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Non-pe ren nial to ephem eral flu vial sys tems dom i nated by sea sonal dis charge fluc tu a tions and ep i sodic rapid flood-flow
events are typ i cal of arid to semi-arid cli ma tic con di tions. Dryland flu vial sys tems have been de scribed from many an cient
and mod ern, pre dom i nantly tec toni cally-con trolled sed i men tary bas ins across the globe. This study pro vides de tailed
sedimentological anal y sis and palaeoenvironmental in ter pre ta tion of the low er most part of the early Perm ian (?Asselian)
Krajanów For ma tion ex posed within the con ti nen tal, fault-bounded Intra-Sudetic Ba sin (ISB), lo cated on the NE pe riph ery of
Bo he mian Mas sif. High-res o lu tion sedimentological log ging and fa cies anal y sis in di cate that the early Perm ian flu vial sys -
tem in this area was dom i nated by ephem eral flu vial pro cesses in flu enced strongly by a semi-arid to arid cli mate. Rapid
(?cat a strophic) flood events led to ep i sodic sed i men ta tion of ver ti cally and lat er ally amal gam ated flu vial chan nel infills, with
abun dant up per flow re gime struc tures as well as poorly channelized, lat er ally ex ten sive sheet-like bod ies of sand stone. The
overbank de pos its are poorly pre served due to fre quent lat eral shift ing of the chan nels. Soft-sed i ment de for ma tion struc -
tures formed due to events of river bank col lapse as well as de bris flow fa cies point to high-en ergy, wan ing flows. It is con -
cluded that de po si tion oc curred on broad, ter mi nal-type al lu vial fans, prob a bly in their prox i mal- to me dial seg ments within a
dis trib u tive flu vial sys tem of the Perm ian Intra-Sudetic Ba sin. Petrographic com po si tion and mea sured palaeocurrent di rec -
tions show that the sed i ment was sourced from the neigh bour ing mas sifs – the Sowie Mts. Mas sif to the east, the Bardo
Struc ture and a hy po thet i cal South ern Mas sif to the south/south-east.

Key words: palaeoclimate, dis trib u tive flu vial sys tem, endorheic bas ins, palaeogeographic re con struc tion, Asselian,
Sudetes.

INTRODUCTION

De pos its of dryland ephem eral flu vial sys tems are well
known both from mod ern (Wil liams, 1971; Picard and High,
1973; Foley, 1978; Stear, 1985; Tooth, 2000; Billi, 2011;
Camarasa-Belmonte, 2016) and an cient sed i men tary suc ces -
sions across the globe (Tun bridge, 1984; Olsen, 1987; Deluca
and Eriksson, 1989; North and Tay lor, 1996; Long, 2006; Lowe
and Ar nott, 2016; Priddy and Clarke, 2020). Ac cord ing to Tooth
(2000), the gen eral and de scrip tive term “dryland” re fers to re -
gions dom i nated by hy per-arid, arid, semi-arid or dry-sub hu mid
cli mate con di tions. In con trast to their pe ren nial and semi-pe -
ren nial coun ter parts, ephem eral flu vial sys tems de vel oped un -
der the in flu ence of such cli ma tic re gimes are dom i nated by
sea sonal, highly vari able dis charge and ep i sodic flash
flood-flow events as a di rect re sponse to strongly sea sonal pre -
cip i ta tion (Picard and High, 1973; Stear, 1985; Lange, 2005;
Shanafield et al., 2021). Flows in ephem eral rivers and streams

are rel a tively shal low and are char ac ter ized by high sed i ment
con cen tra tions. Ac cord ing to Reid and Frostick (1987), con cen -
tra tion of sus pended sed i ment dur ing flash floods in an ephem -
eral stream is from 35 to 1,700 times higher than in pe ren nial
ones. Thus, de po si tion of clastic ma te rial in dryland rivers is
con trolled by poorly-con fined to un con fined, sheet-like New to -
nian flows as well as ep i sodic, non-New to nian pseudo-plas tic
flows (in clud ing hyperconcentrated flows), both re lated to rapid, 
high-dis charge sea sonal flood events (Karcz, 1972; Lange,
2005). These pro cesses re sulted in el e ments of flu vial ar chi tec -
ture which are in gen eral dom i nated by up per flow re gime
bedforms (i.e. par al lel lam i na tion), iso lated ero sional scours,
intraformational con glom er ates and struc tures in di cat ing
subaerial ex po sure of sed i ment (i.e. mud cracks, rain drop im -
prints; e.g., Picard and High, 1973; Colombera et al., 2013).

Re cent stud ies have shown that con ti nen tal sed i men tary
bas ins, es pe cially those de vel oped in dryland set tings, are
dom i nated by dis trib u tive flu vial sys tems (DFSs; Weissmann et
al., 2010; Owen et al., 2015). Mor pho log i cally, these aggra -
dational sys tems are char ac ter ized by (i) con vex-up, lobate
(fan-shaped) to pog ra phy (ii) ra dial pat tern of river chan nels, (iii)
down stream de crease in chan nel depth and also (iv) bi fur ca tion 
of chan nels (Kelly and Olsen, 1993; Cain and Mountney, 2009;
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Weissmann et al., 2010). Such large-scale fea tures of the flu -
vial sys tem are an ap par ent re sult of dry cli mate and re sul tant
wa ter losses (also re ferred to in the lit er a ture as "trans mis sion
losses"), re lated to high rates of evapotranspiration and in fil tra -
tion into the dry sub strate/streambed (Lange, 2005; Shanafield
et al., 2021). In gen eral, the de pos its of DFSs pre served in the
rock re cord typ i cally dis play grad ual down stream de crease in
chan nel-fill el e ments and down stream in crease in fine-grained,
sheetflood and floodplain de pos its, re spec tively (Owen et al.,
2015; Priddy and Clarke, 2021). These spa tial, ba sin-scale
trends are pre dom i nantly as so ci ated with down stream de -

crease in grain-size within a sed i men tary suc ces sion. Ad di tion -
ally, de pos its of flu vial or i gin may co-oc cur and in ter act with co -
eval ae olian strata (Glen nie, 1970; Al-Masrahy and Mountney,
2015; Priddy and Clarke, 2021).

In gen eral, semi-arid to dry-sub hu mid con ti nen tal cli ma tic
con di tions, char ac ter ized by a highly sea sonal cli mate, were
typ i cal of the early Perm ian Pol ish Rotliegend Ba sin area
(Kiersnowski, 1997; Karnkowski, 1999; Kiersnowski and
Buniak, 2016), form ing the east ern most part of the South ern
Perm ian Ba sin (SPB) of Cen tral Eu rope (Fig. 1). The Bo he mian 
Mas sif con sti tuted one of the source ar eas bound ing this
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Fig. 1. Gen er al ized 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
(mod i fied af ter Holub, 1975; Opluštil and Pešek, 1998; Pokorski, 1998; Doornenbal and Stevenson, 2010; Kiersnowski, 2013;

Kiersnowski and Peryt, 2023), Early Perm ian world af ter Scotese (2013)

EFB – East ern Fore-Sudetic Ba sin, LTB – Liplas-Tarnawa Ba sin, NSB – North Sudetic Ba sin, PKB – Pniewy-Ksi¹¿ Wlkp. Ba sin, SB –
S³awków Ba sin, ZBB – Zielona Góra–Borzêcin Ba sin; basins within and around the Bo he mian Mas sif: BB – Blanice Ba sin, BoB – Boskovice
Ba sin with Miroslav occurence in south, ISB – Intra-Sudetic Ba sin, KPB – Karkonosze Piedmont Ba sin, KRB – Kladno–Rakovník Ba sin, MB
– Manìtín Ba sin, MHB – Mnichovo Hradištì Ba sin, MRB – Mšeno–Roudnice Ba sin, OB – Orlice Ba sin, PB – Plzeò Ba sin
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depositional area to the south and south-west (Holub, 1972;
Doornenbal and Stevenson, 2010). Within and around the Bo -
he mian Mas sif, nu mer ous fault-con trolled extensional and
transtensional bas ins de vel oped dur ing the ter mi nal phases of
the Variscan orog eny (Holub, 1975; Malkovský, 1987;
Mastalerz, 1996; Opluštil and Peëek, 1998; Ulièný et al., 2002;
Wojewoda et al., 2016). The NW–SE-trending Intra-Sudetic Ba -
sin (ISB) con sti tuted one of sev eral such semi-en closed,
fault-bounded de pres sions. The Perm ian vol cano-sed i men tary
suc ces sion of this ba sin shows a dis tinct, large-scale cy clic
struc ture and com prises suc ces sive, fin ing-up wards con ti nen -
tal megasequences (cf. Nemec et al., 1982; Mastalerz et al.,
1993; Awdankiewicz et al., 2003). This megacyclic struc ture is
thought to have orig i nated from tec tonic ac tiv ity and is at trib uted 
to rel a tively rapid, fault-con trolled sub si dence of the ba sin floor
(Nemec et al., 1982; Wojewoda and Mastalerz, 1989). 

This study in ter prets the con ti nen tal red-bed as sem blage of
the early Perm ian (?Asselian) de pos its of the low er most
Krajanów For ma tion, which con sti tutes one of these fin ing-up -
wards megasequences. The Krajanów For ma tion is pre dom i -
nantly ex posed within the east ern most, prox i mal re gion of the
Intra-Sudetic Ba sin. The overaching ob jec tive of this pa per is to
im prove un der stand ing of the early Perm ian palaeo ge ogra phy
and depositional his tory of the Intra-Sudetic Ba sin based on in -
te grated out crop-scale sedimentological stud ies, palaeocurrent 
mea sure ments, and fa cies- and ar chi tec tural-el e ment anal y sis.
Ad di tion ally, the au thors crit i cally dis cuss the role of tec tonic ac -
tiv ity and con tem po rary cli mate change dur ing de po si tion of the
lowermost Krajanów Formation in the Intra-Sudetic Basin.

GEOLOGICAL SETTING

The Krajanów For ma tion oc cu pies the low er most part of the 
early Perm ian (?Asselian) suc ces sion in the Pol ish part of the
NW–SE-trending Intra-Sudetic Ba sin sit u ated within the
Sudetic Block, at the NE pe riph ery of the Bo he mian Mas sif
(Fig. 2). The Intra-Sudetic Ba sin de vel oped since the mid dle to
early late Viséan, at ~333–335 Ma (Turnau et al., 2002), as a
nar row intramontane trough and un der went com plex evo lu tion
from the early Car bon if er ous to the Late Cre ta ceous
(Augustyniak and Grocholski, 1968; Nemec et al., 1982;
Awdankiewicz et al., 2003). Dur ing the early Car bon if er ous
(mid dle-early late Viséan?, cf. Turnau et al., 2002), the north ern 
and west ern sec tors of the trough were filled with
coarse-grained clastic sed i ments, in ter preted as piedmont-like,
al lu vial fan and braided-river de pos its (Teisseyre, 1975;
Dziedzic and Teisseyre, 1990). The re sul tant, low er most part of 
the Car bon if er ous suc ces sion shows a large-scale cy clic struc -
ture and is sub di vided into the Ciechanowice, Figlów, Nagórnik,
Stare Bogaczowice and Lubomin for ma tions (Nemec et al.,
1982). Dur ing the late Viséan, the north ern parts of the ISB
were flooded by a rel a tively shal low sea (¯akowa, 1958). Along
the north ern mar gin of the Ba sin there de vel oped a sys tem of
fan del tas and small-ra dius fans, which en croached into the ma -
rine embayment (Mastalerz, 1995). The up per Viséan-lower
Serpukhovian (Górecka-Nowak et al., 2021) ma rine and deltaic
de pos its are dis tin guished in this part of the ISB as the
Szczawno For ma tion. The over ly ing up per Car bon if er ous de -
pos its, as signed to the Wa³brzych, Bia³y Kamieñ and Žacler for -
ma tions, con sist of pre dom i nantly flu vial, coal-bear ing suc ces -
sions (Nemec, 1984; Mastalerz, 1996; Kurowski, 1998). These
suc ces sions are over lain by the Glinik For ma tion, which rep re -

sents de pos its of braided and me an der ing rivers (Ihnatowicz,
2005). The over ly ing, fin ing up wards cyclothem of the
Ludwikowice For ma tion con sists of typ i cal red bed-type de pos -
its ac cu mu lated in al lu vial-fan, flu vial and lac us trine set tings
(Mastalerz et al., 1993; Wójcik-Tabol et al., 2021; Nowak et al.,
2022).

Dur ing the early Perm ian the ISB con sti tuted a semi-en -
closed, south west ern out lier of the Pol ish Rotliegend Ba sin
(South ern Perm ian Ba sin of Cen tral Eu rope; Fig. 1). The Perm -
ian, non-ma rine sed i men tary-volcanogenic suc ces sion of the
ISB ex hib its a dis tinct, large-scale cy clic struc ture and com -
prises three suc ces sive, fin ing-up wards con ti nen tal mega -
sequences up to 700 m-thick in to tal (Nemec et al., 1982;
Awdankiewicz et al., 2003). These megasequences in clude the 
lower Perm ian (Asselian–Sakmarian) de pos its, which are tra di -
tion ally dis tin guished as three for ma tions: the Krajanów,
S³upiec and Radków for ma tions (Fig. 3). These for ma tions are
mainly com posed of 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). Such megacyclic struc ture of the Perm ian
ba sin fill is thought to have orig i nated from tec tonic ac tiv ity and
is at trib uted to rel a tively rapid, fault-con trolled ep i sodic sub si -
dence of the ba sin floor (Nemec et al., 1982; Wojewoda and
Mastalerz, 1989). The ba sin in fill ing was in ter rupted sev eral
times by late Car bon if er ous to early Perm ian, polymodal vol ca -
nic and subvolcanic ac tiv ity as well as tec tonic de for ma tion
(Awdankiewicz, 1999, 2022). The lat ter is re flected in sev eral
hi a tuses in the sed i men tary re cord. The main rec og nized
breaks in de po si tion took place es pe cially dur ing the Gzhelian
(Intra-Stephanian/Franconian tec tonic event ac cord ing to
Opluštil et al., 2016) and dur ing the Sakmarian (Saale tec tonic
event; Opluštil et al., 2016). The first hi a tus is linked by some
au thors with the first stage of Intra-Sudetic Ba sin in ver sion
(¯elaŸniewicz et al., 2011). The Perm ian sed i men tary suc ces -
sion of the ISB is dis cor dantly over lain by clastic de pos its as -
signed to the Lower Tri as sic (i.e. Buntsandstein). Early Tri as sic
siliciclastic de po si tion in the Intra-Sudetic Ba sin was dom i nated 
by flu vial sed i men ta tion within a gently slop ing al lu vial plain,
drained by shal low, braided rivers to wards the north west and
north (Mroczkowski and Mader, 1985; Kowalski, 2020). Af ter a
~140 My break in sed i men ta tion, the lower Tri as sic de pos its
were dis cor dantly over lain by Up per Cre ta ceous ma rine strata
which at tain a thick ness of up to 400 m in the Intra-Sudetic area
(Wojewoda, 1997; Kowalski, 2021). The max i mum strati -
graphic thick ness of the ba sin infill reaches ~11,000 m (Nemec
et al., 1982; Fig. 3). 

The Intra-Sudetic Ba sin is cur rently intepreted as a large-scale 
in verted synclinorial unit, ~70 km long and 35 km wide, and
termed the Intra-Sudetic Synclinorium (Oberc, 1972; ̄ elaŸniewicz 
and Aleksandrowski, 2008; ¯elaŸniewicz et al., 2011). This geo -
log i cal unit has a pres ent-day ar eal ex tent of ~1800 km2. Its cur -
rent tec tonic struc ture is an ap par ent re sult of Late Cre ta -
ceous–early Paleogene and Neo gene compres sional tec tonic
events (Oberc, 1972; ¯elaŸniewicz et al., 2011; G³uszyñski and
Aleksandrowski, 2022). These events led to in ver sion and sig nif i -
cant tec tonic de for ma tion of the ba sin infill which was dis sected by
mainly NW–SE and NE–SW-trending fault sys tems. It has been
widely con sid ered that some of these faults were ac tive dur ing in -
fill ing of the ba sin as well as con trol ling the intra-basinal mag matic
ac tiv ity dur ing the Car bon if er ous-Perm ian (Augustyniak and
Grocholski, 1968; Awdan kiewicz, 2022). 
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Fig. 2. Sim pli fied geo log i cal map of the Intra-Sudetic Ba sin with lo ca tion of main ex po sures de scribed in the text

ISB – Intra-Sudetic Ba sin, ŒD – Œwiebodzice De pres sion, SMM – Sowie Mts. Mas sif, KM – Karkonosze Mas sif, EKU – East ern Karkonosze
Meta mor phic Unit, KMC – Kaczawa Meta mor phic Com plex, NRM – Nowa Ruda Mas sif, BS – Bardo Struc ture, KMU – K³odzko Meta mor phic
Unit, KuM – Kudowa Mas sif, KPB – Karkonosze-Piedmont Ba sin, BCB – Bo he mian Cre ta ceous Ba sin; im por tant faults: MOF – Mid dle Odra
Fault, LF – Lusatian Fault, SMF – Sudetic Mar ginal Fault; GF – G³uszyca Fault, HPF – Hronov–Poøíèí Fault; geological map based on
Sawicki (1995, mod i fied)
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Fig. 3. Synthetic stratigraphic scheme of the Carboniferous and Permian deposits in the Intra-Sudetic Basin

Redrawn from Mastalerz et al. (1993), slightly modified after Turnau et al. (2002) and Górecka-Nowak et al. (2021); 
LAS – Lower Anthracosia Shale; UAS – Upper Anthracosia Shale; WS – Walchia Shale; 

red arrow indicates the studied, lowermost interval of the Krajanów Formation

http://dx.doi.org/10.7306/gq.1581


THE KRAJANÓW FORMATION 

De pos its of the Krajanów For ma tion have been de scribed in 
geo log i cal re ports (Dziedzic, 1959, 1961; Don, 1961) and
shown on de tailed geo log i cal maps since the early 20th cen tury
(Dathe, 1904a, b; Wójcik, 1958; Gawroñski, 1959; Krechowicz,
1964; Krechowicz and Kisielewski, 1965; Cymerman et al.,
2015a; Ihnatowicz et al., 2017a). Re gional in ves ti ga tions and
ex pla na tions to geo log i cal maps in ter preted these de pos its typ -
i cally as flu vial in or i gin (Don, 1961; Dziedzic, 1961;
Krechowicz, 1965; Oberc and Wójcik, 1965; Krechowicz and
Berezowska, 1968; Cymerman et al., 2015b; Ihnatowicz et al.,
2017b). One of the ex po sures ana lysed in this pa per (loc. 4)
was de scribed by Kurowski (1993, 1995) dur ing con fer ence
field trips, but no com pre hen sive sedimentological study of the
Krajanów de pos its was con ducted. 

The strati graphic po si tion of the Perm ian de pos its in the
Intra-Sudetic Ba sin re mains still un cer tain and poorly con -
strained, mainly due to a lack of fos sils and poor
chronostratigraphic ev i dence gen er ally. The Krajanów For ma -
tion is con sid ered cur rently as the low er most lithostratigraphical 
unit in the Pol ish part of the Perm ian Intra-Sudetic Ba sin. Al -
though the Krajanów For ma tion has been re garded as low er -
most Perm ian (?Asselian), the real po si tion of the Car bon if er -
ous-Perm ian bound ary is still a mat ter of de bate. From
palynological stud ies, the up per most por tion of the un der ly ing
Ludwikowice For ma tion (the so-called Lower Anthracosia
Shale) is as signed var i ously to the low er most Perm ian and/or to 
the up per most Car bon if er ous (Górecka, 1981; Jerzykiewicz,
1987; Górecka-Nowak, 1995). The con tact be tween the
Ludwikowice and Krajanów for ma tions is prob a bly un con form -
able and re lates prob a bly to a mi nor depositional gap/un con -
formity (Don, 1961). The Krajanów For ma tion is rel a tively well
ex posed in its east ern part (the study area), and poorly ex posed 
in the west ern part of the ba sin. The lat eral strati graphic equiv a -
lent of the Krajanów For ma tion – the Beèkov Mem ber – is as -
signed to the up per most (Autunian or Asselian) part of the
Chvaleè For ma tion in the Czech Re pub lic, in the south west ern
part of the Ba sin (Opluštil et al., 2016). The un der ly ing
Vernéøovice Mem ber is a strati graphic equiv a lent of the
Ludwikowice For ma tion in the Pol ish part of the ISB, and is
dated as Stephanian C (Gzhelian). 

The Krajanów For ma tion is com posed of flu vial, playa-like
and lac us trine de pos its which form a fin ing-up wards
megasequence up to 420 m in thick ness (Mastalerz et al.,
1993). De pos its of the low er most part of the for ma tion are rep -
re sented by a flu vial red bed as sem blage of con glom er ates and 
coarse-grained sand stones which have tra di tion ally been sub -
di vided into two in for mal lithostratigraphic mem bers: 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).
This di vi sion was first pro posed by early Ger man ge ol o gists
(Dathe, 1904a, b) based on the petrographic com po si tion of
gravel clasts in the con glom er ates, and sup ported also by Don
(1961) and Dziedzic (1961). Ac cord ing to the lat ter au thors the
two con glom er ate mem bers interfinger in the vi cin ity of Nowa
Ruda. Ac cord ing to Mastalerz et al. (1993) and Awdankiewicz
et al. (2003) the Krajanów For ma tion was de pos ited in a
braided flu vial sys tem re lated to NW–SE elon gated
palaeovalleys and sys tems of trans verse al lu vial fans. Based
on the re sults of sedimentological log ging at loc. 4 (see Fig. 2
and the sec tion sed i men tary fa cies and their en vi ron men tal in -
ter pre ta tion in this pa per), Kurowski (1993, 1995) stated that
de po si tion of the low er most Krajanów For ma tion oc curred

“along a very gently in clined sand-mud plain” by a NW-, N- and
NE-flow ing flu vial sys tem dom i nated by shal low, wide and fre -
quently shift ing al lu vial chan nels. 

The mid dle third of the for ma tion is char ac ter ised by
fine-grain ed, red dish-brown sand stones, siltstones and clay -
stones with mi nor lime stone in ter ca la tions re lated to playa-like
and ephem eral lake-mar gin sys tems. The up per most part of
the Krajanów For ma tion, dis tin guished in for mally as the Up per
Anthracosia Shale (Nemec et al., 1982), poorly ex posed in
prox i mal to me dial re gions of the ba sin, is char ac ter ized by
mudstone-dom i nated siliciclastic de pos its, rep re sent ing red to
grey ish, ar gil la ceous, ar gil la ceous-pelitic and ar gil la ceous-car -
bon ate sed i ments (Lorenc, 1993). This mem ber ac cu mu lated in 
a floodplain-to-ephem eral (“ter mi nal”) lac us trine set ting
(Mastalerz and Nehyba, 1997; Kurowski, 2004) dur ing ex pan -
sion of ephem eral lakes. The de pos its are interbedded with
fine-grained cal car e ous de pos its, en riched in or ganic mat ter
and tra di tion ally termed “black shales” (Lorenc, 1993; Nowak,
1998, 2007; Wójcik-Tabol et al., 2021; Nowak et al., 2022). The
lat ter de pos its re flect anoxic bot tom con di tions in the Car bon if -
er ous and Perm ian lakes in the ISB. The ver ti cal and lat eral
tran si tions be tween flu vial and lac us trine sys tems of the me dial
to dis tal set ting of the ba sin are poorly ex posed and known
mostly from bore hole logs (Miecznik, 1989).

MATERIAL AND METHODS

The re gion se lected for study is sit u ated in the east ern sec -
tor of the Intra-Sudetic Ba sin, built chiefly of Car bon if er ous and
Perm ian de pos its, in the vi cin ity of Ludwikowice K³odzkie,
Jugów and Nowa Ruda. The low er most part of the Krajanów
For ma tion is rel a tively well ex posed in this area; ex po sures in -
clude sev eral small, aban doned quar ries as well as road and
rail way cut tings. The suc ces sion stud ied crops out within belts
trending NW–SE, par al lel or subparallel to the G³uszyca Fault
that bounds the pres ent struc ture of the Intra-Sudetic Ba sin to
the east (Fig. 2).

Sedimentological anal y sis of the low er most Krajanów For -
ma tion was con ducted in 56 se lected ex po sures grouped here
into 7 rep re sen ta tive sites to char ac ter ise the tex tural and struc -
tural fea tures of the de pos its and to iden tify depositional pro -
cesses. De spite in suf fi cient ex po sure of the low er most part of
the for ma tion, es pe cially in re la tion to its bulk thick ness
(~420 m), a cu mu la tive mea sured thick ness of logged sec tions
reached ~40 m. Sedimentological stud ies of ex po sures 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. The max i -
mum par ti cle sizes (MPS) within the in di vid ual sed i men tary
units were re corded. The dis tinc tion, de scrip tion and cod ing of
lithofacies fol lows a widely used scheme by Miall (1996). Spe -
cial at ten tion was given to the ge om e try, ar range ment and
stack ing pat tern of sed i men tary units, in clud ing their lat eral and
ver ti cal vari a tion. Photomosaics and in ter pre tive sketches were 
made for the larg est ex po sures with the use of Hugin-Pan -
orama Ed i tor soft ware. Se ries of pho to graphs were taken with
20–30% over lap be tween in di vid ual shots. Photomosaics were
con nected with the use of a cy lin dri cal pro jec tion which pre -
serves ver ti cal and hor i zon tal lines.

Lithofacies distinguised at sites stud ied were grouped into
ar chi tec tural el e ments of a flu vial sys tem ac cord ing to
standarised cri te ria pro posed by Miall (2014) and slightly mod i -
fied by North and Tay lor (1996) for the pur poses of ephem eral
flu vial sys tem char ac teri sa tion. The flu vial ar chi tec tural el e -
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ments were grouped into three main cat e go ries re ferred in this
pa per to as A, B and C. The ex po sure-scale ge om e try of the ar -
chi tec tural/depositional el e ments dis tin guished and their main
bound ing sur faces are shown in this study on photomosaics
and out crop sketches. We es ti mated pro por tions of thick ness
(%) of the ar chi tec tural el e ments dis tin guished, mea sured in
ver ti cal ex posed sec tions.

Di rec tional palaeocurrent data, based on cross-strat i fi ca tion 
and palaeochannel axes, were plot ted as rose di a grams al low -
ing for the tec tonic tilt of the strata. The di rec tions of in di vid ual
palaeochannel axes and ori en ta tions of cross-strat i fi ca tion are
shown in the sedimentological logs and were com piled for se -
lected ex po sures. Mac ro scopic de scrip tions of sed i men tary
units were sup ple mented with petrographic anal y sis of
gravel-size clasts in se lected sec tions. The in di vid ual peb bles,
rang ing in di am e ter from 16 to 256 mm, were as signed into
classes ac cord ing to their li thol ogy. For se lected lithological va -
ri et ies, thin-sec tions were made and ana lysed with the use of a
Nikon Eclipse LV100N POL po lar iz ing mi cro scope. Data de -
rived from the sec tions was com ple mented with anal y sis of se -
lected bore hole data (Fig. 4), de scribed in de tail by Miecznik
(1989) and avail able on line from the Pol ish Geo log i cal Sur vey's
Na tional Geo log i cal Re pos i tory (CBDG). 

RESULTS

THE KRAJANÓW FORMATION – LITHOLOGY AND PETROGRAPHY

Most of the sec tions of the low er most Krajanów For ma tion
stud ied are dom i nated by well-ce mented, red-brown ish to pink
and lo cally red-grey ish, cross- and hor i zon tally-strat i fied sand -
stones with com pos ite beds of con glom er ate (Fig. 5A). Con -
glom er ate lithofacies pre vail in the low er most por tion of the unit
and in the prox i mal part of the ba sin. Spo radic, dis con tin u ous
interlayers and intraclasts of dark-brown to red dish mudstone
and fine-grained sand stone were ob served. 

The Krajanów sand stones are arkosic/subarkosic to lithic
arenites. De pend ing on the lo ca tion, the sand stones dif fer
slightly in the de gree of sort ing and in the pro por tions of the
petrographic com po nents. The sand stones dis play a com pact
frame work and low to me dium petrographic ma tu rity (Fig. 5B).
Most of the com po nents are grains of fine- to me dium-grained
sand, and subordinately coarse-grained sand. In terms of
petrographic com po si tion, more than half of the grains are
monocrystalline quartz (57–64%), fol lowed by quartz ite
(7–24%) and feld spar (9–26%), in places rhy o lite grains have a
con sid er able share (6%). The de gree of round ing of quartz and
feld spar grains is usu ally low: they are pre dom i nantly very an -
gu lar to sub-an gu lar, oc ca sion ally larger grains are sub-round -
ed (Fig. 5B). Monocrystalline quartz grains ex hibit wavy and
patchy ex tinc tion. The feld spars are mostly beige to light brown, 
partly kaolinized, some grains have hypauto morphic out lines.
In di vid ual grains show polysynthetic twinning. Lithic grains are
mostly sub-an gu lar to sub-rounded, while there are in di vid ual
an gu lar gneiss and rhy o lite grains, while a few larger grains of
quartz ite and rhy o lite are rounded. The grain frame work is ce -
mented by a ferruginous ma trix that gives the rock a char ac ter -
is tic red dish to brown ish col our.

The polymictic con glom er ates oc cur ring as com pos ite beds 
within the sand stones are typ i cally clast-sup ported, less of ten
ma trix-sup ported. A petrographic study (Ta ble 1) car ried out in
6 se lected lo ca tions (loc. nos. 1–4 and 6–7; cf. Fig. 2), shows
that the beds of con glom er ate are dom i nated by quartz (32.9%
of clasts in to tal in all lo ca tions ex am ined) and quartz ite

(31.7%). They are fol lowed by clasts of Car bon if er ous sand -
stone (prob a bly those of the un der ly ing Ludwikowice and Glinik
for ma tions, 12.7%; cf. Don, 1961). The re main ing in ven tory of
the gravel frac tion >2 cm con sists of lydites (7.5%), rhyolites
(6.8%), gneiss es (3.6%), muddy to fine-grained sand stone
intraclasts (2.2%) and other vol ca nic rocks (1.3%). Be low 1% is
the con tent of vol ca nic tuff, greenstone and chlorite schist,
other meta mor phic rocks and gab bro (Ta ble 1). In gen eral, rhy -
o lite and gneiss clasts are an gu lar to subangular, while quartz,
quartz ite and lydite clasts range from mod er ate to well rounded
(Fig. 5C).

SEDIMENTARY FACIES AND THEIR 
ENVIRONMENTAL INTERPRETATION

Twenty-one lithofacies have been dis tin guished and
grouped into three lithofaces as so ci a tions within the part of the
Krajanów For ma tion stud ied. They are sum ma rised in Ta ble 2
and shown on rep re sen ta tive sed i men tary logs from lo cal i ties
nos. 1–4 and 6–7 (Figs. 6 and 7).

LITHOFACIES DESCRIPTION AND INTERPRETATION

GRAVELLY LITHOFACIES ASSOCIATION

Clast-sup ported, mas sive (Gcm) and graded (Gmg)
con glom er ates. This lithofacies typ i cally com prises mod er -
ately to well sorted con glom er ate with peb ble- to cob ble-sized
clasts up to 20 cm in size (Fig. 8A). The con glom er ates are ar -
ranged into len tic u lar or sheet-like, typ i cally amal gam ated
beds, with thick nesses of 0.1 to 0.6 m. The lower bound aries of
beds are al ways sharp, flat or con cave-up wards and ero sional,
whilst the up per ones are gradational; lithofacies Gcm typ i cally
passes up wards into the St/SGt, Sp/SGp, Sm, Sh or Sl
lithofacies (Figs. 6 and 7). Clast fab ric within con glom er atic
beds ap pears to be cha otic, but lo cally con glom er ates re veal in -
dis tinct nor mal grad ing (lithofacies Gmg). In the lower parts of
beds disc-shaped clasts are lo cally imbricated (a (t) b (i) fab ric;
lithofacies Gmg). 

I n t e r p r e t a t i o n. The con glom er ates rep re sent de -
pos its of the bot tom, aggradational parts of braided river chan -
nels (Collinson, 1996; Bridge, 2009). The low er most parts of
beds com posed of the Gcm lithofacies are in ter preted as relic
de pos its of strong, ero sive wa ter flow and sed i ment by pass
form ing chan nel-floor lags. The un graded beds of Gcm fa cies
may in clude de pos its of low-strength, pseudoplastic de bris
flows en ter ing aban doned (?) braided river chan nels (Miall,
1996). The thicker beds of Gmg con glom er ate with flat bases
were de pos ited as bedload, pos si bly at the base of uni di rec -
tional, high-en ergy (flood?) flows (Collinson, 1996). 

Hor i zon tally-strat i fied con glom er ates (Gh) and sandy
con glom er ates (GSh). De pos its of lithofacies Gh/GSh con tain 
pre dom i nantly clast- to ma trix-sup ported con glom er ate, poorly
to well sorted, dom i nated by peb ble- to cob ble-sized clasts. The 
con glom er ate is ar ranged into dis con tin u ous beds, a few clasts
thick, with crude hor i zon tal or nearly hor i zon tal bed ding
(Fig. 8B, C). Disc-shaped peb bles in the lower parts of beds are
usu ally imbricated (a (t) b (i) fab ric). This lithofacies passes typ i -
cally up wards into the Sm, Sh or Sl lithofacies.

I n t e r p r e t a t i o n. Lithofacies Gh/GSh is in ter preted to 
have formed as dif fuse gravel sheets (Hein and Walker, 1977)
which fur ther accreted into gravel bedforms by ver ti cal/lat -
eral/down stream growth dur ing ep i sodes of high-en ergy flow
and sed i ment dis charge (Rust, 1972; Miall, 1996). Sol i tary beds 
of the Gh/GSh lithofacies are in ter preted as chan nel-floor lags. 
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Fig. 4. Main lithological and petrographic fea tures of the low er most Krajanów For ma tion 
ex posed in the east ern Intra-Sudetic Ba sin

A – re pet i tively stacked sand stone and con glom er ate beds  bounded by flat or con cave-up wards ero sional sur faces (loc. 4); B – mi cro scopic
view of Krajanów ar kose/subarkose to lithic arenite com posed mainly of an gu lar to subangular quartz (Qtz), feld spar (Kf), plagioclase (Pl)
and rhy o lite (Ry) grains ce mented by a ferruginous ma trix. Note the low petrographic ma tu rity of the sand stone; C – con glom er ate bed with
well-rounded peb bles of lydite (Ly), green ish quartz ite (Q), milky quartz (Qtz) and an an gu lar to subrounded clast of red dish-brown sand -
stone (S)
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Fig. 5. Lihology and main fea tures of the Krajanów For ma tion shown on an ex am ple of the Œwierki IG 1 bore hole lo cated
 in the prox i mal to me dial parts of the east ern Perm ian Intra-Sudetic Ba sin

The rel a tive stratigrapic po si tion of the sec tions stud ied by com par i son to the bore hole is shown; for lo ca tion of the bore hole see
Figure 2; LAS – Lower Anthracosia Shale; UAS – Up per Anthracosia Shale; bore hole log con structed based on the de scrip tion by

Miecznik (1989), avail able from the Pol ish Geo log i cal Sur vey’s Na tional Geo log i cal Re pos i tory (CBGG)



Ma trix sup ported, mas sive con glom er ates (Gmm). This
lithofacies is com posed of poorly  to mod er ately sorted ma -
trix-sup ported con glom er ate (Gmm), typ i cally intraformational
(Fig. 8D), which does not dis play any in ter nal struc ture
(Fig. 8E). The clasts are sup ported by a poorly sorted ma trix of
me dium- to coarse-grained sand. Beds of con glom er ate are up
to 0.3 m thick, and are lat er ally dis con tin u ous/lens-shaped. The 
lower and up per bound aries of beds are typ i cally sharp but
non-ero sional. Bases of Gmm beds are lo cally loaded (Fig. 8E)
and dis play more com plex, soft-sed i ment de for ma tion struc -
tures (Fig. 8F). The lat ter in clude iso lated, loaded an gu lar clasts 
of ma trix-sup ported con glom er ate, up to 20 cm in length, ac -
com pa nied by silty to clay ma trix in jected from the un der ly ing
strata.

I n t e r p r e t a t i o n. The Gmm lithofacies is in ter preted
as de pos its of high-strength de bris-flows sup ported by pore
fluid pres sure/co he sion and dispersive pres sure (Collinson,
1996; Miall, 1996). This lithofacies rep re sents grav ity flow
sheets and lobes which en tered pre-ex ist ing al lu vial chan nels
(Miall, 1996). Soft-sed i ment de for ma tion struc tures and load
struc tures de vel oped within lithofacies Gmm are in ter preted as
a re sult of bank col lapse in an ac tive river chan nel (e.g., Priddy
et al., 2021).

Pla nar cross-strat i fied con glom er ates (Gp) and sandy
con glom er ates (GSp). De pos its of the lithofacies Gp/GSp
con tain clast- to ma trix-sup ported, poorly sorted con glom er ate
dom i nated by gran ule to cob ble-sized clasts. The con glom er ate 
is ar ranged into pla nar (tab u lar) cross-strat i fied sets bounded
by nearly flat, sharp ero sional sur faces (Fig. 8G). Cross-strat i -
fied bed sets are rel a tively thin, range in thick ness be tween 0.2
and 0.4 m and are up to sev eral metres wide. The pla nar
cross-strat i fied sets con tain pseudo-imbricated, dark-brown or
red dish sand stone intraclasts, up to 10 cm long. 

I n t e r p r e t a t i o n. Lithofacies of Gp/GSp were formed
un der uni di rec tional aque ous cur rents dur ing mi gra tion of
straight-crested, 2D grav elly dunes as midchannel trans verse
or linguoid bedforms (Miall, 1977).

Trough cross-strat i fied con glom er ates (Gt) and sandy
con glom er ates (GSt). De pos its of this lithofacies typ i cally
com prise poorly to mod er ately sorted, clast- to ma trix-sup -
ported con glom er ate dom i nated by the peb ble- to cob ble-sized
frac tion sup ported by a coarse-grained sand ma trix. Gravel
clasts are up to 24 cm in di am e ter. The in ter nal ar chi tec ture of

the Gt/GSt lithofacies com prises len tic u lar beds with a thick -
ness of 0.2 to 0.5 m, with sharp, ero sional con cave-up bases
(Fig. 8H). The up per bound aries of beds are gradational. In the
lower parts of beds, clasts are spo rad i cally imbricated. 

I n t e r p r e t a t i o n. This lithofacies formed un der uni di -
rec tional wa ter cur rents dur ing mi gra tion of sin u ous-crested, 3D 
grav elly dunes as midchannel trans verse bedforms (Harms et
al., 1975; Collinson, 1996). Lo cally, de pos its of lithofacies Gt
and GSt may rep re sent infills of mi nor chan nels (Miall, 1977)

SANDY LITHOFACIES ASSOCIATION

Mas sive sand stones (Sm). De pos its of this lithofacies
com prise me dium- to coarse-grained, poorly to mod er ately
sorted sand stone with scat tered sub-rounded and well-rounded 
gran ule- to peb ble-sized clasts. Mac ro scop i cally, beds of sand -
stone do not dis play any in ter nal struc tures and ap pear to have
been ho mog e nized (Fig. 9A). They typ i cally over lie con glom er -
ate of Gcm lithofacies or un der lie the Gh/GSh lithofacies. The
beds of sand stone dis play me dium- to large-scale len tic u lar ge -
om e try with lat eral ex tents of up to 2 m. The beds range in thick -
ness be tween 0.2 and 0.4 m. 

I n t e r p r e t a t i o n. The mas sive, in ter nally ho mog e -
nized ("structureless") sand stones are in ter preted as the re sult
of a sud den dis charge of trans ported clastic ma te rial, prob a bly
from rapid sus pen sion fall out (Horn et al., 2018; Kêdzior and
Popa, 2018). Mas sive sand stones may be also re lated to rapid
col lapse of a sub aque ous sandy bedform and/or sed i ment
fluidization.

Large-scale cross-strat i fied sand stones and con glom -
er atic sand stones (Sl, SGl). This lithofacies con sists of me -
dium- to very coarse-grained, mod er ately sorted sand stone
with scat tered sub- to well-rounded gran ule- to cob ble-sized
grains. The sand stones are ar ranged into low-an gle, pla nar
cross-strat i fied bed sets, a few metres wide and up to 1 m thick.
The dip of low-an gle foresets var ies from 3 to 15°, but com -
monly is <10°. Bases of the beds are pre dom i nantly gradational 
(Fig. 8E, F).

I n t e r p r e t a t i o n. The low-an gle cross-strat i fied sand -
stones are in ter preted as washed-out dunes and/or antidunes,
which gen er ally formed at the tran si tion from subcritical to
super criti cal uni di rec tional flow (Miall, 1996; Kêdzior and Popa,
2018).

Hor i zon tally to subhorizontally strat i fied sand stones
(Sh). De pos its of lithofacies Sh com prise me dium- to
coarse-grained, red to pink sand stone with scat tered sub- to
well-rounded gran ule-sized grains. The sand stone is typ i cally
mod er ately to well sorted. The lithofacies is char ac ter ized by flat 
or nearly flat or low an gle (<5°) par al lel lam i na tion rang ing in
thick ness be tween 2 mm and 5 mm, ar ranged into tab u lar sets
up to 0.2 m-thick (Fig. 9A, B). Sets of Sh lithofacies dis play lat -
er ally ex ten sive, ei ther flat or ir reg u lar, non-ero sional bases and 
tops. The lat eral ex tent of beds reaches a few metres or may
ex ceed the ex po sure lim its. In loc. nos. 2 and 7, hor i zon tally
strat i fied sand stones are un der lain by con glom er ates of
lithofacies Gcm or Gh which infill shal low, trough-shaped ero -
sional scours (Fig. 8B). On the up per bed ding planes of hor i -
zon tally strat i fied sand stones, pri mary cur rent lineation is vis i ble 
(Fig. 9A). Ob sta cle scours re lated to peb bles rest ing on the up -
per bed ding planes have been also ob served. Some de pos its of 
lithofacies Sh con tain dis con tin u ous and thin (up to 2 mm)
intrasets of dark brown mudstone (fa cies Fm/FSm) to
fine-grained sand stone draped with a micaceous film (Fig. 9B).

I n t e r p r e t a t i o n. Lithofacies Sh, with part ing lineation 
and cur rent cres cent scours on bed ding planes, re flects high
stream en ergy (Harms et al., 1975). This lithofacies was de pos -
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Li thol ogy Num ber of clasts
>2 cm Per cent [%]

quartz 378 32.9

quartz ite 330 31.7

Car bon if er ous sand stone 162 12.7

lydite 73 7.5

rhy o lite 59 6.8

gneiss 30 3.6

mudstone intraclast 20 2.2

other vol ca nic 15 1.3

greenstone + chlorite schist 5 0.6

vol ca nic tuff 5 0.5

other meta mor phic 2 0.1

gab bro 1 0.1

to tal 1080 100

T a  b l e  1

Lithological com po si tion of gravel clasts from the con glom er -
ates of the low er most Krajanów For ma tion
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Fa cies 
as so ci a tions Lithofacies Li thol ogy and tex ture Sed i men tary struc tures 

and other fea tures In ter pre ta tion

Grav elly
lithofacies
as so ci a tion
(A)

Gcm, Gmg

Clast-sup ported, mas sive (Gcm) 
and graded (Gmg)

conglomerates, mod er ately- to
well-sorted

Structureless (Gcm) or crude
nor mal grad ing (Gmg),

imbrication and peb ble align ment 
in the lower parts of beds

De pos its of bot tom, aggradational
parts of braided river chan nels (Gcm, 

Gmg), and/or de pos its of
low-strength, pseudoplastic de bris

flows (Gcm) en ter ing aban doned (?)
braided river chan nels (Miall, 1996;

Collinson, 1996)

Gh, GSh

Clast- to ma trix-sup ported con -
glom er ates, poorly to well

sorted, scat tered muddy and
sandy intraclasts

Crude hor i zon tal or nearly hor i -
zon tal strat i fi ca tion. Imbricated
peb bles in the lower parts of

beds (a (t) b (i) fab ric)

Dif fuse gravel sheets (Hein and
Walker, 1977). Relic de pos its of

strong, ero sive wa ter flow and sed i -
ment by pass form ing chan nel-floor

lag (Rust, 1972; Miall, 1996)

Gmm

Poorly to mod er ately sorted,
ma trix-sup ported con glom er ate, 
typ i cally intraformational. Clasts 

sup ported by a poorly sorted
ma trix of me dium- to
coarse-grained sand

Lack of any in ter nal struc ture,

non-ero sional, sharp bound aries
of beds

De pos its of high-strength de -
bris-flows sup ported by pore fluid
pres sure/co he sion and dispersive

pres sure (Collinson, 1996). Grav ity
flow sheets and lobes en ter ing

pre-ex ist ing al lu vial chan nels (Miall,
1996)

Gp, GSp

Clast- to ma trix-sup ported,
poorly sorted con glom er ate

dom i nated by gran ule to cob -
ble-sized clasts

Pla nar (tab u lar) cross-strata sets 
bounded by nearly flat, sharp

ero sional sur faces.
Pseudo-imbricated, dark-brown

or red dish sand stone intraclasts,
up to 10 cm in length

Mi gra tion of straight-crested, 2D
grav elly dunes as a trans verse or
linguoid bedforms (Harms et al.,

1975; Miall, 1977)

Gt, GSt

Poorly to mod er ately sorted,
clast- to ma trix-sup ported con -

glom er ate dom i nated by peb ble- 
to cob ble-sized frac tion

Len tic u lar beds with a thick ness
of 0.2 to 0.5 m, sharp, ero sional
con cave-up bases. The up per
bound aries gradational. In the
lower parts of beds imbricated

clasts (a (t) b (i) fab ric)

Mi gra tion of sin u ous-crested, 3D
grav elly dunes as a trans verse

bedforms (Harms et al., 1975; Miall,
1977)

Sandy
lithofacies
as so ci a tion
(B)

Sm

Me dium- to coarse-grained,
poorly to mod er ately sorted
sand stone with scat tered

sub-rounded and well-rounded
gran ule to peb ble-sized clasts.

Len tic u lar ge om e try of beds with
lat eral ex tent of up to 2 m and
thick ness be tween 0.2–0.4 m.

Lack of in ter nal struc ture.

Sud den dis charge of trans ported
clastic ma te rial, prob a bly from rapid
sus pen sion fall out from a trac tion
car pet (Horn et al., 2018; Kêdzior
and Popa, 2018) and/or rapid col -

lapse of a sub aque ous sandy
bedform, sed i ment fluidization.

Sl, SGl

Me dium- to very
coarse-grained, mod er ately
sorted sand stones with scat -

tered sub- to well-rounded gran -
ule to cob ble-sized grains

Low-an gle, pla nar cross-strat i fied 
bed sets, a few metres wide and

up to 1 m thick. The dip of
low-an gle foresets from 3 to 15°,

com monly <10°. The bases of
beds pre dom i nantly gradational

Washed-out dunes and/or antidunes, 
formed at the tran si tion from

subcritical to super criti cal uni di rec -
tional flow (Miall, 1996; Kêdzior and

Popa, 2018)

Sh
Fine to coarse-grained sand -

stones, mod er ately to well
sorted, scat tered gran ules

Par al lel or nearly par al lel hor i -
zon tal strat i fi ca tion, tab u lar sets
of up to 0.2 thick, lat er ally ex ten -

sive, ei ther flat or ir reg u lar,
non-ero sional bases and tops

Plane-bed trans port in the up per flow 
re gime con di tions, at the tran si tion
from subcritical to super criti cal flow
(Harms et al., 1975), flow ve loc i ties
of ~1 m/s and depths of 0.25–0.5 m
(Miall, 1996). In di vid ual bed of the
Sh in ter preted as a re sult of sin gle,

flash flood event (Miall, 1996)

Sx
Fine to me dium-grained sand -

stones, mod er ately to well
sorted

Low-an gle, nearly sym met ri -
cal/un du lat ing laminae ar ranged
into cross-strat i fied bed sets with 
flat ero sional bases. The thick -

ness of up to 15 cm

Prop a ga tion of nearly sym met ri cal,
low-am pli tude antidunes un der

super criti cal flow con di tions. High
rates of aggradation (Cartigny et al.,

2014)

St, SGt

Me dium- to coarse-grained
sand stones with dis persed,
subangular to well-rounded

gran ule to peb ble-sized clasts

Trough cross-strat i fi ca tion,
pseudoimbrication of scat tered
peb bles rest ing on bedform lee

side, re ac ti va tion sur faces

Mi gra tion of sin u ous-crested,
linguoid or cres cen tic 3D sandy

dunes, form ing mid-chan nel bars or
their core parts. Up per lim its of the
lower flow re gime, de po si tion un der

uni di rec tional, aque ous cur rents
(Miall, 1977; Leclair and Bridge,

2001)

Sp, SGp

Me dium- to very
coarse-grained, poorly to mod -
er ately sorted sand stone with
dis persed, sub-rounded and
well-rounded gran ule to peb -
ble-size clasts. Scat tered red -

dish and pur ple sandy
intraclasts, abun dant lo cally

Pla nar cross-strat i fi ca tion,
pseudoimbrication of scat tered
peb bles rest ing on bedform lee
side, low-an gle re ac ti va tion sur -

faces

Mi gra tion of straight-crested, 2D
dunes accreted to midchannel bars
or act ing as trans verse/oblique unit
bars. De po si tion un der me dium part
of lower-flow re gime un der uni di rec -
tional aque ous cur rents (Collinson,

1970; Miall, 1977)

Sr Very fine to me dium-grained,
well-sorted sand stone

Asym met ri cal rip ple cross-lam i -
na tion; un du la tory and linguoid
rip ple forms. Cross-lam i nated

sets with a thick ness from 2 cm
to 6 cm, the lam i na tion oc ca sion -
ally marked by ad mix ture of silt

Mi gra tion of sub aque ous, rip -
ple-scale, linguoid bedforms in the
low er most part of the lower flow re -
gime, un der uni di rec tional cur rent.
Rip ples mi grated at low flow speed

(<1m/s) (Miall, 1996)

Muddy
lithofacies
as so ci a tion
(C)

Fm, FSm

Dark brown to red dish-brown
mudstones with spo radic in ter -
ca la tions of very fine- to fine

grained, red-pink ish sand stone

Mas sive struc ture, the sandy
mudstones oc ca sion ally re veal

hor i zon tal lam i na tion. Dis con tin u -
ous lenses and sheets which

range in thick ness from 2 mm to
20 cm and widths of a few

metres. The lower bound aries
are pre dom i nantly gradational,
whilst the up per ones are of ten
ero sional. Dis con tin u ous lenses

at the bases of flu vial
palaeochannels. Lo cally

bioturbated

De po si tion from sus pen sion in lo cal
de pres sions in floodplain ephem eral
ponds/lakes. Chan nel aban don ment

and its sub se quent dry ing

T a  b l e  2

Sum mary of lithofacies dis tin guished within the low er most Krajanów For ma tion
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Fig. 6. Sedimentological logs from se lected ex po sures of the low er most Krajanów For ma tion (lo cal i ties 3, 4) in the east ern
Intra-Sudetic Ba sin, with sed i men tary fa cies in di cated (let ter code as in Ta ble 2 and in the text), and other fea tures and the

lithological com po si tion of the gravel clasts (per cent age data from logged lo cal i ties)

The in set rose di a grams show the mea sured ori en ta tion of cross-bed ding with their mean di rec tions (red ar row) 
as well as chan nel axes (black ar rows)
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Fig. 7. Sedimentological logs from se lected ex po sures (lo cal i ties 1, 2, 6, 7) in the east ern Intra-Sudetic Ba sin, with sed i men tary
fa cies in di cated (let ter code as in Ta ble 2 and in the text)

For other ex pla na tions see Figure 6
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ited un der up per flow re gime con di tions, at the tran si tion from
subcritical to super criti cal flow (Bridge and Best, 1988), with
flow ve loc i ties of ~1 m/s and depths of 0.25–0.5 m (Miall, 1996). 
Pri mary cur rent lineation, ori ented par al lel to flow, is a re sult of
the “streaky” struc ture of the vis cous sublayer (Allen, 1982;
Bridge, 2009). In di vid ual beds of the Sh lithofacies are in ter -
preted as de pos its of sin gle, flash flood events (Miall, 1996).
Plane-bed trans port in the up per flow re gime in cluded sheet
floods in overbank and inter-chan nel ar eas.

Sand stone with small-scale sigmoidal cross-strat i fi ca -
tion (Sx). De pos its of lithofacies Sx com prise fine to me -
dium-grained, mod er ately to well sorted sand stone. The
lithofacies is char ac ter ised by low-an gle, nearly sym met ri -
cal/undulose laminae ar ranged into cross-strat i fied bed sets
with flat ero sional bases (Fig. 9C). The beds reach a thick ness
of up to 15 cm. The Sx lithofacies is typ i cally fol lowed by Fm and 
FSm lithofacies.  

I n t e r p r e t a t i o n. Fa cies Sx re cords prop a ga tion of
nearly sym met ri cal, low-am pli tude antidunes formed in  super -
criti cal flow con di tions  with Froude num bers 1.0 < 1.8 (Cartigny
et al., 2014). Such antidunes gen er ally have sta tion ary crests
and troughs, de vel op ing in-phase with the wa ter sur face dur ing
flash flood con di tions. Pres er va tion of sym met ri cal bedforms
sug gests high rates of aggradation.

Trough cross-strat i fied sand stones (St) and con glom -
er atic sand stones (SGt). De pos its of the St/SGt lithofacies
con tain me dium- to coarse-grained, poorly to mod er ately sorted 
sand stone with dis persed, subangular to well-rounded gran ule-
to peb ble-sized clasts. Trough cross-strat i fied bed sets are
char ac ter ized by len tic u lar ge om e try, con cave-up ero sive
bases and flat or nearly flat tops. The bed sets range in thick -
ness be tween 0.1 and 0.5 m and their lat eral ex tent reaches a
few metres (Fig. 9D). The trough cross-strat i fied sand stones
are com monly interbedded with fine-grained sand stones con -
tain ing mudstone and siltstone interlayers (lithofacies FSm and
SFm). Red dish and pur ple rip-up intraclasts com posed of fine
sand oc cur lo cally in the tops of beds. 

I n t e r p r e t a t i o n. Lithofacies St/SGt is in ter preted as
re flect ing the mi gra tion of sin u ous-crested, linguoid or cres cen -
tic 3D sandy dunes, that formed mid-chan nel bars or their core
parts. These lithoacies were de pos ited in the up per lim its of the
lower flow re gime un der uni di rec tional wa ter cur rents (Miall,
1977).

Pla nar cross-strat i fied sand stones (Sp) and con glom -
er atic sand stones (SGp). De pos its of lithofacies Sp and SGp
con tain me dium- to very coarse-grained, poorly to mod er ately
sorted sand stone with dis persed, sub-rounded and well-
rounded gran ule- to peb ble-sized clasts. Cross-strat i fied bed
sets re veal me dium- to large-scale len tic u lar ge om e try with lat -
eral ex tents of up to 4 m that are bounded by nearly flat, ero -
sional sur faces (Fig. 9D). Scat tered red dish and pur ple sandy
intraclasts are lo cally abun dant, es pe cially at the bases of
cross-strat i fied sets. The bed sets range in thick ness be tween
0.2 and 0.5 m. Pla nar cross-strata sets, es pe cially at lo cal ity 4,
show in ter nal low-an gle re ac ti va tion sur faces.

I n t e r p r e t a t i o n. Fa cies Sp and SGp were formed
dur ing mi gra tion of straight-crested, 2D dunes accreted to
midchannel bars or act ing as trans verse/oblique unit bars within 
the cen tral part of the lower-flow re gime (Miall, 1977). The fa -
cies was de pos ited un der uni di rec tional wa ter cur rents;
cross-strat i fied bed sets formed by lee-side avalanching of
sand on foresets near the an gle of re pose (~15–30°; Miall,
1996). Low-an gle re ac ti va tion sur faces point to changes in river 
wa ter stage over  dunes (Collinson, 1970).

Rip ple-lam i nated sand stones (Sr). De pos its of lithofacies 
Sr con tain very fine to me dium-grained, red-brown ish to pink,
mod er ately to well sorted sand stone. The de posit is ar ranged
into mul ti ple, asym met ri cal rip ple cross-lam i nated sets with
thick nesses from 2 to 6 cm (Fig. 9E). The lam i na tion oc ca sion -
ally in cludes an ad mix ture of silt. Cross-strat i fied bed sets re -
veal small- to me dium-scale len tic u lar ge om e try and lat eral ex -
tents of up to 2 m. The lower and up per bound ing sur faces are
mainly gradational. The Sr lithofacies is typ i cally fol lowed by Fm 
and FSm lithofacies or oc cur as interlayers within de pos its of
FSm lithofacies. 

I n t e r p r e t a t i o n. Lithofacies Sr formed dur ing mi gra -
tion of sub aque ous, rip ple-scale, linguoid bedforms in the low -
er most part of the lower flow re gime, un der uni di rec tional cur -
rents. Rip ples mi grated at low flow speeds (<1m/s) (Miall,
1996).

MUDDY LITHOFACIES ASSOCIATION

Mas sive mudstones (Fm) and sandy mudstones (FSm). 
De pos its of lithofacies Fm/FSm con tain dark brown to red -
dish-brown mudstones with spo radic in ter ca la tions of very fine-
to fine-grained, red-pink ish sand stone. The mudstones dis play
a mas sive struc ture, though the sandy mudstones may oc ca -
sion ally re veal hor i zon tal lam i na tion. These de pos its form dis -
con tin u ous lenses and sheets, mainly in the tops of St and Sh
lithofacies, which range in thick ness from 2 mm to 20 cm and
at tain widths of a few metres. The dark mudstones oc cur also
as thin interlayers within the St and Sh lithofacies (Fig. 9B). The
lower bound aries of the FSm/Fm lithofacies are pre dom i nantly
gradational, and the up per ones com monly ero sional. Mud
cracks were ob served on the up per bed ding sur faces of sand -
stones of the Sh lithofacies  at loc. 3 (Fig. 9F). Red dish-brown,
fine-grained sand stones and mudstones were ob served also
as dis con tin u ous lenses, up to 3 cm thick, at the bases of flu vial
palaeochannels (Fig. 9G). The mudstones are lo cally
bioturbated. Bioturbation was ob served mainly on the up per
bed ding planes of sand stone blocks as po lyg o nal sys tems of
anabranching tun nels, oval in cross-sec tion (Fig. 9H). This
lithofacies con sti tutes a sub or di nate (up to c. 8%) com po nent of 
the low er most Krajanów For ma tion. 

I n t e r p r e t a t i o n. Lithofacies Fm/FSm is in ter preted
to be de pos ited from sus pen sion in lo cal de pres sions formed in
floodplain ephem eral ponds/lakes. The muddy to fine sandy
cap ping of the chan nels rep re sents chan nel aban don ment and
its sub se quent dry ing. Bioturbation is rep re sented by plant root
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Fig. 8. Sed i men tary fea tures of the low er most Krajanów For ma tion ex posed in the east ern Intra-Sudetic Ba sin
 (gravelly lithofacies as so ci a tion)

A – clast-sup ported, mas sive con glom er ate of the Gcm lithofacies; B – hor i zon tally strat i fied con glom er ate over lain by hor i zon tally strat i fied
sand stone of lithofacies Sh; C – hor i zon tally strat i fied con glom er ate un der lain by Sh sand stone interbedded with fine-grained de pos its of
lithofacies FSm; D – intraformational con glom er ate with no in ter nal struc ture (Gmm lithofacies); E – dis con tin u ous bed of ma trix-sup ported
con glom er ate (lithofacies Gmm) with sharp, loaded base; F – dis tinct load struc tures and soft-sed i ment de for ma tion struc tures at the base of
a bed of ma trix-sup ported con glom er ate (lithofacies Gmm); G – con glom er ate (lithofacies Gp) and sandy con glom er ate (lithofacies GSp)
with pla nar cross-strat i fi ca tion; H – con glom er ate with trough cross-strat i fi ca tion (lithofacies Gt)

https://doi.org/10.1016/S0070-4571(08)71000-8
https://doi.org/10.1111/j.1365-3091.1988.tb01249.x
https://doi.org/10.1111/sed.12076
https://doi.org/10.1016/0012-8252(77)90055-1
https://doi.org/10.1016/0012-8252(77)90055-1


16 Aleksander Kowalski and Magdalena Furca / Geo log i cal Quar terly, 67: 31



traces and bur rows formed by in ver te brates. Trace fos sils, as -
signed to Scoyenia ichnofacies, were de scribed by
(Kiersnowski et al., 2021) from the over ly ing, flu vial S³upiec For -
ma tion in the Intra-Sudetic Ba sin. Sin gle, un branched bur rows
prob a bly rep re sent Planolites sp.

FLUVIAL ARCHITECTURAL ELEMENTS AND THEIR ENVIRONMENTAL
INTERPRETATION

The lithofacies dis tin guished have been grouped into three
ma jor ar chi tec tural el e ments  of an early Perm ian (?Asselian)
flu vial sys tem (as de fined by Teisseyre, 1991 and Miall, 2014)
of the east ern Intra-Sudetic Ba sin. The fol low ing ar chi tec tural
el e ments: (A) amal gam ated flu vial chan nel infills with sed i ment
grav ity flow de pos its and bank col lapse el e ments (CHa), (B)
poorly channelized to non-channelized flu vial sheet-like el e -
ments (LS) and (C) overbank fines (FF), are re lated ge net i cally
to dis tinct flu vial depositional sub-en vi ron ments.

(A) Amal gam ated flu vial chan nel infills (CHa) with sed -
i ment grav ity flow de pos its and bank col lapse el e ments

These ar chi tec tural el e ments con sist of gravel-dom i nated
lithofacies of Gcm, Gmg, Gmm, Gh/GSh, Gp/GSp and Gt/GSt,
as well as sand-dom i nated lithofacies of Sp/SGp, St/SGt, and
less com mon Sm. In the study area, CHa el e ments pre vail in
the low er most Krajanów For ma tion and in the prox i mal re gions
of the east ern Intra-Sudetic Ba sin (loc. nos. 1, 2; Fig. 10A). In
the lo cal i ties stud ied the lithofacies are ar ranged into ver ti cally
stacked and amal gam ated, cross-cut ting sheet-like bod ies with
a con cave-up wards ge om e try. The lower bound aries of these
el e ments are of ten sharp (ero sional). In ver ti cal sec tions, the
mea sured pro por tion of the to tal thick ness (%) of the CHa el e -
ments range from 53% in the more dis tal re gions of the ba sin
(loc. 3; Fig. 10B) to nearly 100% in the prox i mal re gion (loc. 1;
Fig. 10A).

The CHa el e ments are in ter preted as palaeochannels of a
multi-storey, non-pe ren nial to ephem eral braided flu vial sys -
tem. Basal chan nel-floor lags of lithofacies Gcm typ i cally pass
gradationally up wards into cross-strat i fied units of Gp/GSp,
Gt/GSt and/or Sp/SGp and St/SGt. Pre served sheets of
fine-grained, dark-brown sand stone rest ing on the basal sur -
faces of chan nels at loc. 6 point to pe ri odic chan nel dry ness
and, sub se quently, their rapid infill, prob a bly dur ing oc ca sional,
cat a strophic flash floods.The trough and pla nar cross-strat i fied
lithofacies point to mi gra tion of 3D and 2D dunes within the
chan nels (Harms et al.,1975). These forms de vel oped as a va ri -
ety of small, mid-chan nel grav elly and sandy bars (e.g., Miall,
1977; Collinson, 1996) un der lower flow re gime con di tions. Dur -
ing stages of low sed i ment load, the bedforms were prob a bly
par tially emer gent and veg e tated. Structureless (mas sive)
sand stones of lithofacies Sm, ob served at locs. 2, 3 and 5, re -
veal rapid in-chan nel de po si tion from high-en ergy flows that
pre vent in-chan nel bedform de vel op ment. The oc cur rence of 
Gmm lithofacies points to grav ity flow de pos its which en tered

al lu vial chan nels dur ing flash floods (Miall, 1996) or formed due
to the col lapse of river banks. The spa tial trend of
palaeochannels, and the mea sured, in ter nal palaeoflow di rec -
tions, in di cate con sis tent sed i ment trans port to wards the west,
south west and north west, nearly per pen dic u lar to the pres -
ent-day tec tonic bound aries of the Intra-Sudetic Ba sin.

(B) Poorly channelized to non-channelized flu vial
sheet-like el e ments (LS)

These ar chi tec tural el e ments con sist of sand stone-dom i -
nated Sl/SGl, Sh, Sx and Sr lithofacies. In the sec tions stud ied
these lithofacies formed lat er ally ex ten sive, non-channelised or
poorly channelised sheets which typ i cally over lie con glom er -
ates of Gcm or Gmg lithofacies and cross-strat i fied units of
Gp/GSp, Gt/GSt as well as Sp/SGp and St/SGt lithofacies
(Fig. 10B). In ver ti cal sec tions, the mea sured pro por tions of the
to tal thick ness (%) of these el e ments range from ~11% in the
prox i mal re gions of the ba sin (loc. 6) to nearly 41% in the more
dis tal re gions of the ba sin (loc. 3). LS el e ments pre dom i nate at
loc. 7 (88%); how ever, due to the lim ited size of the ex po sure,
this value can not be con sid ered as rep re sen ta tive. 

These lat er ally per va sive el e ments are in ter preted as de -
pos its of un con fined sheet flows and/or ero sional rem nants of
wide and shal low chan nels. The Sh lithofacies with pla nar ero -
sional bases points to very shal low, high-en ergy flows. The oc -
cur rence of Gcm un der ly ing Sl/SGl, Sh lithofacies sup port this
no tion. The pres ence of dis con tin u ous intrasets of dark brown
mudstone of lithofacies Fm/FSm, also with mud cracks, within
this lithofacies, sug gest wan ing flood flows and sub se quent dry -
ing of the sed i ment sur face. Non-channelized sheet-like bod -
ies, com posed mainly of Sh, Sm and mi nor Sx lithofacies ex -
tend lat er ally be yond the lim its of the ex po sures stud ied. In ter -
preted rapid flows in the up per flow re gime prob a bly ex tended
laterally beyond the channel margins as sheet floods. 

(C) Overbank fines (FF)
These ar chi tec tural el e ments con sist of mud-dom i nated,

Fm/FSm as well as sandy Sr lithofacies. In the sec tions stud ied, 
these de pos its form ei ther lat er ally dis con tin u ous sheets and
lenses in the top of CHa and LS el e ments or oc cur as iso lated
lenses within chan nels filled with Gcm and Gmg lithofacies. The 
first of these fine-grained de pos its are typ i cally in cised by con -
glom er ate bod ies of CHa el e ments. In ver ti cal sec tions, the
mea sured pro por tions of the to tal thick ness (%) of the FF el e -
ments range from <1% in the prox i mal re gions of the ba sin
(loc. 1, 2) to nearly 8% in the more distal regions (loc. 3).

The FF ar chi tec tural el e ments are in ter preted as (i) de pos -
its of overbank and/or ad ja cent floodplain en vi ron ments and (ii)
as an ef fect of chan nel aban don ment and its sub se quent dry -
ing. Overbank and floodplain en vi ron ments in the study area
were dom i nated by de po si tion from sus pen sion fall out in stand -
ing wa ter of ephem eral ponds and small lakes (Fig. 10A). Less
abun dant, hor i zon tally lam i nated sandy mudstones are re lated
to short-lived events of un con fined flows and sus pen sion
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Fig. 9. Sed i men tary fea tures of the low er most Krajanów For ma tion ex posed in the east ern Intra-Sudetic Ba sin 
(sandy and muddy lithofacies as so ci a tions)

A – sand stone with hor i zon tal strat i fi ca tion (lithofacies Sh, ver ti cal ex posed sec tion, lo cal ity 4) and part ing lineation vis i ble on the up per bed -
ding sur faces in loose block at lo cal ity 4; B – thin interlayers of lithofacies Fm/FSm (ar rowed) within sand stone with hor i zon tal strat i fi ca tion
(Sh); C – sand stone with clearly vis i ble, small-scale sigmoidal cross-strat i fi ca tion (Sx) un der lain by lithofacies Sh and Sm, bounded by sharp, 
nearly pla nar ero sional sur faces; D – stacked sand stone beds with trough (St) and pla nar cross-strat i fi ca tion (Sp) bounded by con cave-up -
wards and pla nar ero sional sur faces; E – fine- to me dium-grained, rip ple-lam i nated sand stones of lithofacies Sr, un der lain and over lain by
lithofacies Sm; F – po lyg o nal mud cracks pre served on the up per bed ding sur face of sandy mudstone (FSm) in a loose block at lo cal ity 3; G –
dis con tin u ous lenses of fine-grained sand stone and mudstone (lithofacies FSm) oc cur ring at the bases of and within flu vial palaeochannels
filled with Gcm lithofacies; H – bioturbation struc tures in the form of sol i tary, curved bur rows ob served in a loose block at lo cal ity 3
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plumes, en ter ing the floodplain dur ing wan ing stages of the
flood. Dessication cracks ob served on the bed ding planes of
FSm lithofacies im ply dry ing out of the sed i ments, prob a bly be -
tween flood events (Collinson, 1996). In the study area, the FF
ar chi tec tural el e ment con tains also bioturbation fea tures as -
signed to the Scoyenia ichnofacies. This points to sta bili sa tion
of the overbank/floodplain ar eas be tween ma jor flood events
and de vel op ment of weak pedogenic pro cesses. Fine-grained
de pos its found within chan nels re cord pe ri ods of dry ness be -
tween their rapid in fill ing.

DISCUSSION: FLUVIAL SYSTEM 
AND PALAEOGEOGRAPHIC DEVELOPMENT 

OF THE EARLY PERMIAN INTRA-SUDETIC BASIN

Flu vial sys tems, un der stood as open, pro cess-re sponse
phys i cal sys tems, are in flu enced mainly by spa tial and tem po ral 
changes of cli mate, base level, tec ton ics and hu man im pacts
(Schumm, 1977; Piégay, 2016). Re gional tec tonic ac tiv ity (i.e.
fault-con trolled sub si dence), as well as cli mate fluc tu a tions, ap -
pear to have been the two main, allocyclic con trol ling fac tors af -
fect ing 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 Intra-Sudetic Ba sin
(Nemec et al., 1982; Wojewoda and Mastalerz, 1989;
Awdankiewicz et al., 2003). 

Sedimentological anal y sis of ex po sure and se lected bore -
hole data (Miecznik, 1989; Fig. 4) shows that the low er most part 
of the Krajanów For ma tion is char ac ter ised typ i cally by lat er ally
and ver ti cally amal gam ated flu vial chan nel-fill el e ments (CHa).
Amal gam ated chan nel-fills con sti tute from 37 to nearly 100% of
the de pos its within the low er most por tion stud ied of the
Krajanów For ma tion.The sedimentological char ac ter is tics of
these de pos its (loc. 1) point to a flu vial sys tem dom i nated by lat -
er ally shift ing, braided rivers car ried a mixed gravel and sand
bedload in the form of 3D and 2D dunes, evolv ing into
mid-chan nel bars (Fig. 11A). Low-an gle re ac ti va tion sur faces,
par tic u larly com mon in pla nar cross-strata sets, point to
changes in river wa ter stage (Collinson, 1970). Ad di tion ally, the
oc cur rence of Gmm lithofacies in di cates grav ity flows which en -
tered al lu vial chan nels prob a bly dur ing flash floods (Miall, 1996) 
or formed due to the col lapse of river banks (Priddy et al., 2021). 
The muddy to fine sandy cappings ob served within chan nels in
the me dial parts of the ba sin im ply chan nel aban don ment and
its sub se quent dry ing (Miall, 1996). Overbank de pos its are
poorly pre served within the low er most part of the Krajanów For -
ma tion due to the high mo bil ity of the chan nels. The re gional cli -
mate was arid to semi-arid, with sparse veg e ta tion and lim ited
chem i cal weath er ing (Nemec et al., 1982; Wojewoda and
Mastalerz, 1989). The riv er banks may have been un sta ble: this
al lowed high chan nel mo bil ity which was lim ited only by the in -
her ited to pog ra phy of the ba sin. 

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. Poorly
channelized to non-channelized flu vial sheet-like el e ments (LS) 
ap pear to be more abun dant in this part of the suc ces sion
(Fig. 10B). These el e ments are in ter preted as de pos its of un -
con fined sheet flows and/or ero sional rem nants of wide and
shal low chan nels. The pres ence of dis con tin u ous intrasets of
lithofacies Fm/FSm, also with mudcracks, sug gests wan ing
flows and sub se quent dry ing of the sed i ment sur face. In ter -
preted rapid flood flows in the up per flow re gime prob a bly ex -
tended lat er ally be yond the chan nel mar gins as sheet floods

and cov ered large parts of the palaeovalley(s?) in the study
area (Fig. 11B). In ver ti cal sec tions the per cent age val ues of
these el e ments reach 41% (loc. 3). 

The grad ual change in the flu vial ar chi tec ture within the
Krajanów For ma tion can be at trib uted to lat eral and tem po ral
changes in the river sys tem rather than to a grad ual shift in re -
gional cli mate (Wojewoda and Mastalerz, 1989). These trends
are sim i lar to those ob served and de scribed from mod ern and
an cient con ti nen tal sed i men tary bas ins dom i nated by ter mi nal
fans and, in a broader sense, by dis trib u tive flu vial sys tems
(DFSs; Cain and Mountney, 2009; Owen et al., 2015). How -
ever, de pos its of the low er most Krajanów For ma tion dis play no
sig nif i cant, ver ti cal changes in grain-size dis tri bu tion (cf. Figs. 6
and 7); this may be ex plained by a high rate of sed i ment sup ply
and the oc cur rence of rapid flood flows in the prox i mal part of
the flu vial sys tem dur ing the early Perm ian. Down stream de -
crease in grain size is ob served at a larger scale, within the
Krajanów For ma tion un der stood as a sed i men tary mega -
sequence (Miecznik, 1989). The mea sured palaeocurrent di -
rec tions in di cate that the area drained to wards the west, south -
west and lo cally north west (Fig. 11C). Early Perm ian
(?Asselian) sed i men ta tion in the study area took place within a
west wards-slop ing al lu vial plain, lo cally fol lowed by ephem eral
lake en vi ron ments in the dis tal re gion of the ba sin (Fig. 11C).

Tec tonic ac tiv ity has been long con sid ered as the main, ex -
ter nal con trol of the sed i men ta tion in the Intra-Sudetic Ba sin
and in other Late Palaeozoic con ti nen tal bas ins de vel oped
within and around Bo he mian Mas sif  (Wojewoda and
Mastalerz, 1989; Opluštil et al., 1998). Based on
sedimentological study of the Vrchlabí For ma tion – a time
equiv a lent of the Krajanów For ma tion in the Krkonoše
Piedmont Ba sin – Schöpfer et al. (2022) pos tu lated that tec -
tonic sub si dence played a sub stan tial role dur ing the ini tial de -
po si tion of these de pos its. Sim i larly, the dis tinct, large-scale cy -
clic struc ture of the Perm ian sed i men tary infill of the
Intra-Sudetic Ba sin is at trib uted to rel a tively rapid, ma jor tec -
tonic events that re sulted in fault-con trolled sub si dence of the
ba sin floor. The on set of flu vial red bed de po si tion of the low er -
most Krajanów For ma tion should be also linked with ep i sodic,
fault-con trolled tec tonic ac tiv ity which led to re ju ve na tion of re -
lief and, in con se quence, an in crease in ac com mo da tion space
in the ba sin. Si mul ta neously, up lift of the fram ing Sowie Mts.
Mas sif, prob a bly along the G³uszyca Fault, led to progradation
of an al lu vial fan sys tem on the east ern flank of the ba sin. The
sharp con tact be tween the Krajanów For ma tion and the un der -
ly ing Lower Anthracosia Shale of the Ludwikowice For ma tion
(cf. Fig. 4) sup ports the hy po thet i cal no tion of rel a tively rapid
up lift of the source area along this tec toni cally ac tive mar gin
(Don, 1961).

The petrographic com po si tion of the Krajanów For ma tion is
very di verse and points seem ingly to mul ti ple source ar eas within 
an early Perm ian sed i ment rout ing sys tem. The petrographic
char ac ter is tic of the Krajanów sand stones – their low tex tural
ma tu rity and a high con tent of feld spar grains – in di cate
short-dis tance trans port and the prox im ity of an up lifted area built 
chiefly of (weath ered?) gneissic or quartz-feldspathic gra nitic
rocks. The oc cur rence of gneissic de tri tus within the Krajanów
For ma tion may in di cate the Sowie Mts. Mas sif as the source
area for these de pos its. Sim i larly, the petrographic com po si tion
of the con glom er ate peb bles and the palaeotransport di rec tions
ob tained from the older, Penn syl va nian de pos its and youn ger,
early Perm ian S³upiec For ma tion, show that this part of the
Intra-Sudetic Ba sin have been sourced lo cally from the Sowie
Mts. Mas sif area (Bossowski and Ihnatowicz, 1994; Mastalerz,
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Fig. 11A, B – fa cies mod els of the flu vial sys tem of the prox i mal, east ern part of the Perm ian Intra-Sudetic Ba sin dur ing nor mal
(low-stage) flow (A) and dur ing flood flow (B); C – sche matic palaeogeographic evo lu tion of the study area in the early Perm ian

(?Asselian, not to scale)

Lo ca tion of the sec tions stud ied and the Œwierki IG 1 bore hole are marked; for ex pla na tions see the text



1996; Kurowski, 2004). Puz zlingly, though, few gnessic peb -
ble-sized clasts de rived from this meta mor phic unit have been
found in the Krajanów For ma tion (mak ing up c. 3.6%).

The pe trog ra phy of peb bles in the Perm ian de pos its of the
Intra-Sudetic Ba sin has long been dis cussed in the lit er a ture (Don, 
1961; Dziedzic, 1961; Nemec, 1978; Nemec et al., 1982). The
high de gree of round ness of clasts com posed of rocks re sis tant to
weath er ing, such as lydite and quartz ite, found in the Krajanów
For ma tion may sug gest a dis tant source area or sed i ment re cy -
cling. These clasts may have been de rived from the Si lu rian and
Or do vi cian rocks ex posed cur rently within the Bardo Struc ture
(e.g., Oberc, 1957; Wajsprych, 1978), to wards the SE of the study
area. As sug gested ear lier by Oberc and Wójcik (1965), the
petrographic com po si tion of the low er most Krajanów For ma tion
may in di cate trans port from the Bardzkie and Bystrzyckie Moun -
tains, S and SE of the study area. The der i va tion of this ma te rial
from an older, cur rently un ex posed (com pletely eroded?) mas sif
(hy po thet i cal South ern Mas sif) sour cing the Intra-Sudetic Ba sin
from the south, should be not ex cluded (Nemec, 1978). On the
other hand,  Dziedzic (1961) in ferred that well-rounded peb bles of
quartz ite and lydite were re de pos ited from older, Car bon if er ous
(Penn syl va nian) rocks ex posed on the east ern flank of the
Intra-Sudetic Ba sin. The high con tent of the older, red dish-brown
sand stones within the de pos its stud ied, as well as clasts of highly
ce mented quartz con glom er ate, points also to an intrabasinal
source com posed chiefly of Car bon if er ous strata. De pos its of sim -
i lar char ac ter is tics are typ i cal of the un der ly ing Ludwikowice, Glinik 
and Žacler for ma tions ex posed cur rently to the east of the study
area. Nemec et al. (1981) also stated that quartz ite and lydite peb -
bles oc cur ring within un der ly ing Car bon if er ous con glom er ates and 
sand stones con sti tute "the sec ond-type de tri tus" which may de -
rived from "rel a tively dis tant source ar eas". Mul ti ple re cy cling of
clastic ma te rial in the Perm ian Intra-Sudetic Ba sin was sug gested
also by Biernacka (2012) and Felicka (2000). Sim i lar petrographic
ev i dence of re peated re cy cling of flu vial clastic de pos its was in -
ferred from petrographic data pub lished by Martínek and Štolfová
(2009) from the Krkonoše Piedmont Ba sin.

On the other hand, the palaeocurrents pat tern of the
Krajanów For ma tion in the east ern Intra-Sudetic Ba sin clearly
sug gests sed i ment trans port from the east/north east, i.e. from
the Sowie Mts. Mas sif area. The rel a tively low con tent of gneiss
peb bles may be ex plained by lim ited flu vial in ci sion into the
base ment rocks and/or par tial sed i men tary cover of the Sowie
Mts. Mas sif area dur ing the early Perm ian. The gneissic ma te -
rial de rived from this mas sif, as an up land source area, were
car ried prob a bly dur ing ma jor flood events to the nearby
Intra-Sudetic Ba sin. This pro cess, com bined with the hy po thet i -
cal ax ial drain age of the ba sin to wards the NW (cf. Wojewoda
and Mastalerz, 1989), may have re sulted in the compositional
'di lu tion' of clastic ma te rial in the early Perm ian Intra-Sudetic
Ba sin. It is con cluded that fur ther, de tailed petrographic stud ies
and a more sys tem atic ap proach are needed.

CONCLUSIONS

The low er most part of an early Perm ian Krajanów For ma -
tion con sti tutes a con ti nen tal flu vial red bed as sem blage of
coarse-grained strata ex posed mainly in the east ern part of the
fault-bounded Intra-Sudetic Ba sin (NE Bo he mian Mas sif). Re -
gional tec tonic ac tiv ity (i.e. fault con trolled sub si dence) and cli -
mate fluc tu a tions ap pear to have been the two main, allocyclic
con trol ling fac tors af fect ing sed i ment sup ply and flu vial ar chi -
tec ture in this area. Dur ing the early Perm ian (?Asselian) the
study area con sti tuted a west wards in clined palaeoslope of the
Intra-Sudetic Ba sin with dom i nantly west wards and south -
westwards flu vial drain age. To wards the west and south west of
the Ba sin, the coarse-grained sed i men tary suc ces sion of the
Krajanów For ma tion changes grad u ally into a co eval
fine-grained fa cies. A fan-like ar range ment of palaeocurrent
data in the low er most part of the unit sug gests the de vel op ment 
of al lu vial fans, prob a bly of ter mi nal type, at tached to an ac tive
fault fram ing the ba sin to wards the east. Deposition probably
occurred in the proximal to medial sub-environments of the
fans.

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 a semi-arid to arid cli mate. The
flu vial sys tem of the early Perm ian Intra-Sudetic Ba sin was fed
by ep i sodic flow. Rapid (cat a strophic?) flood events led to ep i -
sodic sed i men ta tion of ver ti cally and lat er ally amal gam ated flu -
vial chan nel infills, with abun dant up per flow re gime struc tures
as well as poorly channelized, lat er ally ex ten sive sheet-like
bod ies of sand stone. The overbank de pos its are poorly pre -
served due to fre quent lat eral shift ing of the chan nels. Soft-sed -
i ment de for ma tion struc tures formed due to river bank col lapse
events while de bris flow fa cies point to high-en ergy, wan ing
flows. It is con cluded that de po si tion oc curred on broad, ter mi -
nal-type al lu vial fans, prob a bly in their prox i mal- to me dial
sub-en vi ron ments, de vel oped within the dis trib u tive flu vial sys -
tem of the Intra-Sudetic Ba sin. Petrographic com po si tion and
mea sured palaeocurrent di rec tions show that the sed i ment was 
sourced from the fram ing mas sifs: the Sowie Mts. Block to the
east, the Bardo Struc ture and a hy po thet i cal South ern Mas sif to 
the south/south east. The study as a whole con trib utes to
understanding of the Permian palaeoenvironment and
palaeogeography of the NE part of the Bohemian Massif.
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