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In the pa per, we an a lyse the im pact of as cend ing brines from the Me so zoic base ment on the for ma tion of hydrogeological
con di tions of deep ex ploit able aqui fers. In the North Eu ro pean Plain, there are nu mer ous salt struc tures with as so ci ated tec -
tonic de for ma tions, which form mi gra tion zones of sa line wa ters from the Me so zoic base ment to the Ce no zoic cover. This
cre ates a geogenic threat to ex ploit able aqui fers, es pe cially in terms of ground wa ter ex ploi ta tion con di tions. Pre vi ous stud -
ies of these phe nom ena had been con ducted on a re gional scale and fo cused mainly on the dis tri bu tion of chlo rides in re -
ceiver aqui fers with out de tailed anal y sis of hydrodynamical and hydrogeochemical ef fects of the as cent. As part of re search
into the topic, it is nec es sary at this point to de velop the meth od ol ogy of as sess ment of geogenic risks for ground wa ter, for
ex am ple for rea sons of pro tec tion of fresh ground wa ter re sources. As the re search area, a halotectonic anticline re gion was
cho sen, where the Me so zoic base ment is char ac ter ized by strong tec tonic de for ma tion, and the deep est Ce no zoic aqui fer
has a re gional spread. Some sim ple anal y ses al lowed to clearly iden tify the zones of sa line ground wa ter as cent along tec -
tonic dis con ti nu ities of the Me so zoic bed rock. This phe nom e non causes the ap pear ance of wa ters with a mineralisation up
to 2000 mg/L in the ex ploit able aqui fer. As cent re charge through ac tive faults causes the pres ence of zones with an oma -
lously high piezometric pres sure in the cover of the fault over lay. The shape of these zones is cor re lated with the course of
tec tonic de for ma tions. In flu ence of geogenic pol lu tion is greater in the mar ginal zones of the anticline than above it. For the
full as sess ment of as cent im pact on hydrogeological con di tions of the re ceiver, it is nec es sary not only to an a lyse chlo ride
con cen tra tions, but also other ground wa ter com po nents – i.e. sulphates. Hydrogeochemical anal y sis may al low for iden ti fi -
ca tion of the shal lower and deeper as cent re charge zones from the Me so zoic base ment. Com pre hen sive iden ti fi ca tion of
these fac tors, even in the case of poor tec tonic con trol, can con trib ute to op ti mi za tion of ground wa ter ex ploi ta tion and pro tec -
tion con di tions in the ar eas po ten tially and ac tu ally threat ened by as cent.

Key words: ground wa ter, as cend ing brines, hy dro dy namic anom a lies, hydrogeochemical anom a lies, salt struc tures,
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INTRODUCTION

To the ex ploit able Ce no zoic aqui fer oc cur ring above the
Perm ian–Me so zoic struc tural level in the North Eu ro pean Plain, 
the main geogenic threat is the pos si bil ity of re charge by brines
from the geo log i cal base ment. The groundwaters of the Me so -
zoic aqui fer are char ac ter ized by high min er ali sa tion and of ten
an oma lously high piezometric pres sures, in clud ing ar te sian
(Dowgia³³o, 1965; Bojarski, 1996). Zones par tic u larly pre dis -
posed to trans port of as cent brines to ex ploit able aqui fers are
tec tonic dis con ti nu ities, of ten ge net i cally re lated to nu mer ous
salt struc tures (Ev ans et al., 1991; Magri et al., 2009). The re -
sults of re search car ried out by Grube (2000) in north ern Ger -
many point to sig nif i cance of as cent as a threat to fresh ground -

wa ter re sources. Aqui fer sali ni sa tion re sult ing from brines, re -
charge from the base ment and in flu ence of salt domes are rel e -
vant for 25% of the sur face area of the north ern lands. This
ground wa ter sali ni sa tion is of ten the rea son to shut down well
fields and ex clude them from ex ploi ta tion (Kaczor, 2006;
Krawiec, 2013).

For a long time, the sur face out flow of brines close to sea -
shores and salt struc tures aroused spe cial in ter est due to the
pos si bil ity of their easy ex trac tion for salt-mak ing or balneology.
The his tory of such re search for the Pol ish Bal tic coast was pre -
sented by Dowgia³³o (1965). Due to prev a lence of as cent-re -
lated haz ards to ground wa ter qual ity in ex ploit able aqui fers,
also this prob lem has been ana lysed for many years (e.g.,
Macioszczyk et al., 1972; Bojarski and Soko³owski, 1994;
Bojarski, 1996; Kaczor, 2006; Mullaney et al., 2009; Jezierski et 
al., 2014). De tailed re search has al lowed doc u ment ing zones of 
shal low and even subsurface as cent in flu ence in the ar eas of
salt pil lows (Kucharski and Twarogowski, 1995; Kaczor, 2006),
sea coasts (Dowgia³³o, 1965; Burzyñski et al., 1999; Krawiec,
2013) and salt domes (Kloppmann et al., 2001; Górski and
Rasa³a, 2008). Iden ti fi ca tion of as cent re charge zones is mainly 
based on ad vanced geo phys i cal, mod el ling and iso to pic meth -
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ods (e.g., Burzyñski et al., 2004; Langevin and Guo, 2006;
Magri et al., 2009; Zarroca et al., 2011; Gurwin and Krawiec,
2012; Krawiec, 2013). Most works on the topic con cern chiefly
iden ti fi ca tion of as cent re charge sys tems, ground wa ter or i gin,
and/or dis tri bu tion of el e vated chlo ride con cen tra tions as the
most re li able in di ca tor of as cent re charge of ex ploit able aqui -
fers. How ever, there is no re search re lat ing to com pre hen sive
as sess ment of the im pact of as cent from the Me so zoic base -
ment on shap ing both hy dro dy namic and hydrogeochemical
con di tions of the re ceiver aqui fer. Only this type of as sess ment
pro vides the abil ity to fore cast changes in ground wa ter qual ity
dur ing ex ploi ta tion. Thus, as a part of re gional hydrogeological
re search, with pro tec tion of the qual ity of ex ploit able aqui fers in
mind, it is nec es sary to de velop a proper and, as far as pos si ble, 
sim ple and cheap meth od ol ogy for at least ini tial iden ti fi ca tion of 
as cent haz ards, also for aqui fers al ready un der ex ploi ta tion.

The au thors of the pa per at tempt to carry out a com pre hen -
sive as sess ment of hydrodynamical and hydrogeochemical ef -
fects of the as cent at se lected lo ca tions based on pre-ex ist ing
geo log i cal and hydrogeological doc u men ta tion for the re search
area. Lit er a ture re view shows that the least in ves ti gated prob -
lem con cerns the as cent in flu ence on deep ex ploit able aqui fers

oc cur ring out side sea-coastal zones. There fore, the deep est (at 
depths <100 m be low the ground) Ce no zoic aqui fer lo cated in
the area of young gla cial mo raine up land and char ac ter ized by
ad vanced halotectonics of the geo log i cal base ment was se -
lected to per form the anal y sis. In the Pol ish Low lands, this Mio -
cene–Oligocene aqui fer forms also the most ex ten sive res er -
voir of fresh ground wa ter (usu ally of high qual ity), which is also
the only source of drink ing wa ter for a large ter ri tory. The re -
search area is lo cated in the north-cen tral part of the
Wielkopolska re gion, in the area of two salt anticlines char ac ter -
ized by dif fer ent ge om e tries. In ad di tion, there is a tec tonic de -
pres sion be tween the anticlines (Fig. 1), filled mainly by Qua ter -
nary sed i ments, >200 m in thick ness. In this area, the deep est
Pleis to cene aqui fers are in hy drau lic con nec tion with the re -
gional Mio cene–Paleogene aqui fer. The re search area is
crossed by the wa ter shed be tween the Warta and Noteæ rivers.

GEOLOGICAL SETTING

Geo log i cally, the re search area is a pe riph eral, NW part of
the Mogilno Trough, a re main der of fold ing of the Perm ian–Me -
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Fig. 1. Geological map of the Mesozoic basement (Atlas geostrukturalny i naftowy, 1973; 
modified tectonic faults and isolines, based on borehole data)



so zoic sed i ments ac cu mu lated in the Mid-Pol ish Trough
(Po¿aryski, 1964; Dadlez and Marek, 1969; Dadlez, 1989). The 
trough bound ary, cor re spond ing with the bound ary of the re -
search area, is the halotectonic graben struc ture of
Oborniki–Szamotu³y (Stemulak, 1959; Krzywiec et al., 2017:
fig. 17). An other halotectonic form de vel oped within the Mogilno 
Trough is the RogoŸno salt pil low, which forms a
brachyanticline. Zechstein de pos its have not been reached by
geo log i cal bore holes, but Lower Tri as sic de pos its were drilled
at a depth ~1.5 km on the RogoŸno anticline slope. There fore,
the top of the Zechstein must oc cur slightly deeper there, but
shal lower within the cul mi na tions of the anticlines. In the
anticline cores, the pre-Ce no zoic base ment is rep re sented by
Mid dle Ju ras sic clay-car bon ate rocks and Up per Ju ras sic car -
bon ates. The mar ginal parts of the anticlines are com posed of
Lower Cre ta ceous clastics (Fig. 1). The thick ness of the Up per
Cre ta ceous marls and lime stones, which fill the syn clines be -
tween the anticlines, ex ceeds 1 km.

The Me so zoic base ment is char ac ter ized by a high de gree
of tec tonic de for ma tion, which is due to salt struc tures de vel op -
ment. Faults, in clud ing the de tach ment ones, are lo cated in the
cul mi nat ing and mar ginal parts of the in ver sion struc tures and
be tween them (Fig. 1). Par tic u lar low er ing of the Me so zoic de -
pos its (–320 m a.s.l.) oc curs be tween the salt struc tures, while
the max i mum el e va tion (~10 m a.s.l.) is ob served above the
RogoŸno anticline. Gen e sis of this tec tonic de pres sion is most
likely re lated to the mi gra tion of salt masses to wards the de vel -
op ing salt struc tures (rim syncline). Thick ness and de vel op -
ment of the Ce no zoic cover are de ter mined by tec tonic con di -
tions of the Me so zoic struc tural level (Fig. 2).

The whole re search area is cov ered by Paleogene–Neo -
gene sed i ments, char ac ter is tic for the Pol ish Low lands, such as 
Oligocene glauconitic sands, Mio cene sands and silts with
brown coal, and the Mio-Plio cene Poznañ For ma tion clays. Re -
lief vari a tions of the top Neo gene sur face reach 210 m due to
the pres ence of the so-called “Boruszyn de pres sion” that de vel -
oped in the above-men tioned low er ing of the Me so zoic base -
ment. Within its reach, the top Paleogene and Neo gene sur -
faces are at sim i lar el e va tions; on the south side, they are even
lower in el e va tion than the Me so zoic sed i ments in its sur round -
ings. The Neo gene lithostratigraphic sec tion is strongly re -
duced here and the de pres sion might have formed as a re sult of 
gla cial ero sion, and been later re mod eled by gla cial tun nel val -
leys (Gogo³ek, 1999). Gla cial or i gin of this form can be con -
firmed by the glaciotectonic dis tri bu tion of the Neo gene sed i -
ments that are ob served in its SW neigh bour hood (Fig. 2). The
re duc tion of the Neo gene sec tion is vis i ble only in the Boruszyn
de pres sion area, whereas out side the struc ture, sandy-coal
sed i ments are cov ered by a thick com plex of Mio-Plio cene
clays. In con trast, above the cul mi na tion of the RogoŸno
anticline there are no Paleogene de pos its. The thick ness of the
Neo gene reaches ~40 m: that is half of the to tal thick ness of the 
Ce no zoic sed i ments.

The most com plete sec tion of Pleis to cene sed i ments
(210 m) is pre served as the fill of the Boruszyn de pres sion. The
gla cial tills, which oc cur here, be long to all gla ci ation pe ri ods, in -
clud ing the Nidanian Gla ci ation (Sza³ajdewicz, 2005). In con -
trast, out side the area of the de pres sion, the Qua ter nary sec -
tion be gins with Mid dle-Pol ish Gla ci ation sed i ments rep re -
sented mainly by a thick com plex of tills. The great est share of
the Pleis to cene sandy and gravel de pos its in the Qua ter nary
sec tion, lo cally only up to 40 m (Ryczywó³ area), is ob served
only in the Boruszyn de pres sion and its mar ginal parts.

METHODS

In or der to as sess the im pact of brine as cent on ex ploit able
aqui fers, the meth od olog i cal as sump tions were based solely on 
the ex ist ing data on ge ol ogy and hydrogeology of the area. The
au thors se lected this ap proach in a man ner that it would be pos -
si ble to de ter mine whether the pre-ex ist ing doc u men ta tion for
an area, pre pared with out, e.g., ad vanced geo phys i cal re -
search, might still be suf fi cient to iden tify as cent re charge zones 
and their in flu ence on the hydrodynamical and hydrogeo -
chemical con di tions of the re ceiver. The pur pose was to check
whether other com pa ra ble re gional hydrogeological stud ies,
based on clas sic ar chi val data anal y sis, might al low for iden ti fy -
ing po ten tial as cent haz ard. This in for ma tion is cru cial for
ground wa ter re sources man age ment and for op ti miz ing the
con di tions of ground wa ter ex ploi ta tion.

The hydrogeological anal y sis of the re search area was
com ple mented with a geo log i cal sur vey, in par tic u lar in terms of
li thol ogy, struc ture and tec ton ics of the Me so zoic base ment. A
struc tural map of the base of the Qua ter nary de pos its (Fig. 3)
was de vel oped and used to de ter mine the reach of the deep est
Pleis to cene aqui fers that are in hy drau lic con nec tion with the re -
gional Mio cene–Oligocene aqui fer. For this pur pose, the ex ist -
ing re gional geo log i cal doc u men ta tion (At las geostrukturalny i
naftowy, 1973; Gogo³ek, 1999; Sza³ajdewicz, 2005) has been
ver i fied and sup ple mented with data from sub se quent drillings.

The hydrogeological cross-sec tions made it pos si ble to
iden tify the su per po si tion of the aqui fers. To rec og nize the
hydrodynamical con di tions of the an a lysed ex ploit able aqui fer,
a hy dro dy namic map has been de vel oped based on re corded
pres sures, in clud ing ver i fi ca tion of ar chi val data. Ini tial doc u -
men ta tion of hydrogeological con di tions of the study area was
based on ar chi val data from the drill ing pe ri ods. In the mean -
time, many of the bore holes, in which geogenic pol lu tion had
been iden ti fied, have been ex cluded from ex ploi ta tion. More -
over, the level of spa tial rec og ni tion of the Pleis to cene–Mio -
cene–Oligocene aqui fer is not even, mainly due to var i ous lo cal
land use forms and the pres ence of shal lower ex ploit able aqui -
fers. The least sur veyed are the cen tral and west parts of the re -
search area.

HYDRODYNAMIC ANALYSIS

The ex ploit able aqui fers in the re search area are rep re -
sented by Ce no zoic sed i ments. The Qua ter nary aqui fers are
gen er ally char ac ter ized by a lim ited range with a thick ness up to 
20 m. The ex cep tion is the intertill aqui fer re lated to a bur ied val -
ley de vel oped be fore the Warta Gla ci ation, whose bot tom
reaches a depth of 75 m. This struc ture con tin ues in the NE di -
rec tion as the Main Ground wa ter Body (MGB) no. 139:
Smogulec–Margonin Bur ied Val ley (Fig. 3).

The rec og ni tion of pres sures in Qua ter nary aqui fers shows
that a ver ti cal hy drau lic gra di ent oc curs be tween those aqui fers
in the vast ma jor ity of the re search area, show ing interaquifer
drain age to deeper aqui fers. The ex cep tions are parts of the
We³na and Flinta val leys, where the higher pres sures are ob -
served in the deeper, rather than in the shal lower aqui fers. This
phe nom e non is a con se quence of the lim ited role of drain age of 
these rivers for the deep Pleis to cene aqui fers, hy drau li cally iso -
lated by thicker gla cial tills. The de tailed hy dro dy namic anal y sis
cov ered the deep est Qua ter nary aqui fers and the re gional
Paleogene–Neo gene aqui fer.
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The deep est Pleis to cene aqui fers: lower intertill and subtill,
are as so ci ated with the fill of the Boruszyn de pres sion. Up to
20 m thick me dium sands ap pear within a depth range of
120–200 m. Hy dro dy namic data shows that, due to the ero sion
of the Neo gene clays at the de pres sion base, the deep est Pleis -
to cene aqui fers are in con nec tion with the Oligocene fine sands
that oc cur un der neath them. They also lie at sim i lar (and larger)
depths to that of the re gional Mio cene–Oligocene aqui fer that
oc curs out side the de pres sion zone and re mains in hy drau lic
con nec tion with it as well. As a re sult, the aqui fers form a com -
mon deep est ex ploit able aqui fer.

Hy dro dy namic anal y sis (Fig. 3) in di cates that, in the north -
ern part of the area, the deep est Qua ter nary aqui fer as so ci ated
with the Boruszyn de pres sion can be re charged by the MGB
wa ters. This is marked by a zone of ra dial dis tri bu tion of the
ground wa ter stream. The drain age of the Qua ter nary aqui fer
from the de pres sion area takes place mainly through the Mio -
cene–Oligocene sed i ments to wards the Warta River. How ever, 
part of the ground wa ter flows in the NE di rec tion and mixes with
wa ter of the Mio cene–Oligocene aqui fer from the cen tre of the
gla cial up land. The ground wa ter flow from this area takes place
in two di rec tions: to the north to wards the Noteæ River, and to
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Fig. 2. Hydrogeological cross-sections of the RogoŸno anticline area



the south to wards the Warta River. In the hy dro dy namic pic ture, 
the drain age role of other rivers (e.g., We³na; Figs. 2 and 3) is
not marked.

The hy dro dy namic pic ture of the Pleis to cene–Mio ce -
ne–Oligocene aqui fer clearly shows zones of ab nor mally high
piezometric pres sures, as they are 5–8 m higher as com pared
to those in the sur round ings (Fig. 3). They oc cur in the SE part
of the Boruszyn de pres sion, be tween Or³owo and RogoŸno,
and in the RogoŸno and Parkowo area. In spite of poor geo log i -
cal rec og ni tion of the re search area, the zones of anom a lous
pres sures ap pear to be con tin u ally lin ear and/or lin ear-zonal.
That in di cates their as so ci a tion with in di vid ual faults or even
fault zones:

– lim it ing roughly lat i tu di nally the RogoŸno anticline from
the north on the RogoŸno–Or³owo line (con fined ground -
wa ter level el e va tions >75 m a.s.l.);

– along the We³na River, cross ing lat er ally the NE
anticline slope on the Parkowo–RogoŸno line (con fined
ground wa ter level el e va tions >65 m a.s.l.).

The hy dro dy namic anom aly east of Parkowo is el lip ti cal; its
range is de ter mined by sev eral bore holes (Fig. 3). Prob a bly, it is 
the re gion of cross ing of the out er most and trans verse faults in
re la tion to the anticline. The over ly ing li thol ogy ex cludes the ex -
is tence of a zone of easy ground wa ter in flow from the up per
aqui fers.

The ob served anom a lous pres sures in di cate a sig nif i cant
hy dro dy namic pres sure from the Me so zoic base ment and
prob a bly an in tense as cent re charge of the Ce no zoic aqui fer.
Clear hy dro dy namic im pact is not marked in the anticline axis
area, but only on its slopes and out side. By as sum ing its anom -

a lous lin ear-zonal ge om e try, it can be sup posed that the in di vid -
ual faults are not hy drau li cally ac tive on the en tire sur face.
There is a pos si bil ity of oc cur rence of sep a rate as cent streams
flow ing along the tec tonic zones as an ef fect of, for ex am ple, lo -
cal di rect de po si tion of im per me able Paleogene sed i ments
above these zones.

The Up per Cre ta ceous aqui fer is not the source of hy dro dy -
namic pres sure on the deep est Ce no zoic aqui fer. In an al most
200 m deep bore hole lo cated in RogoŸno, the hy dro static pres -
sures of the Up per Cre ta ceous aqui fer were >2 at. lower than
the pres sures in the Oligocene-Mio cene suc ces sion. In con -
trast, lim ited hydrogeological data in di cate that ar te sian pres -
sures (ar te sian flow with out wa ter-ta ble sta bi li za tion – Górecki,
1990) oc cur al ready on the NE slope of the RogoŸno anticline in 
Lower Cre ta ceous sand stones (tested at a depth
278–282 m b.g.l.). This means that the hy dro static pres sures in
the Lower Cre ta ceous are at least 1 at. higher than in the Mio -
cene–Oligocene aqui fer, and the as cent re charge from this
aqui fer takes place through some of the tec tonic dis con ti nu ities.

HYDROGEOCHEMICAL ANALYSIS

The chem is try of the Me so zoic aqui fer that is the source of
the as cent re charge was in ves ti gated only for the Lower Cre ta -
ceous aqui fer and is doc u mented by three bore holes lo cated on 
the NE slope of the RogoŸno anticline. With in creas ing depth, a
rel a tively small but grad ual in crease of ground wa ter min er ali sa -
tion is ob served. At the depth in ter val of 278–522 m b.g.l.,
Cl-Na-Ca type wa ters with min er ali sa tion of 1800–1900 mg/L
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Fig. 3. Hydrodynamic map of the Pleistocene–Miocene–Oligocene aquifer, 
against the background of structural map of the base of Quaternary deposits



were found, while at a depth of 825–835 m b.g.l., the min er ali sa -
tion was 5300 mg/L and the wa ter type was Cl-Na (Ta ble 1).
This is fol lowed by a bi car bon ate de crease (from 247 to
98 mg/L) with in creas ing con cen tra tions of chlo rides (up to
2940 mg/L), so dium and sulphates. In the lower sam pling in ter -
val, the in crease of cal cium and sulphates con cen tra tions in di -
cates the dis so lu tion of gyp sum and/or anhydrite.

The groundwaters re charg ing the Lower Cre ta ceous sed i -
ments in pre-Ce no zoic out crops in close prox im ity to the re -
charge zone most likely mix with the as cent wa ters from deeper
Me so zoic de pos its. Then, in the shal low part of the anticline
slope, the groundwaters take an ar te sian char ac ter and their
sa lin ity in creases. Hydrochemical in di ca tors (Ta ble 1) show not
only the de te ri o ra tion of ground wa ter ex change con di tions with
depth (from the hypergene to tran si tional zone), but also close
re la tion ship be tween the chem i cal com po si tion of ground wa ter
and ha lite dis so lu tion. Fur ther more, among oth ers, an un usual
depth-re lated in crease of val ues of desulfurization and sul phate 
in di ca tors can be ob served, es pe cially in the chem i cal com po si -
tion of the deep est zone (214 mgSO4

2–/L), which could be re -
lated to cal cium sul phate leach ing. The halotectonically el e -
vated Zechstein an hyd rites, or Keuper sed i ments rich in
sulphates, could be the source of sulphates. At the RogoŸno
anticline cul mi na tion, Up per Tri as sic an hyd rites have been doc -
u mented from the depth of 770 m down.

Ground wa ter with in creased con cen tra tion of chlo rides
(171 mg/L) was also found in the top parts of the Up per Cre ta -
ceous aqui fer in RogoŸno (Ta ble 1). The con cen tra tions are
higher than the chlo rides con cen tra tion in the over ly ing Mio -
cene-Oligocene aqui fer (<157 mg/L). This may also prove the
as cent re charge of the Up per Cre ta ceous aqui fer from the
deeper Me so zoic base ment.

The Ce no zoic aqui fer is lo cally char ac ter ized by ground wa -
ter chem i cal com po si tion re sult ing from geogenic fac tors, in -
clud ing as cent re charge of sa line wa ters form the Me so zoic
base ment. Usu ally, it ap plies to the Mio cene–Oligocene aqui -
fer. In Qua ter nary sed i ments, zones trans formed by geogenic
fac tors oc cur only above the RogoŸno anticline and in deeply ly -
ing aqui fers of the south-east ern part of the Boruszyn de pres -
sion (Ta ble 1).

Above the anticline, geogenic in flu ences on the Qua ter nary
aqui fer have been rec og nized only in the vil lage of We³na,
where the bore holes pen e trate the intertill aqui fer that lies ~5 m
above the Mio cene sed i ments. Orig i nally, the con cen tra tion of
chlo rides in ground wa ter was 50 mg/L, then, af ter 17 years of
ex ploi ta tion, it slightly in creased to 64 mg/L.

Sig nif i cantly higher sa lin ity with the chlo ride con cen tra tion of 
100 mg/L was found in We³na in the Mio cene aqui fer oc cur ring
di rectly above the out crops of Lower Cre ta ceous sed i ments
(Ta ble 1; We³na 1 bore hole). In con trast, the high est con tent of
chlo rides (235 mg/L) in the Mio cene aqui fer was re corded
above the RogoŸno anticline, in its cul mi na tion in Ro¿nowice.
The as cent or i gin of the ground wa ter is con firmed by low con -
cen tra tions of man ga nese (<0.1 mg/L; Ta ble 1), which in di cate
this type of re charge (Górski, 1989).

How ever, a zone of an oma lously high chlo ride con cen tra -
tion in the Mio cene aqui fer above the anticline is spa tially lim ited 
and cor re lates with the pres ence of a tec tonic dis con ti nu ity that
is trans verse to the anticline and oc curs along the We³na val ley
(Fig. 1). On the south and west slope of the anticline (the north
part is not doc u mented), the chlo ride con cen tra tion in the Mio -
cene aqui fer is only 15–25 mg/L (Fig. 4). It may be the ef fect of
drain age of ground wa ter from the Me so zoic de pos its of the S
and E parts of the anticline through the Warta and/or other as -
cent-in ac tive tec tonic dis con ti nu ities. It can not be ex cluded that
there are both the re charge of the Me so zoic aqui fer from over -

lay the over ly ing for ma tions and, con cur rently, the up ward in -
flow through tec tonic zones from deeper Me so zoic for ma tions.
As a re sult, wa ters with in creased min er ali sa tion oc cur lo cally
above the halotectonic struc ture, in the Mio cene. It is worth
men tion ing that the as cent is not re flected in hy dro dy namic
con di tions of this aqui fer above the anticline cul mi na tion, but
only at its slope in the We³na re gion.

Within the deep est us able aqui fer out side the RogoŸno
anticline, ground wa ter with the high est dry res i due, >1500 mg/L 
(Fig. 4), is ob served in the south ern part of the Boruszyn de -
pres sion (Or³owo) and west of RogoŸno (Ruda). The
Oligocene–Mio cene bore holes were sam pled at depths of
153–162 m and 126–131 m. In both cases, they are usu ally of
Cl-HCO3 type (no anal y sis of macrocations) with the chlo ride
con cen tra tions of 540–700 mg/L. In the face of lim ited hydro -
geo logical sur vey ing of the de pres sion area, it is im pos si ble to
iden tify the spa tial ex tent of ground wa ter with the el e vated min -
er ali sa tion zone in the Or³owo re gion. In the west, it prob a bly
reaches be yond the vil lage of Boruszyn, where the chlo ride
con cen tra tions are ~110 mg/L.

In con trast, the spread of sa line wa ters in the RogoŸno town 
area is rel a tively lim ited (Fig. 4). In the nearby bore holes,
ground wa ter with the dry res i due of >600 mg/L and the chlo ride
con cen tra tions of >50 mg/L is found only oc ca sion ally. These
val ues are sig nif i cantly above the up per limit of
hydrogeochemical back ground for the Wielkopolska re gion
(Górski, 1989). This sit u a tion may be the re sult of its strong di lu -
tion by a ground wa ter re gional in flow from the NE, and by per -
co la tion. Due to the ex ist ing hy dro dy namic sys tem, the par tial
drain age of sa line wa ter through the Up per Cre ta ceous sed i -
ments can not be ex cluded. In con trast, the drain ing role of the
We³na River ex cludes the pres ence of a thick over bur den.

The third zone of el e vated dry mat ter, but at the level of
~850 mg/L, is ob served in the Miocene–Oligocene aqui fer in
the Bukowiec area. Hy dro dy nam i cally, this is the zone of con -
flu ence of the Miocene–Oligocene ground wa ter from re gional
flow with the deep Qua ter nary aqui fer wa ters mi grat ing from the 
Boruszyn de pres sion. Chem i cal com po si tion of these wa ters is
un usual, as the con cen tra tions of sulphates are much higher
(146 mg/L) than of chlo rides (84 mg/L). These wa ters are the
an ionic type of HCO3-SO4-Cl. Chem i cally sim i lar wa ters oc cur
south of this bore hole, in clud ing in the Ryczywó³ area, within the 
deep est Qua ter nary aqui fers, and south of RogoŸno on the
Mio cene-Oligocene aqui fer. In these zones, the sul phate con -
cen tra tions ex ceed 50 mg/L or even 100 mg/L, and the chlo ride
con cen tra tions are up to 15 mg/L.

In the light of hy dro dy namic data and low con cen tra tions of
chlo rides, the or i gin of the chem i cal com po si tion of the
above-men tioned groundwaters is not the re sult of as cent of
min er al ised wa ter. How ever, the depth of the ana lysed zone ex -
cludes the im pact of anthropogenic sources. Also due to the
depth, the ef fects of or ganic mat ter or sul phide ox i da tion could
be elim i nated (lack of in fil tra tion re charge by ox y gen-rich wa -
ters). The sim plest ex pla na tion of the ex is tence of anom a lous
sul phate con cen tra tions could be the dis so lu tion of gyp sum
found in the Poznañ For ma tion (Duczmal-Czernikiewicz, 2013)
or in the de pos its of palaeomorphological lows. How ever, the
zones of el e vated cal cium con cen tra tions do not over lap the
zones of ab nor mally high sul phate con cen tra tions (Fig. 4). In
ad di tion, the low con cen tra tions of man ga nese in these wa ters
(typ i cally <0.1 mg/L) in di cate lim ited re charge from the over ly -
ing for ma tions (Górski, 1989). In con trast, lack of anal y sis of so -
dium ion con cen tra tions (Ta ble 1) re stricts the pos si bil ity of
search ing for causes in the ion ex change pro cesses.

The above-men tioned ar gu ments lead to search ing for
other causes of the el e vated sul phate con cen tra tions. Due to
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the lo ca tion of these wa ters in the mar ginal parts of the
Boruszyn de pres sion and in its vi cin ity, it is pos si ble that the
source of sulphates is the or ganic mat ter (or pos si bly sulphides) 
ox i da tion, how ever oc cur ring dur ing older inter gla cial pe ri ods.
In the pre-Qua ter nary pe riod, a res er voir ex isted in the area
cur rently oc cu pied by the Boruszyn de pres sion. Its slopes were
com posed of sed i ments rich in or ganic mat ter (Figs. 2 and 3),
fur ther dis turbed and gla cially el e vated from the south-west.
The wa ters of this res er voir were then re charged also by sur -
face wa ters en riched in prod ucts of ox i da tion of the Mio cene
sed i ments. As a re sult of ero sion, the res er voir, in turn, re -
charged deeper aqui fers with sul phate wa ters which have sur -
vived to this day in a re sid ual form. Due to the pres ence of in -
tense as cent re charge, it has prob a bly been pre served in more
hy drau li cally iso lated zones. Sim i lar hy dro dy namic iso la tion,
as so ci ated with, e.g. as cent from the base ment for the zones of
col oured wa ters that oc cur in the Mio cene aqui fer of the
Wielkopolska re gion was ob served by Górski (1989). In the
RogoŸno and Bukowiec ar eas, the col our of Mio cene wa ters is
quite com monly >50 mgPt/L, with a max i mum of 100 mgPt/L.

An other spe cific hydrogeochemical sit u a tion was doc u -
mented by two bore holes in Or³owo. These bore holes pen e -
trate, at a sim i lar depth in ter val, the Oligocene aqui fer in the
south ern part of the Boruszyn de pres sion. The south ern bore -
hole ex plored wa ter with the con cen tra tions of 704 mgCl–/L and
419 mgSO4

2 - /L, while in the north ern bore hole the pa ram e ters
were 538 mgCl–/L and 16 mgSO4

2 - /L. Af ter two years of ex ploi -

ta tion of the north ern bore hole, the chlo ride con cen tra tions in
the ground wa ter in creased by 144 mg/L, and the sul phate
con cen tra tions by 5 mg/L, which was prob a bly due to in ten si -
fi ca tion of as cent un der depressurization con di tions. Slightly
lower orig i nal con cen tra tions of chlo rides in the wa ter from
the north ern bore hole can be as so ci ated with its di lu tion by
re gional in flows. How ever, at ten tion must be paid to the dif -
fer ent sul phate con cen tra tions in bore holes lo cated at a dis -
tance of only 25 m. It seems that the only prob a ble ex pla na -
tion is the ex is tence of two in di vid ual sys tems of as cent re -
charge of the Oligocene aqui fer in the Or³owo re gion: a shal -
low one, which pro vides chlo ride wa ters, and a deeper one
which pro vides chlo ride-sul phate wa ter. It is also con firmed
by the dif fer ence in piezometric pres sures doc u mented in
these bore holes (of ~0.4 atm). This hy poth e sis is geo log i cally 
jus ti fied, be cause Or³owo is lo cated on the north ern edge of
the RogoŸno anticline, where bore hole data con firm the pres -
ence of a tec tonic dis con ti nu ity. In fact, it may be even a fault
sys tem. The main and as so ci ated faults can ascendingly pro -
vide ground wa ter from var i ous depths, hence with var i ous
chem i cal com po si tions. The sul phate con cen tra tion in di -
cates an up ward in flow of sul phate wa ter from the Up per Tri -
as sic (ac cord ing to data from bore holes drilled here to a
depth of ~1300 m b.g.l.).

The area lo cated to the east of Parkowo, where an oma -
lously high piezometric pres sures oc cur, re quires ad di tional
com men tary (Fig. 3). In this re gion, the con cen tra tions of
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Unit
Bore hole

Szamotu³y 
Geo26

Szamotu³y
Geo13

Goœciejewo 
1 RogoŸno 1 RogoŸno 2 RogoŸno 3 RogoŸno 4 RogoŸno 5

Sam pling in ter val m b.g.l. 278–282 518–522 825–835 169–188 96–106 91–97 96–117 80–86

Stra tig ra phy Cr1 Cr1 Cr1 Cr3 Ng Ng Ng Ng

Year of sam pling 1959 1958 1957 1956 1962 1968 1981 1968

TDS mg/L 1920 1760 5300 807* 360* 550* 356* 664*

pH 7.3 7.2 7.2 7.4 7.2

Col our mgPt/L 13 28 48 23 33

HCO3
– mg/L 246.9 199.8 97.6 359.9 457.5 427.0

SO4
2– mg/L 22.4 30.2 214.0 26.0 106.0 7.0 10.0 50.0

Cl-– mg/L 828.9 874.6 2936.5 171.0 13.0 93.0 100.0 157.0

Ca2+ mg/L 206.0 99.0 141.5 7.0 60.0

Mg2+ mg/L 9.5 6.6 35.7 44.0 24.2

Na+ mg/L 611.6** 564.5** 1766.6**

Fe mg/L 3.6 1.2 1.2 0.2 2.0

Mn mg/L 0.02 0.15 0.07 0.18

To tal hard ness mval/L 4.3 6.3 5.1 5.9

N-NH4
+ mg/L 0.6 0.5 0.4 0.7

N-NO2
– mg/L 0.2 0.5 0.0 0.0

N-NO3
– mg/L 0.0 0.0 0.0 0.1 0.0

rNa/rCl 1.14 0.99 0.93

rCl/rHCO3 5.78 7.53 51.77 0.06 0.35 0.63

(rSO4+rHCO3)/rCl 0.19 0.16 0.07 0.11 22.11 2.91 0.07 1.82

rSO4/(rSO4+rCl)

(desulfurization in di ca tor)
0.02 0.02 0.05 0.10 0.86 0.05 0.07 0.19

(rSO4*100)/rCl

(sul phate in di ca tor)
2.00 2.55 5.38 11.23 602.20 5.56 7.39 23.52

Chem i cal type ac cord ing to 
Altowski-Szwiec clas si fi ca -
tion

Cl-Na-Ca Cl-Na-(Ca) Cl-Na ? HCO3-SO4-? HCO3-Cl-? ? HCO3-Cl-?

* – dry res i due; ** – Na+K; ? – no pos si bil ity of spec i fy ing be cause of lack of macrocation in di ca tors

Sum mary of se lected ar chi val phys i cal-chem i cal 



chlo rides (<30 mg/L) and sulphates (gen er ally <30 mg/L) are
not sig nif i cantly el e vated. It should be noted that all the bore -
holes ex ploit the Mio cene aqui fer, while the base of the
Paleogene oc curs ~60–80 m lower. With a pre ferred in ter nal
hy drau lic con nec tion of the Paleogene and the Neo gene,
anom a lous as cent pres sure is noted in the Mio cene aqui fer.
Still, sa line wa ters may mi grate through the lower part of the
aqui fer, whose ground wa ter chem is try dif fers from that in its up -
per parts.

RESULTS OF THE ANALYSIS

The anal y ses per formed have al lowed rec og niz ing the com -
plex ity and mul ti di men sional na ture of the ef fect of as cent re -
charge on hydrogeological con di tions of the Ce no zoic aqui fer
that oc curs above the Me so zoic base ment. These pro cesses
are mainly in flu enced by the struc tural and tec tonic style of the
Me so zoic base ment and its vari abil ity (salt anticline, tec ton ics,
li thol ogy, struc tural sur face mor phol ogy, in clud ing palaeode -
velopment), which must be re flected in the ground wa ter chem -
is try and dy nam ics. In hydrogeological lit er a ture, the inter linked
in flu ence of these vari ables in prin ci ple has not been the sub ject 
of de tailed anal y sis.

The case study of the RogoŸno salt anticline shows that
com pre hen sive geo log i cal and hydrogeological anal y sis not

only al lows doc u ment ing but, above all, pre dict ing the geogenic 
haz ards to the qual ity of ground wa ter in the over ly ing aqui fers.
For this pur pose, it is use ful to de velop a hydrodynamical model 
that cov ers also hydrogeochemical im pact. In case of the
RogoŸno anticline, this model is shown in Fig ure 5.

Par tic u larly com plex hydrogeological re la tions be tween the
Me so zoic and Ce no zoic sed i ments were noted above the
RogoŸno anticline. The as cent in flow of sa line wa ters to the
over ly ing aqui fer was doc u mented near one trans verse fault
only. How ever, the lat eral spread of as cend ing ground wa ter is
lim ited here, as there are most likely also lo cal con di tions for re -
charge of the Me so zoic aqui fers through some faults and out -
crops due to the oc cur rence of the re gional base level of
ground wa ter drain age. Prob a bly in cer tain zones of the Me so -
zoic cover above the salt pil low, wa ters mi grat ing from the over -
lay and from the as cent in flow (also en riched in sulphates) mix.
There fore, the Me so zoic aqui fer in the shal low zones of the
anticline lo cally has an ar te sian char ac ter. Hy dro dy namic pres -
sure of as cent wa ters does not sig nif i cantly af fect the dis tri bu -
tion of hy dro static pres sures in the re ceiver aqui fer oc cur ring
above the anticline cul mi na tion.

Sig nif i cant hy dro dy namic in flu ence of as cent wa ters is
shown in the pres ence of an oma lously high piezometric pres -
sures that dis turb the re gional ground wa ter flow. These pres -
sures oc cur only within the over lay in the anticline sur round ings.
They have a lo cal (in clud ing lin ear-shape) char ac ter, closely re -
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Borehole

Ruda Or³owo 1 Or³owo 2 Po³¹jewo
1

Po³¹jewo
2

Ryczywó³ 
1

Ryczywó³ 
2 Bukowiec Ro¿nowice We³na 1 We³na 2

126–131 154–161 154–162 154–162 155–177 155–177 127–137 102–134 109–119 46–50 60–66 46–52

Ng Pg Pg Pg Q Q Q Q Ng Ng Ng Q

1969 1974 1963 1964 1999 1971 1959 1999 1967 1972 1969 1982

1547* 1612* 1399* 1640* 400* 370* 276* 492* 856* 607* 545* 521*

7.3 7.5 7.6 7.4 7.4 7.1 7.4 7.5 7.4 7.8 7.4 7.4

98 35 25 56 28 28 28 58

433.1 457.5 457.5 463.6 445.4 439.2 189.1 530.9 219.6 475.8 427.0 494.10

10.0 419.0 16.0 20.8 2.0 11.0 66.9 29.0 146.0 8.0 7.0 13.2

654.0 704.0 538.0 682.0 8.0 6.0 15.0 12.0 84.0 235.0 101.0 50.0

100.0 48.6 43.7 67.2 93.6 50.0

51.0 21.6 39.0 26.4 45.4 17.0

42.9 35.1

2.6 0.6 0.5 1.8 4.8 3.6 1.0 2.18 1.9 1.2 0.8 1.8

0.13 0.05 0.00 0.21 0.2 0.07 0.1 0.05 0.08 0.05

8.4 6.9 4.4 4.4 5.5 4.06 3.7 3.40 3.9

0.6 0.8 0.5 0.9 0.11 0.5 <0.4 0.2 1 0.5 0.5

0.1 0.1 0.0 0.7 0.4 0.0 0.9 0.1 0.0 0.1

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

4.51

2.60 2.65 2.02 2.53 0.03 0.02 0.14 0.04 0.66 0.85 0.41 0.17

0.40 0.82 0.52 0.42 32.54 43.89 10.62 27.50 2.80 1.20 2.51 5.94

0.01 0.31 0.02 0.02 0.16 0.58 0.77 0.64 0.56 0.02 0.05 0.16

1.13 43.96 2.20 2.25 18.46 135.40 329.39 178.48 128.37 2.51 5.12 19.50

Cl-HCO3-?
Cl-SO4-
HCO3-?

Cl-HCO3-? Cl-HCO3-?
HCO3-Ca
-Mg-Na

HCO3-?
HCO3-
SO4-?

HCO3-Ca
-Mg-(Na)

HCO3-SO4
-Cl-?

HCO3-Cl-? HCO3-Cl-? HCO3-?

T a  b l e  1

anal y ses of ground wa ter
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Fig. 4. Distribution maps of selected chemical parameters of the Pleistocene–Miocene–Oligocene aquifer 
in the RogoŸno anticline area

Fig. 5. Conceptual diagram of the groundwater flow system in the RogoŸno anticline area, and the influence 
of ascending inflow on groundwater chemistry 



lated to tec tonic dis con ti nu ities – both those on the bound ary of
the in verse struc ture as well as transversing it. As cent in flow is
marked by a lo cal, lin ear-shaped in crease of ground wa ter min er -
al isa tion up to 2 g/L in the deep est ex ploit able aqui fer. Par tic u lar
fault zones may con duct ground wa ter from dif fer ent Me so zoic
aqui fers, which man i fests it self in vari able con cen tra tions of chlo -
rides and sulphates in the re ceiver ground wa ter even in bore -
holes lo cated close to each other. Some of the dis con ti nu ities,
and even in di vid ual zones of sin gle faults, ap pear to be
ascendingly in ac tive, which is con trolled by the li thol ogy of fault’s
over lay and the hy drau lic pa ram e ters of the tec tonic zone.

How ever, the hydrochemical im pact of as cent wa ters is not
nec es sar ily re flected in the en tire pro file of the over ly ing aqui fer. 
It may be lim ited to its lower parts, de spite the hy dro dy namic
anom a lies noted also in its up per parts. In ad di tion to the thick -
ness of the aqui fer, the codetermining fac tor here may be the
hy dro dy namic re la tions that al low for par al lel re charge from the
over ly ing aqui fer, thus un der min ing the pres sure ef fect of the
as cent on the re ceiver.

The oc cur rence of zones of el e vated sul phate and low chlo -
ride con cen tra tions can be assocated with palaeohydrogeo -
logical con di tions. These zones of ten co in cide with as cent re -
charge zones. Pre sum ably, in iso lat ing hy dro dy namic con di -
tions, the fos sil wa ters, en riched with prod ucts of or ganic mat ter 
and/or sul phide ox i da tion from the top Neo gene de pos its, have
been pre served. The re ceiver of sul phate wa ter could be the
res er voir that ex isted within the Boruszyn de pres sion in the
inter gla cial pe ri ods, and which si mul ta neously re charged
deeper aqui fers.

CONCLUSIONS

To coun ter bal ance the mul ti plic ity of salt struc tures on the
North Eu ro pean Plain (only in Po land there are ~100 such
struc tures – Dadlez and Marek, 1969), even sim ple, though de -
tailed anal y ses of hy dro dy namic and hydrogeochemical anom -
a lies may be suf fi cient for the as sess ment of as cent re charge
im pact and prog no sis for ex ploit able aqui fers, with out re sort ing
to ex pen sive geo log i cal and/or mod el ling meth ods. How ever,
the as cend ing in flow im pact can man i fest it self in a va ri ety of
ways. While the co ex is tence of hy dro dy namic and hydrogeo -
chemical anom a lies in the re ceiver oc cur ring above the
ascendingly ac tive dis con ti nu ities is not the rule, nev er the less
they are a clear in di ca tor of the in flow in ten sity and/or sig nif i cant 
pres sure dif fer ence be tween the aqui fers; the spa tial spread of
the anom aly (lin ear, oval) is cor re lated with the course of the

ascendingly ac tive faults. Above the salt anticline cul mi na tion,
only hydrogeochemical ef fects of the as cent are ob served,
with out any sig nif i cant hy dro dy namic im pact re corded. On the
other hand, with a sub stan tial aqui fer thick ness, as cent may hy -
dro dy nam i cally af fect the en tire pro file of the aqui fer, whereas
changes of ground wa ter chem is try may oc cur only in its lower
parts.

As part of hydrogeological re search into ground wa ter res er -
voirs oc cur ring above Me so zoic sa line aqui fers, it is nec es sary
to carry out as cent risk as sess ment with wa ter qual ity in mind.
Such anal y ses should in clude both the nat u ral and pro jected
state un der ground wa ter ex trac tion con di tions (ini ti a tion or in -
ten si fi ca tion of as cent). With an ad e quate hydrogeological sur -
vey of a given area, it may be me thod i cally suf fi cient for the as -
sess ment of geogenic haz ards to search for po ten tial
hydrogeochemical and hy dro dy namic ef fects of the as cent in
con junc tion with anal y sis of the struc tural and tec tonic style of
geo log i cal base ment. Such meth od ol ogy al lows not only iden ti -
fy ing hy drau li cally ac tive zones in the case of spa tially de vel -
oped tec tonic dis con ti nu ities, but also dis tin guish ing shal lower
and deeper zones of the as cent in flow. A help ful in di ca tor can
be, for ex am ple, the sul phate con cen tra tions.

As cent re charge of a thick ex ploit able aqui fer can man i fest
it self also only in the pres ence of a hy dro dy namic anom aly;
changes in ground wa ter chem is try may oc cur later, dur ing ex -
ploi ta tion – thus re sult ing in ground wa ter qual ity deg ra da tion.
There fore, when se lect ing lo ca tions for ground wa ter in takes
dur ing the stage of hydrogeological anal y sis, it is nec es sary to
clar ify the or i gin and ef fects of such anom a lies. This could help
op ti mize the work ing con di tions of the in takes and en sure
ground wa ter pro tec tion. In or der to limit the spread of iden ti fied
geogenic pollutions, one might even con sider the cre ation of
spe cial zones ex cluded from ex ploi ta tion or ex trac tion of con -
tam i nated ground wa ter, thereby cre at ing a hy dro dy namic bar -
rier to pro tect op er a tions in other bore holes.

It is thus well jus ti fied to pro ceed with anal o gous anal y ses of 
as cen sion ef fects also for other vul ner a ble ground wa ter aqui -
fers. This will al low ver i fy ing cor rect ness of the ap proach
adopted in the pres ent pa per, and, in con se quence, to de velop
a tested re search meth od ol ogy for these phe nom ena.
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