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Geotectonic set ting of Perm ian polymetallic de pos its in the Pol ish Ba sin

Pawe³ H. KARNKOWSKI1, *, Anna POSZYTEK1, Katarzyna DELURA1, Anna CZARNECKA-SKWAREK1 

and Krzysztof CZURY£OWICZ1

1 Uni ver sity of War saw, Fac ulty of Ge ol ogy, De part ment of Georesources and Eco nomic Ge ol ogy, ¯wirki i Wigury 93,
02-089 Warszawa, Po land; ORCID: 0000-0003-1168-3786 [P.K.], 0000-0001-6692-2073 [A.P.], 0000-0001-7124-9151
[K.D.],0000-0003-3393-5059 [A.C.-S.], 0000-0002-3735-7236 [K.C.]

Karnkowski, P., Poszytek, A., Delura, K., Czarnecka-Skwarek, A., Czury³owicz, K., 2023. Geotectonic set ting of Perm ian
polymetallic de pos its in the Pol ish Ba sin. Geo log i cal Quar terly, 67: 34, doi: 10.7306/gq.1704

The Pol ish Ba sin is lo cated be tween the Pre cam brian East-Eu ro pean Plat form and the Cadomian Bo he mian and
Ma³opolska mas sifs. The base ment of this Perm ian-Me so zoic ba sin com prises mainly Variscides and epi-Cal edo nian Pa -
leo zoic rocks. In the prox i mal (NE) part of the ba sin, the Mid-Pol ish Trough is dis tin guished. In the dis tal (SW) part, the thick -
ness of the Perm ian-Me so zoic suc ces sion is much smaller than in the Pol ish Trough. Palaeorift zones were ac tive from the
Perm ian to the end of the Ju ras sic in the dis tal part of this ba sin. The Kupferschiefer min eral sys tem in di cates a palaeorift
zone and smaller hot spots as sources of sup ply of met al lif er ous brines. The rel a tively small thick ness of the Rotliegend
sand stones and their good per me abil ity and po ros ity prop er ties cre ated very fa vour able routes for the mi gra tion of
metal-bear ing brines. The en tire Kupferschiefer polymetallic res er voir is re gion ally sealed by an hyd rites and salts of the
Werra cyclothem. This was in clined con stantly from Perm ian times on wards to the north, fa vour ing the mi gra tion of
polymetallic brines from rift zones to geo chem i cal res er voir traps. Min eral sys tem anal y sis of the polymetallic Kupferschiefer
de pos its shows that the geotectonic set ting of this zone re lates only to the dis tal part of the Pol ish asym met ric rift ba sin.
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INTRODUCTION

The great est achieve ment of Pol ish ge ol ogy af ter the Sec -
ond World War is the in-depth ex plo ra tion of the Pol ish Low -
lands. Scoping work be gan in 1945, but it was not un til the
adop tion of the geo log i cal sur vey pro gram in the first half of the
1950s that sys tem atic and ex ten sive ex plo ra tion took place.
One of the pri or i ties was the search for cop per de pos its, which
be gan first in the pre vi ously known de posit ar eas (the Holy
Cross Mts. and North-Sudetic Ba sin, on the south ern side of the 
Fore-Sudetic Block), where the for mer Ger man cop per mines
Konrad and Lena were known (Piestrzyñski, 2007). The ge ol o -
gist who con ducted the search was Jan Wy¿ykowski of the (Pol -
ish) Geo log i cal In sti tute in War saw. He de signed, su per vised
and doc u mented new bore holes in the North-Sudetic Ba sin in
the mid-1950s. At the same time, pe tro leum ex plo ra tion was
car ried out on the north ern side of the Fore-Sudetic Block. In
1956, in the drill ing of the Wschowa-1 bore hole, prof. Adam
Tokarski, who was the chief ge ol o gist in the Pol ish Na tional Pe -
tro leum Com pany, found mac ro scop i cally vis i ble rich min er al -
iza tion in the cop per-bear ing shale and sub mit ted the rel e vant
sam ples for anal y sis to the Geo log i cal In sti tute in War saw. Lab -

o ra tory re sults con firmed a high con tent of cop per min er als. On
this ba sis, Jan Wy¿ykowski lo cated two bore holes in the im me -
di ate vi cin ity of the Fore-Sudetic Block, on its north ern side. The 
re sults of both bore holes con firmed the high-grade min er al iza -
tion of the Kupferschiefer. And so, in 1957, the larg est de pos its
of cop per and sil ver in Eu rope were dis cov ered, lo cated in the
Lubin-Sieroszowice re gion (Wy¿ykowski, 1958). A long pe riod
of de posit char ac ter iza tion and new ex plo ra tion work be gan,
which en abled the for mu la tion of re gional pat terns of the min er -
al iza tion in SW Po land (Rydzewski, 1969, 1978, 1996;
Wy¿ykowski, 1971; Preidl et al., 1971; Piestrzyñski and
Saw³owicz, 1999; Banaszak and Leszczyñski, 2007; Oszcze -
palski, 2007; Speczik et al., 2021).

Re gion ally, the Lower Silesian Perm ian polymetallic de pos -
its be long to the same prov ince as the de pos its of south ern
Ger many (e.g., Mansfeld, Richelsdorf). They are stratigra phi -
cally re lated to the level of the Zechstein shale (Kupferschiefer). 
Also, the ad join ing for ma tions (Zechstein Basal Lime stone and
Weissliegend sand stone) and ad ja cent ones (Zechstein Lime -
stone) are min er al ized. Rich cop per min er al iza tion oc curs only
in the south-west ern part of the Pol ish Ba sin and in the south ern 
part of the East Ger man Ba sin (Fig. 1). How ever, the Ger man
de pos its are much smaller than the Pol ish ones. In this pa per
we re fer only to the geotectonic set ting of the Perm ian
polymetallic de pos its in the area of the Fore-Sudetic Monocline
and the po si tion of these de pos its in re la tion to the rest of the
Pol ish Ba sin.
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To day we know that the rich min er al iza tion is not only at -
tached to the zone on the north ern side of the Fore-Sudetic
Block, but ex tends al most to the en tire area of the Fore-Sudetic
Monocline, up to the Poznañ re gion. A main as sump tion is the
ex is tence of a great palaeogeothermal anom aly in the Perm -
ian-Ju ras sic pe riod, char ac ter ized by the heat flow val ues at -
trib uted to rift zones (Karnkowski, 1999). On the ba sis of this
and other pre mises, Karnkowski (1999) pro posed a rift model
for the Pol ish asym met ri cal ba sin.

The first ge ol o gist who no ticed this asym me try of the Pol ish
Ba sin was Olewicz (1959). Karnkowski (1991: 449), on the
other hand, was the first to con clude that in the area of the
Fore-Sudetic Monocline and West ern Pomerania, there are
pre mises for the adop tion idea of a con ti nen tal rift, which was
marked in the Lower Perm ian pe riod by a deep burial of base -
ment, fol lowed by the phe nom e non of great vol ca nism. This
state ment came from a pe tro leum ge ol o gist not in the main -
stream of ac a demic stud ies, and so rarely quoted in the rel e -
vant bib li og ra phy. How ever, it re flected pe tro leum ge ol o gists
be ing di rectly in volved in ex plo ra tion, with ex pe ri ence of drill ing, 
seis mic im ages, pet ro log i cal and geo chem i cal anal y ses, etc.

A new con cep tual model con cern ing the gen e sis of polyme -
ta llic brines for the min er al iza tion of the Rotliegend-Zechstein
zone in the south ern Fore-Sudetic Monocline (Blundell et al.,
2003) was based on the strati graphic, sedimentological, paleo -
geographic, tec tonic and palaeogeothermic stud ies of
Karnkowski (1999). The model cited pro poses that the
polymetallic so lu tions were sourced from a palaeogeothermal
anom aly zone lo cated in Wielkopolska. The mech a nism pro -
posed is based on the pulsatory in jec tion of hot brines from the
deep crust sub strate into the clastic de pos its of the Rotliegend
(mainly sand stones of al lu vial-flu vial and ae olian or i gin), and
then the mi gra tion of these brines to wards struc tur ally higher ar -
eas, i.e. mainly to the Lubin-G³ogów cop per re gion (LGOM).
Re peated, cy cli cal tec tonic im pulses dur ing the de vel op ment of
the Pol ish rift ba sin opened and tight ened nor mal faults (and
nu mer ous re lated frac tures) by pump ing polymetallic brines
from the rift zones, which, hav ing al ready en tered the clastic de -
pos its of the Rotliegend, mi grated to wards the Kupferschiefer
with strongly re duc ing prop er ties. Above the Kupferschiefer
zone (T1+Ca1), across the en tire Pol ish Ba sin, there are an -
hyd rites and Zechstein salts, which pre vented the dis per sion of
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Fig. 1. Cu-Ag zone in the Pol ish Perm ian Ba sin* within the Rotliegend bas ins in Cen tral and West ern Eu rope (main sources:
Karnkowski, 1987, 1999; Gast et al., 2010; Oszczepalski and Rydzewski, 1997, 2007; Oszczepalski and Speczik, 2014) 

* Pol ish Ba sin is des ig nated by the ex tent of the Rotliegend de pos its
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con cen trated min er al iza tion in the Rotliegend-Zechstein
bound ary zone. The on set of the ap pear ance of polymetallic
brines may be as so ci ated with the vol ca nic ep i sode in the
Rotliegend, that is, even with the age of 290 Ma (Saw³owicz,
1990). How ever, it was only with the re gional seal ing by
Zechstein evaporites of the mi gra tion of me tal lic brines
(250 Ma; Kucha and Pawlikowski, 1986) that per ma nent min er -
al iza tion was ini ti ated (Saw³owicz, 1993). This pro cess was
com pleted only at the end of the Ju ras sic when the area of the
Fore-Sudetic Monocline was el e vated and largely eroded. The
pres ent ranges of Perm ian, Tri as sic and Ju ras sic de pos its are
very sim i lar to the struc tural pat tern in the Lower Cre ta ceous
(Dadlez, 2006).

The Pol ish Perm ian polymetallic de pos its are sed i -
ment-hosted stratiform cop per de pos its, lo cated in the tran si -
tion zone of the Rotliegend and Zechstein successons
(Oszczepalski, 1999). The main met als are cop per and sil ver,
and in sig nif i cant amounts also zinc, lead, gold, plat i num, pal la -
dium, mo lyb de num, co balt, nickel, se le nium and rhe nium
(Oszczepalski and Chmielewski, 2015). In re cent years, pros -
pects for the oc cur rence of Cu-Ag, Au, Pt, Pd and other met als
have been ex plored, not only in the vi cin ity of al ready doc u -
mented de pos its, but through out the Pol ish Ba sin, and
metalogenic maps (Oszczepalski and Rydzewski, 1997) have
been sig nif i cantly sup ple mented (Oszczepalski and Rydzewski, 
2007; Speczik et al., 2007, 2013, 2014, 2022; Bachowski et al.,
2011; Oszczepalski et al., 2011, 2012, 2019; Oszczepalski and
Speczik, 2011a, b, 2014; Mikulski et al., 2015; Zientek et al.,
2015; Oszczepalski and Chmielewski, 2015; Sztromwasser et
al., 2015; Zieliñski and Speczik, 2017; Zieliñski and
Wierchowiec, 2018). Ranges of ore min er al iza tion oc cur rence
and re source es ti mates in pro spec tive ar eas have  been re -
vised (Piestrzyñski and Saw³owicz, 1999; Oszczepalski and
Speczik, 2009, 2014; Mikulski et al., 2015; Oszczepalski and
Chmielewski, 2015). From the re gional point of view, the re sults
from ar eas where the Zechstein bot tom lies deeper were of
most in ter est, no ta bly the cen tral and north ern Fore-Sudetic
Monocline with huge hy po thet i cal (due to the min er al iza tion ly -
ing be low 2000 metres depth) cop per and sil ver re sources
(Oszczepalski and Chmielewski, 2015; Oszczepalski et al.,
2019; Speczik et al., 2022). These high polymetallic con cen tra -
tions in Rotliegend-Zechstein for ma tions in deeper zones of the
Fore-Sudetic Monocline prompted our in ter est in the
geotectonic sys tem of Cu-Ag-Au-Pt-Pd min er al iza tion in the
Pol ish Ba sin. The re sults ob tained so far have been showed on
pro spec tive maps of Cu-Ag, Au, Pt and Pb min er al iza tion (e.g.,
Oszczepalski and Chmielewski, 2015), help ing con struct Fig -
ure 2 of this pa per.

THE ORE-DEPOSIT ASPECT

The Pol ish Ba sin is most of ten re garded as an area of sed i -
men tary de po si tion in the Pol ish Low lands. The post-war ex plo -
ra tion pro gram was launched more or less with this im age in
mind. This di ag no sis pro vided much data from drill ing and seis -
mic sur veys, en abling the con struc tion of maps of in di vid ual
sys tems and for ma tions (Dadlez, 1998). The anal y sis of these
maps clearly shows the out line of the Pol ish Ba sin in the Perm -
ian, but the oc cur rence of Me so zoic de pos its of ten blurs the
orig i nal frame work of the ba sin, not to men tion the pres ently in -
com plete pro files due to pre- and post-Cre ta ceous ero sion
(Dadlez, 1998). The vol ca nic ep i sode in Rotliegend time can be
con sid ered as the be gin ning of this ba sin’s for ma tion
(Karnkowski, 1999); there fore, the Perm ian frame work of this
ba sin seems most ap pro pri ate for geotectonic con sid er ations.

The best base maps for our anal y sis are the palaeogeographic
maps of the end of the Rotliegend (Pokorski, 1988,1989;
Karnkowski, 1994, 1999) which pro vide the wider back ground
of the Eu ro pean bas ins (Fig. 1).

In this con text, the Pol ish Ba sin, along with the Ger man Ba -
sin, is part of the great Eu ro pean ba sin (South ern Perm ian Ba -
sin; Doornebal and Stevenson, 2010). To the north there is the
north ern Eu ro pean ba sin, sep a rated by the RingkÝbing-Fynn
high. This com bi na tion of the Pol ish and Ger man bas ins sug -
gests many anal o gies be tween the two ar eas. How ever, the dif -
fer ences be tween them are sig nif i cant. In the Pol ish Ba sin, in
con trast to the Ger man Ba sin, there are no evaporites in the
Rotliegend. The Pol ish Ba sin is lo cated largely on con ti nen tal
crust con sol i dated dur ing the Variscan and the Ger man Ba sin
is in the Variscan fore land (ex cept for the east ern most part
called the North-East Ger man Ba sin). In deed, as far as the vi -
cin ity of Berlin, we ob serve links be tween the north-west ern part 
of the Perm ian Ba sin in Po land and north east ern Ger many. A
re mark able  palaeotectonic struc ture that plays a fun da men tal
role in the palaeo ge ogra phy and palaeotectonics of the Rotlie -
gend in Po land is the Wolsztyn Ridge, which has prac ti cally no
equiv a lent in the Ger man Ba sin (Kiersnowski et al., 2010).
When trac ing the oc cur rence of the cop per-bear ing zone in the
Pol ish Ba sin, it can be im me di ately no ticed that it is strongly
con di tioned by the ex is tence of the Wolsztyn Ridge. The main
area of this zone is lo cated be tween the south ern edge of the
ba sin and the Wolsztyn Ridge. But, on the north-east ern side of
it, solid min er al iza tion of Cu-Ag and plat i num met als has also
been doc u mented (Fig. 2). The west ern range of this zone
slightly ex tends be yond the Odra line and does not con tinue
into Ger many (Fig. 1).

To day the Legnica-G³ogów Cop per Dis trict (LGOM) ore
field, ex ploited for Cu-Ag in Po land, is lo cated near the edge of
the Fore-Sudetic Block. This may sug gest its ac tiv ity in the
Perm ian. Be tween to day’s North-Sudetic Trough and the
LGOM area up to the Wolsztyn Ridge, there was free hy drau lic
con tact be neath a seal of Zechstein evaporites. The scale of
this free hy drau lic area is 300 x150 km, that is ~45,000 km2.
Such a large area al ready re quires a geotectonic ex pla na tion,
re gard ing the gen e sis of the Pol ish Ba sin and its polymetallic
min er al iza tion. Two de posit ar eas in Ger many (Mansfeld and
Richelsdorf) marked on Fig ure 1 show that these and other sim -
i lar Ger man de pos its oc cur in dif fer ent tec tonic and sed i men -
tary con di tions (these are usu ally small and oc cur in the mar -
ginal zones of small lo cal sed i men tary bas ins). How ever, they
show some fea tures com pa ra ble to Pol ish Cu-Ag de pos its (in
min eral zonation and at tach ment also to the Kupferschiefer
copper-bearing zone).

The rec og ni tion of Cu-Ag, Pb-Zn, and plat i num min er als in
the Pol ish Ba sin is de scribed in many pub li ca tions (Oszczepalski 
and Rydzewski, 1997, 2007; Speczik et al., 2014; Oszczepalski
et al., 2017and ref er ences therein). A sim pli fied, syn thetic ap -
proach to ana lys ing the dis tri bu tion of met als in the dis tal part of
the Pol ish ba sin is shown in Fig ure 2. The cop per-bear ing zone
is lo cated around the Wolsztyn Ridge. The high est, in dus trial
con cen tra tions of Cu-Ag are in the vi cin ity of the Fore-Sudetic
Block (mainly due to the eco nomic depth of ex ploi ta tion). Sim i lar
or even higher con cen tra tions have also been doc u mented in
other ar eas, in clud ing on the north ern slope of the Wolsztyn
Ridge. In ad di tion to cop per and sil ver, there are con cen tra tions
of zinc, lead and plat i num (Au, Pt, Pd). Their lo ca tion in di cates an 
area of oc cur rence sim i lar to that of the base met als. The area of
the Fore-Sudetic Block, cur rently de void of Permo-Me so zoic
sed i men tary cover, orig i nally formed the to tal area of ore min er -
al iza tion from the North-Sudetic Ba sin area to the LGOM
ore-de posit re gion. Fig ure 2 shows these el e ments to gether
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Fig. 2. Dis tri bu tion of met als in the dis tal part of the Pol ish Ba sin (main sources: Oszczepalski and Rydzewski, 1997, 2007;
Speczik et al., 2007, 2013, 2014, 2022; Oszczepalski et al., 2011, 2012; Oszczepalski and Speczik, 2011a, b, 2014; Zientek et al.,

2015; Oszczepalski and Chmielewski, 2015)

Cu zone – cop per zone, Cu – main ar eas of cop per sur face den sity above 25 kg/m2, Au-Pt – pro spec tive ar eas for gold, pal la dium and plat i -
num; Pb+Zn – lead-zinc zone, Cu-Ag+ – main area of polymetallic min er al iza tion in the tran si tion zone be tween the Rotliegend and
Zechstein. PDL – bound ary be tween prox i mal and dis tal parts of the Pol ish Ba sin, PRB – Pol ish Rotliegend Ba sin (ex tent of de pos its be fore
Ce no zoic ero sion), WR – Wolsztyn Ridge
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with the in ferred orig i nal ex tent of the Pol ish Rotliegend Ba sin
and the de mar ca tion line be tween the dis tal and prox i mal parts
of the Pol ish Ba sin. The cop per min er al iza tion zone is lo cated in 
the dis tal zone of the ba sin, which was an area of vari able heat
flow from the Perm ian pe riod to pres ent day. The main
palaeogeothermal change prob a bly took place at the end of the
Ju ras sic pe riod (Karnkowski, 1999). The sec ond el e ment that
marks the line sep a rat ing the dis tal and prox i mal parts of the
ba sin is a sig nif i cant dif fer ence in the mag ni tude of the tec tonic
sub si dence in the Perm ian and Me so zoic in the cen tral and
west ern parts of the ba sin (Karnkowski, 1999). The dis tri bu tion
of polymetallic min er al iza tion (Fig. 2), how ever, re quires ref er -
ence to ad di tional el e ments in or der to better il lus trate the tec -
tonic con text of this re gional min er al og i cal pat tern.

GEOLOGICAL ASPECTS

The hot brines which led to the for ma tion of huge polyme -
tallic re sources in the tran si tion zone of the Rotliegend and
Zechstein suc ces sions in the dis tal part of the Pol ish Ba sin

must have had a very large source of sup ply and pro longed ac -
tiv ity. Their pos si ble der i va tion from a rift zone (Karnkowski,
1999), in di cated al ready by Blundell et al. (2003), has re ceived
much sup port (Pieczonka and Piestrzyñski, 2000; Michalik and
Saw³owicz, 2001; Speczik et al., 2007; Borg et al., 2012;
Alderton et al., 2016; Mikulski and Stein, 2017; Oszczepalski et
al., 2017). At ten tion has fo cused on the larg est palaeogeother -
mal anom aly, lo cated in the Wielkopolska area (HF). Vari a tion
in the heat flow in the Perm ian-Ju ras sic  in ter val in the Pol ish
Ba sin (Fig. 3) shows, how ever, that it is worth con sid er ing a
wider range of palaeogeothermal zones (in a “hot cor ri dor” on
the north ern side of the Wolsztyn Ridge). In par tic u lar, this con -
cerns their wid en ing on the north ern side of the Wolsztyn Ridge
and the small anom aly at the bor der zone with Ger many
(Fig. 3). This dis tri bu tion is much larger than pre vi ously as -
sumed. How ever, its ex tent is better able to ex plain the oc cur -
rence of rich min er al iza tion on the north ern side of the Wolsztyn 
Ridge with out the need to change the di rec tion of brine mi gra -
tion. Through out the Perm ian-Ju ras sic in ter val, these mainly
mi grated to the south west. Con cen tra tion may have taken
place in the north ern Wielkopolska re gion (north of the Wol sz -
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Fig. 3. Map of the av er age heat flow val ues in the Pol ish Ba sin dur ing Late Rotliegend to Late Ju ras sic time (af ter Karnkowski, 1999)

Cu-Ag+ main area of polymetallic min er al iza tion in the tran si tion zone be tween the Rotliegend and Zechstein de pos its, PDL – bound ary
be tween prox i mal and dis tal parts of the Pol ish Ba sin, PRB – Pol ish Rotliegend Ba sin (ex tent of de pos its be fore Ce no zoic ero sion), WR

– Wolsztyn Ridge, HF – heat flow anom aly, FSB – Fore-Sudetic Block
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tyn Ridge) and in the LGOM area at the same time. The
Wolsztyn Ridge, which was not over lain by per me able Rotlie -
gend de pos its be neath the Zechstein evaporites, was a bar rier
to brine mi gra tion to the south-west. Also, apart from the north -
ern dis tal part of the Pol ish Ba sin, there was no other area with
such high heat flow val ues then (Fig. 3).

The hot polymetallic brines mi grat ing from the deep base -
ment fi nally reached the clastic, per me able de pos its of the
Rotliegend. Anal y sis of the Wielkopolska Sub group (up per part
of the Rotliegend) thick ness dis tri bu tion (Fig. 4) on the back -
ground of a map of palaeogeothermal anom a lies clearly shows
the pos si bil i ties of brine mi gra tion. Zones with high heat flow in -
put are cov ered by a rel a tively thin unit of sand stone
(>200 m-thick). This rel a tively small thick ness of the mi gra tion
zone re sulted in its con cen tra tion in the lev els with the best po -
ros ity and per me abil ity pa ram e ters. Thus, mi gra tion was not
dis persed in space and was tak ing place to wards struc tur ally
higher sur faces. The dis tri bu tion of sed i men tary fa cies (flu vial
and ae olian; mostly par al lel to the Wolsztyn Ridge), and hence
of the ba sic petrophysical pa ram e ters were sim i lar.

In the prox i mal parts of the Pol ish Rotliegend Ba sin, the
thick ness of the clastic de pos its was much greater and ex -
ceeded 1000 m. The asym me try of the Pol ish Ba sin, which was
ex pressed al ready dur ing sed i men ta tion of the Rotliegend, was
a very sig nif i cant fac tor in the dis tri bu tion of the sand stone thick -
ness around the Wolsztyn Ridge. These geotectonic con di tions
are there fore also vis i ble in the burial his tory dur ing late
Rotliegend time, which re sulted in the cre ation of fa vour able mi -
gra tion zones for polymetallic brines.

The sand stones noted above are of ae olian and al lu vial-flu -
vial or i gin, while in the up per most con tact zone with Zechstein
de pos its some are of ma rine or i gin (B³aszczyk, 1981;
Karnkowski, 1986). Fig ure 5 shows the palaeo ge ogra phy of the
Rotliegend and dis tri bu tion of sed i men tary en vi ron ments of the
Wielkopolska Sub group. In the prox i mal part of the ba sin, a
playa en vi ron ment dom i nated and in the dis tal part, mainly flu -
vial and ae olian sand stones were de pos ited. The rea son for this 
lithological dis tri bu tion was pri mar ily sub si dence, which was
greater in the prox i mal than in the dis tal part. Ar eas of greater
burial al lowed re ten tion of a lake en vi ron ment (playa), and ar -
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Fig. 4. Re stored isopach map (in 100-metre in ter vals) of the Wielkopolska Sub group (Up per Rotliegend) in the Pol ish Ba sin
(Karnkowski, 1999) to gether with heat flow val ues dur ing Late Rotliegend to Late Ju ras sic times (cf. Fig. 3)

HF – heat flow anom a lies with val ues >75 mWm–2 , other ab bre vi a tions as in pre vi ous fig ures



eas with less sub si dence were tran si tion zones and source ar -
eas for Wielkopolska Sub group clastic de pos its (Karnkowski,
1987, 1994). These flu vial-ae olian en vi ron ments over a large
area are as so ci ated with palaeogeothermal anom a lies (cf.
Fig. 5). This is not the case ev ery where and, for ex am ple, the
north west ern edge of the Wolsztyn Ridge con sists mainly of
con glom er ates and al lu vial sand stones with sig nif i cant clay and 
silt con tent. These com po si tions have very low val ues of po ros -
ity and per me abil ity, and the polymetallic brines could not mi -
grate through them (Poszytek, 2014). This anal y sis shows that
the dis tri bu tion of Rotliegend lithofacies was also geotecto -
nically de ter mined.

The ev i dence pro vided above show that the polymetallic
brines reached the top zone of the Rotliegend rel a tively eas ily
and con tin ued to move to wards struc tur ally higher zones. De -
tailed anal y ses of changes in struc tural pat terns dur ing the
Perm ian and Me so zoic pe ri ods for this re gion have been made
(Karnkowski, 1980a, b). The top sur face of the Rotliegend was
tilted al most all the time to the north or north-east (Fig. 6). Thus,
the brines mostly migated to the south-west and south. An anal -
y sis of top Rotliegend sur face at the end of the Ju ras sic (Fig. 6),
per formed for the en tire Pol ish Ba sin, coroborates ear lier re -
search (Karnkowski, 1980a, b). This map was pre pared for

other pur poses and its use in anal y sis of mi gra tion of
polymetallic brines in the Rotliegend up per most zone in cludes
puz zling fea tures. The short est path from the main
palaeogeothermal anom aly (main HF, Fig. 5) to the struc tur ally
high est area runs ex actly through the LGOM de posit zone
(Fig. 6). Mi gra tion on the north ern side of the Wolsztyn Ridge
also took place mainly to the south-west but did not cross this
struc ture. On the south ern side of the Ridge, hy dro ther mal so -
lu tions may also have been sup plied by a small palaeo -
geothermal cen tre lo cated in the Pol ish-Ger man bor der re gion.
Due to the smaller size and worse petrophysical con di tions of
these Rotliegend de pos its to en able the mi gra tion of brines, the
scale of this phe nom e non was prob a bly much smaller com -
pared to the main palaeogeothermal anom aly in the Wielko -
polska area.

GEOTECTONIC ASPECTS

The sub-Ce no zoic geo log i cal struc ture was al ready well
known in the mid-1950s, be cause drill ing to 200-300 metres
depth was suf fi cient to map it out. The in tense de vel op ment of
geo log i cal re search that took place in 1950–1996 con trib uted
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Fig. 5. Palaeogeographic map of the Pol ish Ba sin in Rotliegend time (mainly af ter Karnkowski, 1999), show ing also heat flow
val ues dur ing the Late Rotliegend to Late Ju ras sic in ter val (cf. Fig. 3)

Ab bre vi a tions as in pre vi ous fig ures
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sig nif i cantly to knowl edge of the deep struc ture of the Pol ish
Low lands (Po¿aryski, 1956, 1957a, b, 1963, 1964, 1969, 1974,
1979; Znosko, 1998; P. Karnkowski, 1979, 1993; Po¿aryski and 
Dembowski, 1983; Po¿aryski and Karnkowski, 1992; Dadlez et
al., 1994; Karnkowski, 2008; Dadlez, 1997, 1998, 2006; Van
Wees et al., 2007; Narkiewicz and Dadlez, 2008; ¯elaŸniewicz
et al., 2011).This is also dem on strated by the “Geo log i cal At las
of Po land: Geo log i cal Maps of Hor i zon tal Shear” ed ited by
Kotañski (1997).

The in flu ence of palaeogeothermal, palaeotectonic and
sed i men tary fac tors on the dis tri bu tion of polymetallic min er al -
iza tion zones in the Perm ian for ma tions of the Pol ish Ba sin in di -
cates the dis tri bu tion of this phe nom e non in re la tion to the dis tal 
part of this ba sin (cf. Figs. 3-6), which out lines the ex tent of
Rotliegend de pos its (Fig. 7). Ob vi ously, this sin gle line
(Rotliegend ex tent) is not the ex act bound ary of the Pol ish Ba -
sin, which var ied in its ex tent de pend ing on the scale of ma rine
trans gres sions or the mag ni tude of sub si dence in ad ja cent ar -
eas. De spite these in flu ences, the north-east ern bound ary of
the ba sin gen er ally cor re sponds to the ex tent of the base ment
con sol i dated in the Pre cam brian, while the south ern bound ary

is al most E-W and lies in the Variscides. The Cal edo nian con -
sol i da tion area is pres ent only in the prox i mal part (Fig. 7). An
im por tant el e ment is the lim i ta tion of the ba sin to the south-east
by the Ma³opolska Mas sif with a Cadomian con sol i da tion age
(Karnkowski, 1999; ¯elaŸniewicz et al., 2020). The Perm ian
polymetallic zone is par tic u larly linked to the area lo cated south
of the Wolsztyn Ridge, i.e. the base ment with a Variscan con -
sol i da tion age.

Some of the tec tonic maps of Po land made to date have
taken the age of base ment con sol i da tion into ac count (e.g.,
Dadlez and Jaroszewski, 1994; Znosko, 1998). Such a vi su al -
iza tion of tec tonic pat tern is un der stand able be cause of the
stacked struc ture of the crust, i.e. the in flu ence of the sub strate
on the gen e sis and de vel op ment of large re gional units re sults
from the as sump tion that the youn gest orogenic event that af -
fects a given sec tion of the Earth’s crust pro vides the con di tions
for a wide ar ray of dy namic and meta mor phic pro cesses. Within 
these set tings, geo log i cal struc tures with spe cific (co her ent)
char ac ter is tics af fect ing all sub se quent geo log i cal phe nom ena
de velop only in a plat form re gime. The map of the prov inces of
the con sol i dated sub strates pro vided here (Fig. 7) is a slightly
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Fig. 6. Top of the Rotliegend de pos its at the end of Ju ras sic time in the Pol ish Ba sin (af ter Karnkowski, 1999) to gether with heat 
flow val ues dur ing the Late Rotliegend to Late Ju ras sic in ter val (cf. Fig. 3); ab bre vi a tions as in pre vi ous fig ures; note the 2 km

depth anom aly (SW cor ner of map) and 8 km depth anom aly mark ing the po ten tial di rec tions of brine mi gra tion
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mod i fied ver sion of the map pre vi ously pub lished by
Karnkowski (1999). What clearly dis tin guishes this map from
the maps of Dadlez and Jaroszewski (1994) and Znosko (1998) 
is the dis tinc tion in the Ma³opolska re gion of a prov ince of
Cadomian con sol i da tion (650–550 Ma) rather than Cal edo nian
con sol i da tion. Also, in cen tral Po land, the Caledonides cover a
smaller area than in di cated on ear lier maps (Znosko, 1965,
1986; Dadlez et al., 1994). The main geotectonic units of base -
ment con sol i da tion ex actly match the dis tri bu tion of the con tem -
po rary geo ther mal field in Po land (Majorowicz, 2021).

In the Pol ish geo log i cal lit er a ture over the past sev eral de -
cades, the most com mon lo ca tion of the Pol ish Ba sin is ref er -
enced to the Mid-Pol ish Anticlinorium, which ex tends to south -
ern Po land, to the Carpathians, and even to Dobruja
(Œwidrowska et al., 2008). These ideas were ini ti ated in the
1950s as geo log i cal re search into the Pol ish Low lands com -
menced. Po¿aryski (1956) pro posed a di vi sion of the Pol ish

Low lands into the Kujawy–Pomerania Swell and the troughs
sur round ing it: This area, with in creased Permo-Me so zoic sub -
si dence in the Pol ish Low lands along the Pol ish part of the East
Eu ro pean Craton, was orig i nally dis tin guished as the Dan -
ish-Pol ish Fur row by Po¿aryski (1957a, b). It was con sid ered to
be a geosyncline ex tend ing from Den mark to the Carpathians
(Fig. 8), and even to the Carpathian-Tethyan area. This view
met with strong op po si tion from Wdowiarz (1983). In the 1970s, 
in tro duced the term Mid-Pol ish Trough, and then the taphro -
genic term aulacogen (Po¿aryski and Brochwicz-Lewiñski,
1979; Fig. 8). In south-east ern Po land, this prob lem was dis -
cussed in par tic u lar by G³azek (1993; Kutek and G³azek, 1972;
G³azek and Kutek, 1976), who fully shared the views of
Po¿aryski (1963, 1964, 1969) con cern ing a sym met ri cal Pol ish
Ba sin, the cen tral part of which was the Mid-Pol ish Fur row.
Kutek (1989), how ever, de vel oped his views in 1994, be liev ing
that the Mid-Pol ish Fur row in the Ma³opolska sec tion was rifted
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Fig. 7. Ex tent of the Pol ish Rotliegend Ba sin and main area of polymetallic min er al iza tion in the tran si tion zone be tween
Rotliegend and Zechstein de pos its on a back ground of the base ment prov inces of Po land

Ab bre vi a tions as in pre vi ous fig ures
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asym met ri cally and ge net i cally linked to the Carpathian rift sys -
tem. Kutek (1994) con sid ered the Holy Cross Moun tains as a
link be tween the Ma³opolska-Carpathian and Pom er a -
nian-Kujawy parts of the rift. Kutek (1994) de rived his con cept
of rift from the stud ies on south east ern Po land and wanted it to
be spa tially ex tended to the north-west, and tem po rally from the 
Perm ian, and not from the Ju ras sic, as he be lieved was the
case in SE Po land (Kutek, 1996a, b, c).

In the 1980s and 1990s, much ex plo ra tion work was car -
ried out in the Me so zoic for ma tions of the Carpathian
Foredeep. Thanks to the ef forts of many ge ol o gists, it was
pos si ble to sig nif i cantly change the strati graphic ranges of
some lithostratigraphic units. It turned out that the thick ness of
the Up per Ju ras sic de pos its is two to three times smaller than
orig i nally as sumed (Dziadzio et al., 2004; Gliniak et al., 2005;

Matyja, 2009; Urbaniec, 2021). Given this new data, the ex is -
tence of the mid-Pol ish Fur row in south east ern Po land (Kutek
and G³azek, 1972; Po¿aryski and Brochwicz-Lewiñski, 1979;
Kutek, 1994; Hakenberg and Œwidrowska, 1997; Œwidrowska
et al., 2008) was not sup ported by the ev i dence. Wdowiarz
(1983) had raised these doubts much ear lier. Also, stud ies on
the Up per Cre ta ceous de pos its, e.g., by Walaszczyk and
Remin (2015), be gan to sup port the ear lier views of
Krasowska (1997) con cern ing the ex is tence of an el e va tion
(is land) in the Holy Cross Moun tains at the end of the Me so -
zoic. The re sults of these stud ies are in com pat i ble with the
con cept of Kutek and G³azek (1972) re gard ing the ex is tence of 
an ex ten sion of the Mid-Pol ish Trough in south ern Po land, and 
do not sup port the ex is tence of a rift (Kutek, 1994) in this area.
Also test ing the cor rect ness of the model en vis aged by Kutek
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Fig. 8. Ex tent of the main sub si dence area of the Me so zoic depocentre in Po land dis tin guished by Po¿aryski as: A –
peri-cratonic ba sin (1953–1970), B – fur row (1970–1978), C – aulacogen (1978–2008)

TTL – Teisseyre-Tornquist Line, HCM – Holy Cross Mts, GF – Grójec Fault

https://gq.pgi.gov.pl/article/view/7504
https://gq.pgi.gov.pl/article/view/9180


(1994, 1996a, b) is palaeogeothermal re search in the area of
the Ma³opolska Mas sif. Lewandowski (1982) be lieved that the
sed i men tary thick ness es tab lished by Kutek and G³azek
(1972) over the Pa leo zoic base ment of at least 4,000 m was
over es ti mated. Tak ing into ac count the con tem po rary geo -
ther mal gra di ent, the tem per a ture at the bot tom of the Perm -
ian-Me so zoic suc ces sion should be 110°C. At this tem per a -
ture, he ma tite min er als should un dergo mag ne ti za tion in all
pre-Cre ta ceous rocks. How ever, such a phe nom e non is not
ob served (Lewandowski, 1982). There fore, it can be ex plained 
by as sum ing a smaller thick ness of Me so zoic over bur den or a
lower heat flow in the Holy Cross Moun tains area at the end of
the Me so zoic. Lewandowski (1982) es ti mated that the max i -
mum palaeotemperature of the Perm ian de pos its did not ex -
ceed 70°C, be cause higher tem per a tures would de stroy the
Cre ta ceous rocks’ mag netic po lar ity. In this sit u a tion,
Lewandowski (1982) sug gested that the max i mum thick ness

of the Me so zoic suc ces sion could not ex ceed 2500 m, or the
geo ther mal gra di ent was not higher than 18°C/1 km.
Obeservations of other ge ol o gists of the col our of Car bon if er -
ous cono donts in the west ern re gion of the Holy Cross Moun -
tains in di cated that tem per a tures were not higher than 50°C
(Jurkiewicz and Szczerba, 1976; Belka, 1990; Marynowski,
1997, 1999; Szczepanik, 2002; Malec, 2002a, b; Marynowski
et al., 2002; Narkiewicz, 2002, 2007; Narkiewicz et al., 2010).
Narkiewicz et al. (2010) re jected the con cept of Kutek and
G³azek (1972) be cause of the im pos si bil ity of such a large
thick ness (4000 m) of Me so zoic de pos its. Im por tantly,
Narkiewicz et al. (2010) cor rob o rated the ear lier ob ser va tions
of Lewan dowski (1982). There fore, the model of Kutek (1994)
can not be ex trap o lated far ther to the north-west or back in
geo log i cal time as far as the Perm ian. The Ma³opolska Mas sif
of Cadomian age con sol i da tion (¯elaŸniewicz et al., 2020)
was the north ern slope of the Tethys in the Permo-Me so zoic.
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Fig. 9. Ex tent of the main sub si dence area of the Me so zoic depocentre in Po land (Mid-Pol ish Trough) dis tin guished by Dadlez:
A — (1970–2002), B – (2003), C – (2006)

Other ab bre vi a tions as in pre vi ous fig ures
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The geotectonic dis tinc tive ness of the Ma³opolska Mas sif in
re la tion to the ar eas to the north (Pol ish Low lands) sug gests
that the term the Pol ish Ba sin should be used only for the area
lo cated north-west of the Grójec fault, i. e. the prox i mal and
dis tal parts of the Pol ish Ba sin sensu Karnkowski (1999).

The con cept of a  mid-Pol ish rift by Kutek (1994) was also
con tested by Dadlez et al. (1998) and Stephenson et al. (2003). 
Dadlez’s views on the lo ca tion and po si tion of the mid-Pol ish
Trough in 1970–2002 were al most iden ti cal to Po¿aryski’s
views (1963, 1964, 1969, 1974; Fig. 9). How ever, Dadlez
(1997, 1998) di vided the Trough into three parts: Pomerania,
Kujawy and Ma³opolska. At the same time, he opined that the
Ma³opolska seg ment dif fers sig nif i cantly from the Pomerania–
Kujawy seg ment, both in its crys tal line and sed i men tary rocks.
In later years, Dadlez (2003, 2006) strongly mod er ated his
opin ion on this is sue (see Fig. 9), re duced the lat eral ex tent of
the Trough (Dadlez, 2003), and fi nally lim ited it to a nar row

Pomerania–Kujawy seg ment (Dadlez, 2006). At the same time,
Œwidrowska et al. (2008) de vel oped a de tailed char ac ter iza tion
of the sed i men tary and tec tonic evo lu tion of the south west ern
edge of the East Eu ro pean Craton (from Ma³opolska to Dobruja
in Ro ma nia) from the Perm ian to the pres ent day.

Our over view of the geotectonic po si tion of the Pol ish Ba sin
shows mainly its re la tion ship with the area of Variscan con sol i -
da tion (Fig. 7). The po si tion of the Pol ish Trough in the Pol ish
Ba sin (sensu Dadlez, 2006) should be un der stood as the prox i -
mal part of this ba sin (Fig. 10). The main area of Perm ian
polymetallic min er ali sa tion in the Pol ish Ba sin was ge net i cally
re lated to its rift zone (max i mum val ues of heat flow in Perm -
ian-Ju ras sic time), but the fi nal con cen tra tions of cop per, sil ver,
zinc, lead and plat i num min er als was also con di tioned by the
mi gra tion of hy dro ther mal so lu tions from the rift zones to “res er -
voir rocks”, that is, the up per most part of the Rotliegend and
low est Zechstein suc ces sions (Fig. 10). The tim ing of these
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Fig. 10. The main el e ments of the Pol ish Ba sin on the back ground of Perm ian polymetallic min er al iza tion: MP – Mid-Pol ish
Trough (sensu Dadlez, 2006) in a prox i mal part of the Pol ish Ba sin

VF – Variscan Front; other ab bre vi a tions as in pre vi ous fig ures
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con cen tra tions has been cor rob o rated by many stud ies
(Oszczepalski, 1999; Michalik and Saw³owicz, 2001; Speczik et 
al., 2007; Alderton et al., 2016; Mikulski and Stein, 2017). They
point out that the min er al iza tion took place in sev eral stages
from the de po si tion of cu prif er ous shale, for at least 100 My, up
to the Cre ta ceous pe riod. Such a state ment cor re sponds well
with in fer ences re gard ing the rift ing pe riod in the Pol ish Ba sin
(Karnkowski, 1999) and in di cates the multi-stage na ture of this
pro cess (Blundell et al., 2003). On the other hand, it can be
seen that the rift mech a nism, which tectogenetically drove the
de vel op ment of the ba sin, re sulted in the for ma tion of its frame -
work in closely in ac cord with the age of base ment con sol i da tion 
of the ba sin.The sed i men tary de vel op ment di rectly nec es sary
for the for ma tion of the Perm ian polymetallic min er al iza tion (as
re gards thick ness, lithofacies and struc tural pat terns) was also
largely con trolled by the tec tonic fac tors needed for brine mi gra -
tion. We ex plore this is sue in more de tail be low.

The var i ous geo log i cal pro cesses noted above, which con -
trib uted to the for ma tion of the Perm ian polymetallic de pos its,
have their orig i nal de ter mi nants in the geotectonic na ture of the
Pol ish Ba sin. The lo ca tion of rift zones, their long-term ac tiv ity
and their in flu ence on the sed i men ta tion, sub si dence, diage -
nesis and ther mal mat u ra tion of the de pos its di rectly in volved in
the for ma tion of polymetallic de pos its have be come more
clearly un der stood as re search has pro gressed. The cop per de -
pos its of the Pol ish Ba sin dem on strate the syn er gis tic ef fects in -
volved in geo log i cal pro cesses. As a rule, geotectonics is a pri -
mary and long-lasting factor.

DISCUSSION

The syn thetic com pi la tions of geo log i cal data con cern ing
Perm ian polymetallic de pos its de scribed above show the lo ca -
tion of var i ous geotectonic el e ments within the Pol ish Ba sin in
re la tion to base and pre cious metal min er ali sa tion zones
(Figs. 2–10). From the be gin ning of the ex plo ra tion and ex ploi -
ta tion of cop per de pos its in Lower Silesia, con cepts of the gen e -
sis of these de pos its have de vel oped. The first of these re ferred 
to the crys tal li za tion of sulphides in estuarine de pos its
(Brongersma-Sanders, 1966; Harañczyk, 1972; Konstanty -
nowicz, 1973; Tomaszewski, 1986; Saw³owicz, 1990, 1993). In
the sec ond stage of re search, diagenetic mod els dom i nated:
both early (Rentzsch, 1974; Mayer and Piestrzyñ ski, 1985;
Haynes and Bloom, 1987a, b; Brown, 1997) and late diagenetic
mod els (Jowett et al., 1987a, b; Püttmann et al., 1988; Vaughan 
et al., 1989; Bechtel et al., 2002).

In the con text of these mod els and of cur rent re search , it is
use ful to re call Oszczepalski’s (1999) state ment that The
Kupferschiefer min er al iza tion re sulted from up ward and lat er -
ally flow ing fuids which ox i dized orig i nally pyritiferous or ganic
mat ter-rich sed i ments to form hematitic Rote Fäule ar eas, and
which emplaced base and no ble met als into re duced sed i -
ments. The Rote Fäule may be a guide to fa voured ar eas for
both the Cu-Ag and new Au-Pt-Pd Kupferschiefer-type de pos -
its. Alderton et al. (2016) cor rob o rated that ob ser va tion and
adopted a model in volv ing the de po si tion of pre cious met als
and the ox i da tion of the ex ist ing cop per ore de posit.

Opin ions on the sed i men tary-hy dro ther mal or i gin of the
met als ap peared par al lel with sed i men tary-only mod els. It was
in ferred that the met als may have come from ig ne ous de pos its
lo cated be neath the Fore-Sudetic Monocline at a depth of
15 km, with tec tonic pro cesses  be ing re spon si ble for the de liv -
ery of min er al ized so lu tions to the Perm ian de pos its (Ekiert,
1960; Wy¿ykowski, 1971).

These com pos ite mod els showed the com plex ity of the
gen e sis of the Lower Silesian Perm ian polymetallic de pos its,
which re quires a ho lis tic ap proach to un der stand ing
metallogeny, par tic u larly of the metal sources of the
Kupferschiefer ores. In deed, this re search di rec tion has be -
come very ac tive (Vaughan et al., 1989; Blundell et al., 2003;
Hitzman et al., 2005, 2010; Kucha, 2014). Borg et al. (2012)
stressed the need to or gan ise fu ture re search as a fully in te -
grated ap proach to the Eu ro pean di men sion of the met al lo gen -
ic sys tems that have been trig gered and driven by ma jor crustal
tec tonic and mag matic events in con ti nen tal-scale pro cesses,
to form re gional met al lo gen ic dis tricts.

The pres ent pa per at tempts to an swer that chal lenge.
Terms such as “ig ne ous so lu tions be neath the Fore-Sudetic
Monocline” or “Variscan crys tal line high area” ap pear ing in pre -
vi ous pa pers were in tended to en cour age char ac ter iza tion of
the deep base ment of the Lower Silesia re gion. Sim i larly, here
we fo cus on geotectonic anal y sis of var i ous el e ments in the
Pol ish Ba sin, which be gan to form at the be gin ning of the Perm -
ian (Rotliegend) up to end of Ju ras sic time. In the Late Ju ras sic
and Early Cre ta ceous, the dis tal area of the Pol ish Ba sin was
sig nif i cantly el e vated, lead ing sig nif i cant ero sion of Me so zoic
strata. There was an other sed i men ta tion ep i sode in the Mid dle
Cre ta ceous re lated to a large-scale global transgressive event.
As the Cre ta ceous gave way to the Paleogene, an other phase
of tec tonic in ver sion of the Pol ish Ba sin took place. These two
ma jor ep i sodes of tec tonic move ment cor re spond well with the
main met al lo gen ic stages that have pro duced eco nom i cally vi a -
ble ore bod ies (Borg et al., 2012).

The de vel op ment of the Me so zoic sed i men tary cover in Po -
land, par tic u larly the thick ness pat tern of these de pos its, was
for many years the main clue con cern ing the sym me try of the
Pol ish Ba sin (Figs. 8 and 9). Much geo log i cal data from deep
bore holes and geo phys i cal sur veys en abled good un der stand -
ing of the Perm ian de pos its rep re sent ing the first stage of Pol -
ish Ba sin de vel op ment (Figs. 4 and 5). These data also made it
pos si ble to un der take geo log i cal mod el ing of the ther mal his -
tory of the Pol ish Ba sin (Fig. 3) and to pro pose a co her ent
model of the Pol ish Ba sin as an asym met ri cal rift ba sin
(Karnkowski, 1999). In this view, the Pol ish Trough (sensu
Dadlez, 2006) is rec og nized as the prox i mal part of the ba sin,
the dis tal part be ing lo cated to the west of the Trough i.e. in the
Lower Silesia and partly in the Wielkopolska re gion. The ore
min er al iza tion of Perm ian de pos its in the Pol ish Ba sin is re lated 
only to its dis tal part (Fig. 10).

It is now nec es sary to an a lyze the Perm ian me tal lic min er al -
iza tion pat tern in the Pol ish Ba sin by means of a fully in te grated
ap proach. Mod ern pro ce dure to the ex plo ra tion of min eral re -
sources is based on a “min eral sys tem con cept” (McCuaig and
Hronsky, 2014; Hagemann et al., 2016). Its no men cla ture ref er -
ences the meth od ol ogy used in oil ex plo ra tion by the pe tro leum
in dus try since the 1970s (Magoon and Beau mont, 1991),
where three ba sic el e ments are con sid ered in the for ma tion of
de pos its: source rock, mi gra tion and trap. This is, of course, a
great sim pli fi ca tion, the pur pose of which is to show that the
meth od ol ogy of a “min eral sys tem” is sim i lar, where the term
“source” cov ers the is sues of the or i gin of met als; mi gra tion is
re lated to anal y sis of path ways and the word traps is un der -
stood as ar eas of metal de po si tion. All these pro cesses take
place in geo log i cal time and space, and the rec og ni tion of pat -
terns of min er al iza tion re quires the anal y sis of much geo log i cal, 
geo phys i cal and geo chem i cal data. It is nec es sary to un der -
stand the evo lu tion of min eral pro cesses in their geotectonic
and geodynamic con text.
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The un der stand ing of min eral de pos its has evolved from
hand sam ples to de ter min ing con cen tra tion lev els in fa vor able
host rocks and ana lys ing the struc tural pro cesses con trol ling
the in flux of flu ids and metasomatic pro cesses (Conolly, 1936;
McKinstry, 1941, 1955; Korzhinskii, 1968; Kirkham, 1989). This 
led to a ho lis tic un der stand ing of min er al iza tion pro cesses in
their broad geodynamic and geotectonic set ting (Groves et al.,
2005; Kerrich et al., 2005; Goldfarb et al., 2010; Leach et al.,
2010; Cawood and Hawkesworth, 2013; O’Neill et al., 2013;
McCuaig and Hronsky, 2014). Such a com plete ap proach to
study ing min eral de pos its also re sults from the use of an ever
wider spec trum of re search meth ods, par tic u larly in volv ing geo -
phys i cal and deep drill ing tech niques. Data from such stud ies
make it pos si ble to better com bine de tailed strati graphic,
sedimentological, geo chem i cal, tec tonic and car to graphic stud -
ies into one data set in or der to de velop a co her ent model of the
de vel op ment of min er al iza tion in time and space (Groves et al.,
2005; Kerrich et al., 2005; Goldfarb et al., 2010; Leach et al.,
2010; McCuaig and Hronsky, 2014; Hagemann et al., 2016).

Good ex am ples of such meth od ol ogy in this pa per in clude
the syn thetic anal y sis of heat flow dis tri bu tion dur ing the Perm -
ian-Ju ras sic times, es pe cially its max i mum val ues with re gard
to source ar eas (Fig. 3) and in re la tion to the thick ness dis tri bu -
tion of clastic de pos its (bed rock mi gra tion, Fig. 4), and the anal -
y sis of the fa cies sed i men tary pat tern of sub-Kupferschiefer
strata (Fig. 5). And, anal y sis was made of the po si tion of the top
sur face of Ju ras sic strata at the end of the Ju ras sic time in re la -
tion to the dis tri bu tion of heat flow then, to help de ter mine the di -
rec tions of flow of min eral brines with re spect to ther mal and hy -
drau lic dif fer ences (Fig. 6).

Ref er ence here is made to the term “min eral sys tem” orig i -
nally de fined by Wyborn et al. (1994), and mod i fied many times
(cf. Knox-Rob in son and Wyborn, 1997; Lord et al., 2001; Price
and Stoker, 2002; Kreuzer et al., 2008, 2010; McCuaig et al.,
2010; Murphy et al., 2011; McCuaig and Hronsky, 2014;
Hagemann et al., 2016). Each time, how ever, com plex, syn -
thetic ob ser va tions helped de velop broad, re gional con clu sions 
serv ing op ti mal ex plo ra tion ge ol ogy (O’Driscoll, 1986; Woodall,
1994).

Each sys tem, which con sists of many in ter de pen dent el e -
ments, must be an a lyzed through the prism of the crit i cal val ues 
of these el e ments, be cause the fi nal eval u a tion of the min eral
sys tem is the prod uct of the val ues of its in di vid ual el e ments. It
is enough for only one el e ment to have a neg a tive (zero) value,
and the fi nal re sult will also be neg a tive (zero). That is why so
much im por tance should be at tached to a de tailed anal y sis of
the crit i cal el e ments of the min eral sys tem in a broad re gional
and tem po ral as pect. The main el e ments are: 1) Fa vour able
whole litho sphere ar chi tec ture (e.g., Chernicoff et al., 2002;

Crafford and Grauch, 2002; Murphy et al., 2008); 2) Tran sient
fa vour able geodynamics (i.e. time of fa vour able de posit for ma -
tion pro cesses; 3) Fer til ity – un der stood as the ten dency for a
par tic u lar geo log i cal re gion to be sys tem at i cally better en dowed 
than oth er wise geo logic en vi ron ments (McCuaig and Hronsky,
2014; Hagemann et al., 2016); and 4) Pres er va tion of pri mary
depositional zone (McCuaig and Kerrich, 1998).

The con cept of “min eral sys tem” de scribed here must there -
fore be well-es tab lished in time and space in re la tion to ad ja cent 
geotectonic el e ments. The re la tion of the dis tal part of the Pol -
ish Ba sin to other geotectonic el e ments of this ba sin and el e -
ments in the neigh bour ing re gions dis cussed in this pa per
(Figs. 2–10) clearly in di cates a crit i cal role of the rift zone of the
asym met ri cal Pol ish Ba sin as a place where all the el e ments of
the min eral sys tem ex isted, lead ing to the ac cu mu la tion and
pres er va tion of the polymetallic Perm ian de pos its.

CONCLUSIONS

1. Con sid er ation of the or i gins of min eral de pos its and the
pat terns of their oc cur rence are cur rently car ried out in the “min -
eral sys tem” meth od ol ogy, which re fers di rectly to prac tices of
pe tro leum ex plo ra tion. In this con text, it is nat u ral to an a lyze the
or i gin of the ore de pos its in their re gional and geotectonic as -
pect.

2. The tem po ral and spa tial re la tion ships be tween the var i -
ous el e ments of the min eral sys tem de scribed in this pa per
build a co her ent model of the or i gin of Perm ian polymetallic de -
pos its in the dis tal part of the Pol ish Ba sin. Within this, many
pre vi ous con cepts can be in cluded in a broader re gional and
geotectonic con text.

3. The Pol ish geo log i cal ar chives still con tain much data
that have not yet been stud ied in de tail as re gards Perm ian
polymetallic min er al iza tion. Their anal y sis with fur ther ex plo ra -
tion work is needed in or der to better un der stand the de posit for -
ma tion pro cesses and to dis cover and doc u ment new min eral
re sources.
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