt
brec cia in the wedg ing zone of the Na1 seam (Fig. 6). 

Ground wa ter flow ing down wards in fis sures through both
anhydrite units (A1d and A1g) may be come en riched in H2S, re -
sult ing in enor mous H2S con cen tra tions reach ing 1,100 mg L–1

(Ta ble 1). Such a large ac cu mu la tion of gas is not pos si ble in
the car bon ate Ca2 aqui fer. How ever, it is pos si ble in an in su -
lated pocket in the A1d unit that has sub se quently been opened 
up through a frac ture cre ated by min ing or by seis mic tremor.
How ever, H2S dur ing mi gra tion is usu ally sub jected to pro -
cesses chang ing its con cen tra tion in ground wa ter, such as pre -
cip i ta tion, de gas sing and re-dis so lu tion.

This in ter pre ta tion, due to lim ited dataset dis cussed, is
treated as a pre lim i nary study for more ad vanced re search – in -
clud ing iso to pic, min er al og i cal and mi cro bi o log i cal stud ies – on
the or i gin of H2S in the de posit zone of the LGCB which, due to
the spec i fic ity of the area af fected by min ing, should be re -
garded as of high pri or ity. Fur ther stud ies on the or i gin of H2S
should in clude ge netic con sid er ation of the likely pro cesses re -
spon si ble for its gen er a tion, which is cru cial in the light of the
threat posed by the oc cur rence of this gas.

CONCLUSIONS

Based on the in ter pre ta tion of the re sults of hydrochemical
anal y ses of ground wa ter sam ples in re la tion to geo log i cal and
hydrogeological con di tions in the LGCB, the fol low ing con clu -
sions were drawn:

1. The main source of H2S in ground wa ter in the LGCB area
is most likely the Zechstein Main Do lo mite strata. An other, lo cal,
source of H2S is or ganic mat ter-rich an hyd rites of the PZ1 cy cle.
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2. The ef fects of deep min ing op er a tions may lead to in ev i -
ta ble changes in hydrogeological con di tions. In some cases,
these changes may have a large spa tial range prop a gat ing
from the ex ploited de posit. 

3. It is ad vis able to take into ac count the geo log i cal con di -
tions, in clud ing gas con di tions, in the fur ther vi cin ity of the de -
posit al ready at the stage of ex plo ra tion of raw ma te rial de pos -
its. Gas mi grat ing in aqui fers and through min ing-in duced
cracks and fis sures may cause po ten tial risk to min ing staff.
There fore the spa tial ex tent of ex plo ra tion and anal y sis of the
ef fects of de posit ex ploi ta tion should be su pra-lo cal, es pe cially
if hy dro car bon gas ac cu mu la tions are lo cated in a given re gion.
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