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One of the prob lems of the ar ti cle dis cussed
ap pears in the first sen tence: The term “mem ber”
is not used in the text, al though it should be. This
is ex plained fur ther in the dis cus sion. Nu mer ous

prob lem atic is sues are pres ent in this ar ti cle, which have
prompted this dis cus sion, aimed at help ing to clar ify and or gan -
ise many of the is sues iden ti fied.

Kowalski and Furca (2023) used a sedimentological anal y -
sis as a pri mary re search method, ap plied ex ten sively to seven
field strati graphic pro files (their figs. 4–10). In ad di tion, a geo -
log i cal pro file from the Œwierki IG 1 bore hole, lo cated in the
study area, was used (their figs. 2, 5 and 11C). A de tailed ex am -
i na tion of the lo ca tion of these points on fig ures 2 and 11C
(Kowalski and Furca, 2023) shows dis crep an cies in their rel a -
tive po si tions. For ex am ple, point 2 is shown to the west of the
Œwierki IG 1 bore hole in one fig ure, while it is po si tioned to the
north-east in an other fig ure. The over lay of fig ures 2 and 11C
(Kowalski and Furca, 2023) us ing ArcGIS soft ware makes
these in con sis ten cies even clearer. Al though fig ure 11C is la -
belled “not to scale”, the dis crep an cies are so great that nei ther
fig ure pro vides a re li able way to ac cu rately lo cate these points
in the field. For tu nately, Kowalski and Furca, 2023 were me tic u -
lous enough to in clude top o graphic sketches of the
sedimentological pro files stud ied. I suc cess fully trans ferred the
lo ca tions to a de tailed top o graph i cal base map and con firmed
that the po si tions of sam pling points 1–7 are ac cu rate based on
the top o graph i cal sketches pro vided. With the ex act co or di -
nates in hand, I cor re lated these points with those shown in fig -
ures 2 (Kowalski and Furca, 2023) and 11C (Kowalski and
Furca, 2023). The re sults can be seen in Fig ure 1, where both
maps (Kowalski and Furca, 2023, figs. 2 and 11C) are over laid
with the lo ca tions de rived from the top o graphic sketches.
These two maps are fit ted into the frame of points 1–7 us ing
ArcMAP, thereby match ing the ex ist ing maps as closely as pos -
si ble to the ex act frame of the sam ple points. This pro cess in ev -

i ta bly leads to a de for ma tion of the in put maps, de pend ing on
the mis align ment of the base points on these maps with the ref -
er ence points. The re sult ing im age (Fig. 1) con tains three
groups of sam ple points: points from fig ure 2 (Kowalski and
Furca, 2023) (large num bers on yel low oval back ground),
points from fig ure 11C (Kowalski and Furca, 2023) (small num -
bers on yel low oval back ground) and points based on the de -
tailed site sketches (small num bers on green back ground).

The ex tent of these dis crep an cies can be de ter mined by
com par ing the dif fer ent lo ca tions. The dis crep an cies be tween
the points on the palaeogeographic map (Kowalski and Furca,
2023, fig. 11C) and the points on the lo ca tion sketches are rel a -
tively small. To achieve this har mo ni sa tion, the soft ware had to
trans form the orig i nal map (Kowalski and Furca, 2023,
fig. 11C), mainly by ver ti cally shift ing the edges. Is this “de -
formed” map (Fig. 1) – palaeogeographic map ac cu rate? Two
ar gu ments speak for this: the al most con gru ent po si tion of the
points from the sketches and the palaeogeographic map as
well as the cen tral po si tion ing of the “Anthracosia Lake” within
the Intra-Sudetic Ba sin, which cor re lates with known lac us trine
de pos its in the form of the Walchia Shale (Wo³kowicz, 1988). In
ad di tion, the trans port di rec tions marked on the map as “ax ial
drain age” cor re spond well with es tab lished palaeogeographic
mod els. On this “de formed” map (Fig. 1), trans port di rec tions
have been slightly al tered, sug gest ing that trans port di rec tion
con sid er ations based on field stud ies may need to be re vised
with re spect to the orig i nal palaeogeographic map (Kowalski
and Furca, 2023, fig. 11C).

All fur ther dis cus sion in this anal y sis will be based on maps
with ver i fied lo ca tions of sam pling points 1–7. In this con text,
the Œwierki IG 1 bore hole plays a cru cial role in Kowalski and
Furca (2023). This bore hole pro vides a geo log i cal pro file de lin -
eat ing the Krajanów For ma tion to gether with the un der ly ing and 
over ly ing strata, in clud ing the lower and up per Anthracosia
Shale lay ers. These lay ers po si tion the pro file un der in ves ti ga -
tion, which has a thick ness of >400 m. In con trast, the com -
bined thick ness of the seven pro files ana lysed in Kowalski and
Furca (2023) is ~40 m, which is ~10% of the thick ness of the
Krajanów For ma tion.
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Fig. 1. Lo ca tion of the same re search points (out crops) placed on the maps in the pa per 
by Kowalski and Furca (2023, fig ures 2, 6, 7, 11C)

Large points with a yel low back ground from fig ure 2, small dots with green back ground from fig ures 6 and 7, 
small dots with yel low back ground – fig ure 11C; other ex pla na tions in the text
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In ad di tion, I have marked all bore holes in the study area
(Fig. 2). Some bore holes are shal low and were drilled pri mar ily
to doc u ment vol ca nic rocks for quar ry ing. Oth ers were drilled to
ex plore and doc u ment coal de pos its. How ever, there are sev -
eral bore holes with com plete cor ing that com pre hen sively doc -
u ment the Rotliegend strata. Among these, Œwierki IG 1 is par -
tic u larly note wor thy, as are the bore holes la belled by name on
the map. The pro files from these bore holes not only fa cil i tate
qual i ta tive sedimentological anal y sis, but also en able the cre -
ation of quan ti ta tive isopach and lithofacies maps for in di vid ual
for ma tions.

Thanks to these bore holes (planned, su per vised, de scribed 
and ana lysed mainly by Miecznik, 1988, 1989) it is pos si ble to
ex tend our geo log i cal un der stand ing of the Rotliegend strata of
the Intra-Sudetic Ba sin. Given the ex ten sive doc u men ta tion
pro vided by the com plete geo log i cal pro files of the Rotliegend
strata in the study area, it seems il log i cal to in te grate par tial sur -
face pro files of points 1–7 (Kowalski and Furca, 2023, fig. 5) into 
the com plete pro file of the Œwierki IG 1 bore hole. For ex am ple,
the Œwierki IG 2 bore hole is lo cated near point 3, the G³uszyca
G-8 bore hole near point 1 and the Nowa Ruda GN-24 and
Nowa Ruda W-4 bore holes near point 6.

The sur face sedimentological mea sure ment points (1–7)
rep re sent only a very small part of the over all pro file. For re -
gional and palaeo geo graphi cal con sid er ations, it makes more
sense to use com plete pro files than par tial pro files. This is
shown by the palaeogeographic map (Kowalski and Furca,
2023, fig. 11C), which is only sup ported by sur face

sedimentological in ves ti ga tions with a fo cus on con glom er atic
and sandy lithofacies. Mean while, the map also in cludes clayey
lithofacies de scribed as playa and Lake Anthracosia en vi ron -
ments. On the ba sis of fig ure 11C (Kowalski and Furca, 2023), I 
cre ated a palaeogeographic map (Fig. 3PM), which was used
to cre ate two con cep tual palaeogeographic cross-sec tions.
The first cross-sec tion (Fig. 3CS-1) is based di rectly on the data 
from the palaeogeographic map (Fig. 3PM). This cross-sec tion
shows the time win dow of the palaeogeographic frame work
cor re spond ing to the map, where the lithofacies (sed i men tary
en vi ron ment) com prises  the clayey lake de pos its la belled
“ephem eral Anthracosia Lake.” How ever, the palaeogeogra -
phic map (Fig. 3PM) rep re sents only the lower and mid dle part
of the Krajanów For ma tion pro file.

If this rep re sen ta tion were cor rect, the “ Anthracosia Lake”
would have ex isted dur ing the sed i men ta tion of the mid dle part
of the Krajanów For ma tion and would have con tin ued to the
level of the up per Anthracosia Shale. In re al ity, how ever, things
are dif fer ent. The Anthracosia lay ers (lower and up per) have a
small thick ness, but a con sid er able lat eral ex ten sion (Wójcik-
 Tabol et al., 2021; D¹bek-G³owacka et al., 2024). This sit u a tion
is il lus trated in the sec ond palaeogeographic cross-sec tion
(Fig. 3CS-2), in which the “ Anthracosia Lake” can not be con -
sid ered for the palaeogeographic time win dow of the mid dle
part of the Krajanów For ma tion pro file. The cen tral part of the
ba sin of the Krajanów For ma tion was oc cu pied by lake de pos -
its, but these were playa-type lakes filled with red clay de pos its.
The ex tent of these de pos its was smaller in the early phase of
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Fig. 2. Lo ca tion of re search points (1–7) from the pa per of Kowalski and Furca (2023) and
bore holes pen e trat ing Rotliegend for ma tions against the back ground of a sim pli fied geo log i cal

map of the re search area dis cussed

Named bore holes are usu ally fully cored and are ideal for re gional, quan ti ta tive and qual i ta tive geo log i cal
stud ies; VB – Variscan base ment, LC-sr – Lower Car bon if er ous sed i men tary rocks, UC-sr – Up per Car bon -
if er ous sed i men tary rocks, LR-sr – Lower Rotliegend sed i men tary rocks, LR-vr – Lower Rotliegend vol ca nic 
rocks; other ex pla na tions in the text
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the Krajanów For ma tion de vel op ment, but had a much larger
lat eral ex tent in the late and fi nal phase. This can be eas ily seen 
by com par ing the bore hole pro files of Œwierki IG 1 and
Œwierki IG 2, which are very sim i lar in both cases.

There fore, the palaeogeographic map of the up per part of
the Krajanów For ma tion would pri mar ily rep re sent a playa en vi -
ron ment. Al lu vial de pos its are over lain by lake de pos its, and a
com pre hen sive palaeogeographic map of the Anthracosia
Lake pe riod (which is short-lived but sig nif i cant) would com -
plete this pic ture. To show the vari abil ity and evo lu tion of the
Krajanów For ma tion, at least three palaeogeographic maps
should be shown.

It is ap pro pri ate to re turn to the first sen tence of this dis cus -
sion, in which I emphasised the use of the lithostratigraphic
term “mem ber” in the con text of the Krajanów For ma tion. This
for ma tion is de lin eated by the ex tent of the lower and up per
Anthracosia Shale. The pri mary lithological types con sti tut ing
this for ma tion are pre dom i nantly sand stones with sub or di nate
con glom er ates in the lower part and pre dom i nantly clayey
lithofacies in the up per part. This bi par tite di vi sion is re flected in
the geo log i cal map for the Ludwikowice K³odzkie sheet
(Krechowicz and Kisielewski, 1964). The map de scribes the
units as fol lows: “lower unit – quartz ite con glom er ates with
lydites at the base; and up per unit – sand stones and shales with 
in ter ca la tions of Anthracosia shales and lime stones (ho ri zon of
up per Anthracosia shales).” From a lithostratigraphic point of
view, the Krajanów For ma tion com prises these two dif fer ent
com po nents. De spite their prac ti cal ap pli ca tion in the geo log i -
cal map ping of the Ludwikowice K³odzkie sheet (Krechowicz
and Kisielewski, 1964), these mem bers have never been for -

mally or in for mally named. As men tioned above, a sin gle
palaeogeographic map is not suf fi cient to il lus trate the de vel op -
ment of the Krajanów For ma tion. There fore, at least two
palaeogeographic maps are re quired. One map should de pict
the playa-dom i nated en vi ron ment, with an no ta tions in di cat ing
that at times this en vi ron ment trans formed into an or ganic-rich
lake (al gal blooms) and the sur round ing ar eas de vel oped soil
ho ri zons. This con cept is il lus trated in Fig ure 4, where the
lithofacies are col our-coded and the bound aries of the
allostratigraphic units are de lin eated by lake ho ri zons rich in or -
ganic mat ter (Anthracosia Shale). The cor re spond ing soil ho ri -
zons should be iden ti fied in the ar eas sur round ing the lake en vi -
ron ment.

In the early 1980s, the Amer i can Strati graphic Code was
pub lished, which prompted me to ad vo cate the in clu sion of
allostratigraphic units in the Pol ish strati graphic guide lines (Karn -
kowski, 1986a, 1987a). How ever, Dadlez (1987) ar gued that the
si mul ta neous use of lithostratigraphic and allostrati graphic units
was un nec es sary. By con trast, Szulczewski (1986) re cog nised
the ra tio nal po ten tial for the use of allostratigraphic units.These
dis cus sions en abled me to pub lish a for ma lised ver sion of al most 
all the pre vi ously pro posed lithostratigraphic units (Karnkowski,
1987c). I also pre sented the re sults of a fa cies anal y sis of the
Wielkopolska Sub group (Karnkowski, 1987b) in the north ern part 
of the Fore-Sudetic Monocline, based on the lithostratigraphic
frame work I had ini tially pro posed (Karnkowski, 1977, 1981). My
views on the stra tig ra phy of the Rotliegend were fi nally sum ma -
rised (Karnkowski, 1999) and com ple mented the for ma li sa tion of 
the lithostratigraphic units in the Pol ish Ba sin that had been
started ear lier (Karnkowski, 1994).
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Fig. 3. Sim pli fied palaeogeographic map (PM) adapted from Kowalski and Furca (2023, fig. 11C), with two con cep tual
palaeogeographic cross-sec tions (CS-1 and CS-2) de rived from the same map and data from the Œwierki IG 1 bore hole cores

Ad di tional ex pla na tions are pro vided in the text
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The Wielkopolska Sub group, which cor re sponds to the up -
per part of the Rotliegend in the Pol ish Ba sin, was not only ana -
lysed lithostratigraphically, but also di vided into six depositional
se quences based on cli ma tic and tec tonic in flu ences. A
palaeogeographic map was cre ated for each se quence
(Karnkowski, 1999). These se quences are de scribed in sev eral
steps: first as allostratigraphic units, fol lowed by the iden ti fi ca tion
of depositional sys tems be tween the bound aries of the
allostratigraphic units (dy namic stra tig ra phy) and fi nally the
sedimentological char ac teri sa tion of the for ma tion and de vel op -
ment of the in di vid ual depositional se quences. A depositional
sys tem is de fined as a three-di men sional en sem ble of ge net i -
cally re lated lithofacies that re quires lithological char ac teri sa tion.

At this level of de tail, for mal lithostratigraphic units are not
re quired; work ing units (dy namic stra tig ra phy meth od ol ogy) are 
suf fi cient to cre ate a model of the depositional se quence.

In the Intra-Sudetic Ba sin, strati graphic ques tions of the
Rotliegend have been in ten sively in ves ti gated, es pe cially in the
1980s and 1990s. Dur ing this pe riod, sev eral ar ti cles were pub -
lished in which a dif fer en ti a tion of the lithostratigraphic units was 
pro posed (Nemec, 1978; Nemec et al., 1982; Miecznik, 1989;
Dziedzic and Teisseyre, 1990). A com mon fea ture of these pro -
pos als is the nam ing of cy clic sed i men tary units (sed i men tary
se quences) with lithostratigraphic terms (for ma tions, mem -
bers). For ex am ple, the Krajanów For ma tion was de fined

(Nemec et al., 1982), which was re cog nised in the pub li ca tion
by Dziedzic and Teisseyre (1990) as the Œwierki For ma tion in
the Nowa Ruda re gion and as the Unis³aw For ma tion in the
Wa³brzych re gion. In ad di tion, the Œwierki For ma tion was di -
vided into two parts by Miecznik (1989): the Ludwikowice Mem -
ber and the Krajanów Mem ber.

In my opin ion, all these com pli ca tions and am bi gu ities are
due to the at tempt to force cy clic sed i men ta tion units into the
frame work of lithostratigraphy. This prob a bly ex plains the ef -
forts of Kowalski and Furca (2023) to rep re sent the com plex
sed i men ta tion of the Krajanów For ma tion (af ter Nemec et al.,
1982) on a sin gle palaeogeographic map (Kowalski and Furca,
2023, fig. 11C).

In view of these ob ser va tions, two re view pa pers deal ing
with the ques tion of the si mul ta neous ap pli ca tion of lithostrati -
graphic and allostratigraphic (depositional se quences) units are 
rel e vant. The first is by Porêbski (1996), who stated that “The
key as pects of se quence stra tig ra phy are to un der stand the role 
of chronostratigraphic units in cor re la tion, the role of cyclicity in
sed i men tary se quences, and the fun da men tal im por tance of
fluc tu a tions in the po si tion of the ero sional base for un der stand -
ing the strati graphic ar chi tec ture of sed i men tary bas ins”. Fur -
ther more, fig ure 2 in Porêbski (1996) is en ti tled: “Cate gori sa tion 
of the sed i men tary se quence in terms of lithostratigraphy,
allostratigraphy and se quence stra tig ra phy”.
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Fig. 4. The con cep tual model of lithofacies dis tri bu tion and de po si tion of flu vial and lac us trine sed i ments in the Intra-Sudetic
Ba sin dur ing the Stephanian C-Autunian
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In the sec ond pub li ca tion, Pieñkowski (2009) emphasised
that “the in te gra tion of lithostratigraphy – a com mon prac tice in
the geo log i cal sci ences, fun da men tal for geo log i cal map ping
and re source ex plo ra tion – with the de scrip tion of cor re lat able
bound aries, es sen tial for the iden ti fi ca tion of sed i men tary cy -
cles and depositional se quences, rep re sents one of the great
syn the ses of the geo log i cal sci ences in re cent de cades.” In the
same pub li ca tion, Pieñkowski (2009) re ferred to the work of
Dadlez (1987), who criti cised the si mul ta neous use of
lithostratigraphy and allostratigraphy. To il lus trate his point, he
added a fig ure (Dadlez, 1987, fig. 1) to show the iden ti fi ca tion of 
sed i men tary cy cles as lithostratigraphic units. This very fig ure
was in cluded in Pieñkowski’s work (2009) en ti tled “Di a gram of
the prin ci ples of allostratigraphy”.

In the de scrip tion of fig ure 1 of Kowalski and Furca (2023),
en ti tled “Gen er al ised fa cies map and ex tent of the Lower Perm -
ian in the NE Bo he mian Mas sif and Cen tral West ern Eu rope”,
names are not used for fa cies (lithofacies), but for sed i men tary
en vi ron ments. It is there fore es sen tially a palaeo geo graphi cal
map of the Lower Perm ian (Rotliegend), which lasted al most 40 
mil lion years, and shows the ex tent of the sed i men tary bas ins of 
this in ter val. The bas ins in the Bo he mian Mas sif (their ex tent
and lithofacies are taken from Pešek et al., 1998) rep re sent the
max i mum ex tent of the Up per Car bon if er ous (Stephanian C)
and Autunian lithofacies. By con trast, the Pol ish Rotliegend Ba -
sin rep re sents the fi nal phase of clastic sed i men ta tion in ter res -
trial en vi ron ments, shortly be fore the Zechstein trans gres sion.
This is ev i denced by the dune fields, that show their great est
ex tent dur ing this time. There fore, the palaeogeographic map
(Kowalski and Furca, 2023, fig. 1) com bines im ages from dif fer -
ent time pe ri ods. Kowalski and Furca (2023) fo cused on the be -
gin ning of the Rotliegend (Krajanów For ma tion) and ex tended
their palaeogeographic map be yond the Intra-Sudetic Ba sin.

It is im por tant to keep to the time frame rel e vant to the
emer gence of the Krajanów For ma tion. The start ing point for
this anal y sis is the works of Czech ge ol o gists (Holub, 1972;
Pešek et al., 1998; Martinek and Štolfová, 2009; Zajic, 2014;
Opluštil et al., 2016), es pe cially the palaeogeographic maps
they have pro duced. The most use ful map is the
palaeogeographic map for the Stephanian C-Autunian pe riod
(Pešek et al., 1998) which cov ers the en tire Czech re gion, es -
sen tially the en tire Bo he mian Mas sif. In this dis cus sion I have
used data from these maps and in cluded a sim pli fied ver sion in
Fig ure 5.

As is easy to see, I have dis tin guished only two palaeogeo -
gra phic en vi ron ments for the Czech ter ri tory: the playa and the
flu vial sed i men ta tion en vi ron ment. The flu vial sed i ments con -
sist mainly of sandy and con glom er atic lithofacies. The pres ent
map (Fig. 5) may ap pear some what un usual, as it clearly con -
sists of two parts. The south ern part (Czech) was cre ated by
Czech ge ol o gists, while the north ern part (Pol ish) was pre pared 
by me (Karnkowski, 1999), al though it also in cor po rated my
ear lier works (Karnkowski, 1977; Karnkowski and Rdzanek,
1982). The maps used in this com pi la tion (Fig. 5) cor re spond to
a sim i lar time win dow: Stephanian C – Autunian.

Why have I not cre ated a uni fied map in a sim i lar man ner?
Draw ing such a map would re quire a sep a rate ar ti cle to ex plain
the many de tails that dis tin guish the Pol ish and Czech ter ri to -
ries. Firstly, in Po land most of the data co mes from deep bore -
holes. Only the out crops around the Intra-Sudetic Synclinorium
and the south ern out crops of the North Sudetic Synclinorium
are ac ces si ble for field stud ies. There fore, I have marked the
ar eas where the Dolsk For ma tion (cor re spond ing to the
Œwierzawa For ma tion in the North-Sudetic Ba sin) is doc u -
mented, as well as the prob a ble ex tents of the lo cal Late Car -
bon if er ous and Early Perm ian sed i men tary bas ins.

This ex pla na tion and warn ing is nec es sary be cause the cur -
rent ex tent of the Dolsk For ma tion is much smaller than its orig i -
nal bound aries in the lo cal sed i men tary bas ins. This is due to
the strong ero sion be fore and af ter the Perm ian vol ca nism and
dur ing the for ma tion of the Wielkopolska Sub group (Up per
Rotliegend). This ero sion mainly af fected the area of the
Wolsztyn Ridge, which did not yet ex ist at the time of the tran si -
tion from the Car bon if er ous to the Perm ian. Its for ma tion and
palaeotectonic ac tiv ity led to con sid er able ero sion not only of
the Perm ian vol ca nic rocks, but also of the de pos its of the Dolsk 
For ma tion pro tected by them. There fore, the sep a ra tion be -
tween the Wielkopolska Ba sin and the Lower Silesian Ba sin
shown on the map (Fig. 5) is hy po thet i cal. A sim i lar sit u a tion ex -
ists be tween the North Sudetic Ba sin and the Lower Silesian
Ba sin. Here, too, there were ac tive palaeotectonic el e ments
dur ing the Up per Rotliegend (known to day as the ¯ary
Pericline). The sep a rately la belled Pom er a nian Ba sin cor re -
lates with the pro files of the Dolsk For ma tion and is there fore
also in cluded here.

Of par tic u lar in ter est is the Laskowice Graben, also known
as the East ern Sudetic Ba sin, where the thick ness of the Perm -
ian clastic de pos its ex ceeds 1000 m, with the se quences cor re -
spond ing to the Dolsk For ma tion ex ceed ing 400 m in thick ness.
The depocentre was lo cated in the south ern part of the ba sin,
and its depositional ar chi tec ture re flects a multi-stage tec tonic
and cli ma tic evo lu tion. Four se quences can be dis tin guished,
the first two of which are dated to the lat est Car bon if er ous and
Autunian (Kiersnowski, 1983). This ba sin is rel a tively well doc u -
mented by nu mer ous bore holes, so that the out line of a playa
lake from the earliest Perm ian can be de scribed (Fig. 5).

The Intra-Sudetic Ba sin, prob a bly formed by tec tonic move -
ments dur ing the Bretonian phase, is a geo log i cal struc ture
~60 km long and 25 km wide (Augustyniak and Grocholski,
1968). Its infill con sists mainly of Car bon if er ous strata, with
Perm ian rocks con sti tut ing up to 10% of the to tal sed i men tary
suc ces sion. The Rotliegend ba sin in the Intra-Sudetic Ba sin
over lies an older, intermontane ba sin of Car bon if er ous age
(Dziedzic and Teisseyre, 1990). The Glinik For ma tion
(Ihnatowicz, 2005) is con sid ered the be gin ning of the Rotliegend
de pos its and rep re sents a tran si tional el e ment be tween the typ i -
cal coal-bear ing Namurian-Westphalian de pos its and red beds
of the Stephanian C-Autunian stages (Jerzykiewicz, 1987). The
Rotliegend de pos its in the Intra-Sudetic Ba sin form mega cy cles
with a thick ness of 250–300 m (Bossowski and Ihnatowicz,
1994). A com plete megacyclic se quence con sists of al lu vial fan
de pos its (oc cur ring only at the ba sin mar gins), flu vial and lac us -
trine de pos its (Dziedzic, 1959, 1961; Wojewoda and Mastalerz,
1989). These megacyclothems are in ter preted as prod ucts of
un even, ep i sodic sub si dence as so ci ated with tec tonic events
(Aleksandrowski et al., 1986). In times of tec tonic sta bil ity, when
the ba sin floor sub sided grad u ally and slowly, autocyclic pro -
cesses de ter mined the sed i men ta tion rates. The ef fects of slow
cli ma tic changes, which are well re flected in the suc ces sive lev -
els of lac us trine de pos its, in di cate a grad ual aridification of the cli -
mate (Dziedzic, 1961; Wojewoda and Mastalerz, 1989).

Al though the North Sudetic Ba sin formed much later than
the Intra-Sudetic Ba sin, the char ac ter is tics of the Stephanian C
and Autunian de pos its are very sim i lar in both bas ins
(Ostromêcki, 1973; Milewicz, 1985; Mastalerz et al., 1993).
Again, two mega cy cles are dis tin guished be neath the vol ca nic
rocks, which are over lain by a lac us trine fa cies known as the
Lower and Up per Anthracosia Shale (Œwierzawa For ma tion).
The main com po nents of the two mega cy cles are flu vial and
lac us trine de pos its (Mastalerz and Nehyba, 1997). The
Œwierzawa For ma tion is over lain by vol ca nic rocks of the Wieli -
s³awka For ma tion.
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Fig. 5. Palaeogeographic map of the lat est Car bon if er ous (Stephanian C) and
Autunian (Gzehlian\Asselian, ~299–297 Ma)

Sed i men tary bas ins: BB – Boskovice, KPB – Krkonoše Piedmont, ISB – Intra-Sudetic,
NSB – North-Sudetic, LG(ESB) – Laskowice Graben (East-Sudetic), LSB – Lower Silesia,
WB – Wielkopolska, PB – Pomerania; Palaeotectonic up lifts: KD – Krkonoše Dome, S-SD
– Strzegom-Strzelin Dome (Pol ish Ba sin af ter Karnkowski, 1999; Bo he mian bas ins af ter
Holub, 1972; Pešek et al., 1998; Zajic, 2014; Opluštil et al., 2016); additional ex pla na tions
are pro vided in the text
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The Lower Silesian Ba sin is lo cated to the north of the North 
Sudetic Ba sin, be tween the Wielkopolska Ba sin and the North
Sudetic Ba sin. Dur ing the pre-vol ca nic Rotliegend pe riod, when 
the Wolsztyn Ridge and the Fore-Sudetic Block did not yet ap -
pear in the palaeomorphology, sim i lar sed i men tary con di tions
prob a bly pre vailed in these bas ins. The mega cy cles iden ti fied
in the Lower Silesian Ba sin are not as ev i dent, which could be
due to later ero sion or in com plete core data. Nev er the less,
there is a clear tran si tion from grey and black to red and brown
de pos its at the be gin ning of Rotliegend sed i men ta tion in the
Late Stephanian.

North of the Lower Silesian Ba sin, I have also iden ti fied the
Wielkopolska Ba sin (the stratotype area for the Dolsk For ma -
tion) and the Pom er a nian Ba sin (Fig. 5). In all these re gions, se -
quences of grey and black clastic de pos its grad u ally change to
red and dark brown colours un der the vol ca nic rocks.

It is im por tant to emphasise that dur ing the lat est Car bon if -
er ous and early Perm ian (Stephanian C–Autunian) palaeo -
tectonic struc tures such as the Wolsztyn Ridge, the Mid-Pol ish
Trough and the Fore-Sudetic Block did not yet ex ist. At the bor -
der be tween Po land and the Czech Re pub lic, the palaeo -
tectonic and palaeogeographic land scape was dom i nated by
two large mas sifs and their Pa leo zoic sed i men tary and meta -
mor phic cover lay ers, re ferred to here as the Karkonoše Dome
and the Strzegom-Strzelin Dome (Fig. 5). These mas sifs are of
fun da men tal im por tance for the Perm ian palaeo ge ogra phy at
the south west ern bor der be tween Po land and the Czech Re -
pub lic.

The re con struc tion of the de vel op ment of the Pol ish Perm -
ian Ba sin dur ing the Rotliegend pe riod be gins with the pre-vol -
ca nic and vol ca nic phases that pre cede the for ma tion of the
Pol ish Ba sin. The Silesian Sub group, which in cludes the Dolsk
For ma tion and the Wyrzeka Vol ca nic For ma tion, formed be fore 
the es tab lish ment of the struc tural frame work of the Pol ish Ba -
sin. A de tailed anal y sis of these for ma tions and their trans for -
ma tions sheds light on the suc ces sive phases that marked the
tran si tion from the Variscan geo log i cal pat tern to the new
Permo-Me so zoic ba sin. The early Rotliegend pe riod was char -
ac ter ised by ex ten sive re struc tur ing of Late Car bon if er ous
struc tures, which even tu ally led to the for ma tion of
epicontinental sed i men ta tion within the Pol ish Perm ian Ba sin
(Karnkowski, 1999). Re cently, de tailed pet ro log i cal stud ies by
Lützner et al. (2020) and Awdankiewicz (2022) have shown that 
vol ca nic pro cesses in the Lower Rotliegend started al most at
the be gin ning of the Perm ian and lasted only a few mil lion
years. In such a sit u a tion, the Krajanów For ma tion, which lies
be neath the Lower Perm ian volcanics in the Intra-Sudetic Ba -
sin, can be fully as signed to the Stephanian C and the old est
part of the Autunian (Gzhelian\Asselian).

Hav ing dis cussed fig ure 1 (Kowalski and Furca, 2023) in a
palaeogeographic and tem po ral con text (Stephanian
C–Autunian) in this ar ti cle, it is also im por tant to con sider this
map in the con text of the Late Rotliegend pe riod to il lus trate
how dif fer ent the land scape was at the end com pared to the be -
gin ning. This map cor re sponds to Se quence 6, re ferred to as
the Pre-Zechstein Se quence (Karnkowski, 1999), as it is as so -
ci ated with the fi nal phase of clastic sed i men ta tion in the Pol ish
Rotliegend Ba sin. It is over lain by ma rine Zechstein de pos its.
Dur ing this phase of Pol ish Ba sin de vel op ment, the
paleogeography of the ba sin changed sig nif i cantly: the ex tent
of aeolianites dis tinctly en larged to wards the Lower Silesia area 
(Fig. 6). In my opin ion (Karnkowski, 1999), this change was not
due to an ex cep tional event (ae olian sed i men ta tion had con tin -
ued since the be gin ning of the main dry se quence in the
Poznañ re gion), but re sulted from an in creased sub si dence
rate in the east ern part of the Lower Silesian sub-ba sin. This

sub si dence cre ated a fa vour able hy dro log i cal sys tem (linked
with the Intra-Sudetic Ba sin) with a shal low un der ground wa ter
ta ble, which en abled the for mer dune fields to be pre served by
their over bur den. The in vad ing Zechstein Sea flooded var i ous
older de pos its, in clud ing the clayey sed i ments of the cen tral
lake, dune fields with dunes sev eral tens of metres high, flu vial
de pos its and ar eas de void of Rotliegend de pos its such as the
Wolsztyn Ridge (Karnkowski, 1986b, 1995, 1999). The rap idly
trans gress ing sea only par tially de stroyed the for mer land -
scape. Rem nants of this pre served land scape are vis i ble in
cop per mines in the Lower Silesia re gion and can be re con -
structed on the ba sis of seis mic and drill ing data in the
Wielkopolska re gion (Karnkowski et al., 1997). The area of the
Intra-Sudetic Ba sin was prob a bly a catch ment area in which the 
wa ter flow ing and in fil trat ing north of Wroc³aw sta bi lised the
emerg ing dune fields. These dune fields ex tended to the south
be yond the pres ent-day ex tent of the Fore-Sudetic Block, which 
only be came a sig nif i cant palaeogeomorphological fea ture in
the Late Cre ta ceous.

The ex tent of the dune fields in the south ern part of the Pol -
ish Ba sin shown in fig ure 1 (Kowalski and Furca, 2023) is based 
on the pa per of Kiersnowski (2013). How ever, it is in ap pro pri ate 
to limit the ex tent of these dune fields to the north ern fault of the
Fore-Sudetic Block, as this block did not ex ist as a palaeo -
tectonic el e ment dur ing the Perm ian. This ques tion is well ad -
dressed in stud ies on the palaeo ge ogra phy of the Late
Rotliegend, which show the ex ten sion of the dune fields not only 
in Lower Silesia, but also in the Wielkopolska area (Pokorski,
1989, 1998; Karnkowski, 1986b, 1995, 1999). In ad di tion, stud -
ies on the evo lu tion of the early Zechstein in Po land pro vide ev i -
dence for the dis tri bu tion of dif fer ent cyclothems, which show
that the Fore-Sudetic Block had no in flu ence on fa cies dif fer en -
ti a tion and thick ness vari a tions as the early Zechstein de pos its
formed (Peryt, 1978; Wag ner, 1994; Kowalski et al., 2018a, b).
In the mean time, ev i dence of the for ma tion of al lu vial de pos its
of lesser thick ness can be ob served in the Bo he mian Mas sif for
this time in ter val (cf. Fig. 6).

Fi nally, I would like to draw at ten tion to cer tain terms used in 
the ti tle of the ar ti cle, spe cif i cally: “ephem eral,” “non-pe ren nial,”
and “con ti nen tal fault-bounded ba sin.” “Ephem eral” and
“non-pe ren nial” are terms used to de scribe wa ter bod ies or
streams based on the du ra tion of their flow and the pres ence of
wa ter. Ephem eral streams are tem po rary bod ies of wa ter that
only flow in re sponse to spe cific weather events. Their flow rate
is highly de pend ent on sea sonal weather pat terns and they can
be dry for ex tended pe ri ods be tween rain fall events. Non-pe -
ren nial streams flow spo rad i cally but over a lon ger pe riod of
time and may have more sta ble chan nels and wa ter lev els dur -
ing dry pe ri ods. Non-pe ren nial wa ter bod ies are com mon in re -
gions with sea sonal rain fall fluc tu a tions or in ar eas with in ter mit -
tent ground wa ter sources. Kowalski and Furca (2023) used
only once the term “non-pe ren nial” – in the ti tle of the ar ti cle,
and the term ‘ephem eral’ is used only as ‘ephem eral lake’ in re -
la tion to the study area “(also only once). Is the il lus tra tion of
these dif fer ences in fig ure 11A and 11B shown with out the
terms that play a role in the ti tle of the ar ti cle? Since the dis tinc -
tion be tween these two states de pends on the “du ra tion of flow
and the pres ence of wa ter, it is not nec es sar ily shown in figure
11A and 11B, which could ex plain the ab sence of the terms
“non-pe ren nial” and “ephem eral” in the cap tions and ex pla na -
tions.

A “con ti nen tal fault- bounded ba sin” can be de fined as “a
large-scale de pres sion typ i cally sur rounded by higher fea tures
such as moun tain ranges. This ba sin can have been formed by
tec tonic pro cesses such as fault ing” The in clu sion of terms in
the ti tle that re fer to the in flu ence of cli mate and tec ton ics on the
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Fig. 6. Palaeogeographic map of the de cline of the Rotliegend (Mid dle Wuchiapingian, ~259–257 Ma) in the Pol ish Perm ian
Ba sin (pre-Zechstein se quence sensu Karnkowski, 1999) and bas ins in the area of the Bo he mian Mas sif (ac cord ing to Holub,

1972; Pešek et al., 1998; Zajic, 214; Opluštil et al., 2016)

Ad di tional ex pla na tions are pro vided in the text
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shap ing of the flu vial sys tem dur ing one of the Rotliegend ep i -
sodes in the de vel op ment of the Intra-Sudetic Ba sin does not,
in my opin ion, re flect their mu tual role in shap ing the evo lu tion
of the ba sin fill. Kowalski and Furca (2023) mainly emphasised
the tec tonic fac tor, al though the flu vial sys tem is al ways sig nif i -
cantly in flu enced by the cli ma tic fac tor as well. The co ex is tence
of these two fac tors (tec ton ics and cli mate) has been re peat -
edly emphasised in con nec tion with the de po si tion of the flu vial
sed i ments of the Rotliegend in the Sudetic re gion (Wojewoda
and Mastalerz,1989).

The dis cus sion pre sented has only touched on some of the
is sues raised by Kowalski and Furca (2023). In this dis cus sion I
have tried to emphasise them in the con text of the di rect state -
ments of the ar ti cle, but I have also ad dressed meth od olog i cal
is sues (which are ex tremely im por tant in this ar ti cle) that have
ac cu mu lated a con sid er able layer of in ac cu ra cies and omis -
sions over the last 50 years. Ge ol o gists are faced with the chal -
lenge of de vel op ing the most ac cu rate re gional palaeo -
geographic maps of the Perm ian. How ever, it all has to start
with geo log i cal maps that need to be re mapped in de tail.
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