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The sed i men tary and strati graphic pat terns es tab lished for Zechstein of the west ern part of the Peribaltic Syneclise (and in
par tic u lar the east ern Łeba El e va tion) were ap plied to other parts of the East Eu ro pean Craton (EEC) in Po land: the east ern
Peribaltic Syneclise and the Podlasie re gion. A very large num ber of mostly fully-cored bore hole sec tions in the Puck Bay re -
gion cer tainly pre des tines the east ern Łeba El e va tion area to use it as a model. The most part of the EEC, ex cept of its part
ad ja cent to the Teisseyre-Tornquist Zone, dur ing the Zechstein de po si tion rep re sents the mar ginal parts of the ba sin. The
fauna oc cur ring in the Zechstein car bon ate de pos its of the EEC makes it pos si ble to dis tin guish be tween the Zechstein Lime -
stone and the youn ger car bon ate strata, but cer tainly not be tween the Main Do lo mite and the Platy Do lo mite and hence the
fa cies mod els for the Zechstein that have been pre vi ously de vel oped in the west ern part of the Peribaltic Syneclise aug -
mented by se quence strati graphic ap proach seem to be the best tool to ap ply in other pe riph eral ar eas in the EEC area. The
Zechstein se quence in the west ern part of the Peribaltic Syneclise con sists, in gen eral terms, of three parts: (1) car bon ate
plat form of the Zechstein Lime stone (oc cur ring only in the north-wes tern most cor ner of the study area and pass ing into ba sin
fa cies dom i nant in the most part of the area); (2) the PZ1 evaporite plat form sys tem com posed of sul phate plat forms and ad -
ja cent ba sin sys tem and con sti tut ing the ma jor part of the Zechstein se quence; and (3) the Up per Anhydrite-PZ3 cover.
There is a con sen sus, as far as the west ern part of the Peribaltic Syneclise is con cerned, that the Platy Do lo mite plat form is
wider than the Main Do lo mite plat form. In the east ern most part of the Peribaltic Syneclise, the strati graphi cal in ter pre ta tions
are di verse. We have in cluded the anhydrite over ly ing the Zechstein Lime stone into the Up per Anhydrite, and con cluded that
the over ly ing interbedded mudstone and anhydrite also be long to the Up per Anhydrite. When above the Up per Anhydrite one 
car bon ate unit oc curs, it is as signed ei ther to the Main Do lo mite and Platy Do lo mite, or to the Platy Do lo mite. The same con -
clu sion is pro posed for the mar ginal parts of the Podlasie Bay. The de po si tion of Zechstein Lime stone re sulted in the or i gin of 
car bon ate plat forms along the ba sin mar gins which changed an in her ited top o graphic set ting. The Lower Anhydrite de pos its
are lowstand sys tems tracts (LST) de pos its, lack ing in more mar ginal parts of the west ern and east ern Peribaltic Syneclise
and in the ma jor part of the Podlasie Bay. The ac com mo da tion space ex isted and/or cre ated dur ing the Lower Anhydrite and
the Old est Ha lite de po si tion in the Bal tic and Podlasie bays was filled and at the on set of the Up per Anhydrite de po si tion, a
roughly pla nar sur face ex isted ex cept in the area ad ja cent to the main Pol ish ba sin. The Up per Anhydrite de pos its are
transgressive sys tems tracts de pos its and then highstand sys tems tracts de pos its and they en croached the Zechstein Lime -
stone plat forms. The Up per Anhydrite de po si tion was ter mi nated by sea level fall, and the Up per Anhydrite de pos its in the
mar ginal ar eas be came sub ject to karstification. The Main Do lo mite trans gres sion took place in sev eral phases but its max i -
mum limit did not reach the Up per Anhydrite limit. The de po si tion of the PZ2 chlo rides (LST de pos its) re sulted in the fill ing of
the ac com mo da tion space that was in her ited af ter the de po si tion of the Main Do lo mite and the Basal Anhydrite. Sub se -
quently, the area be came ex posed, and ma rine de pos its (Grey Pelite and Platy Do lo mite) re lated to the last ma jor trans gres -
sion dur ing the life of the Zechstein ba sin that re sulted in a flood ing of the ex posed sur face of older Zechstein de pos its,
in clud ing the area that was emer gent dur ing de po si tion of the PZ2 cy cle. Mi cro bial car bon ates, be ing stromatolites and
thrombolites, are a com mon fea ture of all Zechstein car bon ate units but in par tic u lar this is the case of the Platy Do lo mite.
There are no di rect pre mises al low ing for con vinc ing set tle ment doubts re gard ing the strati graphi cal po si tion of the up per
car bon ate unit in many cases, but sev eral lines of ev i dence sug gest that, as in the en tire Zechstein ba sin, the Main Do lo mite
con sid er ably shifted basinward, and the Platy Do lo mite – land ward, al though it is dif fi cult to as cer tain whether the orig i nal
Platy Do lo mite ex tent was sim i lar to or greater than the limit of the Zechstein Lime stone as else where in the Zechstein Ba sin.
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INTRODUCTION

The South ern Perm ian Ba sin (SPB) was an intracontinental
ba sin that by the be gin ning of the Late Perm ian had ap par ently
sub sided be low global sea level, and was in un dated dur ing the
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Late Perm ian (mid dle-late Wuchiapingian – cf. Szurlies, 2020)
by Arc tic seas (Fig. 1A). It ex tends across the Pa leo zoic Plat -
form of west ern and cen tral Eu rope and en croaches east- and
north-eastwards onto the Pre cam brian East Eu ro pean Craton
(Fig. 1B; Guterch et al., 2010 with ref er ences therein). The
bound ary be tween these ma jor base ment prov inces, re ferred
to as the Trans-Eu ro pean Su ture Zone (TESZ), is a broad and
com plex zone of Early Pa leo zoic terrane ac cre tion (Pha raoh et
al., 2010 with ref er ences therein). Teisseyre- Tornquist Line
(TTL) was con ceived as a lin ear fea ture is bor der of crys tal line,
“gra nitic” up per crust of the EEC, and the Teisseyre-Tornquist
Zone (TTZ) is a few tens of kilo metres wide zone re lated to
craton edge (Grad, 2019). In Po land, north-east of the TTL the
East Eu ro pean Plat form oc curs (Fig. 1B, C). The first bore hole
in the Pol ish part of EEC reach ing the Zechstein strata, Łeba 1,
was drilled in 1936 (Dahlgrün and Seitz, 1944). Then, as the re -
sult of the in ten sive bore hole pro gram in the Pol ish Low land re -
lated to the first phase of re gional geo log i cal study of the Pol ish
Low land in the sixth and sev enth de cades of the 20th cen tury,
nu mer ous pub li ca tions deal ing with the Zechstein parts of the

EEC area (e.g., Szaniawski, 1966, 1970; Wag ner, 1971, 1972;
Stolarczyk, 1972; Werner, 1972; Czajor and Wag ner, 1974) or
par tic u lar bore hole sec tions (Krasowska, 1973, 1977; Areń,
1974, 1975, 1978; Modliń ski, 1974, 1975, 1977, 1982, 1989;
Lendzion, 1975; Witkowski, 1976, 1986; Tomczyk, 1977;
Dembowska and Marek, 1988) have orig i nated. Cer tainly, the
area of EEC was also in cluded in the first syn the ses of the
whole Zechstein ba sin in Po land that were sum ma riz ing the re -
sults gained due to the on go ing bore hole pro gram (Poborski,
1960, 1968; Pawłowska, 1968; Poko r ski and Wag ner, 1975). 

A rec og nized mile stone in the Zechstein re search in Po land
was the pub li ca tion of cartographical syn the sis and cor re la tion
schemes for par tic u lar re gions in Po land (Depowski, 1978) that
were sum ma rized by Wag ner et al. (1978c). The sub se quent
syn thetic pub li ca tions by Wag ner (1988, 1994, 1997, 1998a–f)
did not change the strati graphi cal and palaeo geo graphi cal con -
cepts for the EEC that were pre sented in Depowski (1978) al -
though some up dat ing and re in ter pre ta tion in the south ern part
of the War saw Trough and the Podlasie De pres sion (see Wag -
ner, 1983, 2007a, b) oc curred. 
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Fig. 1A – palaeo ge ogra phy of Eu rope dur ing the Late Perm ian (af ter Blakey, 2016) show ing the bound ary (red dots) of area dis -
cussed in this pa per: PB – Podlasie Bay; B – ma jor tec tonic units of sub-Perm ian base ment of Po land (af ter Guterch et al., 2010,
sim pli fied); ŁE – Łeba El e va tion, PS – Podlasie Syncline; red dots show the bound ary of area stud ied; C – tec tonic map of Po land
and ad ja cent coun tries (af ter Aleksandrowski, 2020, sim pli fied); the Pol ish part of the East Eu ro pean Craton dis cussed in this pa -
per is dot ted; BM – Bo he mian Mas sif, MZ – Moldanubian Zone, RM – Rhenish Mas sif, RZ – Rhenohercynian Zone, SZ –
Saxothuringian Zone, TTL – Teisseyre-Tornquist Line 
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In the post-1978 time new im por tant in for ma tion arose from
the bore hole drilled in the area ad ja cent to the TTZ, and seis mic
data from that area, that was in cluded in the syn the ses (Wag ner,
1988, 1994, 1997, 1998a–f) and pa pers deal ing with par tic u lar
bore hole sec tions (e.g., Leszczyński, 2011, 2019; Podha lańska
and Sikorska-Jaworowska, 2018; Krzywiec et al., 2019). How -
ever, these new data, al though very im por tant for the un der -
stand ing of the ba sin cen tre – ba sin mar gins re la tions, could not,
and did not, con trib ute to the ear lier-es tab lished con cepts, of ten
pre sent ing dif fer ent in ter pre ta tions, for the mar ginal part of the
Zechstein ba sin. In ad di tion, up dated sec tions of bore holes
drilled more than a half of cen tury ago have been pub lished dur -
ing two last de cades (Modliński, 2007, 2011; Podha lańska,
2007, 2008, 2011, 2012, 2014; Podhalańska and Sikorska -
 Jaworowska, 2015; Waksmundzka and Wójcik, 2019).

The aim of this pa per is to ap ply the sed i men tary and strati -
graphic pat terns es tab lished for the west ern part of the Peri -
baltic Syneclise (sum ma rized by Peryt et al., 1992; cf. Dębski,
1983) to other parts of the EEC: the east ern Peribaltic Syne -
clise in Po land and the Podlasie re gion. Such a pos si bil ity was
al ready sug gested by Peryt and Czapowski (1988), Gąsiewicz
and Peryt (1989a), and Peryt (1989) for the east ern Peribaltic
Syneclise and Peryt (1990a) for the Podlasie De pres sion. A
very large num ber of mostly fully-cored bore hole sec tions in the
Puck Bay re gion cer tainly pre des tines the east ern Łeba El e va -
tion area to use it as a model. In fact, the strati graphi cal con -
cepts de vel oped in the Łeba El e va tion were ap plied to the east -
ern most, mar ginal part of the Peribaltic Syne clise al ready at the
be gin ning of its in ten sive ex plo ra tion (Orska, 1960, 1962). The
num ber of new bore holes drilled in the east ern part of the
Podlasie De pres sion is lim ited; no new ma te rial is avail able
from the east ern part of the Peribaltic Synecise.

The ma rine fa cies of the PZ3 are fol lowed and/or re placed,
in the Peribal tic Syneclise and Podlasie De pres sion, by the up -
per most Perm ian clastics of the Top Terrigenous Zechstein
(PZt) that are not, how ever, sub ject to anal y sis in this pa per. 

PRINCIPLES OF ZECHSTEIN
LITHOSTRATIGRAPHY AND SEQUENCE

STRATIGRAPHY

A re gional strati graphic cor re la tion within the Zechstein fol -
lows the clas si cal model of cy clic chem i cal pre cip i ta tion in a gi -
ant sa line ba sin (Rich ter-Bernburg, 1955a, b). This cor re la tion,
ini tially es tab lished by Rich ter-Bernburg (1955a) and Lotze
(1957), has been soon af ter ap plied in Po land (cf. Tokarski,
1959a, b), al though with some im por tant mod i fi ca tions in tro -
duced by Wag ner (1978a, 1994), in par tic u lar for the cen tral
part of the ba sin (Ta ble 1). The al ter na tive, se quence strati -
graphic ap proach, has been pro posed by Tucker (1991) and
then his scheme was mod i fied for the Zechstein of Ger many
(Strohmenger et al., 1996a, b; Leyrer et al., 1999; Becker and
Bechstädt, 2006) and Po land (Wag ner and Peryt, 1997; Peryt,
2010). 

The lithostratigraphic no men cla ture of the Zechstein Group
dis tin guishes be tween ma rine and evaporitic sed i ments in the
ba sin it self and ter res trial sed i ments of the ba sin mar gins (Paul, 
2020a). The basinal fa cies in Ger many con sists of seven for -
ma tions (Z1–Z7) coined af ter their main oc cur rences (Ta ble 1).
First three (Z1–Z3) are equiv a lent to three cyclothems
(PZ1–PZ3) dis tin guished in Po land (e.g., Wag ner et al., 1978c;
Wag ner, 1994) and the for ma tions Z4–Z7 cor re spond to the
cyclothem PZ4 with its 5 subcyclothems in Po land (Wag ner,
1994; Wag ner and Peryt, 1997). The for ma tions in Ger many

are sub di vided into mem bers named af ter their main lith o logic
com po nent and even tu ally the po si tion in the Zechstein pro file
(i.e., lower, up per – cf. Paul, 2020a), and then into ho ri zons and
salt beds.

As ad vo cated by Wag ner (1986, 2009), es tab lish ing of for -
mal sub di vi sion seems point less when aimed to match for mal
re quire ments only al though its use is jus ti fied in the case of mar -
ginal zone of the Zechstein ba sin dom i nated by ter res trial sed i -
ments. In Po land, such lo cal sub di vi sions were pro posed for the 
North-Sudetic Synclinorium (Fijałkowska-Mader et al., 2018)
and the Holy Cross Mts. (Kuleta and Zbroja, 2006; Jewuła et al., 
2020). We con cur with the view of Wag ner (1986, 2009). 

The bound ary be tween the Rotliegend Group and the
Zechstein Group in Ger many is tra di tion ally de fined with the oc -
cur rence of first ma rine de pos its but based on prac ti cal grounds 
it is now placed at the base of the Kupferschiefer (T1) or its
equiv a lents (Paul, 2020b; Paul et al., 2020; cf. Peryt, 1976 and
Pokorski and Wag ner, 1978). The term Zechstein in such an
ap proach loses the fa cies mean ing and gains a lithostrati -
graphic one, what causes that the de pos its oc cur ring be low the
Kupferschiefer (or its equiv a lents) and ge net i cally re lated to the
trans gres sion can have an un spec i fied lithostratigraphic po si -
tion (see Paul, 2020b). How ever, from the se quence stra tig ra -
phy point of view they un doubt edly rep re sent the transgressive
sys tems tracts (TST) de pos its of the first Zechstein se quence
(Ta ble 1). 

The lithostratigraphic bound ary be tween the Zechstein and
the Buntsandstein in Ger many is de fined at the base of the
Calvörde For ma tion (or cor re la tive units) and is linked to the
change of fa cies (Hug-Diegel, 2020). Since Pokorski and Wag -
ner (1975), it is ac cepted that there are no PZ4 de pos its in the
East Eu ro pean Craton and hence this pa per does not dis cuss
the strata over ly ing the PZ3 de pos its.

The greater part of the EEC, with the ex cep tion of its part
ad ja cent to the TTZ, dur ing the Zechstein de po si tion rep re sents 
the mar ginal parts of the ba sin. The em pha sis in the cy cle phi -
los o phy is on events in the ba sin cen tre and hence there is no
ad van tage in us ing ei ther the cy cle or se quence con cept in the
basinal suc ces sion, where de po si tion is more or less con tin u -
ous (see Tucker, 1991). Quite a dif fer ent sit u a tion oc curs in the
case of the ba sin mar gins where, as pointed out by Tucker
(1991), evaporites may be pre cip i tated dur ing the early stages
of the TST be fore the sa lin ity re turns to nor mal and car bon ates
are de pos ited in the mid-late TST and highstand sys tems tracts
(HST). Ac cord ingly, “...the late evaporites sim ply pass up into
the car bon ates with out any ma jor time gap...” (Tucker, 1991).
This is cer tainly not the case of the Up per Anhydrite (A1g)–Main 
Do lo mite (Ca2) bound ary that is char ac ter ized by subaerial ex -
po sure and karstification of the A1g plat form and the plat form
mar gin dur ing sea level lowstand (e.g., Peryt, 1992; Leyrer et
al., 1999). A strati graphic bound ary on top of the first Zechstein
cy cle evaporites does rep re sent a sig nif i cant time gap and con -
se quently, Leyrer et al. (1999) pro posed that the base of the
Ca2 is bounded by a se quence bound ary (ZSB3; cf. Stro -
hmenger et al., 1996a). Peryt and Wag ner (1998) ad mit ted that
al though in fact the A1g/Ca2 bound ary can be treated as a se -
quence bound ary cov ered by ev i dent TST de pos its (e.g., Peryt, 
1992), it should rather be re garded as a re sult of lower or der
sea level os cil la tions anal o gous to those rec og nized later dur -
ing Ca2 de po si tion (e.g., Peryt and Dyjaczynski, 1991; Peryt
and Scholle, 1996; Strohmenger and Strauss, 1996; Strohmen -
ger et al., 1996a; Piske et al., 2020). In the pe riph eral part of the
ba sin the Zechstein Lime stone de pos its are over lain by the dis -
tinc tive Anhydrite Brec cia – a TST sed i ments cov ered by mas -
sive an hyd rites rep re sent ing HST de pos its (Peryt et al., 1996a;
Peryt and Wag ner, 1998).
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Leyrer et al. (1999) placed the next se quence bound ary at
the bound ary be tween the sabkha and sa lina de pos its of the
Basal Anhydrite (A2) as it is as sumed that the transgressive
sur face of Zechstein se quence ZS4 marks the change from
car bon ate to evaporitic sed i men ta tion (sa lina-type an hyd rites;
Leyrer et al., 1999). In turn, Strohmenger and Strauss (1996)
and Strohmenger et al. (1996a) and then Peryt and Wag ner
(1998) placed the se quence bound ary in places of rapid tran si -
tions from sub- to peritidal fa cies which is quite fre quently re -
corded on slopes of the Ca2 car bon ate plat forms. 

In the west ern part of the Peribaltic Syneclise the Ca2 de pos -
its are cov ered by re-crys tal lized lam i nated sulphates in dic a tive
of a de po si tion in a sa lina en vi ron ment (Peryt et al., 1985), how -
ever, lo cal cryptalgal de pos its in the up per most part of Ca2 in di -

cat ing an intertidal en vi ron ment im ply a sea level fall at the end of
Ca2 de po si tion fol lowed by a sea level rise at the be gin ning of the 
A2 de po si tion (Peryt, 1986a). The top most part of the Ca2 se -
quence was eroded on most parts of the car bon ate plat form prior 
to the de po si tion of the Platy Do lo mite (Ca3), and is pre served
only in the outer part of the car bon ate plat form, where peloidal
packstones and rare ooid grainstones top the se quence (Peryt,
1986a). When the Ca3 over lies the Ca2, only one car bon ate unit
oc curs above the PZ1. Such a unit can rep re sent ei ther (1) partly
Ca2 and partly Ca3, as in the area along the Bal tic Sea coast be -
tween Dębki in the west and Władysławowo in the east, or (2)
Ca3, as in the lon gi tu di nal zone in clud ing bore holes Bytów IG 1
and Lębork IG 1 and fur ther west, or (3) Ca2 when the Ca3 is
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T a  b l e  1

Zechstein lithostratigraphy and se quence stra tig ra phy in the Pol ish Ba sin af ter
Wag ner and Peryt (1997) and Peryt (2010)

GB – Ger man Ba sin (se quence stra tig ra phy af ter Strohmenger et al., 1996b); the
Changhsingian-Wuchiapingian bound ary is put in the mid dle of the PZ3 cy cles af ter
Szurlies (2020); pre vi ously it was re garded as equiv a lent to the Z2/Z3 bound ary; HST –
highstand sys tems tract, LST – lowstand sys tems tract, mfs – max i mum flood ing sur face,
TST – transgressive sys tems tract
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eroded as is ob served along the Bal tic Sea coast west of Dębki
to Łeba (cf. Peryt, 1986a).

The fauna oc cur ring in the Zechstein car bon ate de pos its of
the EEC makes it pos si ble to dis tin guish be tween the Zechstein 
Lime stone and the youn ger car bon ate strata, but cer tainly not
be tween the Ca2 and the Ca3 (Woźny, 1976; Karczewski,
1986; Woszczyńska, 1987). Karczewski (1986: ta ble 1) in di -
cated that in the west ern part of the Peribaltic Syneclise the
com po si tion of the bi valve as sem blages in the Ca2 and the Ca3 
are ba si cally the same al though par tic u lar spe cies oc cur more
com monly in the Ca2. The most com mon spe cies, Liebea
squamosa (Sowerby), was re corded in 23 bore holes in the case 
of Ca2 and in 19 bore holes in the Ca3, Schizodus schlotheimi
(Geinitz) and Schizodus obscurus (Sowerby) in 20 bore holes in
the Ca2 and in ei ther 12 or 6 bore holes in the Ca3, and
Permophorus costatus (Brown) in 14 bore holes in the Ca2 and
5 bore holes in the Ca3 (Karczewski, 1986). 

There fore, the fa cies mod els for the Zechstein that have
been pre vi ously de vel oped in the west ern part of the Peribal tic
Syneclise aug mented by a se quence strati graphic ap proach
seem to be the best tool to ap ply in other pe riph eral ar eas in the
EEC area.

MATERIAL

Car bon ate and sul phate de pos its have been in ves ti gated in 
107 bore holes in the west ern part of the Peribaltic Syneclise
(Ap pen dix 1*). With some ex cep tions these were fully cored in
the Zechstein in ter val al though the core re cov ery in the Ca3
was gen er ally mod er ate (see Gąsiewicz and Peryt, 1989b). Of
these, 53 bore hole sec tions with the Ca2 (Peryt, 1986a) and 38
bore hole sec tions with the Ca3 de pos its (Gąsiewicz and Peryt,
1989b; Gąsiewicz, 1990a, b; Peryt et al., 1992), have been
stud ied in de tail. 

In the cen tral and east ern parts of the Peribaltic Syneclise, 8 
bore holes drilled by the (Pol ish) Geo log i cal In sti tute and 1 Pol -
ish Oil and Gas Com pany (POGC) bore hole were sedi mento -
logically and pet ro log i cally ex am ined. Their lo ca tion is shown in
Fig ure 2. In the Podlasie De pres sion, 12 bore holes (whose lo -
ca tion is shown in Fig. 2) have been stud ied. In ad di tion, the
Zechstein car bon ate and sul phate de pos its have been
sedimentologically and pet ro log i cally stud ied in a num ber of
bore holes (see Fig. 2 for lo ca tion) in the area ad ja cent to the
TTZ (Fig. 2). 

The Zechstein sec tions in the bore holes lo cated in the east -
ern and cen tral parts of the Peribaltic Syneclise, Podlasie De -
pres sion and the area ad ja cent to the TTZ have been ear lier
stud ied, and in a ma jor ity of cases pub lished, in the se ries “Pro -
file głebokich otworów wiertniczych (Państwowego) Instytutu
Geologicznego” (Ta ble 2). The Zechstein car bon ate de pos its in 
many of those bore holes were sub ject to pet ro graph i cal study
[Czajor 1972; Czajor and Wag ner, 1974; Piekarska and
Kwiatko wski, 1975; and nu mer ous pub li ca tions in the se ries
“Pro file głebokich otworów wiertniczych (Państwowego) Insty -
tutu Geologicznego” – Ta ble 2]. Peryt and Czapowski (1988)
char ac ter ized the up per Zechstein car bon ate unit in the Kętrzyn 
IG 2 bore hole and sub se quently, its up per part (also in the
Barciany 4 bore hole) was stud ied in de tail by Gąsiewicz and
Peryt (1989a), and Peryt (1990a) stud ied petro graphi cally the
up per Zechstein car bon ate unit in the Podlasie De pres sion.

Peryt (1992) pub lished re sults of the Ca2 study in the Płońsk IG
2 bore hole. 

The depth in ter vals and the thick ness of par tic u lar
Zechstein units in many bore holes that will be dis cussed in de -
tail fur ther in this pa per, of ten dif fer even in the pub li ca tions
(co)authored by par tic u lar au thors. For ex am ple, the thick ness
of the PZ1, PZ2 and PZ3 de pos its in the Wyszków IG 1 bore -
hole is, re spec tively, 24.5, 34.5 and 13.0 m ac cord ing to Czajor
and Wag ner (1974) and 31.0, 27.5 and 13.5 m af ter Wag ner
(2007a), and in the Żebrak IG 1 bore hole the thick ness of the
PZ1 strata is ei ther 58.0 m (Pawłowska, 1968) or 49.1 m
(Czajor and Wag ner, 1974). Those dif fer ences are partly due to
var i ous strati graphi cal con cepts and dif fer ent cal cu la tion meth -
ods ap plied in the case of a poor core re cov ery.

RESULTS AND INTERPRETATION

Re sults of ex am i na tion and data in ter pre ta tion of the bore -
holes stud ied are pre sented for three ar eas of the Pol ish East
Eu ro pean Craton: wes tern most part of the Peribaltic Syne clise,
east ern part of the Peribal tic Syneclise and the Podlasie De -
pres sion. For the char ac ter iza tion of each area, sev eral key
bore holes have been se lected based on the ex ist ing con tro ver -
sies re gard ing their stra tig ra phy and/or palaeo geo graphi cal lo -
ca tion. 

WESTERN PART 
OF THE PERIBALTIC SYNECLISE

The Zechstein se quence in the west ern part of the Peribal tic 
Syneclise con sists, in gen eral terms, of three parts: 

– car bon ate plat form of the Zechstein Lime stone (Ca1) oc cur -
ring only in the north-wes tern most cor ner of the study area
and pass ing into ba sin fa cies dom i nant in the most part of
the area (Peryt et al., 1992); 

– the PZ1 evaporite plat form sys tem com posed of sul phate
plat forms and ad ja cent ba sin sys tem (Czapowski, 1983,
1987, 1998; Peryt et al., 1992; Peryt, 1994) and con sti tut ing
the ma jor part of the Zechstein se quence;

– the A1g–PZ3 cover (Fig. 3).
The dis tri bu tion pat tern of the Ca2 fa cies es tab lished in the

east ern part of the Łeba El e va tion is char ac ter ized by a ba sin
mar gin se quence de pos ited on a rel a tively uni form and gen tle
slope of a homoclinal ramp (Read, 1985) which has mod ern
coun ter parts in the Per sian Gulf and Shark Bay, Aus tra lia
(Peryt, 1986a). Ar gil la ceous wackestones/mudstones con tain -
ing whole fos sils char ac ter is tic of the deeper ramp are pass ing
shoreward to peloidal and peloidal-bioclastic and lump de pos its 
(pos si bly rep re sent ing la goonal fa cies), and then to a fring ing
oolite flat fa cies and a tidal-flat com plex of the coastal oolitic
bar rier sys tem (see Peryt, 1986a). The lat ter was ad ja cent to
the sabkha fa cies re corded in the vi cin ity of Łeba town where
two car bon ate units pre dom i nantly con sist ing of intertidal de -
pos its are sep a rated by a sul phate unit rep re sent ing a sabkha
en vi ron ment (see Peryt, 1986a: fig. 4). South of the Łeba VI
bore hole where the shift of car bon ate de po si tion was re corded,
in the Białogarda IG 1 and Lębork IG 1 bore holes only sulpha -
tes were de pos ited dur ing the Ca2 time (Peryt, 1986a). Wag ner
(2015) con sid ered that these sulphates rep re sent “ex tremely
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shal low-wa ter” lithofacies called coastal anhydrite – a fa cies an -
a logue of the Ca2 and A2 (Wag ner et al., 1978c: fig. 1). 

The Ca3 de pos its oc cur in much wider area than the Ca2
de pos its do (Peryt et al., 1992; Wag ner, 2015). Wag ner (2015)
con cluded that the Pom er a nian Pen in sula was mostly in un -
dated by the trans gress ing sea of the Ca3. In ad di tion, the
palaeo geo graphi cal pat terns of both car bon ate units were dif -
fer ent. Dur ing the Ca2 the coastal oolitic bar rier sys tem oc cur -
ring along the Bal tic Sea shore east of Łeba and then, south of
Łeba, show ing a roughly lon gi tu di nal di rec tion, was grad u ally
pass ing into the open ba sin fa cies (see Peryt, 1986a). Dur ing
the Ca3 de po si tion, open ba sin fa cies was sep a rated from a
wide re stricted plat form zone by a nar row zone of arched plat -
form edge (run ning from the Jastarnia IG 1 bore hole – Peryt et
al., 1978: p. 13–14, through Mechelinki – Gąsiewicz, 1985 and
Wejherowo and the fur ther to wards the north-west) where ooid

sands oc curred (Peryt, 1983; Gąsiewicz, 1985, 1990a; Gąsie -
wicz and Peryt, 1989b). In the south ern part of plat form lamino -
ids are ac com pa nied by rel a tively rare bioclastic in ter ca la tions,
and in its north ern part, north of the Werblinia IG 1 bore hole, the 
bioclastic and muddy in ter ca la tions are com mon and the
lamino ids are poorly de vel oped (Gąsiewicz et al., 1987; Gąsie -
wicz and Peryt, 1989b; Gąsiewicz, 1990a, b). 

Fa cies and se quence strati graphic cor re la tion and in ter pre -
ta tion of the PZ2-PZ3 strata in the west ern part of the Peribaltic
Syneclise along a transect A of Peryt and Wag ner (1998) shows 
that (1) the most part of the Zechstein se quence are lowstand
sys tems tracts (LST) de pos its and (2) wedge- shape pile of
TST+HST de pos its of the Zechstein se quence 3 is shifted
basinward re gard ing the same pile of Zechstein se quence 2 (cf. 
Fig. 3B). On the other hand, there is a con sen sus, as far as the
west ern part of the Peribaltic Syneclise is con cerned (cf. Peryt
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Fig. 2A – subcrop map of the sub-Perm ian-Me so zoic un -
con formity of the East Eu ro pean Craton in Po land (sim pli -
fied af ter Waksmundzka, 2010) show ing the limit of
oc cur rence of Zechstein de pos its (white bro ken line; af ter
Czajor and Wag ner, 1974; Peryt, 1989, 1990a) and the lo ca -
tion of bore holes re ferred to in this pa per; yel low frame
shows the area shown in B; B – en large ment of a frag ment
of A show ing the area where >90% of bore holes listed in
Ap pen dix 1 were drilled

https://gq.pgi.gov.pl/rt/suppFiles/32994/


et al., 1992; Wag ner, 2015), that the Ca3 plat form is wider than
the Ca2 plat form (see Peryt, 1986a; Gąsiewicz and Peryt, 1989
for de tails). In ad di tion, be cause the palaeo geo graphi cal pat -
terns of the Ca2 and Ca3 are in fact di ver gent – fa cies zones of
the Ca2 are con trolled to some ex tent by the Pom er a nian Pen -
in sula and in the Ca3 they are oblique against it – the car bon ate
unit oc cur ring above the PZ1 cy cle can rep re sent the Ca3 as in
the case of the Ustka IGH1 (Fig. 4), Lębork IG 1 and Bytów IG 1
bore holes (Figs. 5 and 6).

The Ustka IGH1 bore hole is lo cated be tween the Łeba
Geo3 and Łeba Geo4 bore holes that were char ac ter ized by

Szaniawski (1970) who sup posed that the Zechstein strata in
the area rep re sent only the PZ1 cy cle. In the bore hole, the Ca1
is over lain by sul phate-siliciclastic de pos its in cluded by Wag ner
(2008b) to an un spec i fied PZ1 Anhydrite. In the up per part of
the sul phate-siliciclastic com plex a 70 cm thick do lo mite in ter -
ca la tion oc curs (Fig. 4). It con sists of do lo mite-sul phate laminite 
of sabkha type ac com pa nied by pos si bly pedogenic car bon ates 
(Fig. 4B) sim i lar to those oc cur ring at the top of the Ca1 (Fig.
4C) and laminoids (Fig. 4A). The sul phate-siliciclastic strata be -
low the do lo mite are re garded as the A1g (Peryt et al., 1992) –
fa cies zone 1 sensu Peryt (1990b). The 70 cm thick do lo mite
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T a  b l e  2

Pub li ca tions re port ing the pre vi ous re search on the Zechstein in PGI bore holes lo cated in the East Eu ro pean Craton

Au thor Pub lished in Sub ject

E. Czajor Modliński (1974), Areń (1978) pe trog ra phy of car bon ate rocks

K. Pawłowska Krasowska (1973), Lendzion (1975) li thol ogy and stra tig ra phy

L. Piątkowska Modliński (1982) pe trog ra phy of car bon ate rocks

T. Piątkowski Dembowska and Marek (1988), Modliński (1989) pe trog ra phy of car bon ate rocks

R. Wag ner

Krasowska (1973, 1977), Areń (1974, 1975, 1978) Modliński (1974, 1975, 1977, 1982,
1989, 2007, 2011), Lendzion (1975), Witkowski (1976, 1986), Tomczyk (1977),
Dembowska and Marek (1988), Podhalańska (2007, 2008, 2011, 2012, 2014),

Leszczyński (2011, 2019); Podhalańska and Sikorska-Jaworowska (2015, 2018),
Waksmundzka and Wójcik (2019)

li thol ogy and stra tig ra phy

M. Wichrowska Leszczyński (2011), Matyja (2011), Modliński (2011), 
Podhalańska (2011, 2012, 2014), Podhalańska and Sikorska-Jaworowska (2015, 2018)

pe trog ra phy of car bon ate rocks

Fig. 3. Cross-sec tions show ing Zechstein strata along the lines shown in Fig ure 2

The ref er ence level is the top of PZ3 de pos its 
(ex cept of Łeba Geo6 where youn ger than A1g strata are lack ing)
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619.4

683.8

clayey gypsum

recrystallized conglomeratic 
gypsum

red claystone

recrystallized gypsum

stromatolitic dolomite with up-
ward-increasing gypsum content

conglomeratic gypsum

red claystone with upward-
-increasing gypsum content

clayey gypsum

gypsum

anhydrite with green claystone 
inserts

gypsiferous claystone

gypsiferous claystone

gypsiferous claystone

gypsiferous claystone

clayey gypsum

clayey gypsum

clayey gypsum

anhydrite with irregular laminae 
of green and brown claystone

red claystone with 2-5 cm-thick 
gypsum intercallations

green anhydritic claystone 

recrystallized peloidal dolomite 

recrystallized anhydrite

recrystallized anhydrite, 
conglomeratic

anhydrite with dolomite incrust-
ation and laminae of green 
                            claystone

5 m

C

A

fine peloidal dolomite with 
bivalves

green gypsiferous claystone

recrystallized dolomite: ooidal, 
rarely bioclastic, very rare 
peloidal

recrystallized grainy dolomite

recrystallized limestone, dolo-
mitic limestone and dolomite

brown claystone

brown claystone

gypsum

brown claystone with gypsum 
intercalations
brown claystone

623.4

624.1

637.7

B

no core

B

A

C

Fig. 4. The Zechstein sec tion of the Ustka IGH1 bore hole

A – biolaminoidal do lo mite with abun dant fenestrae in the up per part; B – calichefied gran u lar do lo mite; ir reg u larly bent and branch ing voids
filled with anhydrite (pedotubules – yel low ar rows) pos si bly cor re spond ing to de cayed root sys tem and fine small des ic ca tion cracks (green
ar rows); C – recrystallized peloidal do lo mite show ing subhorizontal and subvertical cracks, pos si ble circumgranular cracks (yel low ar rows),
and gran u lar tex ture (par tic u larly well seen in the up per part of the photo) – pos si bly calichefied de posit. The car bon ate de pos its in the depth
in ter val 637.7–683.8 m rep re sent the Zechstein Lime stone, the strati graphic po si tion of the over ly ing strata is sub ject to dis cus sion (see the
text); the scale bar is 1 mm



was first as sumed to be the Ca2 (Peryt, 1986a) and then the
Ca3 (Peryt et al., 1992), and the lat ter in ter pre ta tion is ac -
cepted. The anhydrite above this do lo mite would rep re sent the
Main Anhydrite (A3). 

In ter pre ta tions of stra tig ra phy in the Lębork IG 1 and Bytów
IG 1 bore holes dif fer al though they mostly re fer to the up per
part of the sec tions, above the Old est Ha lite (Na1), ex cept of
the con cept pre sented by Poborski (1961a, b, 1968, 1975) (Fig. 
5; see a re view by Wag ner, 1977). Wag ner (1977) dis tin -
guished the PZ2 cy cle de vel oped in the en tirely sul phate fa cies
based on the ex is tence of lat eral tran si tion of Ca2 de pos its into
the sul phate de pos its (Pokorski and Wag ner, 1975) and the
con tin ual sed i men ta tion be tween the A1g and PZ2 in clud ing
the lack of ero sion. Then, how ever, Peryt (1990b) in di cated that 
in the Peribaltic Syneclise prior to the on set of the Ca2 de po si -
tion, the PZ1 evaporite plat form with the A1g cover, be came ex -
posed and sub ject to karstification as in di cated by the oc cur -
rence of fill ing of cav i ties in the anhydrite by green-col oured
clay-dolomitic ma te rial (cf. Peryt, 1986b). In the Lębork IG 1
above the karstified A1g de pos its the Ca3 oc curs (Fig. 6; Peryt,
2015). In the bore hole Bytów IG 1 karstified strata of the A1g
are over lain by recrystallized anhydrite (0.9 m thick) and nod u -
lar anhydrite (1.1 m thick). These de pos its – cov ered by the
Ca3 – are in cluded into the PZ2 cy cle (Figs. 5 and 6). Fur ther to
the north, in the Białogarda IG 1 the A1g is over lain by red clay -
stone (0.25 m thick) that in turn is cov ered by nod u lar anhydrite
(Fig. 6; Peryt et al., 1992). 

EASTERN PART 
OF THE PERIBALTIC SYNECLISE

There are only 17 bore holes east of the Bartoszyce me rid -
ian, and only 2 of them: Gołdap IG 1 and Kętrzyn IG 2 are lo -
cated in more mar ginal part of the ba sin. The Bartoszyce IG 1
sec tion it self is char ac ter ized by the oc cur rence of the basinal

fa cies of the PZ2 and PZ3 cy cles: the Ca2 (5.2 m thick) is fol -
lowed by the PZ2 evaporites (in clud ing the Older Ha lite) with a
to tal thick ness of 22 m, and the Ca3 (5.5 m) is over lain by the
A3 (18.5 m) (Wag ner, 1974). The Youn ger Ha lite (Na3) de pos -
its are known to oc cur some 25 km SW of the Bartoszyce IG 1
bore hole and then fur ther to the west (Peryt, 1989). In turn, the
PZ1 cy cle con sist ing of the T1 (1.0 m), Ca1 (46.0 m), A1d
(75.7 m), and A1g (5.1 m) have orig i nated at the slope of the
Ca1 car bon ate plat form (Wag ner, 1974).

East of the Bartoszyce IG 1 bore hole, the Barciany re gion is
sub ject to di verse in ter pre ta tions (see dis cus sion in Gąsiewicz
and Peryt, 1989a). The case of the Gołdap IG 1 bore hole sec -
tion is a re mark able ex am ple of var ied strati graphi cal in ter pre ta -
tions (Fig. 7). Each of those in ter pre ta tions had its strong and
weak points, and each had im por tant im pli ca tions for palaeo -
geo graphi cal re con struc tions. 

An up per part of the lower car bon ate com plex as signed by
Orska (1962) and Pawłowska (1968) to the Ca2 and by other
au thors to the up per part of the Ca1 con sists of recrystallized
dolomites that show the for mer pres ence of fine spher i cal or
subspherical grains (0.2 mm or less) (Fig. 8E). These grains
have been dis solved and only the ce ment (and pos si bly ma trix)
was left be hind, and the pores were then filled by anhydritic ce -
ment (Fig. 8E). The shells of prob a bly bi valves ac com pa ny ing
the dis solved spher i cal or subspherical grains were not sub ject
to dis so lu tion what sug gest a dif fer ent pri mary min er al ogy. Be -
low this part of the sec tion, calcitic dolomites oc cur that are
mostly com posed of millimetric coated grains show ing mostly a
grainstone tex ture (Fig. 8F). 

Wag ner (1974) and Czajor (1974) re ported a grad ual tran si -
tion from the “oncolitic” do lo mite (shown in Fig. 8E) into a mas -
sive anhydrite (5.2 m thick) that was in cluded by them in the
A1d but con sid er ing the replacive and displacive na ture of
anhydrite in the high est part of the dis cussed car bon ate unit
such a tran si tion does not im ply a con tin ual de po si tion. There is
no doubt that the car bon ate de po si tion was fol lowed by me te -
oric diagenesis re lated to the subaerial ex po sure of the car bon -
ate plat form of the Ca1 both dur ing the fi nal stages of the Ca1
and af ter (cf. Clark, 1980). As al ready con cluded by Czajor
(1972), the sea level fall lead ing to the basinward mi gra tion of
the coast line al ready oc curred dur ing the Ca1 de po si tion. There 
is a con sen sus that in the Zechstein Ba sin the mar ginal car bon -
ate plat forms of the Zechstein Lime stone (and its equiv a lents)
be came subaerially ex posed af ter the sea level fall due to the
evaporite drawdown (e.g., Smith, 1979; Peryt, 1984; Tucker,
1991; Becker and Bechstädt, 2006; Peryt et al., 2010). They
could be come the place of de po si tion only af ter the sea wa -
ter/brine level was high enough again which of ten oc curred af ter 
the trans gres sion re lated to the se quence bound ary at the base
of the ZS3; cf. Ta ble 1). There fore, there is no rea son to as -
sume the pres ence of A1d in the Gołdap IG 1 as well as in other
bore holes in sim i lar palaeo geo graphi cal lo ca tion. The anhydrite 
over ly ing the Zechstein Lime stone is hence in cluded into the
A1g (Fig. 7). To the A1g be long also the over ly ing interbedded
mudstone and anhydrite (Peryt, 1990b). In the up per part of the
unit, in the dolomitic in serts pos si bly re lated to the subaerial
diagenesis of sul phate de pos its, cal ci fied fil a ments are com -
mon (Fig. 8D). 

Above the A1g, the 3.5 m thick do lo mite unit oc curs that was 
re garded as the Ca3 or Ca2 (Fig. 7). It con sists of bio laminoidal
do lo mite with abun dant fenestrae and cal ci fied fil a ments (Fig.
8A) and the de pos its show ing weakly de vel oped lam i na tion
con sist ing of thicker and muddy laminae, pos si bly biolaminoid,
al ter nated with or ganic laminae (Fig. 8B); in ad di tion, rare
dolomitized al gal boundstone oc cur in the lower part (Fig. 8C;
cf. Czajor, 1974). 
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Fig. 5. De vel op ment of ideas on stra tig ra phy of the up per part
of the Zechstein de pos its in the Bytów IG 1 bore hole

Cur rent ab bre vi a tions of par tic u lar mem bers as shown in Ta ble 1
are used for the pre sen ta tion of con cepts of var i ous au thors 

https://gq.pgi.gov.pl/article/view/13002/11458
https://gq.pgi.gov.pl/article/view/13002/11458


In the Kętrzyn IG 2 bore hole, 15.1 m thick dolomites show -
ing ooid packstone and grainstone tex tures, partly recry -
stallized and, in their up per part, oomouldic, are cov ered by
1.5 m thick do lo mite con tain ing large ad mix ture of non-car -
bon ate grains (Peryt and Czapowski, 1988). Czajor (1972) in -
di cated, in this part of the sec tion, a con cen tra tion of heavy
min er als char ac ter ized by the high est den sity what was in ter -

preted as a proof for beach zone (Czajor and Wag ner, 1974).
This car bon ate se quence rep re sent ing the Ca1 (Fig. 7) is cov -
ered by 3.5 m thick com plex of sandy mudstones and sand -
stones of arkosic com po si tion (Czajor and Wag ner, 1974).
The siliciclastic com plex was char ac ter ized by Czapowski (in
Peryt and Czapowski, 1988) and in ter preted as de pos ited in a
la goonal en vi ron ment pass ing up ward into a nearshore en vi -
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Fig. 6. The li thol ogy of the Up per Anhydrite and PZ2 de pos its
in the Bytów IG 1

Lębork IG 1 and Białogarda IG 1 bore holes

https://gq.pgi.gov.pl/article/view/13002/11458


ron ment. Then, 1.5 m thick recrystallized anhydrite oc curs.
The siliciclastic com plex and the over ly ing anhydrite bed were
in cluded into the A1g by Peryt and Czapowski (1988) based
on anal ogy with the de vel op ment of the A1g in the Puck Bay
re gion (Peryt, 1990b), and the transgressive na ture of the A1g
(Peryt and Czapowski, 1988). Fi nally, a con cept of such a na -
ture of A1g was ac cepted by Wag ner (2014b). 

Peryt and Czapowski (1988) con cluded that the 30 cm thick
anhydrite bed oc cur ring in the lower part of the up per car bon ate
com plex (ly ing above the A1g) shows pseudo morphs af ter up -
right-growth gyp sum crys tals in di cat ing sa lina en vi ron ment, is
the A2, and thus the over ly ing car bon ate strata rep re sent the
Ca3 what have been pre vi ously ac cepted by Stolarczyk (1972)
and Czajor and Wag ner (1974). Then, how ever, Wag ner
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Fig. 7. De vel op ment of ideas on stra tig ra phy of Zechstein de pos its in the Gołdap IG 1 
and Kętrzyn IG 2 bore holes (cur rent ab bre vi a tions of par tic u lar mem bers as shown 

in Ta ble 1 are used for the pre sen ta tion of con cepts of var i ous au thors

The en tire Zechstein was cored, and the black bar right of strati graphic col umn shows the al most full
core re cov ery (oth er wise core re cov ery was poor in the Kętrzyn IG 2 bore hole)

https://gq.pgi.gov.pl/article/view/13043/11501
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Fig. 8. Microfacies of the Zechstein car bon ate rocks in Gołdap IG 1 (A–F; see the lo ca tion of sam ples in Fig. 7) and Olsztyn IG 1 
(Platy Do lo mite: G – 1891.6 m, H – 1892.1 m and Main Do lo mite: I – 1912.2 m, K – 1913.6 m)

A – biolaminoidal do lo mite with abun dant fenestrae and cal ci fied fil a ments in the mid dle part; B – weakly de vel oped lam i na tion con sist ing of
thicker and muddy laminae, pos si bly biolaminoid, al ter nated with or ganic laminae; C – dolomitized al gal boundstone; D – cal ci fied fil a ments,
each of coat ing of micrite; E – fine oomoldic packstone, with po ros ity oc cluded by anhydrite; F – recrystallized pisolitic grainstone com posed
of large, ir reg u larly-coated com pos ite grains, with an over-packed tex ture due to vadose com pac tion (ar rows); G – recrystallized mudstone-
 wackestone with thin bi valve shells (ar rows) and streaks of or ganic mat ter; H – recrystallized wackestone with clasts of mudstone (ar rows); I
– recrystallized peloidal-bioclastic do lo mite with abun dant thin-shelled bi valves; J – recrystallized oolitic do lo mite; the scale bar is 1 mm



(1978b, 2014b) as sumed that sim i lar anhydrite in ter ca la tions
are com mon in the basal part of the Ca2 and thus its strati -
graphic im por tance in the Kętrzyn IG 2 bore hole is ques tion -
able. On the other hand, in his de scrip tion of the Kętrzyn IG 2
bore hole, Wag ner (2014a) stresses that the con tact of anhy -
drite in ter ca la tion with the un der ly ing do lo mite is “clearly ero -
sional” (Wag ner, 2014a: p. 73).

Gąsiewicz and Peryt (1989a) put the Ca2-Ca3 bound ary
within the part of the Zechstein sec tion in cluded by Wag ner (in
Depowski, 1978) to the Ca2. Wag ner (2014b) raised the point
that in the sec tion a break in sed i men ta tion should be ob served
and in the core of 100% re cov ery, no proof of such a break ex -
ists (al though his core de scrip tion states, as noted above, ero -
sional na ture of anhydrite-do lo mite bound ary). 

The Ca3 sec tion was char ac ter ized by Gąsiewicz and Peryt
(1989a) and Wichrowska (2014), al though the lat ter au thor ac -
cepted the strati graphi cal con cept of Wag ner (2014a) and
hence it is re garded by her as the Ca2. At the bot tom of the unit,
recrystallized ooidal-bioclastic grainstone (Fig. 9E) fol lowed by
recrystallized bioclastic-peloidal wackestone-packstone (ostra -
cod shell in the up per left cor ner of Fig. 9D) oc cur. Then a com -
plex of mostly biolaminoids with in ter ca la tions of mud stones
and bioclastic wackestones (thin-shelled bi valves, foraminifers) 
(Fig. 9C). The top of the unit con sists of recrystallized ooidal
grainstone with com mon com pos ite grains (Fig. 9A, B). 

The Ca3 in the cen tral part of the Peribaltic Bay shows a dif -
fer ent de vel op ment (cf. Figs. 8G, H and 9H, I).

PODLASIE DEPRESSION

The Zechstein Sea in the area of the Podlasie De pres sion
ex tended up to wes tern most Belarus where the car bon ate
rocks (up to 40 m thick) of the Kamenetsk Suite oc cur
(Golubtsov and Monkevich, 2001). Its lower part con tains abun -
dant fos sils: brachi o pods (among oth ers Horridonia ex gr.
horrida), pelecypods, cri noids, cor als, bryo zoans, ostracods,
foraminifers (Nodosaria, Dentalina, Geinitzina) and flora re -
mains, and the up per part, oc ca sion ally oolitic and con tain ing
rare in ter ca la tions of marls and clays, con tains rare pelecypods
(Schizodus, Pseudobakewellia) and abun dant flora (Golubtsov, 
1961). Very sim i lar char ac ter is tics are shown by the 31 m thick
cal car e ous-dolomitic strata with abun dant fos sils in the Mielnik
IG 1 bore hole that are in cluded into the Ca1 (Pawłowska,
1968). They are over lain by the 9.5 m thick marly-mudstone se -
ries with in ter ca la tions of bar ren car bon ates that were re garded
as the PZ2 de pos its by Pawłowska (1968). 

To wards the west the in ven tory of strati graphi cal units in -
creases and near the con nec tion with the main ba sin the
PZ1–PZ3 se quence is com plete in the Nadarzyn IG 1 bore hole
(Wag ner, 1983). East, NE and SW of the bore hole, the to tal
thick ness of the Zechstein and of the par tic u lar cy cles de crease 
(Fig. 10), and in par tic u lar the evaporite mem bers grad u ally dis -
ap pear (Czajor and Wag ner, 1974; Wag ner, 1983). For ex am -
ple, the Na1 is 159.0 m thick in the Warszawa IG 1 bore hole
and ~20 m thick in the Polaki 1 bore hole (Czajor and Wag ner,
1974: fig. 43). As al ready con cluded by Czajor and Wag ner
(1974), the Na1 fills the ear lier ex ist ing de pres sions in the ba sin
and the A1g was de pos ited al most in de pend ent of the ear lier
fa cies zones.

In the Nadarzyn IG 1 bore hole, the Ca2 (8.3 m thick) are
thin peloidal-intraclast-bioclastic wackestones and packstones
(2.3 m) over lain by a 1.8 m thick se ries of co lum nar stromato -
lites fol lowed by bed ded clayey bi valve and gas tro pod wacke -
stones (4.2 m) (Piątkowski, 1988). It is fol lowed by the A2 (first
recrystallized anhydrite with pseudo morphs and pores af ter up -

right-growth gyp sum crys tals, then lam i nated anhydrite), the
Older Ha lite (Na2) and the Screen ing Anhydrite (A2r); the to tal
thick ness of the PZ2 is 99 m (Wag ner, 1983). The T3 (0.7 m)
con sists of dolomitic mudstones and sand stones con tain ing
clasts of claystones and mudstones. It is fol lowed by the Ca3
(2.9 m) that con tains peloidal packstones (10 cm) at the base
fol lowed by bed ded mudstones (30 cm) and bryo zoan-bi valve
packstones (in clud ing 10 cm thick co quina – 1.55 m). The pack -
stones are over lain by bed ded mudstones (1.15 m) that near
the bound ary with the A3 be come clayey and con tain rare bi -
valves (Piątkowski, 1988). The Ca3 is over lain by the A3
(26.7 m) – anhydrite with mm-cm pores, pre sum ably af ter ha lite
crys tals. The to tal thick ness of PZ3 de pos its is 30.3 m (Wag ner, 
1983).

In the Okuniew IG 1, the thick ness of PZ2 de pos its de -
creases to 26.0 m (al though the thick ness of Ca2 re mains the
same as in the Nadarzyn IG 1 bore hole), and the thick ness of
the PZ3 is al most the same as in the Nadarzyn IG 1 (T3: 1.0 m;
Ca3: 3.5 m; A3: 28.5 m; in to tal: 33.0 m – Wag ner, 2008b).
Then, to wards the north (Wyszków IG 1) and the south (Wilga
IG 1), PZ2 and PZ3 evaporites dis ap pear and above the PZ1
de pos its only one ba si cally car bon ate com plex (al beit with
siliciclastic in ter ca la tions) oc curs (Fig. 11). 

The Ca2 de pos its in the Wilga IG 1 bore hole are 33.5 m
thick and con sist of mudstones and wackestones (10.2 m) over -
lain by peloidal (mi cro bial?) recrystallized do lo mite (9.1 m), then 
bioclastic wackestones with bi valves, foraminifers and ostra -
cods (4.2 m) with two 10–20 cm thick in ter ca la tions of oncolites
(1–3 mm across), and 10 m thick oncoid grainstones (Fig. 12A,
B) with com mon pos si bly mi cro bial laminae and rare bi valve
shells that are cha ot i cally ar ranged (Wag ner, 2019). Then, a
1.5 m thick quartz mudstone with com mon clasts (up to 5 mm
across) of the T3 oc curs. It is fol lowed by 3.5 m thick bioclastic
wackestones-grainstones (Fig. 12D, E) with two in ter ca la tions
(30–40 cm thick) of dolomitic mudstones; in the top extraclasts
(fine clasts of claystone) ap pear (Fig. 12F). Bi valves and gas -
tro pods quite of ten form coquinas, and in ad di tion en crust ing
bryo zoans oc cur. Wag ner (2019) in ter preted the Ca3 de pos its
as formed in a shal low la goon and con sid ered that the micro -
facies and a small thick ness of the Ca3 as the proof of a smaller
ex tent of the Ca3 than the Ca2 along the Potycz 1–Wilga IG 1–
Izdebna IG 1 line. 

In the Wyszków IG 1 bore hole, above the peloidal-ooidal
grainstones of the Ca2 (Fig. 12C) recrystallized do lo mite with fil -
a ments (Fig. 12I) of mi cro bial or i gin oc cur. They are ac com pa -
nied by en crust ing foraminifers (Fig. 12H) and bi valves. At the
top ooidal grainstones oc cur (Fig. 12G).

In sev eral bore holes (in clud ing Wyszków IG 1, Tłuszcz IG 1
and Łochów IG 1) above the Ca1, mudstone with laminae of
sand stone oc curs with com mon do lo mite clasts de rived from
the Ca1. This se ries in the Tłuszcz IG 1 bore hole was in cluded
into the PZ2 de tri tal de posit (Pawłowska, 1968; Wag ner, 1971),
and sub se quently to the T1r (Wag ner, 1974) and the A1g
(Peryt, 1990b; Fig. 11). The over ly ing car bon ate com plex was
re garded by Pawłowska (1968) and Wag ner (1974) as be long -
ing to the Ca2, but Peryt (1990a) con cluded that its up per most
part com posed of mi cro bial mats with bryo zoan frag ments
(Czajor, 1978) is the Ca3 (Fig. 11). It clearly dif fers from the un -
der ly ing “oncoidal” de pos its – thus the anal ogy with the
Wyszków IG 1 bore hole is strik ing. This dif fer ence in sed i men -
tary con di tions was al ready no ticed by Czajor (1978) al though
she ex plained it as due to a con sid er able shallowing or sub -
aerial ex po sure of an “oncolitic ridge” that pro tected the la goon
from wave ac tion. 

In the Łochów IG 1 bore hole, above the cored in ter val (Fig.
11) oc cur mudstones with do lo mite in ter ca la tions (up to 2 m
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thick) that can be equiv a lent to the Ca3 (Wag ner, 1978b). Peryt
(1990a) as sumed, based on the cor re la tion of geo phys i cal logs, 
that the Ca3–Ca2 bound ary is in the mid dle of car bon ate com -
plex. How ever, the microfacies sug gest that this bound ary
should be placed at the base of a mudstone in ter ca la tion con -
tain ing clasts of do lo mite that is pos si bly an equiv a lent of the T3 
(Fig. 11). The Ca2 would be rep re sented, in the up per part, by
mi cro bial do lo mite (Fig. 13E, F), recrystallized ooidal grain -
stone (Fig. 13D) and, in the up per most part, recrystallized gran -
u lar do lo mite, pos si bly pedogenic in or i gin (Fig. 13C). The Ca3
con sists of recrystallized do lo mite show ing, in the low er most
part, com mon silt-size quartz grains and clasts of mudstone

(Fig. 13B) and recrystallized fenestral do lo mite with micritic
con cen tra tions, pos si bly fil a ments (Fig. 13A). Such an in ter pre -
ta tion is also sup ported by re in ter pre ta tion of the geo phys i cal
logs (cf. Peryt, 1990a: fig. 3).

In the Żebrak IG 1 bore hole, the T1 (0.15 m thick) is over lain
by 8.6 m thick Ca1 and then 41.2 m thick anhydrite of the PZ1 cy -
cle oc curs (Fig. 11; Pawłowska, 1968) fol lowed by clayey
anhydrite with claystone in ter ca la tions in cluded in the A1g (Peryt, 
1990a; Wag ner, 2008b). The 4.0 m thick dolomites with fos sils
oc cur ring at the Zechstein top was put into un di vided PZ3 + PZ4,
Ca2 or Ca3 (Fig. 11). The lat ter in ter pre ta tion was based on strik -
ing sim i lar ity to the mi cro bial “more grainy” fa cies of the east ern
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Fig. 9. Microfacies of the Zechstein car bon ate rocks in Kętrzyn IG 2 (A–H; see the lo ca tion of sam ples in Fig. 7) 
and Kętrzyn IG 1 (Platy Do lo mite: H – 1319.6 m, I – 1325.1 m and Main Do lo mite: J – 1333.5 m, K – 1334.0 m)

A, B – recrystallized ooidal grainstone with com mon com pos ite ooids (in A); C – recrystallized do lo mite show ing the oc cur rence of gran u lar 
tex ture, with micritic flasers of enig matic or i gin; D – recrystallized bioclastic-peloidal packstone (ostracod shell in the up per left cor ner of
the photo); E – recrystallized ooidal-bioclastic grainstone; F – recrystallized gran u lar grainstone; G – oomoldic grainstone with bioclasts
(bi valves, ostracods), with po ros ity oc cluded by anhydrite; H, I – sparsely fossiliferous (foraminifers – green ar rows, ostracods – red ar -
rows), or ganic mat ter-rich micrite; J – recrystallized wackestone-packstone with uniserial foraminifers (green ar row) and tu bu lar
microfossils (red ar row); K – recrystallized bioclastic wackestone-packstone; gas tro pod in the lower right cor ner; the scale bar is 1 mm



part of the Peribaltic Syneclise (Gąsiewicz and Peryt, 1989a) and 
the oc cur rence of anhydrite nod ules (up to 20 mm).

In the Wrotnów IG 1 bore hole, the Ca1 (23.5 m thick) is cov -
ered by mas sive anhydrite (12.5 m) and then anhydrite with
mud stone in ter ca la tions (7.0 m). Ac cord ing to Wag ner (2008a), 
they both rep re sent the Lower Anhydrite. Our in ter pre ta tion is
that the mas sive anhydrite is the Lower Anhydrite, and the over -
ly ing anhydrite with mudstone in ter ca la tions is the A1g. It is cov -
ered by a 5 m thick do lo mite, mostly marly, with bi valves (very
of ten in con vex-up po si tion – Fig. 14C, E) and plant de tri tus.
Lam i nated bindstones (Fig. 14D, F), more rare fenestral bind -
stones (Fig. 14B), with in ter ca la tions of peloidal packstone with
bio clasts (Fig. 14C, E) and quartz grains (Fig. 14A) are com -

pos ing the unit that rep re sents Ca2 af ter Wag ner (2008a) and
Ca3 af ter Peryt (1990a). 

In the Stadniki IG 1 bore hole, the Zechstein Lime stone
(25.5 m thick) is over lain by the re ces sive terrigenous se ries
(7.5 m) com posed of mudstones with in ter ca la tions of fine-
 grained sand stones (Wag ner, 2011a). Then, 3 m thick do lo -
mite oc curs that is as sumed to be a frag ment of the basal Ca2
by Wag ner (2011b) or Ca3 by Peryt (1990a). These are
laminoid bindstones with fenestral fab rics (Fig. 14H–J) with in -
ter ca la tions of organodetrital rocks com posed of bi valve and
gas tro pod shells and peloidal packstone with quartz grains
(Fig. 14G).
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Fig. 10. Cross-sec tions show ing PZ1–PZ3 strata along the lines shown in Fig ure 2A

A is mod i fied and sim pli fied fig ure 5 of Peryt (1990a)
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Fig. 11. De vel op ment of ideas on stra tig ra phy of Zechstein de pos its in the Wyszków IG 1, Tłuszcz IG 1, Łochów IG 1 and
Żebrak IG 1 bore holes (cur rent ab bre vi a tions of par tic u lar mem bers as shown in Ta ble 1 are used for the pre sen ta tion of con -
cepts of Pawłowska, 1959, 1968, 1975; Wag ner, 1972, 1974, 1978b, 1983, 1998d, f, 2007a, b, 2008b; Czajor and Wag ner, 1974;
Wag ner et al., 1978a, b; Peryt, 1990a)

The black bar right of strati graphic col umns in the Wyszków IG 1 and Łochów IG 1 bore holes shows the cored in ter vals
(in the Wyszków IG 1 bore hole, the core re cov ery is very good ex cept of bound ary in ter vals be tween the par tic u lar units)



DISCUSSION

Out side the EEC in Po land the Ca3 de pos its (and thus PZ3
de pos its) had much wider ex tent than the Ca2 de pos its (and
thus PZ2 de pos its) (e.g., Wag ner, 1976; Peryt, 1977; Kowal -
czewski and Rup, 1989). The same was re corded in Ger many
(e.g., Kulick, 1991; Paul, 2020c; Hug-Diegel and Heggemann,
2020; Paul and Huckriede, 2020) as well as in the Neth er lands

and Eng land (see Peryt et al., 2010 with ref er ences therein).
For the EEC area, Wag ner (1988, 1994, 1998d, f) pre sented
the view that the pres ent and pri mary ex tents of the Ca3 were
smaller than those char ac ter is tic of the Ca2, which was ex -
plained by the “gen eral palaeo geo graphi cal sit u a tion”. This
“gen eral palaeo geo graphi cal sit u a tion” was in fact the con vic -
tion that the fac tors con trol ling the Zechstein de po si tion in the
EEC were dif fer ent than those char ac ter is tic for other parts of
the ba sin; but no proof for this has been pre sented. In ad di tion,
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Fig. 12. Microfacies of the Main Do lo mite (A–C) and Platy Do lo mite (D–I), Wilga IG 1 (A – 2084.7 m, B – 2085.1 m, D – 2080.2 m, 
E – 2083.1 m, F – 2084.3 m) and Wyszków IG 1 (C, G–I, see the lo ca tion of sam ples in Fig. 11)

A, B – recrystallized pisolitic grainstone com posed of large, ir reg u larly-coated com pos ite grains; C – peloidal-ooidal grainstone; D –
recrystallized peloidal packstone-grainstone; E – recrystallized peloidal-bioclastic (thin-shelled bi valves) packstone-grainstone; F –
recrystallized packstone with extraclasts (red ar rows); G – ooidal grainstone – fine ooids in the lower part, ac com pa nied by large ooids and
intraclasts of ooidal grainstones (red ar rows) in the up per part; H – recrystallized do lo mite with tu bu lar microfossils (pos si bly en crust ing
foraminifers; yel low ar rows); I – recrystallized do lo mite with fil a ments (yel low ar rows); the scale bar is 1 mm

https://gq.pgi.gov.pl/article/view/9227/7780
https://gq.pgi.gov.pl/article/view/8544/pdf_607


the same ar gu ment (i.e., gen eral palaeo geo graphi cal sit u a tion)
was ap plied – for ex am ple in the case of the Wyszków IG 1
bore hole – ei ther to ne glect the pres ence of the Ca3 (e.g., Wag -
ner et al., 1978a, b; Wag ner, 1983, 1998d, f) or to con firm its oc -
cur rence (Wag ner, 1972, 2007a, b; Czajor and Wag ner, 1974).
Cer tainly one could spec u late that the cratonic part of the
Zechstein ba sin could have a dif fer ent depositional his tory dur -

ing the PZ2 and PZ3 times than the part of the ba sin hav ing
Cadomian, Cal edo nian and Variscan fold belts in the base ment
(Fig. 1B) but on the other hand there is no doubt that the NW
part of the EEC, west of the Puck Bay area, shows ex actly the
same trend as in the West Eu ro pean Plat form (see Peryt, 1989;
Peryt et al., 1992; Wag ner, 2015). There fore, the con cept that
only a part of the EEC ad ja cent to the Mazury Land (Wag ner,
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Fig. 13. Microfacies of the Platy Do lo mite, Łochów IG 1 
(see the lo ca tion of sam ples in Fig. 11)

A – recrystallized fenestral do lo mite with micritic con cen tra tions, pos si bly fil a ments; B –
recrystallized do lo mite show ing, in the low er most part, com mon silt-size quartz grains and a
clast of mudstone (red ar row); C – recrystallized gran u lar do lo mite, pos si bly pedogenic in or i gin;
D – recrystallized fine ooidal grainstone, with ooids com monly dis solved and pores oc cluded by
anhydritic ce ment; E – mi cro bial do lo mite with very com mon fil a ments, in places thor oughly
recrystallized, quad ran gle out lines a frag ment shown in en large ment in F; F – en larged view of
part of E show ing com mon fil a ments; the scale bar is 1 mm

https://gq.pgi.gov.pl/article/view/8544/pdf_607
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Fig. 14. Microfacies of the Platy Do lo mite, Wrotnów IG 1 (A–F) and Stadniki IG 1 (G–I, K): A – 1256.8 m, B – 1257.7 m, 
C – 1257.8 m, D – 1259.5 m, E – 1259.7 m, F – 1260.8 m, G – 794.9 m, H – 799.1 m, I – 799.3 m, J – 799.7 m 

A – recrystallized peloidal packstone with com mon quartz grains; B – fenestral bindstone and bioclastic-peloidal packstone; C – peloidal
packstone with bioclasts (ostracods – yel low ar rows, bi valves – green ar rows); bi valves in con vex-up po si tion; D – lam i nated bindstone con -
sist ing of al ter nated thin light laminae with rare fenestrae and pos si ble porostromate micro struc tures and thick micritic laminae; E – lam i -
nated peloidal packstone with bi valve shells in con vex-up po si tion and ostracods (yel low ar row); F – lam i nated bindstone con sist ing of
al ter nated thicker light laminae with rare fenestrae and pos si ble porostromate micro struc tures and thin micritic laminae; G – peloidal
packstone with quartz grains and ir reg u larly bent and branch ing voids filled with anhydrite (pedotubules – yel low ar row) and pos si ble caliche
nod ules (red ar row); H–J – laminoid bindstone with fenestral fab rics; the scale bar is 1 mm



1988) shows a dif fer ent be hav iour com pared to the Variscan
Plat form is un rea son able con sid er ing the sta bil ity of the area
(as stressed oth er wise by Wag ner, 1988) and low rate of sub si -
dence (that was ~6 times lower than in the Mid-Pol ish Trough
and twice lower than in the Variscan plat form – Wag ner, 1988).

The in un da tion of the pre-ex ist ing de pres sion in which the
Up per Rotliegend de pos its have ac cu mu lated by the Zechstein
sea re sulted in that the mar ginal parts of the EEC be came the
loci of ma rine sed i men ta tion ex cept for the Mazury Land where
es sen tially crys tal line rocks oc curred (Fig. 2A). North of the
Mazury Land, a wide Bal tic Bay de vel oped, and south of the
Land, less in dented Podlasie Bay was formed; they both had
mostly Lower and Mid dle Pa leo zoic de pos its in the sub strate.

The PZ1 de pos its in the Pol ish part of Bal tic Bay are mostly
200–300 m thick ex cept in its mar ginal parts (Wag ner, 1998a;
Peryt et al., 2010). In the Podlasie Bay the thick ness is much
smaller – only in the Warszawa re gion does it ex ceed 200 m,
and is more than 100 m thick only in its wes tern most part (Peryt, 
1990a). 

The de po si tion of Ca1 re sulted in the or i gin of car bon ate
plat forms along the ba sin mar gins that changed the in her ited
top o graphic set ting. The A1d de pos its are LST de pos its and
hence they are lack ing in more mar ginal parts of the west ern
(Fig. 4) and east ern Peribaltic Syneclise (Figs. 7 and 15) as well 
as in the ma jor part of the Podlasie Bay (Fig. 11). In turn, they
oc cur in the cen tral, basinal parts of the bays. The ac com mo da -
tion space ex isted and/or cre ated dur ing the A1d and the Na1
de po si tion in the Bal tic and Podlasie bays was filled and at the
on set of the A1g de po si tion, a roughly pla nar sur face ex isted
ex cept in the area ad ja cent to the main Pol ish ba sin (cf. Peryt,
2010).

The A1g de pos its are TST and then HST de pos its (Wag ner
and Peryt, 1997) and they en croached the Ca1 plat forms (Figs.
4, 7, 11 and 15). In ad di tion to the sul phate de pos its, silici -
clastics are a com mon (some times main) con stit u ent of the A1g 
sec tions. Rarely, as in the Wyszków IG 1 and Tłuszcz IG 1
bore holes (Fig. 11), no anhydrite is as so ci ated with mudstones
which con tain do lo mite clasts (up to 7 cm across) and nod ules
(Wag ner, 1974, 2007a, b). We sug gest to use the term Terri -
genous Up per Anhydrite (A1gt) for such cases. Pre vi ously they
were con sid ered by Wag ner (1978a) as Re ces sive Terrigenous 
Se ries (T1r) equiv a lent to the PZ1 evaporites. Wag ner et al.
(1978c) stressed that the Anhydrite Brec cia (BrA1) is pass ing
shoreward into mudstones of the T1r; ev i dently, the time re la -
tion of those strata with the A1g seemed the most prob a ble. 

The A1g de po si tion was ter mi nated by sea level fall, and the 
A1g de pos its in the mar ginal ar eas be came sub ject to
karstification, as well dem on strated in the Puck Bay re gion
(Peryt, 1990b). The Ca2 trans gres sion oc curred in sev eral
phases but its max i mum limit did not reach the A1g limit (e.g.,
Peryt, 1986a, 1992; Fig. 16). In the Puck Bay re gion, Peryt
(1986a) doc u mented that deeper ramp zone is pass ing into a
la goonal zone (both fa cies zones be ing sep a rated by a nar row
hy po thet i cal bar rier zone). Fur ther shoreward a prograding
coastal oolitic bar rier sys tem, coastal oolitic bar rier sys tem and
sabkha fa cies zone oc curred. In NW Po land and in NE Ger -
many an in ner plat form (la goonal) zone (sep a rated by a nar row
mostly oolitic bar rier from the plat form slope) is dom i nated by
car bon ate muddy lithofacies, lo cally (bio)lam i nated with rare
microbialite and grainy de pos its (e.g., Gąsiewicz, 2013; Piske
et al., 2020). 

In the east ern part of the Peribaltic Syneclise and Podlasie
Bay, in a deeper part of the ba sin, marly dolomites of the Ca2
3.0–10.0 m thick oc cur (Figs. 8I, K and 9K, L; Czajor and Wag -
ner, 1974; Piątkowski, 1988). They are pass ing into car bon ate
plat form de pos its. In the NW part of the Podlasie Bay ooid-

 bioclastic grainstones of the transgressive beach oc cur in the
Wyszków IG 1 bore hole (Peryt, 1990a) and their equiv a lents in
other bore holes (Tłuszcz IG 1, Łochów IG 2 – Czajor, 1978: fig.
37). They are fol lowed by mudstones, then peloid packstones
and fi nally ooid grainstones (Czajor, 1978; Peryt, 1990a). Such
a suc ces sion is char ac ter is tic for a la goonal zone with a pro -
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Fig. 15. Cross-sec tions show ing PZ1–PZ3 strata along 
the lines shown in Fig ure 2A

The ref er ence level is the top of the Up per Anhydrite

https://gq.pgi.gov.pl/article/view/8544/pdf_607
https://gq.pgi.gov.pl/article/view/8222/pdf_314
https://gq.pgi.gov.pl/article/view/8222/pdf_314


grading coastal oolitic bar rier sys tem (cf. Peryt, 1986a), and
thus it is rea son able to ex pect that the limit of the Ca2 is not dis -
tant from those bore holes. In the SW part of the Podlasie Bay,
in the Wilga IG 1 and Warka IG 1 bore holes, bed ded mud -
stones fol lowed by mudstones and bioclastic wackestones-
 packstones with in ter ca la tions of ooid grainstones in the up per -
most part (Peryt, 1990a), and form ing the top 10 m of the Ca2
sec tion in the Wilga IG 1 bore hole (cf. Wag ner, 2019). Wag ner
(2019: fig. 30) in ter preted that the oc cur rence of plat form-edge
bar rier is doc u mented in the bore hole (Wag ner, 2019).

In the east ern part of the Peribaltic Syneclise, very few bore -
holes show the Ca2 in other fa cies than the basinal one. In the
Barciany 4 bore hole, in the low est part of the Ca2 trans gressive
de pos its show ing a great sim i lar ity to those in the Puck Bay re -
gion oc cur. Then, mudstones with thin in ter ca la tions of wacke -
stones and packstones (ei ther bioclastic or ooid) oc cur, and in
places mudstones are pass ing into laminoids (Gąsiewicz and
Peryt, 1989a). Those char ac ter is tics sug gest a la goonal en vi ron -
ment within a homoclinal ramp that ex isted there. Even tual bar -
rier zone (or coastal oolitic bar rier sys tem pass ing into a sabkha
zone) of the Ca2 can be lo cated east of the Barciany 4 bore hole
and be tween the Klewno 1 and Kętrzyn IG 2 bore holes. Ac cord -
ingly, the as sumed rel a tively small width of the mar ginal car bon -
ate plat form of the Ca2 agrees well with the nar row car bon ate
shelf in the north ern rim of the South ern Perm ian Ba sin dur ing
the Ca2 (Peryt et al., 2010; Piske et al., 2020).

A2 de pos its orig i nated in shal low sub aque ous en vi ron -
ments. In the Puck Bay area, their de po si tion re sulted in elim i -
na tion of the re lief that was pre vi ously cre ated ow ing to a dif fer -
ent rate of car bon ate de po si tion in the car bon ate plat form and
ad ja cent ba sin dur ing the Ca2 sed i men ta tion. It was es ti mated
(Peryt, 1986a) that by the end of the Ca2 the dif fer ence in depth 
be tween the north ern most and south ern most part of the Puck
Bay re gion it was ~40 m. The Na2 de pos its oc curred in the
deeper, basinal parts of the Bal tic and Podlasie Bays, and are
de vel oped in an open salt ba sin fa cies (e.g., Prabuty IG 1 and
Krynica Morska IG 1 bore holes – Czapowski, 1989; Czapowski
et al., 1990) al though the case of the Bartoszyce IG 1 bore hole
where a pan fa cies was re corded (Czapowski, 1989; Czapo -
wski et al., 1990) in di cates that a se ries of shal low sa linas or

salt pans along the ba sin mar gins (Peryt, 1989). The de po si tion
of the PZ2 chorides re sulted in the elim i na tion of the ac com mo -
da tion space that was in her ited af ter the de po si tion of the Ca2
and the A2.

Sub se quently, the area be came ex posed, and in the low est
ar eas playa de pos its, de vel oped as green siltstones/claystones 
with ir reg u larly dis trib uted anhydrite nod ules, formed. Al though
they are rarely re corded (e.g., in Gnieżdżewo IG 1 bore hole –
Czapowski et al., 1991), ini tially they prob a bly were much more
wide spread. The A2r is the TST de posit of the next Zechstein
se quence (Peryt et al., 1996b), fol lowed by ma rine de pos its
(T3) re lated to the last ma jor trans gres sion dur ing the life of the
Zechstein ba sin that re sulted in a flood ing of the ex posed sur -
face of older Zechstein de pos its, in clud ing the area that was
emer gent dur ing de po si tion of the PZ2 cy cle.  

The thick ness of Ca3 de pos its in the EEC ex ceeds 40 m in
the Puck Bay area (Gąsiewicz and Peryt, 1989b). In most mar -
ginal parts of the Ca3 ba sin the de pos its of the unit are eroded
at least partly and this ex plains why no tran si tional en vi ron -
ments to con ti nen tal one have been re corded de spite the oc -
cur rence of a wide mi cro bial plat form. In the Ca3 of Hesse a
tran si tion of the mi cro bial mats fa cies (up to 50 km wide) to a
sabkha zone was re corded by Möller (1985). A sim i lar width of
the mi cro bial plat form as sumed for the EEC.

Mi cro bial car bon ates (ben thic mi cro bial car bon ates sensu
Burne and Moore, 1987), be ing stromatolites and thrombolites
(Kennard and James, 1986; Burne and Moore, 1987), are a com -
mon fea ture of all Zechstein car bon ate units but in par tic u lar this
is the case of the Ca3. This was at least partly re lated to a gen -
eral de cline, in the Late Perm ian, of skel e tal biota co in cid ing with
a fur ther in crease in mi cro bial car bon ates (Flügel and Kiessling,
2002). Al though microbialites are op por tu nis tic forms that may
de velop even in nor mal ma rine, subtidal seafloor, sea sonal
hypersalinity is among the mech a nisms play ing a fun da men tal
role in the abun dance and dis tri bu tion of microbialite de pos its in
some en vi ron men tally stressed set tings (see Mercedes Martín
and Buatois, 2021 with ref er ences). This stressed en vi ron ments
have caused, among oth ers, a poorly di ver si fied fau nal com po si -
tion in the east ern part of the Bal tic Bay (Ta ble 3).

In the Barciany re gion and Kętrzyn IG 2 bore holes the mi cro -
bial plat form de pos its oc cur, and they con tinue far ther to the
east. Peryt (1989, 1990a; Peryt and Wag ner, 1998; Peryt et al.,
2010) con sis tently pre sented a view of the wider Ca3 ex tent than
that of the Ca2 in the cratonic part of the Zechstein ba sin (Figs.
16 and 17). This con cept was also ac cepted for the Lith u a nian
part of the ba sin (V. Kadunas and P. Raczyński in Peryt et al.,
2010), al though pre vi ously it was as sumed (e.g., Suveizdis,
1975) that the Ca2 limit was much big ger greater than that of the
Ca3, and the oc cur rence of the Galinda Suite (=Leine) was re -
stricted to the south ern part of the Kaliningrad re gion (Rus sia).

Sum ma riz ing, there are no di rect pre mises al low ing for the
con vinc ing set tle ment of doubts re gard ing the strati graphi cal
po si tion of the up per car bon ate unit in many cases. Sev eral
lines of ev i dence sug gest that, as in the en tire Zechstein ba sin,
the Ca2 con sid er ably shifted basinward, and the Ca3 – land -
ward (Fig. 16), al though it is dif fi cult to as cer tain whether the
orig i nal Ca3 ex tent was sim i lar to or greater than the limit of the
Ca1 as else where in the Zechstein Ba sin (e.g., Smith, 1980).
The Ca2 and Ca3 show dif fer ent fa cies pat terns, though, and in
the Puck Bay re gion it can be dem on strated that the limit of the
Ca3 is clearly greater than in the Ca2 but plat form-edge sands
of the Ca3 are shifted basinward com pared to the Ca2 (Fig. 3).
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Fig. 16. PZ1–PZ3 strata in the EEC show ing the ba sin-mar gin
re la tions in time (the fig ure con cept af ter Paul, 2020c: time axis
is ar bi trary, white col our – mostly no de po si tion or mi nor ter -
res trial sed i men ta tion, black ar rows in di cates max i mum flood -
ing sur face)
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T a  b l e  3

Taxa re ported by Woźny (1976) in the strata as signed to the Platy Do lo mite (Ca3)

Bore hole Depth [m] Taxa Platy Do lo mite ac cord ing to:

Bartoszyce IG 1 1294.50
Liebea squamosa (Sowerby)

Schizodus schlotheimi (Geinitz)
Wag ner (1974)

Kętrzyn IG 1
1320.00 Schizodus rotundatus Brown

Wag ner (2014b)
1323.70 Schizodus rotundatus Brown

Kętrzyn IG 2

1357.20 Liebea squamosa (Sowerby)

Gąsiewicz and Peryt (1989a)

1360.20 Liebea squamosa (Sowerby)

1366.40 Schizodus schlotheimi (Geinitz)

1367.40 Liebea squamosa (Sowerby)

1368.40

Schizodus schlotheimi (Geinitz)

Permophorus costatus (Brown)

Liebea squamosa (Sowerby)

1370.40 Liebea squamosa (Sowerby)

1371.60 Liebea squamosa (Sowerby)

1373.60 Liebea squamosa (Sowerby)

1375.60 Liebea squamosa (Sowerby)

1376.60 Liebea squamosa (Sowerby)

1383.10 Liebea squamosa (Sowerby)

Fig. 17. Pres ent lim its of the Ca2 and Ca3 de pos its in the EEC of Po land af ter

Wag ner (1998d, f) and Peryt (1989, 1990, pres ent pa per)



IMPLICATIONS

An im pli ca tion of the strati graphic con cept as out lined in this 
pa per is that the limit of the Ca3 is greater that the limit of the
Ca2 in the en tire EEC area (Figs. 16 and 17), and not only in
some its parts, as was as sumed by Wag ner (1983, 2015). Con -
se quently, such a gen eral pat tern of rel a tive changes of the limit 
of coast line is char ac ter is tic for the en tire Zechstein ba sin, as
al ready pro posed by Peryt et al. (2010). 

The pre sented con cept is based largely on the re sults de -
rived from the study of the Puck Bay re gion al though def i nitely it
is char ac ter ized by its own spe cif ics. In the Ca3, it is char ac ter -
ized by pre dom i nant mi cro bial fa cies (Gąsiewicz et al., 1987;
Gąsiewicz and Peryt, 1989b; Gąsiewicz, 1990a, b) that for ex -
am ple in the area to the west (e.g., Żarnowiec 6k – Gąsiewicz in 
Peryt et al., 1992) be come more rare and poorer de vel oped
while skel e tal fa cies are more abun dant and are ac com pa nied
by mudstones oc ca sion ally con tain ing laminoids. A sim i lar de -
vel op ment was also re corded in the east ern part of the Bal tic
Bay (Gąsiewicz and Peryt, 1989a) and in the Podlasie Bay.

CONCLUSIONS

1. The strati graphic and palaeogeographic pat terns of the
Zechstein strata in the en tire EEC area are the same as in other
parts of the Zechstein ba sin. 

2. The Lower Anhydrite and Oldest Ha lite form the greater
part of the Zechstein sec tion ex cept in the most mar ginal parts
of the ba sin dom i nated by the Zechstein Lime stone.

3. In those parts, the Zechstein Lime stone is over lain by the
A1g, in places (Terrigenous Up per Anhydrite) in en tirely sili -
ciclastic lithologies.

4. The limit of the Ca3 de pos its (very of ten show ing mi cro -
bial de vel op ment) is greater that the limit of the Ca2 in the en tire 
EEC area.
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