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First, we would like to thank Pawe³ Henryk
Karnkowski for his in ter est and crit i cal read ing of
our re cent pa per (Kowalski and Furca, 2023) and
the dis cus sion he ini ti ated (Karnkowski, 2024). In

our re ply we will fo cus on meth od olog i cal and re gional is sues
which were crit i cally dis cussed by him (Karnkowski, 2024). We
group our an swers based on four ma jor top ics raised in his dis -
cus sion: (1) meth od olog i cal is sues; (2) depositional pro cesses
and Perm ian palaeo ge ogra phy of the Intra-Sudetic Ba sin (ISB); 
(3) lithostratigraphy, ge om e try and tec ton ics of the Intra-Sudetic 
Ba sin fill; and (4) con trol ling fac tors in early Perm ian cy clic sed i -
men ta tion: cli mate vs. tec ton ics.

METHODOLOGICAL ISSUES

An im por tant part of Karnkowski’s (2024) com ments on our
pa per (Kowalski and Furca, 2023) con cerned meth od olog i cal
is sues and the lo ca tion of the ex po sures stud ied. Al leged “dis -
crep an cies” in lo ca tions of the main ex po sures de scribed in our
text, pointed out by Karnkowski (2024) in the dis cus sion and on
his fig ure 1, are only a re sult of dif fer ences in the scale of the
maps pre sented on our fig ures 2 and 11C (Kowalski and Furca,
2023, p. 4 and 20). Firstly, fig ure 2 pre sented in our pa per
shows the sim pli fied (and also gen er al ized) re gional-scale geo -
log i cal map of the north ern ISB area. It should be stressed that it 
is im pos si ble on a map of the scale of fig ure 2 to show sat is fac -
to rily the lo ca tion of small-scale ex po sures. Sec ondly, fig ure
11C in our pa per pres ents the lo ca tion of the ex po sures stud ied
in re la tion to the palaeogeographic scheme as in ter preted and
pro posed. It is also prac ti cally im pos si ble to car to graphi cally
com pare the ex act lo ca tion of ex po sures be tween the re -
gional-scale map (fig. 2C; Kowalski and Furca, 2023, p. 4) and
the de tailed palaeogeographic map shown on fig ure 11C
(Kowalski and Furca, 2023, p. 20). To il lus trate this prob lem, we 

note that the mea sured di am e ter of each of the lo ca tion points
marked in our fig ure 2 reach ~1 km at the scale of this map. The 
ac cu rate top o graphic lo ca tion of each of the ex po sures stud ied
was shown sep a rately on our fig ures 6 and 7, re spec tively
(Kowalski and Furca, 2023, p. 12–13).

Fig ure 1 pre pared by Karnkowski (2024) shows an au thor’s
at tempt of GIS-based callibration of our fig ure 11C (Kowalski and 
Furca, 2023, p. 20). This map was georectified and re ad justed
onto the map from our fig ure 2 (Kowalski and Furca, 2023, p. 4),
based on the lo ca tion of points (ex po sures) sit u ated nearly the
cen tre of the map, with no ref er ence points placed in its cor ners.
This re sulted in the ap par ent map “de for ma tion” shown by
Karnkowski (2024) on his fig ure 1 which may lead to sig nif i cant
con fu sion. Hence, we can not agree with Karnkowski (2024), who 
con cludes that the 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. Palaeotransport di rec tions ob tained
from de pos its of the low er most Krajanów For ma tion have been
mea sured in the field in logged sec tions, and were fi nally shown
on our fig ures 6, 7 and 10 (also as rose di a grams; see Kowalski
and Furca, 2023, p. 12–13 and 18). Then, these di rec tions were
po si tioned on the in ter pre tive palaeogeographic map (fig. 11C;
Kowalski and Furca, 2023; p. 20).

Karnkowski (2024) fur ther ana lysed the lo ca tion of se lected
ar chi val bore holes lo cated in the east ern part of the ISB (fig. 2 in 
Karnkowski, 2024). We agree with Karnkowski (2024) that
lithological data ob tained from these bore holes may con sti tute
an im por tant el e ment for re gional palaeogeographic in ter pre ta -
tion. We have also ana lysed ar chi val bore hole data as shown
by Karnkowski (2024, his fig. 2). How ever, it should be em pha -
sized that the main part of our pa per con cerns the anal y sis of
the out crop-de rived data. Anal y sis of (mainly ar ti fi cial) ex po -
sures in our study area in cluded mac ro scopic rec og ni tion, de -
scrip tion, clas si fi ca tion and de tailed char ac ter iza tion of
lithofacies, as well as ver ti cal log ging of the rock tex ture and
sed i men tary struc tures. Data de rived from ex po sures was
com ple mented by anal y sis of se lected bore hole data, es pe -
cially those de scribed in de tail by Miecznik (1989). It is im por -
tant to note that the lithological pro file of the Œwierki IG 1 bore -
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hole was shown on fig ure 5 in our pa per (Kowalski and Furca,
2023; p. 9) only as the ref er ence pro file which shows the
lihology and main fea tures of the Krajanów For ma tion in the
prox i mal to me dial parts of the east ern Perm ian ISB. This com -
plete lithological pro file of the Krajanów For ma tion was shown
with ref er ence to de pos its of the over ly ing S³upiec, and un der ly -
ing Ludwikowice, for ma tions drilled in the east ern part of the
ISB. De spite that, Karnkowski (2024) crit i cized this ap proach
and ar gues that 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. In a sub se quent
para graph Karnkowski (2024) stated also that in our pa per we
could re fer to the pro files of other bore holes in the study area:
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. Un for tu -
nately, many of these pro spec tive bore holes, and other bore -
holes shown on fig ure 2 by Karnkowski (2024), have not been
fully cored. For ex am ple, the orig i nal de scrip tion of the lower
Perm ian Krajanów For ma tion pen e trated by the Nowa Ruda
W-4 bore hole is as fol lows: 7.0–20.0 m: fine- and me -
dium-grained con glom er ates; 20.0–100.0 m: red dish-brown
sand stones, mudstones and con glom er ates; 100.0–137.0 m:
light-grey and brown sand stones and con glom er ates, etc.
(Bossowski, 1974). An other sig nif i cant ex am ple men tioned by
Karnkowski (2024) is the pro file of the Œwierki IG 2 bore hole
(Fig. 1), lo cated close to our ex po sures nos. 3, 4 and 5
(Kowalski and Furca, 2023, figs 6 and 10). The prob lem here is
that the low er most part of the Krajanów For ma tion in this bore -
hole is cut by a zone of sig nif i cant, un named re gional fault ing
(Krechowicz and Kisielewski, 1965; Krechowicz and Bere -
zowska, 1968). As a con se quence ~100 m of the core is
strongly crushed and no lithological/sedimentological in for ma -
tion can be ob tained from its de scrip tion (the core is not pre -
served). In this con text it is im por tant to note that this miss ing in -
ter val of the Krajanów For ma tion was ana lysed by Kowalski and 
Furca (2023) in ex po sures sit u ated in the near est prox im ity of
the Œwierki IG 2 bore hole. We con clude that any palaeo -
geographic in ter pre ta tions based on bore hole data de rived
from the study area must be eval u ated with care.

Due to the lim ited length of our re cent pa per (with its sig nif i -
cantly dif fer ent ap proach) and the prob lems noted above, we
did not dis cuss these is sues and we also did not pres ent pro -
files of other pro spec tive bore holes pen e trat ing the Krajanów
For ma tion in the study area. Fur ther more, these in com plete
data have not been omit ted in our palaeogeographic anal y ses
(which re fers only to the low er most por tion of the Krajanów For -
ma tion) and will prob a bly be the sub ject of sep a rate pa pers in
the fu ture.

DEPOSITIONAL PROCESSES AND PERMIAN
PALAEOGEOGRAPHY OF THE INTRA-SUDETIC

BASIN

The early Perm ian ISB con sti tuted one of the semi-en -
closed, fault-bounded, in ter nally-drained (partly endorheic?)
bas ins de vel oped within and around the Bo he mian Mas sif dur -
ing the ter mi nal phases of the Variscan orog eny (Holub, 1972,
1975; Lützner, 1988; Wojewoda and Mastalerz, 1989; Opluštil
et al., 1998; Turnau et al., 2002). The Perm ian, non-ma rine
sed i men tary-volcanogenic suc ces sion of the ISB ex hib its dis -
tinct, large-scale cy clic struc ture and com prises three fin ing-up -
wards con ti nen tal megasequences up to 700 m thick (Nemec et 
al., 1982; Mastalerz et al., 1993; Awdankiewicz et al., 2003),
which are tra di tion ally dis tin guished as the Krajanów, S³upiec

and Radków for ma tions. These for ma tions are mainly com -
posed of an al lu vial fan and flu vial de pos its in their lower to mid -
dle parts, and flu vial/deltaic to lac us trine de pos its in the up per -
most parts (Nemec et al., 1982; Wojewoda and Mastalerz,
1989).

In our pa per (Kowalski and Furca, 2023) we in ter pret the flu -
vial depositional sys tem which de vel oped in the east ern part of
the ISB dur ing the early Perm ian, as a dis trib u tive flu vial sys tem 
(DFS). Such aggradational, fan-shaped sys tems with a down -
stream dis trib u tive run off pat tern are dom i nated by dis tinct sed i -
men tary sub-en vi ron ments (Fig. 2), which re sulted in vari a tions
in sed i men tary ar chi tec ture across the prox i mal to dis tal zones
of the sys tem (e.g., Nichols, 1987; Nichols and Fisher, 2007;
Weissmann et al., 2013; Owen et al., 2015; Carraro et al.,
2023). Dis trib u tive flu vial sys tems tend to ex hibit (i) grad ual
down stream de crease of chan nel abun dance as well as their
depth (and re sul tant down stream de crease in the amal gam -
ation of chan nel-fill ar chi tec tural el e ments); (ii) a de crease in
over all grain size down stream and (iii) a down stream in crease
in sheet-flood and floodplain (overbank) de pos its (Kelly and
Olsen, 1993; Cain and Mountney, 2009; Coronel et al., 2020;
Priddy and Clark, 2021). In the more dis tal sec tors of the sys -
tem, flu vial de pos its are interbedded with playa, ae olian and
ephem eral lac us trine de pos its (Picard and High, 1973;
Collinson, 1996; Kiersnowski, 2013; Al-Masrahy and Mountney, 
2015; Priddy and Clarke, 2020). We pointed out that such
large-scale fea tures of the flu vial sys tem in the east ern ISB are
the ap par ent re sult of dry and semi-arid cli mates as well as re -
gional tec tonic ac tiv ity dur ing early Perm ian.

Karnkowski (2024) draw at ten tion to terms used in the ti tle
of our pa per and fur ther con tends that the term “non-pe ren nial”
is used only once and also that the term ‘ephem eral’ is used
only as ‘ephem eral lake’ in re la tion to the study area “(also only
once). We would like to point out that both of these terms
(“non-pe ren nial” and “ephem eral”) have been used and de -
scribed many times in our pa per (Kowalski and Furca, 2023).
For ex am ple we re ferred to this terms dur ing de scrip tion of ar -
chi tec tural el e ments of the flu vial sys tem (The CHa el e ments
are in ter preted as a palaeochannels of a multi-storey, non-pe -
ren nial to ephem eral braided flu vial sys tem and fur ther In the
up per part of the suc ces sion stud ied, the braided style of flu vial
ar chi tec ture evolved lat er ally and grad u ally up wards into
non-pe ren nial to ephem eral flu vial strata; Kowalski and Furca,
2023, p. 17) and also dur ing char ac teri sa tion of the en tire flu vial
sys tem in the study area (The early Perm ian (?Asselian) flu vial
sys tem in this area was dom i nated by non-pe ren nial to ephem -
eral flu vial pro cesses in flu enced strongly by semi-arid to arid cli -
mate.; cf. Kowalski and Furca, 2023, p. 21).

We agree that the up per most part of the Krajanów For ma -
tion may be in ter preted as de pos its of playa subenvironment
which de vel oped in the me dial to dis tal sec tors of a dis trib u tive
flu vial sys tem in the east ern ISB. The palaeogeographic
scheme pre sented on our fig ure 11C (Kowalski and Furca,
2023, p. 20) re fers only to the low er most part of the Krajanów
suc ces sion. It is im por tant to note that Karnkowski (2024,
fig. 3A) of fered lit tle doc u men ta tion to sup port his re vised
palaeogeographic scheme, which is based on our
palaeogeographic map [On the ba sis of fig ure 11C (Kowalski
and Furca, 2023), I cre ated a palaeogeographic map (Fig.
3PM)]. Also the “CS-1” cross-sec tion pro posed by Karnkowski
(2024;  fig. 3B) are based on our palaeogeographic map and
only one bore hole pro file (Œwierki IG 1 bore hole; Miecznik
1989). How ever, we agree with Karnkowski (2024, fig. 3A, B)
who pointed out that his maps (and our palaeogeographic map
(Kowalski and Furca, 2023, fig. 11C) rep re sent only the lower
and mid dle part of the Krajanów For ma tion pro file.
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Fig. 1. Li thol ogy and main fea tures of the Krajanów For ma tion shown
on an ex am ple of the Œwierki IG 2 bore hole lo cated in the prox i mal

part of the east ern Perm ian ISB

Note lack of data in in ter val of strongly crushed core in the area close to the 
fault zone (for lo ca tion of the bore hole see fig. 2 in Karnkowski, 2024)

https:// doi.org/10.7306/gq.1755


On the other hand we can not to tally agree with Karnkowski
(2024), who fur ther pos tu lated that 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. Firstly,
many pre vi ous re search ers (Don, 1961; Dziedzic, 1961;
Nemec et al., 1982; Wojewoda and Mastalerz, 1989; Lorenc,
1993; Mastalerz and Nehyba, 1996; Nowak et al., 2022;
D¹bek-G³owacka et al., 2024) in di cated that or ganic-rich, black
claystones and mudstones re ferred his tor i cally to as the
Anthracosia shales (both the lower and up per ones), are in ter -

preted as or ganic-rich, open-lake sed i ments, but not red clay
de pos its. Sec ondly, the state ment that the Anthracosia lay ers
(lower and up per) have a small thick ness, but a con sid er able
lat eral ex ten sion (Karnkowski, 2024) is con tra dicted by many
re gional stud ies con ducted by pre vi ous au thors. For ex am ple,
Miecznik (1989, p. 21) ar gued that the sec ond ho ri zon of the
Anthracosia shale does not con sti tutes a con tin u ous lithological 
level, but oc curs in the form of iso lated lenses. Also Nowak et al. 
(2022, p. 2) pro vided an in ter pre ta tion that the Anthracosia
shales do not oc cur in each pro file of the Penn syl va nian/Perm -
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Fig. 2. Depositional model of the dis trib u tive flu vial sys tem (DFS) with ref er ence to the Intra-Sudetic Ba sin
 (in spired by and mod i fied af ter Weissmann et al., 2013)
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ian se quence, so they do not form lat er ally con tin u ous units, but 
rather oc cur as flat lensoidal bod ies with a thick ness vary ing
from 20 to 70 m. These interpretatations, how ever, need fur ther
de tailed sedimentological re gional in ves ti ga tions, and should
be cor rob o rated also by bore hole data.

LITHOSTRATIGRAPHY, GEOMETRY 
AND TECTONICS OF THE INTRA-SUDETIC 

BASIN FILL

In our re cent pa per (Kowalski and Furca, 2023), we adopted 
the widely used strati graphic scheme pro posed by Nemec et al.
(1982) for the ISB area. The scope of our pa per was not in -
tended to dis cuss ex ist ing strati graphic sub di vi sions, but to de -
scribe a pro cess-based, sedimentological case study of the
low er most Krajanów For ma tion, in ves ti gated for the first time. In 
our opin ion this re mark also ap plies to Karnkowski’s (2024)
state ment that the term “mem ber” is not used in the text, al -
though it should be.

We em pha size that the Krajanów For ma tion is for mally not
sub di vided into in di vid ual lithostratigraphic mem bers (Nemec et 
al., 1982). These au thors stated that the Krajanów For ma tion
com prises the fol low ing units dis tin guished by ear lier au thors:
the lydite con glom er ate (Dathe, 1904), the quartz ite con glom er -
ate, the sand stone equiv a lent of the quartz ite con glom er ate, the 
Unis³aw con glom er ate, the Czarny Bór con glom er ate (Dziedzic, 
1961), the red shales (Don, 1961) and the Up per Anthracosia
Shale (Petrascheck, 1936). De pos its of the low er most part of
the Krajanów For ma tion: the so-called lydite con glom er ate in
the area be tween Nowa Ruda and S³upiec to the south-east,
and the quartz ite con glom er ate be tween Nowa Ruda and
Œwierki to the north-west (Don, 1961) were dis tin guished based
on the petrographic com po si tion of gravel clasts. How ever, our
de tailed petrographic study (Kowalski and Furca, 2023, figs. 6
and 7, p. 7) did not al low for re gional dis tinc tion be tween these
two lithological, in for mal end-mem bers. We agree with
Karnkowski (2024) that the in for mal lithostratigraphic sub di vi -
sions pro posed and used in the lit er a ture by var i ous au thors for
the ISB area may cause con fu sion (Augustyniak and Gro -
cholski, 1968; Œliwiñski, 1980; Nemec et al., 1982; Miecznik,
1989; Bossowski and Ihnatowicz, 1994; Dziedzic and Teis -
seyre, 1990). Hence we used the lithostratigraphic scheme pro -
posed by Nemec et al. (1982) which is the most widely ap plied
and cited scheme in the re gional lit er a ture (Aleksandrowski et
al., 1986; Wojewoda and Mastalerz, 1989; Mastalerz et al.,
1993; Awdankiewicz, 1999; Bossowski et al., 1995; Kurowski,
2004; Bossowski and Ihnatowicz, 2006; Biernacka, 2012; Voigt
et al., 2012; Górecka-Nowak et al., 2021; Wójcik-Tabol et al.,
2021; Awdankiewicz, 2022; Nowak et al., 2022; Ploch et al.,
2023; Voigt et al., 2024).

Karnkowski (2024) also stated that the ISB infill con sists
mainly of Car bon if er ous de pos its, with Perm ian rocks con sti tut -
ing up to 10% of the to tal sed i men tary suc ces sion. The highly
sig nif i cant point here is that the to tal thick ness of the ISB fill, es -
ti mated at 11,000 m (Nemec et al., 1982), is an as sumed, ag -
gre gate stra tal thick ness, cal cu lated by sum ming the thick -
nesses of in di vid ual lithostratigraphic units. In re al ity, es pe cially
in the cen tral parts of the ba sin, the real thick ness of the Car -
bon if er ous–Perm ian strata is much smaller. For ex am ple in the
Dzikowiec IG 1 bore hole, drilled in the cen tral (ax ial) part of the
Czerwieñczyce Graben (SE por tion of the ISB), the to tal thick -
ness of the Lower Perm ian suc ces sion reaches 991.0 m, while
the thick ness of the Up per Car bon if er ous suc ces sion is only
431.0 m (Bossowski, 1996). This bore hole in ter sected the Car -
bon if er ous-base ment un con formity at a depth of 1422 m.

Fig ure 4 in cluded in Karnkowski (2024), is cap tioned 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. This fig ure, pub lished also by this
au thor much ear lier (Karnkowski, 1986), was di rectly adopted
from the pub li ca tion of the North Amer i can Com mis sion on
Strati graphic No men cla ture (NACSN, 1983, 2005; fig. 7, p.
1579), and shows both an allostratigraphic clas si fi ca tion and lat -
eral fa cies changes of al lu vial and lac us trine de pos its in fill ing a
nearly sym met ri cal, tec tonic graben. On the other hand, the ISB
is con sid ered as a strongly asym met ri cal, fault-bounded ba sin
(Nemec et al., 1982), with sev eral in di vid ual depocentres de vel -
oped dur ing Late Car bon if er ous and early Perm ian times
(Dziedzic, 1961; Wojewoda and Mastalerz, 1989). The over all
ba sin asym me try is re flected for in stance in the bulk (logged)
thick ness of the Krajanów For ma tion in the study area (east ern
ter mi na tion of the ISB) where it reaches 420 m (Kowalski and
Furca, 2023, fig. 5), and in the op po site (west ern) part of the ISB,
where the co eval de pos its of this for ma tion drilled in the Lubawka 
IG 1 bore hole are ~100 m thick (Grocholski, 1994). Such thick -
ness re la tion ships, re flected also in fa cies changes, re sult from
strong lat eral and ver ti cal vari a tions of the flu vial sys tem across
the op po site mar gins of the ISB.

Con trary to the opin ion 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
(Karnkowski, 2024), the mid dle (cen tral) part of the ISB ex -
poses also the up per most part of the up per most lower–mid dle
(?) Perm ian de pos its which are as signed to the Che³msko
Œl¹skie Beds (Œliwiñski, 1980, 1984). We em pha size that the
Zechstein Sea did not reach the Intra-Sudetic area, which was
el e vated in re la tion to the North-Sudetic Synclinorium dur ing
the early and late Perm ian. A shal low-ma rine bay (la goon?)
dom i nated by car bon ate sed i men ta tion formed in the south ern -
most por tion of the North-Sudetic Ba sin at that time (Kowalski
et al., 2018).  Dur ing the late early–mid dle(?) Perm ian, de po si -
tion in the ISB was ter res trial, dom i nated by al lu vial fan and
braided river en vi ron ments (Dziedzic, 1961; Œliwiñski, 1981,
1984; Fig. 3). The bound ary be tween the Perm ian and the Tri -
as sic de pos its in the mid dle part of the ISB area is an ero sional
un con formity (Œliwiñski,  1981, 1984; Kowalski, 2020). If an late
early to mid dle (?) Perm ian age of the Che³msko Œl¹skie Beds
is as sumed, the min i mum time gap cor re spond ing to this un -
con formity would be ~20 Ma (Kowalski, 2020). This es ti mate
im plies a pos si ble break in sed i men ta tion in the mid dle part of
the Intra-Sudetic area en com pass ing the whole late Perm ian.
Thus, con trary to palaeogeographic scheme pre sented by
Karnkowski (2024, fig. 6), the Wuchiapingian (~259–251 Ma)
de pos its are prob a bly ab sent from the ISB (Œliwiñski, 1984;
Kowalski et al., 2018; Kowalski, 2020). How ever, it should be
not ex cluded that the pres ent-day Intra-Sudetic area con sti -
tuted the source area for the North-Sudetic Ba sin dur ing this
time (Kowalski, 2020; Fig. 3). The mid dle to late Perm ian de -
pos its may have been par tially eroded be fore the Early Tri as sic
sed i men ta tion in the area of the ISB.

In palaeogeograpical re con struc tions of the Sudetic area,
spe cial at ten tion needs to be paid to re la tion ships be tween the
ge om e try of the ba sin fill and tec ton ics (i.e. the pos si ble amount 
of lat eral short en ing). In our opin ion, in fer ences about the orig i -
nal ex tent of the Perm ian de pos its based on their cur rent ex tent 
in the ISB are awk ward. Cru cial to a palaeogeographic re con -
struc tion of the Perm ian ISB is the mu tual re la tion ship be tween
its (in ferred) pri mary bound aries and the pres ent-day rel ics of
ba sin-fill de pos its pre served within a synclinorial unit, termed
the Intra-Sudetic Synclinorium (Oberc, 1972; ¯elaŸniewicz and
Aleksandrowski, 2008; ¯elaŸniewicz et al., 2011). The cur rent
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tec tonic struc ture of this unit is an ap par ent re sult of Late Cre ta -
ceous–early Paleogene compressional tec tonic event (Oberc,
1972; ¯elaŸniewicz et al., 2011; G³uszyñski and Aleksan -
drowski, 2022) and Neo gene block move ments (Oberc, 1972).
These events led to in ver sion and sig nif i cant tec tonic de for ma -
tion of the ba sin fill which was dis sected mainly by NW–SE and
NE–SW-trending fault sys tems. These pro cesses re sulted also
in tec tonic short en ing, up lift and ero sion of con sid er able part of
the post-Variscan (lower Car bon if er ous–Up per Cre ta ceous)
sed i men tary cover. Thus, the pres ent-day ex tent of the ISB fill
is prob a bly much smaller than orig i nally. How ever, the east ern
bound ary fault of the Intra-Sudetic Synclinorium (G³uszyca
Fault) may co in cide with the east ern mar gin of the Perm ian ISB
(cf. figs 2 and 11C in Kowalski and Furca, 2023), though the
real ex tent of the Perm ian de pos its in the Sudetic area re mains
un known. Tak ing into ac count the above, it was also in ten tional
to la bel our fig ure 11C (Kowalski and Furca, 2023) as “not to
scale”.

CONTROLLING FACTORS IN EARLY PERMIAN
CYCLIC SEDIMENTATION: CLIMATE VS.

TECTONICS

Many au thors (Nemec et al., 1982; Wojewoda and
Mastalerz, 1989; Awdankiewicz et al., 2003) have em pha sized
that re gional tec tonic ac tiv ity (i.e. a synsedimentary ac tive fault
sys tem) played a cru cial role in con trol ling ac com mo da tion
space, sed i ment sup ply and flu vial ar chi tec ture in the Car bon if -

er ous-Perm ian ISB. We agree with Karnkowski (2024), that the
Perm ian Intra-Sudetic flu vial sys tem was sig nif i cantly in flu -
enced by the long-term cli ma tic os cil la tions. How ever, the char -
ac ter is tics of the Perm ian sed i men tary suc ces sion pre served
within the ISB in di cate a pro gres sive aridification of the cli mate
and prob a bly its co in ci dent warm ing dur ing the early Perm ian
(Dziedzic, 1961; Wojewoda and Mastalerz, 1989), in our pa per
we con clude that the grad ual change in the flu vial ar chi tec ture
within the Krajanów For ma tion can be at trib uted to a lat eral and
tem po ral changes in river sys tem rather than grad ual shift in re -
gional cli mate. In our opin ion, in the case of the ISB, tec tonic
con trol, un der stood as pe ri odic up lift of the source ter rains,
strongly in flu enced the for ma tion of well-de vel oped, hi er ar chi -
cally or ga nized, fin ing-up wards megasequences. On the other
hand, the vol ume and chem i cal com po si tion of sed i ment load,
fre quency and mag ni tude of flow events as well as pedogenic
pro cesses have been in flu enced strongly by cli ma tic fac tors
(e.g., Mosciarello, 2017). To con clude, we con sider that the
Perm ian Intra-Sudetic flu vial sys tem was in flu enced by a com -
bi na tion of tec tonic and cli ma tic fac tors, as is – in our opin ion –
re flected in the ti tle and con tent of our re cent pa per (Kowalski
and Furca, 2023).

CONCLUDING REMARKS

We would like to thank Pawe³ Henryk Karnkowski for his dis -
cus sion and valu able com ments. We are es pe cially grate ful for
com ments and re marks on the paleogeography of the Pol ish
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Fig. 3. Sche matic palaeogeographic evo lu tion of the mar ginal parts of the North-Sudetic and Intra-Sudetic bas ins in the early-
(A) and mid dle–late(?) Perm ian (mod i fied af ter Kowalski, 2020)

Note the hy po thet i cal sed i ment source ar eas and the pos tu lated in ter con nec tion of the Intra-Sudetic and North-Sudetic bas ins (brown
dashed lines) dur ing mid dle–late Perm ian. Lo ca tion of the Perm ian vol ca nic cen tres af ter Awdankiewicz (1999). Let ter sym bols: I-KM –
Izera-Karkonosze Mas sif; ISF – Intrasudetic Fault; KMC – Kaczawa Meta mor phic Com plex; KPB – Karkonosze Piedmont Ba sin; P-HF –
Poøíèí-Hronov Fault; ŒD – Œwiebodzice De pres sion; SM – Góry Sowie Mas sif; ŒG – Œwierzawa Graben; SMF – Sudetic Mar ginal Fault; S-SM 
– Strzegom-Sobótka Mas sif; WG – Wleñ Graben; WiG – Wierzchos³awice Graben; WoG – Wolbromek Graben
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Rotliegend Ba sin. In our re cent pa per (Kowalski and Furca,
2023) we have based our con clu sions and palaeogeograpic in -
ter pre ta tion on in te grated sedimentological, petrographic and fa -
cies anal y sis. As ge ol o gists pro fes sion ally in volved in the re -
newed pro ject of high-res o lu tion geo log i cal map ping in the
Sudetes at the scale of 1:25,000, we would also like to thank P.H. 
Karnkowski for em pha siz ing the cru cial role of de tailed geo log i -

cal maps in the rec og ni tion and con struc tion of palaeo -
geographic schemes for the early Perm ian sed i men tary bas ins.
We hope that our cur rent re search and dis cus sion ini ti ated by
Karnkowski (2024) con trib uted to better rec og ni tion of the lower
Perm ian (?Asselian) de pos its in the east ern Intra-Sudetic Ba sin.

REFERENCES

Aleksandrowski, P., Œliwiñski, W., Wojewoda, J., 1986. Fron tally
and surficially fluidized slump to de bris flow sheets in an al lu vial
se quence, Lower Perm ian, Intra-Sudetic Ba sin. In: IAS 7th Eu -
ro pean Re gional Meet ing, Ex cur sion Guide book, Kraków-Po -
land (ed. A.K. Teisseyre), Ex cur sion A-1: 9–29. Ossolineum,
Wroclaw.

Al-Masrahy, M.A., Mountney, N.P., 2015. A clas si fi ca tion scheme
for flu vial-ae olian sys tem in ter ac tion in desert-mar gin set tings.
Ae olian Re search, 17: 67–88;
https://doi.org/10.1016/j.aeolia.2015.01.010

Augustyniak, K., Grocholski, A., 1968. Geo log i cal struc ture and
out line of the de vel op ment of the Intra-Sudetic de pres sion.
Biuletyn Instytutu Geologicznego, 17: 87–111.

Awdankiewicz, M., 1999. Vol ca nism in a late Variscan
intramontane trough: Car bon if er ous and Perm ian vol ca nic cen -
tres of the Intra-Sudetic Ba sin, SW Po land. Geologia Sudetica,
32: 13–47.

Awdankiewicz, M., 2022. Polyphase Permo-Car bon if er ous
magmatism ad ja cent to the Intra-Sudetic Fault: con straints from
U-Pb SHRIMP zir con study of fel sic subvolcanic in tru sions in the 
Intra-Sudetic Ba sin, SW Po land. In ter na tional Jour nal of Earth
Sci ences, 111: 2199–2224;
https://doi.org/10.1007/s00531-022-02232-y

Awdankiewicz, M., Kurowski, L., Mastalerz, K., Raczyñski, P.,
2003. The Intra-Sudetic Ba sin - a re cord of sed i men tary and vol -
ca nic pro cesses in late- to post-orogenic tec tonic set ting.
Geolines, 16: 165–183.

Biernacka, J., 2012. De tri tus from Variscan lower crust in
Rotliegend sand stones of the Intra-Sudetic Ba sin, SW Po land,
re vealed by de tri tal high-pyrope gar net. Annales Societatis
Geologorum Poloniae, 82: 127–138.

Bossowski, A., 1974. Dokumentacja wynikowa wycinka otworu
Nowa Ruda W-4 od 908,8 do 962,2 m (in Pol ish). CAG PIG
Warszawa, nr. inw. 119027.

Bossowski, A., ed., 1996. Dzikowiec IG 1 (in Pol ish). Pro file
G³êbokich Otworów Wiertniczych Pañstwowego Instytutu
Geologicznego, 82. 

Bossowski, A., Ihnatowicz, A., 1994. Palaeo ge ogra phy of the up -
per most Car bon if er ous and low er most Perm ian de pos its in the
NE part of the Intra-Sudetic De pres sion. Geo log i cal Quar terly,
38 (4): 709–726. 

Bossowski, A., Ihnatowicz, A., 2006. Geo log i cal At las of the
Lower Silesian Coal Ba sin 1:100 000 (in Pol ish). Pol ish Geo log i -
cal In sti tute, Warszawa.

Bossowski, A., Ihnatowicz, A., Mastalerz, K., Kurowski, L.,
Nowak, G.J., 1995. Intra-Sudetic De pres sion. Prace Pañstwo -
wego Instytutu Geologicznego, 148: 142–147.

Cain, S.A., Mountney, N.P., 2009. Spa tial and tem po ral evo lu tion of
a ter mi nal flu vial fan sys tem: the Perm ian Or gan Rock For ma -
tion, South-east Utah, USA. Sedimentology, 56: 1774–1800;
https://doi.org/10.1111/j.1365-3091.2009.01057.x

Carraro, D., Ventra, D., Moscariello, A., 2023.  Anat omy of a flu vial
paleo-fan: sedimentological and ar chi tec tural trends of the
Paleocene–Eocene Wasatch–Colton Sys tem (west ern Uinta
Ba sin, Utah, U.S.A.). Jour nal of Sed i men tary Re search, 93:
370–412; https://doi.org/10.2110/jsr.2022.095

Collinson, J.D., 1996. Al lu vial sed i ments. Sed i men tary En vi ron -
ments: Pro cesses, Fa cies and Stra tig ra phy: 37–82. Blackwell
Pub lish ing.

Coronel, M.D., Isla, M.F., Veiga, G.D., Mountney, N.P.,
Colombera, L., 2020. Anat omy and fa cies dis tri bu tion of ter mi -
nal lobes in ephem eral flu vial suc ces sions: Ju ras sic Tordillo
For ma tion, Neuquén Ba sin, Ar gen tina. Sedimentology, 67:
2596–2624; https://doi.org/10.1111/sed.12712

D¹bek-G³owacka, J., Wójcik-Tabol, P., Nowak, G.J., 2024. In flu -
ence of Late Car bon if er ous–Early Perm ian cli mate change on
the sed i men tary evo lu tion – a case study of the lac us trine Lower 
Anthracosia Shales (Intra-Sudetic Ba sin, SW Po land). Geo log i -
cal Quar terly, 68, 5; https://doi.org/10.7306/gq.1728

Dathe, E., 1904. Geologische Karte von Preußen und
benachbarten Bundesstaaten 1:25 000. Blatt Rudolfswaldau.
Lieferung 115. Königlich Preußischen Geologischen
Landesalstalt. Berlin.

Don, J., 1961. The Permo-Car bon if er ous of the Nowa Ruda re gion
(in Pol ish with Eng lish sum mary). Zeszyty Naukowe
Uniwersytetu Wroc³awskiego. Nauki Przyrodnicze. Nauka o
Ziemi, 3: 3–54.

Dziedzic, K., 1961. Lower Perm ian in the Intrasudetic Ba sin (in Pol -
ish with Eng lish sum mary). Studia Geologica Polonica, 6:
1–124.

Dziedzic, K., Teisseyre, A.K., 1990. The Hercynian molasse and
youn ger de pos its in the Intra-Sudetic De pres sion, SW Po land.
Neues Jahrbuch für Geologie und Paläontologie, 179: 285–305.

G³uszyñski, A., Aleksandrowski, P., 2022. Late Cre ta ceous-Early
Palaeogene in ver sion-re lated tec tonic struc tures at the NE mar -
gin of the Bo he mian Mas sif (SW Po land and north ern Czechia).
Solid Earth, 13: 1219–1242;
https://doi.org/10.5194/se-13-1219-2022

Górecka-Nowak, A., Jankowska, A., Muszer, J., 2021. Age re vi -
sion of Car bon if er ous rocks in the north ern part of the
Intra-Sudetic Ba sin (SW Po land) based on miospore data. Geo -
log i cal Quar terly, 65, 8; https:// doi.org/10.7306/gq.1581

Grocholski, A., ed., 1994. Lubawka IG 1 (in Pol ish). Pro file
G³êbokich Otworów Wiertniczych Pañstwowego Instytutu
Geologicznego, 79.

Holub, V., 1972. Perm ian of the Bo he mian Mas sif. In: Rotliegend.
Es says on Eu ro pean Lower Perm ian (ed. H. Falke). In ter na -
tional Sed i men tary Pet ro graph i cal Se ries, 15: 137–188. Brill
(Hol land).

Holub, V., 1975. Perm ian bas ins in the Bo he mian Mas sif. In: Falke,
H. (Ed.), The Con ti nen tal Perm ian in Cen tral, West, and South -
ern Eu rope. NATO Ad vanced Study In sti tute Se ries, 22: 57.

Karnkowski, P.H., 1986. Allostratigraphic units – pro posal new for -
mal units in the Pol ish Strati graphic Clas si fi ca tion (in Pol ish with 
Eng lish sum mary). Przegl¹d Geologiczny, 34: 255–257.

Karnkowski, P.H., 2024. De vel op ment of a non-pe ren nial to
ephem eral flu vial sys tem in con ti nen tal fault-bounded ba sin –
an ex am ple from the early Perm ian Krajanów For ma tion of the
Intra-Sudetic Ba sin (NE Bo he mian Mas sif) – dis cus sion. Geo -
log i cal Quar terly, 68, 27; https:// doi.org/10.7306/gq.1755

Kelly, S.B., Olsen, H., 1993. Ter mi nal fans - a re view with ref er ence
to De vo nian ex am ples. Sed i men tary Ge ol ogy, 85: 339–374;
https://doi.org/10.1016/0037-0738(93)90092-J

Kiersnowski, H., 2013. Late Perm ian ae olian sand seas from the
Pol ish Up per Rotliegend ba sin in the con text of palaeoclimatic
pe ri od ic ity. Geo log i cal So ci ety Spe cial Pub li ca tions, 376:
431–456.

Aleksander Kowalski and Magdalena Furca / Geo log i cal Quar terly, 68, 28 7

https://doi.org/10.1016/j.aeolia.2015.01.010
https://doi.org/10.1007/s00531-022-02232-y
https://gq.pgi.gov.pl/article/view/8297
https://doi.org/10.1111/j.1365-3091.2009.01057.x
https://doi.org/10.2110/jsr.2022.095
https://doi.org/10.1111/sed.12712
https://doi.org/10.7306/gq.1728
https://doi.org/10.5194/se-13-1219-2022
https:// doi.org/10.7306/gq.1581
https:// doi.org/10.7306/gq.1755
https:// doi.org/10.7306/gq.1755
https://doi.org/10.1016/0037-0738(93)90092-J
https://doi.org/10.7306/gq.1701


Kowalski, A., 2020. Tri as sic palaeo ge ogra phy of NE Bo he mian
Mas sif based on sedimentological re cord in the Wleñ Graben
and the Krzeszów Brachysyncline (SW Po land). Annales
Societatis Geologorum Poloniae, 90: 125–148;
https://doi.org/10.14241/asgp.2020.09

Kowalski, A., Furca, M., 2023. De vel op ment of a non-pe ren nial to
ephem eral flu vial sys tem in con ti nen tal fault-bounded ba sin –
an ex am ple from the early Perm ian Krajanów For ma tion of the
Intra-Sudetic Ba sin (NE Bo he mian Mas sif). Geo log i cal Quar -
terly, 67, 31; https://doi.org/10.7306/gq.1701

Kowalski, A., Durkowski, K., Raczyñski, P., 2018. Zechstein ma -
rine de pos its in the Wleñ Graben (North Sudetic Synclinorium,
SW Po land) – new in sights into the palaeo ge ogra phy of the
south ern part of the Pol ish Zechstein Ba sin. Annales Societatis
Geologorum Poloniae, 88: 321–339;
https://doi.org/10.14241/asgp.2018.021

Krechowicz, J., Berezowska, B., 1968. Objaœnienia do
Szczegó³owej mapy geologicznej Sudetów w skali 1:25 000,
arkusz Ludwikowice K³odzkie (in Pol ish). Wyd. Geol., Warszawa.

Krechowicz, J., Kisielewski, F., 1965. Szczegó³owa Mapa
geologiczna Sudetów w skali 1:25 000, arkusz Ludwikowice
K³odzkie (in Pol ish). Instytut Geologiczny, Warszawa.

Kurowski, L., 2004. Flu vial sed i men ta tion of sandy de pos its of the
S³upiec For ma tion (Mid dle Rotliegendes) near Nowa Ruda
(Intra-Sudetic Ba sin, SW Po land). Geologia Sudetica, 36:
21–38.

Lorenc, S., 1993. Dis tri bu tion, li thol ogy and ap prox i mate geo chem -
i cal fea tures of the Sudetes black shales (in Pol ish with Eng lish
sum mary). Prace Geologiczno-Mineralogiczne, 33: 179–208.

Lützner, H., 1988. Sedimentology and ba sin de vel op ment of
intramontane Rotliegend bas ins in Cen tral-Eu rope. Zeitschrift
Für Geologische Wissenschaften, 16: 845–863.

Mastalerz, K., Nehyba, S., 1997. Com par i son of Rotliegende lac -
us trine depositional se quences from the Intrasudetic,
North-Sudetic and Boskovice bas ins (Cen tral Eu rope) (in Pol ish 
with Eng lish sum mary). Geologia Sudetica, 30: 21–57.

Mastalerz, K., Kurowski, L., Wojewoda, J., 1993. Litostratygrafia i
ewolucja basenu œródsudeckiego w karbonie i permie (in Pol -
ish). In: II Krajowe Spotkanie Sedymentologów. Baseny
sedymentacyjne – procesy, osady, architektura. Wroc³aw-
 Sudety, 4–7 wrzeœnia: 65–73. Instytut Nauk Geologicznych Uni -
wer sytetu Wroc³awskiego, Wroc³aw.

Miecznik, J.B., 1989. The Up per Silesian and Lower Autunian from
NE limb of the Intra-Sudetic De pres sion (in Pol ish with Eng lish
sum mary). Biuletyn Pañstwowego Instytutu Geologicznego,
363: 5–39.

Mosciarello, A., 2017. Al lu vial fans and flu vial fans at the mar gins
of con ti nen tal sed i men tary bas ins: geomorphic and
sedimentological dis tinc tion for geo-en ergy ex plo ra tion and de -
vel op ment. Geo log i cal So ci ety Spe cial Pub li ca tions, 440:
215–243; https://doi.org/10.1144/SP440.11

NACSN (North Amer i can Com mis sion on Strati graphic No men -
cla ture), 1983. North Amer ica Strati graphic Code. AAPG Bul le -
tin, 67: 841–875.

NACSN (North Amer i can Com mis sion on Strati graphic No men -
cla ture), 2005. North Amer ica Strati graphic Code. AAPG Bul le -
tin, 89: 1547–1591.

Nemec, W., Porêbski, S.J., Teisseyre, A.K., 1982. Ex plan a tory
notes to the lithotectonic molasse pro file of the Intra-Sudetic Ba -
sin, Pol ish part (Sudety Mts., Car bon if er ous-Perm ian).
Veröffentlichungen des Zentralinstituts für Physik der Erde, 66:
267–278.

Nichols, G.J., 1987. Struc tural con trols on flu vial distributary sys -
tems–the Luna Sys tem, North ern Spain. SEPM Spe cial Pub li -
ca tion, 39: 269–277; https://doi.org/10.2110/pec.87.39.0269

Nichols, G.J., Fisher, J.A., 2007. Pro cesses, fa cies and ar chi tec -
ture of flu vial distributary sys tem de pos its. Sed i men tary Ge ol -
ogy, 195: 75–90; https://doi.org/10.1016/j.sedgeo.2006.07.004

Nowak, G., Górecka-Nowak, A., Karcz, P., 2022. Petrographic,
palynological and geo chem i cal rec og ni tion of dis persed or ganic 
mat ter in the black Anthracosia Shales (Sudetes, south-west
Po land). Geo log i cal Quar terly, 66, 36;
https:// doi.org/10.7306/gq.1668

Oberc, J., 1972. Sudety i obszary przyleg³e (in Pol ish). Budowa
Geologiczna Polski, 4. Tektonika, Part 2. Wyd. Geol., Warszawa.

Opluštil, S., Pešek, J., 1998. Stra tig ra phy, palaeoclimatology and
palaeo ge ogra phy of the Late Palaeozoic con ti nen tal de pos its in
the Czech Re pub lic. Geodiversitas, 20: 597–620.

Owen, A., Nichols, G.J., Hartley, A.J., Weissmann, G.S.,
Scuderi, L.A., 2015. Quan ti fi ca tion of a dis trib u tive flu vial sys -
tem: The Salt Wash DFS of the Mor ri son For ma tion, SW U.S.A.
Jour nal of Sed i men tary Re search, 85: 544–561;
https://doi.org/10.2110/jsr.2015.35

Petrascheck, W. E., 1936. Sed i men ta tion, Vulkanismus und
Kupfererzführung im mittel-sudetischen Rotliegenden. In:
Festschrift zum 60. Geburtstag von Hans Stille: 63–84. F. Enke
Verlag, Stuttgart

Picard, M.D., High, L.R.Jr., 1973. Sed i men tary Struc tures of
Ephem eral Streams, De vel op ments in Sedimentology, 17.
Elsevier, Am ster dam.

Ploch, I., Van Loon, A.J. (Tom), Awdankiewicz, M., Voigt, S.,
Raczyñski, P., 2023. First ev i dence of seis mi cally-in duced de -
for ma tions in flu vial de pos its of the Lower Rotliegend in the
Intra-Sudetic Ba sin, SW Po land. Geo log i cal Quar terly, 67, 52;
https://doi.org/10.7306/gq.1722

Priddy, C.L., Clarke, S.M., 2020. The sedimentology of an ephem -
eral flu vial-ae olian suc ces sion. Sedimentology, 67: 2392–2425;
https://doi.org/10.1111/sed.12706

Priddy, C.L., Clarke, S.M., 2021. Spa tial vari a tion in the sed i men -
tary ar chi tec ture of a dryland flu vial sys tem. Sedimentology, 68:
2887–2917; https://doi.org/10.1111/sed.12876

Œliwiñski, W., 1980. A model for caliche for ma tion in the con ti nen tal
Perm ian de pos its of south west ern Intra-Sudetic Ba sin, south -
west ern Po land (in Pol ish with Eng lish sum mary). Geologia
Sudetica, 15: 83–101.

Œliwiñski, W., 1984. Pro posed re vi sion of the strati graphic po si tion
of Che³msko Œl¹skie Beds (Perm ian Intra-Sudetic Ba sin) (in
Pol ish with Eng lish sum mary). Geologia Sudetica, 18: 167–174.

Turnau, E., ̄ elaŸniewicz, A., Franke, W., 2002. Mid dle to early late 
Viséan on set of late orogenic sed i men ta tion in the Intra-Sudetic
Ba sin, West Sudetes: miospore ev i dence and tec tonic im pli ca -
tion. Geologia Sudetica, 34: 9–16.

Voigt, S., NiedŸwiedzki, G., Raczyñski, P., Mastalerz, K.,
Ptaszyñski, T., 2012. Early Perm ian tetrapod ichnofauna from
the Intra-Sudetic Ba sin, SW Po land. Palaeo ge ogra phy,
Palaeoclimatology, Palaeo ec ol ogy, 313–314: 173–180;
https://doi.org/10.1016/j.palaeo.2011.10.018

Voigt, S., Calábková, G., Ploch, I., Nosek, V., Pawlak, W.,
Raczyñski, P., Spindler, F., Werneburg, R., 2024. A diadectid
skin im pres sion and its im pli ca tions for the evo lu tion ary or i gin of
epi der mal scales. Bi ol ogy Let ters, 20: 20240041;
https://doi.org/10.1098/rsbl.2024.0041

Weissmann, G.S., Hartley, A.J., Nichols, G.J., Scuderi, L.A.,
Olson, M., Buehler, H., Banteah, R., 2010. Flu vial form in mod -
ern con ti nen tal sed i men tary bas ins: Dis trib u tive flu vial sys tems.
Ge ol ogy, 38: 39–42; https://doi.org/10.1130/G30242.1

Weissmann, G.S., Hartley, A.J., Scuderi, L.A., Nichols, G.J.,
Davidson, S.K., Owen, A., Atchley, S.C., Bhattacharyya, P.,
Chakraborty, T., Ghosh, P., Nordt, L.C., Michel, L., Ta bor,
N.J., 2013. Prograding dis trib u tive flu vial sys tems—geomorphic 
mod els and an cient ex am ples. SEPM Spe cial Pub li ca tions, 104: 
131–147; https://doi.org/10.2110/sepmsp.104.ch11

Wojewoda, J., Mastalerz, K., 1989. Cli mate evo lu tion, allo- and
autocyclicity of sed i men ta tion: an ex am ple from the Permo-Car -
bon if er ous con ti nen tal de pos its of the Sudetes, SW Po land (in
Pol ish with Eng lish sum mary). Przegl¹d Geologiczny, 432:
173–180.

Wójcik-Tabol, P., D¹bek, J., Nowak, G., 2021. Pre lim i nary min er al -
og i cal char ac ter is tics of the Anthracosia Shales from the
Intra-Sudetic Synclinorium (in Pol ish with Eng lish sum mary).
Przegl¹d Geologiczny, 69: 389–392;
https:// doi.org/10.7306/2021.23

¯elaŸniewicz, A., Aleksandrowski, P., Bu³a, Z., Karnkowski,
P.H., Konon, A., Oszczypko, N., Œl¹czka, A., ¯aba, J., ¯ytko,
K., 2011 Tec tonic sub di vi sion of Po land (in Pol ish). Komitet
Nauk Geologicznych PAN, Wroc³aw.

8 Aleksander Kowalski and Magdalena Furca / Geo log i cal Quar terly, 68, 28

https://doi.org/10.14241/asgp.2020.09
https://doi.org/10.7306/gq.1701
https://doi.org/10.14241/asgp.2018.021
https://doi.org/10.1144/SP440.11
https://doi.org/10.2110/pec.87.39.0269
https://doi.org/10.1016/j.sedgeo.2006.07.004
https:// doi.org/10.7306/gq.1668
https://doi.org/10.2110/jsr.2015.35
https://doi.org/10.7306/gq.1722
https://doi.org/10.1111/sed.12706
https://doi.org/10.1016/j.palaeo.2011.10.018
https://doi.org/10.1098/rsbl.2024.0041
https://doi.org/10.1130/G30242.1
https://doi.org/10.2110/sepmsp.104.ch11
https:// doi.org/10.7306/2021.23

