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Ab stract: The stra tig ra phy of the Up per Silesian Keuper, a con ti nen tal, mudstone-dom i nated suc ces sion is poorly 
known, al though the al ready re nowned, newly dis cov ered vertebrate lo cal i ties high light the grow ing de mand for a
more pre cise intra-re gional cor re la tion and an ap pro pri ate strati graphic ref er ence frame work. A ma jor lithostrati-
graphic unit, pre lim i nar ily pro posed for the mid dle Keuper (i.e., above the Schilfsandstein; Stuttgart For ma tion in
“Stratigraphische Tabelle von Deutsch land”, 2002) by Szulc and Racki (2015; Przegl¹d Geologiczny, 63: 103–
113), is de scribed in de tail. The re de fined Grabowa Var ie gated Mudstone-Car bon ate For ma tion, the unit pre -
vi ously based on in ac cu rately pre sented in for ma tion, in cludes the Up per Gyp sum Beds and the Steinmergel-
keuper in the tra di tional scheme from Ger many (= Weser and Arnstadt for ma tions). Three mem bers are for mally
de fined: the Ozimek (Mudstone-Evaporite) Mem ber, the Patoka (Marly Mudstone-Sand stone) Mem ber and the
WoŸniki (Lime stone) Mem ber. Two sig nif i cant bone-bear ing ho ri zons (Krasiejów and Lisowice) are placed
within the Patoka Mbr. The for ma tion thick ness in a com pos ite, re gional ref er ence sec tion of the Up per Silesian
Keuper, based on the new WoŸniki K1 and Patoka 1 well pro files, is ap prox i mately 215 m thick. The Grabowa Fm 
gen er ally cor re lates with the Norian stage, with the base lo cated in the un de fined up per Carnian, and is topped by a 
ma jor, ero sive disconformity and sed i men tary se quence bound ary, near the Norian-Rhaetian bound ary. How ever,
hi a tuses in the Silesian mid dle Keuper suc ces sion are lo cated and paired with a can ni bal is tic type of sand-mud flat
de po si tion, largely con trolled by Early Cim mer ian move ments of tec tonic blocks as so ci ated with the Kraków–
Lubliniec shear zone.

Key words:: Lithostratigraphy, biostratigraphy, disconformities, bone beds, Grabowa For ma tion, mid dle Keuper,
Up per Silesia.
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IN TRO DUC TION

The Keuper-type Up per Tri as sic con ti nen tal suc ces sion 
of Up per Silesia, mostly in the east ern mar gin of Up per Si-
lesian Coal Ba sin, in clud ing var ie gated fine-grained silici-
clastics, car bon ates and evaporites, still is poorly known in
terms of its stra tig ra phy. This is pri mar ily due to the lack of
a for mal ized lithostratigraphic scheme and the scar city of
fos sils (in clud ing microfossils) has gen er ated un cer tainty
with re gard to biostratigraphic data (sum mary in Bilan,
1991; Szulc and Racki, 2015).

De ter min ing the ex act age of the Keuper suc ces sion in
Po land as well as un der stand ing the sed i men tary palaeoen -
vi ron ments are of par a mount im por tance, par tic u larly with
re gard to the fa mous dis cov er ies of ver te brate re mains in the 
Opole re gion (Dzik et al., 2000), sup ple mented by sev eral
lo cal i ties be tween Lubliniec and Zawiercie (Dzik et al.,

2008; NiedŸwiedzki et al., 2014). How ever, sig nif i cant con -
tro ver sies ex ist as to age as sign ment and in ter pre ta tion of
the as so ci ated fa cies of the bone-bear ing sec tions (Szulc,
2005, 2007b; Dzik and Sulej, 2007; Bodzioch, 2012; Szulc
and Racki, 2015). Thus, un der stand ing the Keuper geo log i -
cal and tem po ral frame work is the key to re con struct ing the
Silesian ver te brate re cord (Racki, 2010).

This sit u a tion cre ates an ur gent need for multidiscipli-
nary re search of the poorly-known Up per Tri as sic strata in
Silesia around the whole out crop belt over a dis tance of
more than 80 km, from Opole to Zawiercie (Figs 1, 2). The
ma jor goal of the pro ject “The evo lu tion of ter res trial en vi -
ron ments of the Up per Silesian Keuper as biotopes of ver te -
brates” (N N307 11703; Racki, 2010), funded by the Min is -
try of Sci ence and Higher Ed u ca tion, was an ex haus tive, in -



te grated study of the bone-en riched Keuper in ter val in terms 
of stra tig ra phy, sedimentology, min er al ogy and geo chem is -
try. This ar ti cle com ple ments an in tro duc tory pro posal of a
lithostratigraphic re vi sion in Pol ish by Szulc and Racki
(2015), a strati graphic set ting to an ac com pa ny ing po lem i -
cal re view of the age, cor re la tion and or i gin of the Up per
Silesian bone beds by Szulc et al. (2015), and other pa pers
in this ASGP the matic is sue. 

Sup ple men tary ma te rial is avail able on line at:

http://www.ing.pan.pl/Keuper/Bone-bear ing_Keuper-1.htm
in clud ing pho to graphic doc u men ta tion of drill cores.

RE GIONAL SET TING
AND STRATI GRAPHIC IS SUES

The Keuper Group is a pre dom i nantly al lu vial, flu vial
and lac us trine, fine-siliciclastic suc ces sion, with sub or di -

nate, in ter ca lated evaporites and car -
bon ates (Fig. 3), de vel oped within the
Ger manic (or Cen tral Eu ro pean) Ba sin 
(e.g., Mader, 1997; Reinhardt and
Ricken, 2000; Beutler and Nitsch,
2005; Feist-Burkhardt et al., 2008;
Bachmann et al., 2010). This low-re -
lief con ti nen tal ba sin stretched from
west ern France and Ger many to Po -
land in the east, with an evolv ing playa
sys tem in its vast, cen tral part (Fig. 4).
Synsedimentary Early Cim mer ian block 
movements are clearly ev i denced by
sev eral ero sional disconformities and
abrupt thick ness changes (e.g., Znosko, 
1954; Deczkowski and Gajewska, 1977; 
Deczkowski and Franczyk, 1988; Decz- 
kowski et al., 1997; Bachmann et al.,
2010; Beutler et al., 2012). In Po land,
these sed i ments can be ob served at the
sur face in a few out crops (mostly in
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Fig. 1. Geo log i cal map of the area stud ied (af ter Marks et al., 2006, mod i fied; see Fig. 2 for the lo ca tion de tails of the sec tions stud ied).

Fig. 2. Sim pli fied geo log i cal map (af ter Bardziñski and Chybiorz, 2013) show ing the
lo ca tion of the lo cal i ties stud ied (out crops and bore holes) and Tri as sic to Lower Ju ras sic
sur face strata (see the re gional geo log i cal set ting in Fig. 1).



small clay pits; see Nita and Nita, 2014a, b), mainly within the
north- east ern mar gin of the Up per Silesian Coal Ba sin (Fig. 2) 
and along the bor ders of the Holy Cross Moun tains. The
dis tri bu tion of the Keuper in Po land, how ever, is much
broader, and this lithofa cies has been rec og nized also in nu -
mer ous bore holes in cen tral and west ern Po land [the so-cal-
led Pol ish Ba sin or (Mid-) Pol ish Trough; e.g., Gajewska,
1973, 1978, 1988; Deczkowski and Franczyk, 1988;
Bachmann et al., 2010; Pieñkowski et al., 2014; Fig. 4].

The Silesian Up per Tri as sic suc ces sion (Fig. 3), in
palaeogeographic terms, cor re sponds to the mar ginal east -
ern part of the Ger manic Ba sin (Fig. 4), mostly within the
Bo he mian Mas sif prov e nance do main (e.g., Beutler and
Nitsch, 2005; Konieczna et al., 2015), with the ex cep tion of

the east ern por tion (Fig. 5). The source re gions were con -
trolled, since the Mid dle Tri as sic by Cim mer ian up lift
move ments (Szulc, 2000; Paul et al., 2008). Var ie gated,
fine-grained clastics, and lo cally evaporites (mostly pre -
served as pseudomorph gyp sum spher oids) and spring car -
bon ates are the most com mon types of de posit, as the depo-
sitional re cord of ephem eral-lake and flu vial sys tems, deve-
loped un der mostly arid to semi-arid cli ma tic con di tions
with some plu vial in ter ludes (Pieñkowski, 1988; Szulc et
al., 2006, 2015; Szulc, 2007a). The Keuper Group is up to
400 m thick in the re gion and thick ens grad u ally to ward the
north, where, in the depocentre of the Pol ish Ba sin, it at tains 
a thick ness of 2,000 m (Deczkowski et al., 1997).

STRA TIG RA PHY OF THE UP PER SILESIAN MID DLE KEUPER 559

Fig. 3. Sche matic sec tion of the Up per Tri as sic of Up per Silesia, with its partly for mal (in up per part) lithostratigraphic sub di vi sion af -
ter Szulc and Racki (2015) and a dis tinct col our evo lu tion from grey to a var ie gated-spotty suc ces sion of the Grabowa Fm (mod i fied, af ter
Jewu³a, 2010, fig. 4), with a fo cus on cor re la tion with the Ger manic Ba sin ref er ence units (“Stratigraphische Tabelle von Deutsch land”,
2002; Franz, 2008). In for mal for ma tions (Chrzanów, Boles³aw) based mostly on Becker et al. (2008), partly dif fer ing from units orig i -
nally de fined by Bilan (1976) and Kotlicki (1995). Note the oc cur rence of three bone-en riched lev els in the Silesian Keuper, but two in the 
Up per Tri as sic.



In Ger many, the Keuper, as an in for mal lithostratigra-
phic unit, was sub di vided into three parts: lower, mid dle
and up per, whereas in Po land the Keuper was tra di tion ally
di vided into the lower and up per Keuper only, with the
Rhaetian treated as a self-con tained unit. These dif fer ences
were, and still are a source of mis un der stand ing (see be -
low). How ever, the Keuper lithostratigraphy is in par tic u lar
not a very good strati graphic tool, as it is sub jec tive, and
lacks dis tinc tive marker ho ri zons; nei ther volcanogenic in -
ter ca la tions, nor im pact ejecta (Walkden et al., 2002) were
dis cov ered in this study. It is im pos si ble to use the lithostra-
tigraphic scheme to cor re late Cen tral Po land to the ba sin’s
mar gins, es pe cially in such var ied terrigenous en vi ron -
ments. There fore, the se lec tion of an ap pro pri ate ref er ence
suc ces sion for long-dis tance cor re la tion is of prime im por -
tance (see dis cus sion on Ger man equiv a lents of the Silesian
bone-bear ing sites in Szulc et al., 2015). The highly ac tive
syn-sed i men tary tec ton ics (see Fig. 5) ad di tion ally cre ated
lo cal depocenteres, where the sed i men tary rate was ob vi -
ously much higher than else where, but also in flu enced the
dis tri bu tion of ero sional disconformities (see Bilan, 1976;
Grodzicka-Szymanko, 1978; Deczkowski et al., 1997).

The rec og ni tion of lithostratigraphic units in the field or 
in drill cores is of ten dif fi cult, mainly ow ing to the lack of
dis tinc tive fea tures and the rel a tively mo not o nous li thol ogy. 
Fa cies anal y sis of the stud ied suc ces sion in the Up per Sile-
sia area has shown con sid er able palaeoenvironmental chan-
ges and vari a tion in for ma tion thick ness, as ex pected for
terrigenous, flu vial-dom i nated en vi ron ments.. Ad di tion ally, 
it is widely ac cepted that the sed i men tary suc ces sion of the
terrigenous Keuper de pos its is diachronous and that sed i -
men ta tion started in the east ern part of the Ger manic Ba sin,
whereas in the west, ma rine con di tions pre vailed at that
time (Szulc, 2000).
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Fig. 4. Palaeogeographic lo ca tion of Up per Silesia re gion and pres ent-day dis tri bu tion and fa cies map of the Norian (Steinmergel-
keuper, mod i fied from Feist-Burkhardt et al., 2008, fig. 13.24B). Solid lines rep re sent the re con structed east ern Ger manic Ba sin out line,
the black ar row in di cates the ma rine ingression from the Tethys Ocean and the grey ones il lus trate pos si ble clastic sup ply from the
Moesian terrane (see Fig. 5).

Fig. 5. Sche matic rep re sen ta tion of mid-Norian palaeo ge ogra -
phy and sed i men tary palaeoenvironments of the east ern part of
Up per Silesia (note: not in scale). Two po ten tial ma jor sources for
de tri tus dis trib uted by flu vial sed i men ta tion are shown by means
of ar rows: the Moesian terrane (in ferred from compositional spec -
trum of coarse-grained clastics; Mariusz Paszkowski, pers. comm., 
2014; cf. Tari et al., 2012) and Up per Silesian Ba sin. Ac tive fault -
ing, re lated to the Kraków-Lubliniec sinistral(?) shear zone, pro -
moted a car bon ate spring depositional sys tem (WoŸniki Mbr;
Szulc et al., 2006, 2015), and also pri mar ily con trolled the de vel -
op ment of hi a tuses and un con formi ties over the up lifted blocks.



An other is sue in the for mal de ter mi na tion of a for ma -
tion in the area stud ied is caused by the way geo log i cal
bound aries are de fined. For in stance, in the cen tral part of
the Pol ish branch of the Ger manic Ba sin, a thick and dis -
tinc tive anhydrite bed has been de scribed, which partly de -
fines the bound ary be tween the Up per Gyp sum Beds and
the Shilfsandstein (Deczkowski et al., 1997). In the more
prox i mal fa cies, this anhydrite bed pinches out, which
makes the dis tinc tion of these for ma tions very dif fi cult. The 
pos si bly diachronous fa cies tran si tion from evaporite playa
to flu vial-dom i nated Steinmergel-type de po si tion re mains a
com pli cat ing ar gu ment for the dat ing of the Krasiejów sec -
tion (Szulc et al., 2015). The lon ger per sis tence of hy per-
sa line re gimes in the dis tal Silesian lo cal i ties is in di cated by
chemostratigraphic cor re la tion (Œrodoñ et al., 2014). How -
ever, this at trac tive no tion in fact is strongly af fected by the
dis put able lithostratigraphic af fil i a tion of some de pos its
(see be low). The ques tion awaits more ex ten sive su pra-re -
gional study.

STATE OF STRA TIG RA PHY AD 2015 

Over the past one hun dred years, geo log i cal stud ies of
the Up per Silesian’s Keuper suc ces sions have been un der -
taken and many lithostratigraphic schemes have been pro -
posed (Fig. 6). Ger man ge ol o gists (Römer, 1862, 1863,
1867, 1870; Assmann, 1926, 1929; among oth ers) es tab -
lished the clas si cal lithostratigrapic sub di vi sions, which still 
can be re garded as rel e vant. Af ter World War II, geo log i cal

re search, fo cused on strati graphic as pects, was car ried out by
Pol ish ge ol o gists, such as Znosko (1954, 1955), Szyperko-
Œliwczyñska (1960), Deczkowski (1963, 1977), Grodzicka-
Szymanko (1971, 1978), Grodzicka-Szymanko and Or³ow-
ska-Zwoliñska (1972), Kopik (1973), Kotlicki (1974, 1995),
Bilan (1975, 1976, 1991), Or³owska-Zwoliñska (1983,
1985), Deczkowski et al. (1997) and Szulc (2005, 2007a).
Most re cently, a new, for mal lithostratigraphy of the mid dle
Keuper of Up per Silesia has been pro posed by Racki and
Szulc (2015; see be low).

Lithostratigraphy

De spite sev eral pro pos als of lithostratigraphic units and 
su pra-re gional cor re la tions of the Up per Silesian Keuper
(see sum mary in Fig. 6), the lack of a con sis tent re gional
scheme, en com pass ing for mally de fined units. is a ma jor
hin drance to fur ther prog ress. Sev eral prac ti cal ap proaches,
fre quently mixed, as shown in the “Strati graphic Ta ble of
Po land” (Becker et al., 2008; also e.g., Dzik and Sulej,
2007), can be iden ti fied:

1. As stressed above, ob vi ously from a his tor i cal view -
point (e.g., Siemiradzki, 1903; Assmann, 1929; Szyperko-
Œliwczyñska, 1960), there is an ap pli ca tion and thus di rect
cor re la tion with the stan dard scheme of the west ern Ger -
manic Ba sin, both in tra di tional (Schilfsandstein, Gipskeu-
per, Steinmergelkeuper, etc.) and mod ern for mal terms (af -
ter “Stratigraphische Tabelle von Deutsch land”, STD 2002;
Franz, 2008; Menning et al., 2012), ex em pli fied re cently by 
the work of Œrodoñ et al. (2014).
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Fig. 6. Over view of se lected lithostratigraphic sub di vi sions of the Up per Tri as sic suc ces sion in the Ger man Ba sin and Up per Silesia
(mod i fied from Szulc and Racki, 2015, fig. 7; see also Senkowiczowa, 1980, ta ble 2); bone-bear ing lev els: Krasiejów (K) and Lisowice
(L) are marked (see Fig. 3).



2. Ap pli ca tion of in for mal subsurface di vi sions in wes- 
tern-cen tral Po land, pro posed in par tic u lar by Dadlez and
Kopik (1963) and mod i fied by Deczkowski et al. (1997),
and was prac tised most re cently by NiedŸwiedzki et al.
(2014) and Pieñkowski et al. (2014).

3. Di verse in for mal re gional lithostratigraphic units were
pro posed by Kotlicki (1974), Kotlicki and Kubicz (1974) and
Bilan (1976), and also in many car to graphic works for the
“De tailed Geo log i cal Map of Po land 1 : 50 000” (e.g., Haisig
et al., 1983; see syn op tic ta ble 2 in Kotlicki and W³odek,
1976).

4. There was con sid er ation of the Keuper suc ces sion in
terms of depositional cyclothems and/or units sep a rated by
tec toni cally-con trolled large-scale strati graphic hi a tuses
(Grodzicka-Szymanko, 1971, 1978; Grodzicka-Szymanko
and Or³owska-Zwoliñska, 1972; Becker et al., 2008), that is,
as allostratigraphic units (see Racki and Narkiewicz, 2006).

Till now, de spite dis cus sion of some vari ants al ready by 
Senkowiczowa (1980), for mal units were not de fined. That
is, even if some ba sic units, for ma tions, were pro posed and
de scribed (e.g., “Grabowa For ma tion”, Bilan, 1976; Kot-
licki, 1995; “Po³omia For ma tion”. Jakubowski, 1977), es -
pe cially stratotype sec tions were not in di cated (or pre served 
in drill cores; see Alexandrowicz et al., 1975, and Racki and 
Narkiewicz, 2006). Thus, many poorly-de fined re gional in -
for mal units are pres ently used, such as the Chrzanów and
Boles³aw “for ma tions”, the Lisów Beds and the WoŸniki
Beds (Szulc et al., 2006; Becker et al., 2008). Un for tu -
nately, the most de tailed and for mal scheme by Kotlicki
(1995) has re mained un pub lished as an ar chi val re port.

It seems that in many other cases, the Keuper lithostrati- 
grahic def i ni tions were in flu enced by palynostratigraphic
dat ing and vice versa, that is, cir cu lar rea son ing was used in
a clearly chronostratigraphic con text. For ex am ple, Dadlez
and Kopik (1963) de fine the ashy, grey and brown-grey
colours as the most di ag nos tic fea ture of the Rhaetian Wie-
lichowo Beds, dis tin guish able from other more var ie gated
(red-vi o let) Keuper units, sup ple mented by the pres ence of
light kaolinite clays, sid er ite spheru lites and coaly streaks.
How ever, these strict lithostratigraphic cri te ria are in ap pli -
ca ble to many long-dis tance cor re la tions, and, for ex am ple,
the Wielichowo Beds were re cently char ac ter ized, among
other things, as “red-brown ish, yel low-green ish, or variega-
ted mudstones” (Pieñkowski et al., 2014, p. 271). In con tra -
ven tion of the rules of the in ter na tional strati graphic code, the 
“beds” were in fact later con sid ered as geo log i cal time units,
i.e., ap prox i mated to the chronostratigraphic cat e gory.

In sum mary, the mixed litho-, allo- and chronostratigra- 
phic as pects of sev eral pro posed units and their cor re la tion
is still ob vi ous, and, for ex am ple, the term Rhaetian is used
both as an lithostratigraphic unit (= Rhaetian sensu polo-
nico; Kopik, 1967, 1973; Grodzicka-Szymanko, 1978;
Bachmann and Beutler, 2007) and as a for mal stage. 

Biostratigraphy

Strati graphic re la tion ships of the Keuper pro files
within Silesia re gion are still un cer tain be cause of the pau -
city of age-di ag nos tic biostratigraphic data. As re viewed by
Bilan (1991; com pare e.g., Znosko, 1955; Grodzicka-Szy-

manko, 1971, and Kotlicki, 1974), micropalaeontogical
data with a fo cus on palynomorphs, charophyte al gae and
ostracods, are far from suf fi cient to es tab lish a re li able
biozonation; the foraminiferal re cord is too scarce (and not
con firmed in the pres ent study) to pro vide any in fer ences
about suc ces sions. Only some char ac ter is tic fa cies-con -
trolled as sem blages may be rec og nized, but es sen tially are
lim ited to par tic u lar lithostratigraphic units, that is, be low the
res o lu tion level of a stage. For ex am ple, one charophyte zone 
(Auberbachichara rhaetica) and one ostracod zone (Pulviella
silesia) are the ap prox i mate equiv a lent of the Grabowa For -
ma tion sensu Bilan (1976; see Bilan, 1991, fig. 1).

Palynology ap peared to be the most suit able biostrati-
graphic tool, with sim i lar dis tri bu tions of palynomorphs
known to oc cur across the Ger manic Ba sin (e.g., Kürsch-
ner and Herngreen, 2010). Microspore data are more use ful
for lower seg ments of the Silesian Keuper suc ces sions,
whilst its mid dle part and poorly de fined up per part were as -
signed by Or³owska-Zwoliñska (1983, 1985) to the Coro-
llina (now Classopolis) meyeriana IVb and IVc subzones
(see also Deczkowski et al., 1997; Marcinkiewicz et al.,
2014). In ad di tion, as stressed by Szulc and Racki (2015)
and Szulc et al. (2015), this biozonation is in con clu sive for
more high-res o lu tion dat ing in its Norian part (com pare
Cirilli, 2010). Megaspore data are of even lower res o lu tion
in this in ter val (see Marcinkiewicz et al., 2014).

Tri as sic conchostracans were ex pected to be a re li able
sub sti tute tool to palynology-based in fer ences in ter res trial
stra tig ra phy (e.g., Kozur and Weems, 2010). Two concho-
stracan zones are re cently iden ti fied at the Krasiejów and
Lipie Œl¹skie sites by Kozur and Weems (2010). How ever,
ar gu ments re gard ing the un cer tainty of the zonation were
pre sented by Becker (2015) and Maron et al. (2015), es pe -
cially be cause of the am big u ous tax on omy and spec u la tive
ter res trial-ma rine cor re la tions, based in fact on sin gle con-
chostracan suc ces sions (see also Kozur et al., 2013).

Among the in ver te brate macrofauna, only the bi valve
Unionites posterus (Deffner and Fraas) (= Unio kaiperinus
Römer; see Œliwiñski, 1964, p. 41) was named as a guide
spe cies for the higher Rhaetian strata of Up per Silesia (sensu
polonico; Bilan, 1976; see also e.g., Dadlez and Kopik, 1963; 
Grodzicka-Szymanko, 1971; Kopik, 1973; Deczkowski et
al., 1997; Bachmann et al., 2010), but Œliwiñski (1964, p. 40) 
re ported a “lime stone bed with Unio” from the lower Keuper. 
Note wor thy, this spe cies is not con firmed at Silesian lo cal i -
ties in the re cent study by Skawina and Dzik (2011), who re -
ported only two new com mon spe cies (see Fig. 15C). 

Ver te brate evo lu tion ary/biochronological data, de spite
enor mous cur rent prog ress, are still con jec tural, ow ing to
zoo geo graph i cal and tax o nom i cal con straints (Szulc et al.,
2015). On a su pra-re gional scale, the strati graphic ranges of
taxa are still barely known to such a de gree that any at tempt
at a zonal ap proach to ver te brate biochronology is in vari -
ably at the ini tial stage. Hence, pre vi ous dat ing and cor re la -
tive in fer ences for the Silesian ver te brate lo cal i ties are
poorly doc u mented and flawed, and ig nored the di ver gent
re sults of other au thors (Szulc et al., 2015; cf. also Lucas,
2015).

In con se quence, the tim ing of the lithostratigraphic
boundaries and their re la tion ships to stage bound aries are
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still mostly vague and con jec tural, es pe cially for the Sile-
sian mid dle Keuper. This is es pe cially no ta ble for its higher
part, where palynological data are in vari ably im pov er ished
or lack ing (Or³owska-Zwoliñska, 1983, 1985). In fact, these 
cru cial weak nesses have ex ac er bated sig nif i cant gen eral un -
cer tain ties in the non-ma rine Up per Tri as sic chronostrati-
graphy and geo chron ol ogy (Ogg, 2012), as sum ma rized by
Szulc et al. (2015; see also Lucas, 2015).

METH ODS AND RA TIO NALE

As a start ing point, in ad di tion to the gen eral geo log i cal
sketch of the Tri as sic de pos its of Up per Silesia (from
Zawiercie to Krasiejów, on a scale of 1: 300 000; Fig. 2),
more de tailed car to graphic-geo log i cal works were per -
formed in five im por tant Keuper out crop ar eas (at an ap -
prox i mate scale of 1: 25 000; Bardziñski and Chybiorz,
2013), with a par tic u lar fo cus on the thus far poorly un der -
stood bor der area of Zawiercie and Porêba towns (Szulc et
al., 2015). Next to the ver i fied ar chi val car to graphic doc u -
men ta tion and its photo-in ter pre tive re fine ment, geo phys i -
cal field stud ies in three se lected ar eas were a part of the
out put of the pro ject. Geo phys i cal mea sure ments with the
com bined ap pli ca tion of geo-elec tric, elec tro mag netic and
seis mic meth ods, have made it pos si ble to ob tain a better
un der stand ing of the shal low geo log i cal struc ture to a depth
of 50 m. In par tic u lar, the use of elec tric re sis tance to mog ra -
phy for subsurface im ag ing showed the geo log i cal con trast
be tween the Krasiejów and Lipie Œl¹skie (an un dis turbed
suc ces sion of hor i zon tally strat i fied lithosomes) and Za-
wiercie-Marciszów (dis placed by faults; Idziak, 2013; see
Szulc et al., 2015, fig. 16).

Within the frame work of the grant, two new bore holes,
Patoka 1 and Kobylarz 1, were drilled by the com pany
Geofizyka-Toruñ for the In sti tute of Geo log i cal Sci ences
PAS. In June 2012, the first well core, Kobylarz 1, in the
west ern Zawiercie town and with a length of 55 m, was ob -
tained with mid dle Keuper strata di rectly be low the WoŸ-
niki lime stone, the re gional marker level (Szulc et al., 2006).
In the case of the deeper bore hole, Patoka 1, at Patoka Brick-
yard In dus tries Ltd, this was drilled in Au gust 2012, to a
depth of 208 m, of which 192 m is in a rel a tively di ver si fied
Keuper suc ces sion, from grav els (in clud ing the top most Po-
³omia-type cyclothem) to blackish claystone sets.

From other shal low bore holes, two well-pre served cores
were ob tained: WoŸniki K1 (90 m in length; re cov ered for
and stored at the Uni ver sity of Silesia in 2008 within the
frame work of the hydrogeological pro ject of Krystyn Ru bin;
Ru bin and Ru bin, 2009) and Kozieg³owy WB3 (151 m in
length; ob tained from the Ar chive of Geo log i cal Sam ples
and Cores of the Pol ish Geo log i cal In sti tute at Kielniki, near 
Czêstochowa). Both pro files in clude a long Keuper in ter val
from the Bound ary Do lo mite at the bot tom up to the WoŸ-
niki Lime stone in the Kozieg³owy WB-3 sec tion.

The de tailed lithological-sedimentological log ging of
the well cores by the first co-au thor was sup ple mented by
re con nais sance work at out crops, stud ied ear lier by the third 
co-au thor in his Mas ter’s the sis re search (Jewu³a, 2010).
This in tro duc tory work pro vided an an a lyt i cal ba sis for fur -

ther sam pling. Two pro files that are com ple men tary to each
other, WoŸniki K1 fol lowed in the suc ces sion by Patoka 1,
are con sid ered to be the re gional ref er ence sec tion, about
260 m length. An in te grated strati graphic study be gan with
a for mal lithostratigraphic scheme (Szulc and Racki, 2015).
The multidisciplinary stud ies fi nally made pos si ble a better
un der stand ing of the ver ti cal and lat eral vari abil ity of Up per 
Tri as sic mudstone strata, par tic u larly in the cru cial con text
of the bone-en riched lev els (Szulc et al., 2015). Ex ten sive
biostratigraphic, magnetostratigraphic and es pe cially min -
er al og i cal-geo chem i cal (chemostratigraphic) work on these
sec tions are pre sented by Fija³kowska-Mader et al. (2015),
Nawrocki et al. (2015) and Œrodoñ et al. (2014). The sig nif -
i cant ar ray of new re sults is dis cussed and con cep tu ally fi -
nal ized in a com pre hen sive stra tig ra phy-fa cies model with a 
climatostratigraphy ori en ta tion in Szulc et al. (2015). 

OUT CROPS AND BORE HOLES STUD IED

The bone-bear ing suc ces sions, ex posed at a few lo cal i -
ties be tween Opole and Zawiercie (Figs 1b, 2) and pre -
sented in sev eral pa pers (e.g., Dzik et al., 2000, 2008; Sulej
et al., 2012; NiedŸwiedzki et al., 2014), are re viewed in the
up dated geo log i cal and strati graphic con texts in the ac com -
pa ny ing syn op tic ar ti cle (Szulc et al., 2015). Be low only
some other key sec tions are de scribed for the first time in
de tail (all lithological suc ces sions are graph i cally pre sented
in Fig. 18).

WoŸniki area

In ad di tion to the well-known clay-pit suc ces sion,
where a bone-bear ing red to grey mudstone se ries is ex -
posed (Sulej et al., 2011), the ex tended suc ces sion, ca. 45 m 
thick, in clud ing the WoŸniki lime stone set (15 m thick), was 
pen e trated by the WoŸniki well (Szulc et al., 2006). The
lime stones crop out in small, aban doned quar ries along the
nearby WoŸniki Swell (G¹siorowski et al., 1986; Szulc et
al., 2006; Nita and Nita, 2014a, b).

A note wor thy bore hole was lo cated 2.3 km SE of the
clay pit (Ru bin and Ru bin, 2009). The WoŸniki K1 core, 90
m in length, in cludes a long Keuper in ter val be low the
WoŸniki lime stone, from the Bound ary Do lo mite at bot tom
(Fig. 7). All of the tra di tional Ger man units were dis tin -
guished, in clud ing the Schilfsandstein (Reed Sand stone),
and the stratotype of the bot tom of the Grabowa Fm is
placed in this pro file (Fig. 8B–D). In par tic u lar, the red to
brown mudstone se ries of Steinmergel type, ca. 34 m thick,
with ho ri zons of car bon ate nod ules (“Lisów brec cia”; see be -
low), dolocretes and regoliths, oc curs in the up per part of the
sec tion, whilst evaporite nod ules and col lapse brec cias are
char ac ter is tic fea tures of the un der ly ing spotty-var ie gated
mudstone set (see Szulc and Racki, 2015, fig. 3F; Fig. 8E, F).

Patoka clay pit 

This rel a tively large (800 m × 300 m, up to 25 m depth;
Figs 9, 10A), lon gi tu di nally elon gated ex ca va tion is sit u -
ated at Patoka, a sub urb of the vil lage of Panoszów, 15 km
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Fig. 7. Com pos ite sec tion of the lower to mid dle Keuper suc ces sion of the WoŸniki area (see Figs 2, 8). The WoŸniki well sec tion,
mod i fied from Szulc et al. (2006, fig. 5), with changed po si tion of the gyp sum-bear ing de pos its. For more de tail of the clay-pit suc ces sion
see Sulej et al. (2011) and Szulc et al. (2015).



N of the town of Lubliniec. The red clayey mid dle Keuper
de pos its have been ex ploited as a ce ramic re source, prob a -
bly since the 1880s (Wyszomirski and Galos, 2007), and re -
cently for the brickyard of Patoka In dus tries Ltd. 

The up per most ex posed strata, des ig nated the “WoŸniki 
For ma tion”, are shown in con tact with sandy-grav elly Lia-
ssic de pos its (Olewin Beds) in the NE part of the ex po sure
by Haisig et al. (1983) on the “De tailed Geo log i cal Map of
Po land”. At pres ent, this part of the pit is mostly cov ered by
post-ex ploi ta tion rub ble and this is where the Patoka 1 bore -
hole is lo cated (Fig. 9).

The Patoka suc ces sion is dom i nated by cherry and
red-brown ish, but also grey-green ish and var ie gated illite-
kaolinite clays and claystones, with rare in ter ca la tions of
sandy-grav elly and muddy de pos its, mostly in the lower part
(see also Wyszomirski and Galos, 2007). Their high qual ity
as ce ramic ma te ri als is de ter mined by the gen eral near-ab -
sence of or ganic mat ter (0.1%) and car bon ates (0.2–0.4%

CaO; but lo cally to 3%), com bined with a high Fe2O3

(4.5–11%) and MnO con tent (Kozydra et al., 1977; Wyszo-
mirski and Galos, 2007). Sim i lar char ac ter is tics were re -
ported by Œrodoñ et al. (2014) for a higher part of the Pa-
toka 1 core (min er al og i cal set A of these au thors).

Two in ter vals are par tic u larly char ac ter is tic at this out -
crop (see Fig. 9), and in fact unique on the re gional scale:

– In the north ern part of the pit, in a dewatering trench, in
the mostly grey-green ish ochreous to red set, oc curs a gagate
(jet) level with scat tered sid er ite con cre tions, 20 cm thick (Fig.
10C), suc ceeded by two more con tin u ous (“mas sive”) sid er ite
ho ri zons in an in ter val at least 2 m thick (Tomasz Krzykawski,
pers. comm., 2014). The large-sized, ir reg u larly-barbed and
po rous sid er ite con cre tions (up to 50 cm) and stem frag ments
(Fig. 10D) oc cur in this dis tinc tive unit, at least 2 m thick, in
the mid dle part of the Patoka sec tion.

– The top most part of the sec tion, sev eral me ters thick,
ex posed in the east ern wall, com prises al ter nat ing red to vi -
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Fig. 8. Tran si tional in ter val be tween the Stuttgart Fm and Grabowa Fm in the sec tion of the WoŸniki K1 bore hole (Fig. 7), as a strati -
graphic set ting of the stratotype of the lower bound ary of the Grabowa Fm (see Szulc and Racki, 2015, figs 3A–C, F and 5). A. Typ i cal
plant de bris-bear ing sand stones of the Schilfsandstein (depth 76.7–76.95 m). B, C, D. Over all (B) and close-up views (C, D) of the
stratotype of the base of the Grabowa Fm at the top of a red, flaser-bed ded silty layer (depth 68.8 m). E, F. Var ie gated mot tled mudstones
and sand stones of the Patoka Mbr (depth 36.4–36.55 and 23.9–24.0 m, re spec tively; com pare Szulc and Racki, 2015, fig. 3F).



o let and light clays (Fig. 10B). The last interbeds cor re -
sponds to kaolinite (Jan Œrodoñ, pers. comm., 2015).

Patoka 1 bore hole

The Patoka 1 drill core en com passes a suc ces sion of
mul ti col ored and lithologically di ver si fied Keuper de posit
types, 192 m thick (Fig. 11). Its top in ter val cor re sponds to
the Po³omia grav els, grad ing up ward to sands and kaolinite
clays. Sim i lar fin ing-up cyclothems, with partly cross-lam i -
nated, grey, sandy to grav elly sets at the base (Fig. 12C),
char ac ter ize the re main ing part of the Patoka 1 sec tion.
Dark to black, clayey in ter vals, with plant de bris in places,
de ter mine the up per parts of the cy cles in the lower part of

the pro file. Post-evaporite col lapse brec cias at the depth
interval 201.2–201.9 m (see Szulc and Racki, 2015, fig. 3D, E) 
are in dic a tive of ten ta tive as sign ment to the atyp i cally de vel -
oped Up per Gyp sum Beds (as pre sented in Œrodoñ et al.,
2014, fig. 17), but this lithostratigraphic in ter pre ta tion is
aban doned in the pres ent ac count. In ter ven ing spot ted-var -
ie gated mudstone com plexes are char ac ter ized by de bris-
flow de pos its and nu mer ous re worked vadoid ho ri zons of
the Lisów brec cia, up to 0.5 m thick (see Szulc, 2005,
Jewu³a, 2010; Fig. 12D).

Strongly weath ered mudstone sed i ments were recogni-
zed re peat edly in the Patoka 1 sec tion, in par tic u lar at depths
175.4 m (0.6 m thick; Fig. 12D), 73.0–76.7 m and 35.0 m (di -
rectly be low the Po³omia grav els). The lat ter in ter val also in -
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Fig. 9. Geo log i cal cross-sec tion of the clay pit of the Patoka Brickyard, based mostly on the Patoka 1 well pro file (Fig. 11) and re serve
drill holes (B1–B5; af ter Bardziñski and Chybiorz, 2013)



cludes coalified tree trunks (37.0 m), whereas bone ma te rial
is found in intraclastic sands at 119.3–119.7 m (Fig. 12C).

Kobylarz 1 bore hole

The bore hole was drilled 250 m east of the for mer ex -
po sure in an ex ca vated niche, un der a city dump on Koby-
larz Hill, in the west ern part of the town of Zawiercie (Szulc 
et al., 2006, fig. 5). This core, with a length of 55 m, inclu-
des a mo not o nous, mul ti col ored, mostly red or grey mud-
stone se ries (Fig. 13), capped by the WoŸniki lime stone that
is poorly ex posed in an ad ja cent road cut. 

Nu mer ous regolith and de bris-flow lev els are par tic u -
larly rep re sen ta tive, paired with vertisoils and car bon ate-
nod u lar in ter ca la tions. Fin ing-up ward, light grey, con glom -
er ate to claystone cyclothems (5.70–10.15 m in ter val), with
flo ral de bris and a thin oncoidal-co quina layer, are other
dis tinc tive fea tures (see Fig. 12A, B).

FOR MAL LITHOSTRATIGRAPHIC
SCHEME

Four for mal and two in for mal lithostratigraphic units of 
the mid dle Keuper are pro posed (cf. Szulc and Racki,

2015), which is a pre req ui site for the strati graphic in ter pre -
ta tion of the tetrapod lo cal i ties (Szulc et al., 2015): the Gra-
bowa For ma tion is de fined in de tail be low, as are its three
mem bers in strati graphic or der: the Ozimek Mem ber, the
Patoka Mem ber and the WoŸniki Mem ber (Figs 3, 6).

In the re vised sense, this unit of var ie gated mudstones
and car bon ates, based on the Grabowa For ma tion, pre vi -
ously in ac cu rately de fined by Bilan (1976; Fig. 14; cf.
Deczkowski et al., 1997, p. 190), is for the most part rel a -
tively easy to dis tin guish in geo log i cal car tog ra phy on the
ba sis of mac ro scopic cri te ria. Its bound aries are de fined by
the tran si tion to grey mudstone-sand stone unit of the Schilf- 
sandstein (the Stuttgart For ma tion; Figs 8A–D) at the base
and a large-scale, ero sional un con formity be low coarse-
grained siliciclastics at the top. How ever, it should be poin-
ted out that, ow ing to con sid er able lat eral and ver ti cal vari a -
tion, the as sign ment of frag men tary pro files (e.g., dom i -
nated by sand stones) is not pos si ble with out know ing the
greater part of the Keuper suc ces sion.

Grabowa Var ie gated Mudstone-Car bon ate For ma tion

In the name of the for ma tion, the quan ti ta tively domi-
nant fine-grained siliciclastics are re ferred gen er ally as
“mudstone” (“de tri tal fine-grained sed i ments, all those com-
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Fig. 10. Dis tin guish ing char ac ter is tics of the up per most Patoka Mbr in the pit of the Patoka Brickyard (see Szulc and Racki, 2015, fig.
4D, E). A. An over all view of the SE part of the ex ca va tion, with dom i nantly red-brown ish Norian to ?Rhaetian tran si tional se ries. B. Up -
per most Norian -?Rhaetian red beds in the top most part of the pro file with re mark able light-col oured kaolinite in ter ca la tions. C. D. Up per
sid er ite concretionary level (C), and coalified and lo cally pyritized large stem frag ment (D; Agathoxylon keuperianum in Philippe et al.,
2015) in the mid dle, grey-green ish part of the sec tion (see Fig. 9). Cour tesy of W. Bardziñski (A, B, D) and T. Krzykawski (C).
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Fig. 11. Lithological sec tion of the mid dle to up per Keuper suc ces sion in the Patoka 1 drill core (see Fig. 12C–E).



posed of 50 per cent or more of par ti cles smaller than 62 mi -
crom e ters”; af ter Pot ter et al., 2005, p. 1). 

Def i ni tion: A thick suc ces sion of var ie gated mudstone
to claystone de pos its, reach ing up to ca. 400 m, mostly with
a car bon ate ad mix ture (marls), and – par tic u larly in the up -
per part – with fre quent light col oured lime stones and cal -
car e ous brec cias. Cy cli cally ar ranged sand stones and
coarse-grained siliciclastic in ter ca la tions are a sub or di nate
com po nent of the for ma tion.

Or i gin of name: From the vil lage of Grabowa, lo cated
ca. 15 km NW of the town of Olkusz.

Pre vi ous no men cla ture: The unit was orig i nally
described by Bilan (1976) as the “Grabowa For ma tion” in
the Olkusz–Chrzanów re gion, thought of as in clud ing di -
verse lithologies of the lower Rhaetian (see Fig. 14). How -

ever, in the pro posed re vi sion it is a unit of much wider ex -
tent, as it also in cludes the un der ly ing “Klucze Claystone
Mem ber” of the “Boles³aw Fm”, as well as the fol low ing
“higher Rhaetian de pos its” within the scheme of this au thor. 
In an un pub lished pro posal by Kotlicki (1995), its equiv a -
lents en com pass the “Lubliniec Marl Mem ber” (= Up per
Gyp sum Beds) of the “Boleslaw Fm” and the two suc ceed -
ing for ma tions, the “Grabowa” and “Wojslawice” for ma -
tions (Fig. 6).

On a re gional scale, this Up per Tri as sic suc ces sion was
de scribed, among oth ers, as the Rhaetian RI-RII cyclothems 
(Zawiercie, Lisów, Warta and WoŸniki; Grodzicka-Szy-
manko, 1978; see also Grodzicka-Szymanko, 1971; Gro-
dzicka-Szymanko and Or³owska-Zwoliñska, 1972; Decz-
kowski et al., 1997), the red de pos its as so ci a tion (Pieñ-
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Fig. 12. Se lected char ac ter is tics of the Patoka Mbr, from the Kobylarz 1 (A, B) and Patoka 1 bore holes (C–E). A, B. Oncoidal-bi valve
lime stone (A), un der ly ing grey mudstones with plant de bris (B), typ i cal of the Lisowice level (depth 7.05–7.25 m; see Fig. 16E). C. Sand -
stones con tain ing grey mudstone intraclasts and coarse-grained bone de bris (ar row). Sand stones grade up ward into dark lam i nated
mudstones, as sumed to be a pos si ble equiv a lent of the Lisowice level (depth 118–120.5 m; see also the cor re la tion vari ant C3 in Fig. 18).
D. Multi-col oured mudstones with caliche ho ri zon fol lowed by de bris-flow de posit, com pris ing re worked caliche nod ules (depth
175.0–178.0 m). E. Sand stones with clasts of Car bon if er ous coal (depth 159.0–159.2 m).
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Fig. 13. Lithological sec tion of the mid dle Keuper suc ces sion in the Kobylarz 1 drill core (see Fig. 12A, B). A. Iso lated bone (ar rowed)
in grey marly mudstone in ter val (depth 41.2–42.2 m). B. Re worked vadoids (LB) in brown ish mudstone (depth 16.2–17.3 m).



kowski, 1988) and the WoŸniki lime stone as sem blage
(Szulc et al., 2006). The term “Grabowa For ma tion” last
was used as a unit of the mid dle Keuper for the en tire re gion 
of Silesia (Becker et al., 2008; also as “Grabow Fm”, Franz, 
2008), and in ter preted as a fa cies equiv a lent of the Stein-
mergelkeuper (= Arnstadt For ma tion) of the Ger man Keu-
per (Szulc, 2007a; Figs 3, 6).

Stratotype group: The type area of the Grabowa Fm is
lo cated be tween Olkusz and Lubliniec, but only small frag -
ments of the suc ces sion oc cur in a few ex po sures (WoŸniki,
Lipie Œl¹skie, Patoka; see Szulc et al., 2015). The com plete
unit pro file is in the com bined WoŸniki K1 and Patoka 1
well sec tions as the re gional ref er ence suc ces sion, sup ple -
mented largely with the Kozieg³owy WB-3 sec tion. The
unit top is ev ery where of an ero sional na ture, and there is no 
pos si bil ity of an other stratotype se lec tion for this bound ary
(cf. Pieñkowski, 1988).

De scrip tion: Thick and highly vari able lat er ally, a suc -
ces sion of var ie gated and mot tled claystone-siltstone de pos -
its, plas tic to shaly, mostly red to pink ish with green, grey
and yel low ir reg u lar specks, and com posed of nu mer ous
mudstone-car bon ate cy cles. The for ma tion is dis tin guished
by a mo not o nous clay frac tion, sig nif i cantly dom i nated by
illite (see min er al og i cal and geo chem i cal char ac ter is tics in
Œrodon et al., 2014; also e.g., Serafin-Radlicz, 1971; Œnie-
¿ek, 1986). The cal cite con tent ranges be tween 5 and 15%
(with the most sig nif i cant ex cep tion of the to tally decalci-
fied up per most por tion; Œrodoñ et al., 2014, ta ble 1; see also 
Znosko, 1955, and Deczkowski, 1963). Hor i zon tal lam i na -
tion and other sed i men tary struc tures are rec og niz able. Cal -
crete ho ri zons and vertisols, regolith lay ers up to sev eral m
thick, and var i ously dis turbed lami na tions (a re cord of mud- 
flows and other types of grav i ta tional move ments; see
Bilan, 1975, 1976; Szulc, 2005, 2007a; Szulc et al., 2006;
Jewu³a, 2010) are very char ac ter is tic, as well. Nu mer ous
lensoidal sand stones and poorly-sorted con glom er ates (fig.
4A, B in Szulc and Racki, 2015; petrographic data in
Jakubowski, 1977) form largely ir reg u lar, sim ple cy cles
(Pieñkowski, 1988; Jewu³a, 2010; Pieñkowski et al., 2014).

An im por tant com po nent in the up per part of the for ma -
tion are car bon ates that are com mon in some sec tions: the
micritic WoŸniki Lime stone Mem ber (WLM; Szulc et al.,
2006), and also mi cro bial car bon ates. A char ac ter is tic, but
sub or di nate and not ev ery where rec og niz able lith o logic
type in the for ma tion is evaporite pseudo morphs, mostly
gyp sum. They are dis tinc tive for the lower part (= equiv a -
lent of the Up per Gyp sum Beds), but oc cur also lo cally in
the higher units (for ex am ple, at Patoka), and es pe cially fre -
quently in the WoŸniki Lime stone.

A com mon com po nent of the for ma tion is con glom er -
atic lime stone de pos its, known as the Lisów brec cia (e.g.,
Roemer, 1870; Znosko, 1954; Œliwiñski, 1964; Maliszew-
ska, 1972; Bilan, 1976). These sed i ments, reach a thick ness
of a few to tens of cen ti me ters (up to 3 m; Bilan, 1976, p. 45; 
Haisig et al., 1983). Ac cord ing to Szulc (2005, 2007a),
these dis con tin u ous con glom er ate ho ri zons are com posed
of rewashed and re de pos ited soil nod ules (vadoids).

Light grey and dark to black mudstone-sand stone, up to 
20 m thick, are in the mid dle part of for ma tion (in the Pa-
toka 1 sec tion, Szulc et al., 2015) and this is a par tic u larly

fos sil-rich in ter val, abound ing in plant de bris, coaly streaks, 
and even large tree trunks and bi valve shells (Porêba, Mar-
ciszów, Patoka; Bilan, 1976; Sulej et al., 2012; Pieñkowski
et al., 2014; Szulc and Racki, 2015, fig. 4A–C; Figs 12A, B, 
15, 16). The Lisowice bone-bear ing level con sists mainly of 
this lith o logic type (Szulc et al., 2006; Szulc, 2007a; Dzik et 
al., 2008). How ever, with the ex cep tion of the bone-enri-
ched in ter vals (see be low), the for ma tion is mostly im pov er -
ished in fos sils (see sum mary in Bilan, 1976, 1991).

In the high est part of the suc ces sion are also fre quent
sid er ite con cre tions (Grodzicka-Szymanko and Or³owska-
Zwoliñska, 1972; Pieñkowski, 1988), found only at Patoka.
Grodzicka-Szymanko (1978) re ported a lower level of sid -
er ite, in and be low the WLM, but prob a bly for the most part
of sec ond ary or i gin (Grodzicka-Szymanko, 1963, 1971).

Thick ness: From a few me ters in the east to at least 175 m 
in a north-west erly di rec tion, for ex am ple, at Patoka (cf.
Œliwiñski, 1964; Grodzicka-Szymanko and Or³owska-
Zwoliñska, 1972; Bilan, 1976; Grodzicka-Szymanko, 1978; 
Pieñkowski, 1988). By ag gre gat ing in for ma tion about equi- 
valent units, dis tin guished by Kotlicki (1995), in the most
north ern parts (Kluczbork area), the thick ness of the Gra-
bowa Fm ex ceeds 400 m.

Lower bound ary: The base of the for ma tion is placed
within the var ie gated, mostly brown-red dish mudstone de -
pos its and this is the first ap pear ance of the usu ally pseudo-
morphed gyp sum, and/or the dis ap pear ance of sand stone
lay ers (cf. Bilan, 1976; Siewniak-Madej, 1982a; K³apciñ-
ski, 1993; Szulc, 2005). It is a re cord of grad u ally chang ing
siliciclastic sed i men ta tion, from flu vial to a chem i cal type
(hypersaline playa type; Szulc, 2005, 2007a). The WoŸniki
K1 well sec tion is named as the stratotype of this bound ary
(Szulc and Racki, 2015, fig. 3; Fig. 8). In east ern ar eas, the
var ie gated mudstones di rectly over lie the Mid dle Tri as sic
car bon ates in some sec tions (Fig. 14).

Up per bound ary: The Grabowa Fm top cor re sponds
to the bot tom of the quartz con glom er ate/gravel suc ces sion,
con tain ing also sand stones and siltstone-clayey de pos its
with green ish-white kaolinite clays in higher lay ers (thought 
to be Rhaetian to Li assic in age; Znosko, 1955; Unrug and
Calikowski, 1960; Mossoczy, 1961; Deczkowski, 1963;
Górzyñski and Pomyka³a, 1964; Górzyñski, 1972; Gro-
dzicka-Szymanko and Or³owska-Zwoliñska, 1972; Œnie-
¿ek, 1986; Pieñkowski, 1988; Szulc et al., 2006) that are the 
so-called Po³omia For ma tion of Jakubowski (1977); the
stratotype is lo cated in the Patoka 1 bore hole. Di verse mud-
stone (-con glom er atic?) suc ces sions be tween the WoŸniki
Lime stone Mbr and the Po³omia grav els were re ported by
Mossoczy (1961), Grodzicka-Szymanko (1963, 1978) and
G¹siorowski et al. (1986; see also Pieñkowski, 1988). A con -
tin u ous re cord of sed i men ta tion pre sum ably oc curs far ther to
the north, where the Tri as sic–Ju ras sic bound ary is lo cated in
the mudstone-sandy suc ces sion (Pieñkowski, 1988).

Age: Palynostratigraphic dat ing clearly in di cates a No-
rian age for the greater part of the for ma tion (C. meyeriana
IVb Subzone), with the ex cep tion of its lower in ter val (see
be low). The pres ence of the suc ceed ing C. meyeriana IVc
Subzone in the pre sum ably Rhaetian, kaolinite-rich seg ment
is not ev i denced in the Patoka sec tions (Fija³kowska-Mader
et al., 2015).
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Geo graphic range: North east ern pe riph ery of Up per
Silesian Coal Ba sin (around the towns of Olkusz, Zawier-
cie, Siewierz) to wards the towns of Lubliniec and Opole to
the west, and the Czêstochowa re gion to the north.

Re marks: The Grabowa Fm is char ac ter ized by ma jor
fa cies vari a tion, both ver ti cally and lat er ally (see Grodzi-
cka-Szymanko and Or³owska-Zwoliñska, 1972, fig. 2; Œli-
wiñski, 1964). The pres ence of strati graphic hi a tuses, com -
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Fig. 14. Lithological sec tion of two typ i cal mid dle Keuper suc ces sions from the Zawiercie-Olkusz re gion, as a start ing point to an orig i -
nal prop o si tion of the Grabowa For ma tion by Bilan (1976, cop ied figs 6 and 14, with ar rowed bot tom of the re de fined for ma tion; other
orig i nal units ital i cized). Note that an ex pla na tion of the lithological logs was not given in Bilan’s (1976) pub li ca tion and only the num -
bered units were de scribed.



bined with rhyth mi cally al ter nat ing flu vial de po si tion and
pedogenesis pro cesses (see fa cies de scrip tion in Szulc et al.,
2006; cf. also Bilan, 1976; Pieñkowski, 1988; Deczkowski et 
al., 1997; Jewu³a, 2010), is a com mon fea ture, too.

Ozimek Mudstone-Evaporite Mem ber

Def i ni tion: Var ie gated, but mostly red and marly mud-
stones with com mon pseudomorphed gyp sum ag gre gates and 
a sub or di nate con tri bu tion of car bon ates and sand stones.
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Fig. 15. Lithofacies char ac ter is tics of the Patoka Mbr, with the Lisowice bone-bear ing level, at the Porêba (A) and Zawiercie-Marci-
szów (B–E) lo cal i ties (see Szulc et al., 2015). A. Large 14 m length co ni fer(?) tree trunk in dark grey mudstones (com pare Sulej et al.,
2012, fig. 2A–B) and cal car e ous con glom er ates. B. Cross-sec tion of smaller tree stem. C. Fine-grained lime stone con glom er ate of Lisów
brec cia type, with mus sel valves of Tihkia(?) silesiaca Skawina and Dzik (see Skawina and Dzik, 2011, fig. 10C, D). D. Stromatolites (see 
Racki, 2010, fig. 3). E. Weath ered bi valve-oncolite lime stone, with py ritic encrustations (see Racki, 2010, fig. 2, and Fig. 16 for
microfacies). Cour tesy of W. Bardziñski (A), E. Budziszewska-Karwowska (B and M. Racka (C–E).



Or i gin of name: From the town of Ozimek near Opole.
Pre vi ous no men cla ture: The unit was de scribed pre vi -

ously as the Up per Gyp sum Beds (or Se ries), Red Keuper
(Kotlicki and Kubicz, 1974), “marl mem ber from Lubli-
niec” of the “Boles³aw Fm” (Kotlicki, 1995), “Lubliniec For -
ma tion” or Lubliniec Beds (Kotlicki and W³odek, 1976;
Siewniak-Madej, 1982a; b; Haisig et al., 1983), or the Za-
wiercie cyclothem (Grodzicka-Szymanko, 1978). This in ter -
val was only par tially cored in the Lubliniec IG 1 ref er ence
well, pro posed by Kotlicki (1995; see Siewniak-Madej,
1982a, b). There fore, the Ozimek–Krasiejów area is pre fer-
red as the type area, es pe cially be cause of the sin gle ex po sure 
of the top of this mem ber and sev eral bore hole pro files doc u -
ment ing this unit with well-pre served evaporites in the Opole 
re gion (Bilan, 1975; K³apciñski, 1993; Szulc, 2005).

Stratotype group: The suc ces sion oc curs only in bore -
hole pro files: at Ozimek Ia (K³apciñski, 1993, p. 83–84),
Krasiejów (Bilan, 1975; Szulc, 2005), and at WoŸniki K1
and Kozieg³owy WB3, whereas its up per part is pres ent in
sev eral shal low bore holes in the Lubliniec–Zawiercie area
pre sented in Szulc et al. (2006). The up per bound ary strato-
type is lo cated at the bot tom of the clay pit at Krasiejów, at
the top of the ce lest ite-bear ing level (Szulc, 2005). The pro -
posed type sec tion of the lower bound ary is at WoŸniki K1
(Fig. 8).

De scrip tion: Brick-red to cherryish and brown marly
mudstones dis play ing celadone to green spots and streaks,
mostly in the up per part. A car bon ate ad mix ture, man i fested
as marls and dolomitic in ter ca la tions, and sandy laminae and
lay ers up to 0.5 m thick, are other char ac ter is tic fea tures.
Com mon fab rics are regoliths up to 3 m thick, caliche and
vertisol soils, com bined with the car bon ate Lisów brec cia ho -
ri zons, and rare, con glom er atic de bris flows.

Di ag nos tic con stit u ents of the mem ber are evaporites,
mainly as scat tered crys tals, ag gre gates (nod ules) and
incrustations of gyp sum, and oblique veins of fi brous gyp -
sum (of ten pres ent as pseudo morphs and/or dis so lu tion
brec cias; Szulc and Racki, 2015, fig. 3E, F). Oc ca sion ally,
anhydrite and ce lest ite con tain ing bar ite inter growths also
are pres ent (Krasiejów, Szulc, 2005; Bzowska et al., 2004;
Bzowska and Racka, 2006).

For fur ther de tails, see Bilan (1975, 1976), Grodzicka-
Szymanko and Or³owska-Zwoliñska (1972), Kotlicki
(1995) and Szulc (2005, 2007a). 

Thick ness: From ca. 100–115 m in the north ern part
(Kotlicki, 1995) to 56 m in the Kozieg³owy WB3 suc ces -
sion, to a to tal dis ap pear ance to ward the east (Bilan, 1976).

Lower bound ary: The Ozimek Mbr base cor re sponds
to the lower bound ary of the Grabowa Fm.

Up per bound ary: The up per bound ary of the mem ber
is de ter mined by the dis ap pear ance of evaporites, mostly
pseudomorphed gyp sum (Szulc et al., 2006), clearly vis i ble
in the suc ces sion at Krasiejów (Bilan, 1975; Szulc, 2005,
2007a; Bzowska and Racka 2006), and the ap pear ance of
the car bon ate rock de bris and clay roll ers or the low est
conglomerate-car bon ate part ing (Olkusz-Chrzanów re gion;
Bilan, 1976). In a few sec tions (e.g., at Lipie Œl¹skie; Szulc et 
al., 2015, fig. 5), this basal con tact is marked by a dis tinct
ero sional disconformity (see also Bilan, 1976; Kotlicki, 1995).

In the opin ion of Kotlicki (1995, p. 138), the bound ary

(= the top of marl from Lubliniec of this au thor) is usu ally
“poorly read able”, lo cated “within the sim i lar clayey sed i -
ments of red color, even if some times only un der lined the
sur face of ero sional un con formity and the sub strate weath -
er ing”. A sim i lar ob ser va tion was pre sented by Bilan (1976, 
pp. 44-45), even if this lithostratigraphic bound ary was in -
ter preted at the time as an equiv a lent of the diastrophically
con trolled Keuper-Rhaetian bound ary (see e.g., Grodzicka-
Szymanko, 1971).

Age: The Ozimek Mbr is char ac ter ized by a pau city of
fos sils (only charophytes and rare ostracods; Bilan, 1976,
1991). Palynostratigraphic dat ing (Subzone IVa) was thought 
to in di cate an early Norian age, only of the up per part of the
Ozimek Mbr (Or³owska-Zwoliñska 1983, 1985), but this
stage as sign ment is some what un cer tain (see be low).

Geo graphic range: Kraków-Czêstochowa Up land and
Up per Silesia, from the vi cin ity of Olkusz up to the cit ies of
Czêstochowa and Opole.

Re marks: Some au thors (e.g., Grodzicka-Szymanko,
1971, 1978; Grodzicka-Szymanko and Or³owska-Zwoliñ-
ska, 1972) en vi sioned the com plete lack of equiv a lents of
the Up per Gyp sum Keuper in Up per Silesia (com pare Ga-
jewska, 1978), but in fact it must be in cluded in the Zawier-
cie cyclothem of these au thors. Re mark ably, these au thors
as sumed the ab sence of cal cium sul phate as a con clu sive
cri te rion (see also Bilan, 1976, p. 17), but the lack of rec og -
ni tion by them in this in ter val of an ubiq ui tous post-depo-
sitional cal ci fi ca tion of sulphates in val i dates their claim. On 
the other hand, this diagenetic bias at the same time some -
what re duces the value of evaporite oc cur rence as a litho-
strati graphic cri te rion. This mac ro scopic am bi gu ity (diage-
netically ob scured vs. pri mar ily ab sent evaporite re cord), re -
sulted also in an al leged sub stan tial diachronism of the top
of the Ozimek Mbr, as in di cated by the chemostratigraphic
cor re la tions of the pro files un der study (Œrodoñ et al., 2014, 
p. 590); in fact, the lower part of the Patoka 1 well sec tion
(depths be low 160 m) was re-as signed in the pres ent ac -
count from the Ozimek Mbr to the Patoka Mbr.

The mem ber is a re cord of evap o ra tive playa sed i men -
ta tion and its up per bound ary cor re sponds to the change
from siliciclastic-chem i cal playa-type de po si tion to the flu -
vial sys tems, dom i nated by mud-sand flats with highly ef -
fec tive pedogenic pro cesses (Szulc, 2007a).

Patoka Marly Mudstone-Sand stone Mem ber

Def i ni tion: A thick set (up to ca. 300 m) of var ie gated
(“mot tled”), mostly red to brown ish marly mas sive mudsto-
nes, with nu mer ous ho ri zons of lime stone-claystone con-
glomerates (re worked pedogenic nod ules), as so ci ated with
sand stones. Rare coarser-grained siliciclastics build lensoi-
dal bod ies.

Or i gin of name: From the vil lage of Patoka near Pano-
szów, N of the town of Lubliniec.

Pre vi ous no men cla ture: The unit cor re sponds to the
di verse thick siliciclastic se ries form ing the mid dle to up per
seg ments of the Grabowa Fm. In this sense, it strictly fol -
lows the orig i nal def i ni tion of the Grabowa For ma tion by
Bilan (1976; Fig. 14), as well as the Steinmergelkeuper in
Ger man lit er a ture and the Rhaetian sensu polonico (Kopik,
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1967; Bachmann and Beutler, 2007). Due to the ab sence of
gyp sum-bear ing de pos its in “Klucze Mbr” in the vi cin ity of
Olkusz, as sumed by Bilan (1976), this unit is added to the
Patoka Mbr.

In ad di tion, the Porêba Mbr also in cludes – par tially or
com pletely – most of the up per most Up per Tri as sic succe-
ssion, well known in the lit er a ture as the Gorzów Beds
(Znosko, 1955; Mossoczy, 1961; Deczkowski, 1963), Lisów
Beds or “Lisów For ma tion” (Kotlicki and W³odek, 1976;
Kotlicki and Kubicz, 1974; Siewniak-Madej, 1982a, b; Haisig
et al., 1983), WoŸniki Beds or “WoŸniki For ma tion” (Kotlicki
and W³odek, 1976; Haisig et al., 1983), WoŸniki Cyclothem
(RIIb; Grodzicka-Szymanko, 1978) or the “Wojs³awice For -
ma tion” (Kotlicki, 1995). These au thors largely as sumed that
the highest Keuper se ries lies dis cor dantly on the Grabowa Fm 
sensu Bilan (1976) and Kotlicki (1995; see dis cus sion be low).

Stratotype group: The type area is sit u ated in the ac -
tive mine of the Patoka brickyard and the Patoka 1 well. The 
top of the mem ber fre quently cor re sponds to the ero sional
top of this for ma tion, al though the stratotype of this bound -
ary is placed in the sed i men tary con tin uum to the WLM in
the Cynków well suc ces sion (Szulc et al., 2006; see Szulc
and Racki, 2015, fig. 6B). The near-bot tom part of the
Patoka Mbr is ex posed at the Krasiejów pit.

De scrip tion: Typ i cally mul ti col ored marly mudstones,
largely red to brown with green ish spots and streaks, fre -
quently af fected by shrink age-crack struc tures. Both plas tic
to fis sile de for ma tions are com mon. Pri mary sed i men tary
struc tures in clude par al lel and rip ple-drift cross-lam i na tion,
how ever, due to com mon pedogenic processes they are re -
placed by mas sive fab rics and mottlings. The palaeosoils
ranged from in cip i ent, regolithic type to more ma ture va ri et -
ies of aridisoils and semiarid cambisoils-vertisoils (sensu
Retallack, 2001; see Jewu³a, 2010). The pedogenic ho ri zons
form ing nod u lar and fri a ble mudstones reach 1 m in thick -
ness and dis play well-de vel oped root sys tems or slick en sides
de for ma tions. The com mon car bon ate soils are de vel oped
within the weath ered mudstones ei ther as nod ules or as coa-
ted grains (vadoids). In ad di tion, nu mer ous coarse-grained
lime stone-claystone in ter ca la tions of re worked pedogenic
nodules (the Lisów brec cia) fre quently are as so ci ated with
de bris-flow fab rics. The fin ing-up ward cal crete-soil rhythmi- 
city, from vadoidal con glom er ate to lam i nated and fi nally to
fri a ble mas sive pedogenic mudstones, was de scribed by
Jewu³a (2010) as As so ci a tion (Cm, Mrh, Mm; mas sive con -
glom er ate, lam i nated hor i zon tally or rip ple-marked mud-
stones, mas sive mudstones).

Sub or di nate, but com mon lithologies in clude plane-bed -
ded, cross-bed ded, and rip pled, fine-grained, grey to yel low ish 
sand stone sets, partly arkosic, with cross-lam i na tion or hor i -
zon tal lam i na tion, up to 4 m thick, and – rarely – with gra-
velly len tic u lar pack ages, ar ranged in fin ing-up ward cy cles
(up to 20 m thick). Car bon ate con tent is strongly re duced in
the up per part (Œrodoñ et al., 2014), whereas thin lime stone
lay ers and lenticles are dis tinc tively fre quent only di rectly
be low the WLM.

As stressed above, the co-oc cur rence of sid er ite con cre -
tions, pyritized wood trunks and light-grey kaolinite ma trix
are a unique lithological as sem blage, known only from the
top most part ex posed at Patoka.

The mem ber con tains both bone-bear ing lev els, de -
scribed in de tail by Szulc et al. (2015a; see be low); the in -
ter vals are the most fossiliferous in the for ma tion, marked
by plant re mains (Voltzia and Lepidopteris ottonis flo ral as -
sem blages, Pacyna, 2014; Philippe et al., 2015), and charo-
phyte, bi valve, ostracod and conchostracan as so ci a tions
(see Dzik and Sulej, 2007; Skawina and Dzik, 2011; Sulej et 
al., 2011, 2012; Skawina, 2013; see Fig. 17). For the wide-
spread Lisowice level in the mid dle Patoka Mbr, green and
celadone clay-marly sets, as so ci ated with dark-col oured,
macroflora-rich and coaly ho ri zons, and mi cro bial limesto-
nes, are par tic u lar guide char ac ter is tics (Figs 12B, 15, 16).

Ad di tional de scrip tions are given by Bilan (1975,
1976), Grodzicka-Szymanko (1978), Kotlicki (1995), Szulc 
et al. (2006, flu vial and pedogenic fa cies, 2015), Gruszka
and Zieliñski (2008) and Jewu³a (2010). 

Thick ness: From a dozen me ters (and lo cally less) in
the east ern area and some bore hole sec tions near Zawiercie
and WoŸniki (e.g., Porêba and Cynków; Szulc et al., 2006)
to 125 m in a west erly di rec tion and ca. 300 m to ward the N
(see the re gional ref er ence pro file be low).

Lower bound ary: The base of the Patoka Mbr de fines
the top of Ozimek Mbr, in some places along an ero sive and
weath ered sur face (= ma jor Eo-Cim mer ian disconformity;
STG 2002). In the neigh bor hood of Olkusz, this bound ary
de fines the bot tom of the en tire Grabowa Fm (= the base of
the Klucze Mbr sensu Bilan, 1976; Fig. 14).

Up per bound ary: The top of the mem ber cor re sponds
to the ero sional up per bound ary of the whole for ma tion or
to the first oc cur rence of mas sive lime stone lay ers with a
thick ness more than 0.5 m (= the bot tom of WoŸniki Lime -
stone Mbr; cf. G¹siorowski and Piekarska, 1977).

Age: Palynostratigraphic dat ing points to an exclusi-
vely Norian age of the mem ber (IV b Subzone; Fija³kow-
ska-Mader et al., 2015), but a tran si tion to the Rhaetian, at
least in some sec tions, is prob a ble in the light of Or³owska-
Zwoliñska’s (1983) data (see be low). 

Geo graphic range: Kraków-Czêstochowa Up land and
Up per Silesia, from the vi cin ity of Olkusz to at least Lubli-
niec and Opole (Krasiejów; Ozimek Ia well).

Re marks: In many well pro files, es pe cially in the more 
north ern lo cal i ties, there are doubts as to the lithostratigra-
phic as sign ment of the mainly mudstone ter mi nal-Keuper
suc ces sions (Kotlicki, 1995, pp. 155–156), also in the con -
text of pos si ble con ti nu ity in sed i men ta tion across the Tri as -
sic-Ju ras sic bound ary. Thus, for ex am ple, the char ac ter is ti -
cally kaolinite-en riched and sid er ite-bear ing part of the pro -
file (ex posed only at the Patoka clay pit; Fig. 10) could be
des ig nated in the fu ture as a sep a rate mem ber.

WoŸniki Lime stone Mem ber

Def i ni tion: A com plex of light col oured, poorly bed -
ded lime stones, com posed of ho mo ge neous micritic lime -
stones and travertines, sup ple mented by gyp sum-rich and
cherty in ter vals. Sheet cracks, cal crete crusts, teepee and
karstic fab rics are com mon fea tures. Var ie gated mudstones
oc cur as a sub or di nate com po nent.

Or i gin of name: From the small town of WoŸniki near
Czêstochowa.
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Pre vi ous no men cla ture: The unit was de scribed as
“Kalkstein von Woischnik” by Römer (1862, p. 650, 1867),
and pre vi ously by Carnall (1846) as “Kalkstein des Lubli-
nitzer Kreises”. Other names in clude the WoŸniki Beds or
the “WoŸniki For ma tion” (Kotlicki, 1974; Kotlicki and
W³odek, 1976; Haisig et al., 1983), and the WoŸniki Cyclo-
them (IIb; Grodzicka-Szymanko, 1978; see also Piotrowski
and Piotrowska, 2004), be ing in fact com pos ite units com -
pris ing also higher parts of the Patoka Mbr.

Stratotype group: The area of typ i cal de vel op ment is a 
re gion be tween Porêba and Lubliniec, but in out crops
(WoŸniki, Cynków) only parts of the mem ber suc ces sion
are pres ent, e.g., with a his tor i cal stratotype at Sobolowa
Hill, WoŸniki (see lo cal i ties in G¹siorowski et al., 1986,
Szulc et al., 2006, Nita and Nita, 2014a, b). Larger frag -
ments of the WoŸniki Lime stone sec tion can be seen in the
cores of the ref er ence bore holes: Cynków, WoŸniki and
Kozieg³owy WB-3. The up per ero sional bound ary in the
lat ter pro file cor re sponds to the for ma tion top. The Cynków
sec tion was se lected as the stratotype of the mem ber base
(see Szulc and Racki, 2015, fig. 6B).

De scrip tion: Light col oured lime stones, typ i cally ar -
ranged in two pack ages di vided by var ie gated mudstones
(up to 5 m thick), reach 40 m in to tal thick ness. The orig i nal
lime stone fab rics, in clud ing evaporite rel ics, are es pe cially
well pre served in cherty ho ri zons, reach ing 4 m in thick ness 
(see G¹siorowski and Piekarska, 1977; G¹siorowski et al.,
1986; Szulc et al., 2006). In gen eral, the non-car bon ate ad -
mix ture in the WoŸniki Lime stone is be low 5% (clay min er -
als up to 3%; Szulc et al., 2006).

The dom i nant sed i ments (wet land palustrine fa cies,
Szulc et al., 2006) are mas sive and/or in dis tinctly strat i fied,
white (to creamy), micritic lime stones and rarely marls.
Intraformational brec cias, sheet cracks, cal crete crusts and
teepee fab rics, rootlets and karst ho ri zons are com mon fea -
tures. In microfacies terms, the ho mo ge neous micritic lime -
stones dis play microgranular and clot ted tex ture, sim i lar to
the automicritic, peloidal muds (cf. also Piekarska, 1984).

The sub or di nate mem ber com po nent is at trib uted to tra- 
vertines (spring fa cies of Szulc et al., 2006), de vel oped as
ei ther highly po rous, pure lime stones, com posed of thin
calcitic rafts and cal ci fied de tri tus of vas cu lar plants, or as
pisoids (up to 1 cm in size), interlayered with stromatolites,
com posed of den dritic shrubs or of fil a men tous fab rics.
Finely lam i nated peloidal lime stones are pres ent as well in
the microbialite as so ci a tion.

Surficial karst fea tures com prise the dif fer ent-sized
cav i ties and voids, and sink holes up to 1 m in depth. Two
types of calcisoils, up to and 0.5 m in thick ness, de vel oped
upon the lime stone mas sif, as dem on strated by glaebules,

circumgranular and septarian cracks, cutans, and root fab -
rics. In ad di tion, the palustrine lime stones be low the silici-
clastic sets are com monly dolomitized, as deep as 5 m, in
the form of yel low, vug gy lev els (“cel lu lar dolomites”).

Among fos sils, plant de bris is most widely dis trib uted,
in par tic u lar, in travertines (cf. Brachyphyllum as sem blage
of Pacyna, 2014), where also spo radic bi valve and gas tro -
pod shells, bones and lo cally abun dant charophyte gyrogo-
nites, ostracods and conchostracans oc cur (Grodzicka-Szy-
manko, 1971, plates 2, 4; G¹siorowski et al., 1986; Szulc et
al., 2006).

Thick ness: From at least 35 m in the area of WoŸniki–
Cynków (see Szulc et al., 2006, fig. 4; 40 m af ter G¹siorow- 
ski and Piekarska, 1977, and S³owakiewicz, 2003) to the oc -
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Fig. 16. Oncolites de vel oped on large unionid bi valve shells of the Lisowice bone-bear ing level from Zawiercie-Marciszów (see Figs
12A and 15E; see Szulc et al., 2015). A. Two mus sels with thick (ca. 2 cm thick), cal car e ous mi cro bial en ve lope. B–E. Thin-sec tion pho -
to graphs, show ing the lo cally cracked mi cro bial lay ers de vel oped on dis solved aragonitic shell ma te rial (BS). Note cyanobacterial fab rics
form ing the oncoids (C, D), diagenetic py rite crys tals drown within the mi cro bial coat ing (B), and an ad mix ture of sandy frac tion (up per
part) and iso lated ostracod valves (Os; E). Cour tesy of Józef KaŸmierczak (A–D).

Fig. 17. Typ i cal as so ci a tion of charophyte al gae (A–D, I) and
ostracods (E–G) from the Norian Grabowa Fm (Olempska et al.,
2012). A. Stellatochara. B, I. Porochara. C. Stenochara. D.
Stomochara. E, F, G. Suchonella sp. H. Darwinula oblonga
(Römer). WoŸniki K1 well, depth 30.5 m (A–D), Patoka 1 well,
depth 176.1 m (E–G); WoŸniki K1 well, depth 18.5 m (I). Scale
200 µm.



cur rences in the form of lime stone de bris within the Patoka
Mbr in the vi cin ity of Olkusz (Bilan, 1976) and in the
Czarny Las well and to a com plete pinchout (see also G¹sio- 
rowski et al., 1986, Pieñkowski, 1988).

Lower bound ary: Des ig nates the top of the Patoka Mbr.
Up per bound ary: The top of the typ i cally de vel oped

WoŸniki Mbr cor re sponds to the up per ero sional bound ary
of the Grabowa Fm.

Age: Palynostratigraphic dat ing clearly in di cates a mid -
dle Norian age of the WoŸniki Lime stone (Subzone IVb;
Szulc et al., 2006; Fija³kowska-Mader et al., 2015; see also
Pacyna, 2014).

Geo graphic range: Kraków-Czêstochowa Up land and
Up per Silesia, from the vi cin ity of Olkusz (Stare Gliny
quarry) to Lubliniec (Lipie Œl¹skie), along the Kraków–
Lubliniec dis lo ca tion zone, form ing mostly a chain range
(up to 366 m a.s.l.), called the WoŸniki Swell (Garb WoŸ-
nicki; see Nita and Nita, 2014a, b). The unit is pre sum ably
dis con tin u ous lat er ally.

Re marks: The for mal sta tus of the tra di tional unit of
the WoŸniki lime stone as a mem ber is in line with the pro -
posal of Senkowiczowa (1980). The crenogenic li thol ogy in 
the Ger manic Ba sin was a unique re cord of ther mal-spring
de po si tion, a con cept pro posed by D¿u³yñski (in Bogacz et
al., 1970; see S³owakiewicz, 2003).

In for mal bone-bed lev els

Two bone-en riched lev els were in for mally distingui-
shed by Szulc et al. (2015) as “the en tire strati graphic in ter -
val con tain ing bone ma te rial, even if ver te brate fos sil-rich
ho ri zons are interlayers only in thick (al most) bar ren de pos -
its”. In fact, from two to four fossiliferous in ter vals oc cur in
par tic u lar lo cal i ties, and the main bone-rich layer set at
Lipie Œl¹skie was in ter nally sub di vided into four bone-bed
ho ri zons by Pieñkowski et al. (2014). 

The Krasiejów bone-brec cia level rep re sents largely
equiv a lents of the low er most Steinmergelkeuper (= Patoka
Mbr) at Krasiejów, but in clud ing also the broad tran si tional
in ter val be tween the Ozimek and Patoka Mbrs. This unit is
dis tin guished by an an oma lously high den sity of hard-part
ac cu mu la tion (true bone-brec cia), the rel a tive lat eral con ti -
nu ity of the main ho ri zon, and its lim ited geographic ex tent
in west ern Silesia.

The Lisowice bone-bear ing level com prises the re -
main ing bone-bed sites (i.e., at Lipie Œl¹skie, WoŸniki and
Porêba-Zawiercie bor der area; Fig. 2) from the tran si tional
strata be tween the Patoka and WoŸniki Mbrs, ex tend ing
from Lubliniec prob a bly to the south ern vi cin ity of the city
of Zawiercie (see Bilan, 1976). Di ag nos tic char ac ter is tics
in clude ”grey ish-seledine” to lo cally blackish mudstone in -
ter vals, with abun dant coalified plant de bris (even a coal
part ing at Lipie Œl¹skie), thin and dis con tin u ous mi cro bial
car bon ates (stromatolites and oncolites), sup ple mented by
dis persed to coquinoid-type oc cur rences of disarticulated
bi valves, in clud ing a large-sized va ri ety at Zawiercie-Mar-
ciszów (Szulc et al., 2006, figs 6G, 7G; Racki, 2010, figs 2,
3; Szulc and Racki, 2015, fig. 4C; see Figs 12A, B, 15, 16).
The thick ness of the bone-bear ing strata, marked mostly by
fin ing-up ward cyclicity typ i cal of the evolv ing depositional

re gime of braided rivers (Jewu³a, 2010), is un ex pect edly con- 
stant, at least in ex posed parts of the suc ces sion, be tween 5
and 10 m (see fur ther dis cus sion in Szulc et al., 2015).

RE MARKS ON BIOSTRATIGRAPHY
AND AGE IN FER ENCES

Micropalaeontological re search, car ried out within the
frame work of the pro ject, on the cores of the WoŸniki K1,
Kobylarz 1 and Patoka 1 wells (Olempska et al., 2012), pro -
vided only scarce and for the most part poorly pre served
ma te rial from the Patoka Mbr, of no biostratigraphic value
(con trary to ear lier sug ges tions of Bilan, 1991). As ex -
pected, they re vealed the co-oc cur rence of charophyte al gae 
(gyrogonites) and ostracod car a paces (Fig. 17), only in 12
of the 61 pro cessed sam ples from se lected, po ten tially fos -
sil-rich unoxidized gray and dark mudstone lithologies.
Foraminiferans and conchostracans were no ta bly ab sent in
the sam ples. The Patoka suc ces sion is par tic u larly fos sil-im -
pov er ished (merely 10% pos i tive sam ples).

The ostracod as so ci a tion in cludes three com mon spe cies
of the podocopid ge nus Darwinula [D. oblonga (Römer), D.
sp. 1 i D. sp. 2], sup ple mented by one un de ter mined spe cies
of Suchonella. Charophytes are rep re sented by the gen era
Stellatochara, Porochara, Stellatochara, Stenochara, and
Stomochara (= Auerbachichara of Bilan, 1991). This fos sil
microbiota, known also from Krasiejów and Lipie Œl¹skie
(Zatoñ et al., 2005; Olempska, 2011), may be con sid ered as
typ i cal for shal low, richly veg e tated fresh wa ter bas ins of
the Grabowa Fm (see Bilan, 1976, 1991). The as sem blages
are over all less di verse that these re ported from more east -
ern lo cal i ties, for ex am ple ow ing to the ab sence of the zonal
in dex ostracod Pulviella silesia (Styk), as well as from Kra-
siejów (Bilan, 1991; Olempska, 2001). On the other hand,
the ab sence of palaeo eco logi cal ma rine in di ca tors (foramini-
ferans; see Grodzicka-Szymanko, 1971, fig. 3) sug gests
strongly an ex clu sively con ti nen tal na ture of the suc ces sion
of the Grabowa Fm (with out a re cord of Norian ma rine in -
gres sions; cf. also Feist-Burkhardt et al., 2008).

The palynological anal y sis per formed in the frame work 
of the grant (see Fija³kowska-Mader et al., 2015) was based
on 59 sam ples from three bore hole pro files, but the reco-
vered palynomorph ma te rial al lowed only lim ited palyno-
strati graphic dat ing of the WoŸniki K1 and Patoka 1 pro -
files. More than 50% of the sam ples were in fact neg a tive,
and con clu sions also were ham pered by the poor pres er va -
tion of the palynomorphs and the pres ence of nu mer ous, re -
de pos ited spec i mens, pos si bly even from Si lu rian and De -
vo nian strata. Microspore as sem blages from the Patoka Mbr 
and in par tic u lar from the Lisowice bone-bear ing level rep -
re sented the mid dle-late Norian C. meyeriana b Subzone, as
ev i denced in the depth in ter val 134.6–153.1 m of the Patoka 
1 sec tion, whilst in its low er most part (199.0 m) only the un -
di vided C. meyeriana Zone was iden ti fi able. In ad di tion, the 
same IVb Subzone was rec og nized or con firmed only by
Fija³kowska-Mader et al. (2015), mostly in pre vi ously un -
des cribed ma te rial quoted by Szulc et al., (2006), from the
Patoka clay pit (the lower part of the sec tion), the Lipie
Œl¹skie clay pit (see Szulc et al., 2015, fig. 5), the Zawier-
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cie-Marciszów out crop (com pare Sadlok and Wawrzyniak,
2013), the Porêba out crop (see NiedŸwiedzki et al., 2014),
and the Porêba and Czarny Las bore holes. Al to gether, the
data strongly in di cate that the Norian IVb Subzone en com -
passes the greater part of Patoka Mbr, at least 120 m thick in 
the com pos ite oftline Patoka sec tion (Fig. 18), but prob a bly
with out the low est and top most parts of this mem ber. 

Age of the Grabowa Fm base

Be cause of the ab sence of fos sils in the sec tions of the
Ozimek Mbr stud ied, the age as sign ment for the base of the
for ma tion in fact is re lated to dat ing of the Krasiejów bone-
brec cia level, con strained by the lack of palynological ma te -
rial in the suc ces sion (for an ex ten sive dis cus sion see Szulc
et al., 2015). The as sumed subsurface equiv a lents di rectly
above the gyp sum-bear ing strata (Drawno and Jarkowo Beds)
were dated palynostratigraphically by Or³owska-Zwoliñska
(1983) as low er most Norian (i.e., a poorly rec og nized lower
seg ment of the Classopolis meyeriana Zone, ?IVa to the
lower IVb in ter val; con firmed in Or³owska-Zwoliñska, 1985; 
Deczkowski et al., 1997; Marcinkiewicz et al., 2014; Fija³-
kowska-Mader et al., 2015). This date re mains con jec tural,
ow ing to bar ren in ter vals and un cer tain tem po ral re la tion -
ships be tween the IVa Subzone and the Carnian–Norian
bound ary. The as sign ment of the base of the Grabowa Fm to
an un de ter mined up per Carnian in ter val was es tab lished,
how ever, by com bined chemostratigraphic and palynostrati-
graphic data (see Fig. 18).

Age of the Grabowa Fm top

Ac cu rate dat ing of the large-scale ero sional con tact
(= a ma jor Cim mer ian se quence bound ary in Pieñkowski,
2004; see also Pieñkowski et al., 2014) be tween the Gra-
bowa Fm (mostly WLM) and the coarse-clastic “Po³omia
Fm” re mains con jec tural. This sur face is be lieved to cor re -
spond ap prox i mately to the Norian-Rhaetian bound ary (or
placed in the Rhaetian stage). The data from the Patoka pit,
such as the oc cur rence of light kaolinite part ings and as so ci -
ated sid er ite- and macroflora-rich interbeds (Fig. 10B–D),
strongly in di cated the tran si tion to the Rhaetian stage, but this
was not sup ported di rectly by the im pov er ished palynostra-
tigraphic data in this sec tion (Fija³kowska-Mader et al., 2015).

Re mark ably, the C. meyeriana c Subzone, con sid ered
by some au thors to be Rhaetian in age (see dis cus sion in
Szulc et al., 2015), was re ported by Or³owska-Zwoliñska
(1983) from the ter mi nal Keuper subsurface sec tions of Up -
per Silesia. The IVc Subzone in fact re cently was doc u -
mented on a pre lim i nary ba sis in the Po³omia grav els at the
Kamienica gravel mine (see Nita and Nita, 2014a, figs 8, 9)
by Fija³kowska-Mader (2015).

THE RE GIONAL COM POS ITE
REF ER ENCE SUC CES SION

AND COR RE LA TION 

With ref er ence to the palynostratigraphic tool, the No-
rian age of the Grabowa Fm is well doc u mented for the

greater part of the mo not o nous, var ie gated mudstone suc -
ces sion (Fija³kowska-Mader et al., 2015). On a re gional
scale, how ever, the pres ent au thors could only roughly cor -
re late the sev eral frag men tary Patoka Mbr suc ces sions at
the out crops (in clud ing Lipie Œl¹skie; see Szulc et al., 2015) 
and bore holes with the long cored sec tion of the Patoka 1
well (Fig. 18).

Magnetostratigraphic data from the well sec tions un der
study, in mag netic po lar ity terms, are sim i larly use ful for
cor re la tions that are only ap prox i mate. How ever, the mostly 
nor mal-po lar ity sig na ture, rec og nized es pe cially in the
97.0–173.0 m depth in ter val of the Patoka 1 core, prob a bly
cor re sponds in part to the Norian magnetozones NRn2 and
NRn3, ev i denced also in the Patoka Mbr of the up per most
part of the WoŸniki K1 suc ces sion (Nawrocki et al., 2015).
This con clu sion, due to the dis con tin u ous mag netic sig na -
ture at Patoka, agrees over all with er rat i cally avail able paly- 
nostratigraphic dates, but this ten ta tive cor re la tion would be 
re fined con clu sively by geo chem i cal anal y sis of the mud-
stone se ries.

One of the main goals of the grant pro posal was to ap -
ply chemostratigraphy to re solve at least some prob lems of
Keuper stra tig ra phy, in the hope that cli mate (but also tec -
ton ics) con trolled the sys tem atic change in the terrigenous
source dur ing more than 35 Ma and can be used to pro vide a 
strati graphic in ter pre ta tion of iso lated out crops, more re li -
able than that, at pres ent, pro vided by vague ter res trial bio-
and magnetostratigraphy. Clay sed i ments rep re sent a fi nal
prod uct of ter res trial weath er ing pro cesses and there fore
may re cord re lated cli ma tic trends, well known in the Keu-
per (Szulc, 2007a; Feist-Burkhardt et al., 2008; Szulc et al.,
2015). In fact, the ev i dence for cor re la tion us ing vari a tions
in el e men tal com po si tion and min eral data, is the most con -
clu sive.

Œrodoñ et al. (2014) com pre hen sively ana lysed clay-
stone sam ples from the Lisowice level lo cal i ties and high -
lighted a sim i lar ity with the Krasiejów sec tion be cause:
“they are low in quartz and kaolinite and high in car bon ates
and 2:1 min er als. Also the expandability of illite-smectite is
sim i larly high” (Œrodoñ et al., 2014. p. 577). With ref er ence 
to the Lisowice level, a very high dom i nance of illite in the
clay frac tion is par tic u larly char ac ter is tic, mostly com posed
of illite-smectite (79%). The fea tures are over all typ i cal for
the mo not o nous, illite-dom i nated mudstone suc ces sion of
the Grabowa For ma tion, de pos ited mostly over a vast al lu -
vial floodplain in semidry, mon soon-af fected cli mate regi-
mes (Szulc, 2007a; Feist-Burkhardt et al., 2008).

The ex tended pro file of the Patoka bore hole (192 m;
Fig. 11) was re garded by Œrodoñ et al. (2014) as the ref er -
ence sec tion, sup ple mented down ward by the WoŸniki K1
suc ces sion (90 m thick; Fig. 7), where four min eral sets and
four ‘chemozones’ were re li ably dis tin guished. In lithostra-
tigraphic terms, the ex act cor re la tion of both sec tions is
somewhat con jec tural, as the top of the WoŸniki K1 sec tion
and the bot tom of the Patoka 1 sec tion are as signed to the
same Patoka Mbr. A par tial over lap of both sec tions is as -
sumed, as in di cated es pe cially by palaeomagnetic data,
even if the sup pos edly equiv a lent por tions of the suc ces -
sions show a con trast in terms of li thol ogy (red in WoŸniki
K1 and grey to black at Patoka 1). The pres ent au thors   are
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guided by the aux il iary WoŸniki bore hole sec tion of Szulc
et al. (2006; see Fig. 7) and by the Kozieg³owy WB3 well
pro file, where the strati graphic po si tion of the WLM in the
up per part of the II Cr/Ti Chemozone of Œrodoñ et al.
(2014) was es tab lished. There fore, the chemostratigraphic
cor re la tion of the Lisowice level in all lo cal i ties with Che-
mozone II is a start ing point in the re gional strati graphic
scheme. Im por tantly, these in te grated chemostratigraphic
and mineralogic prox ies con firm a gen er ally close strati -
graphic po si tion of both bone-bed lev els, that is, in the same 
Chemozone II (Fig. 18; Szulc et al., 2015).

The to tal thick ness of the com pos ite re gional ref er ence
suc ces sion is ap prox i mated as 260 m, from the Bound ary
Do lo mite to the mostly grav elly “Po³omia Fm” (Fig. 18).
Even if sev eral ero sional hi a tuses were in flu enced by river
fin ing-up cy cles, with the most sig nif i cant at the base of the
Po³omia grav els, and weath ered ho ri zons re duced the con ti -
nu ity of the sec tion, its rel a tive com plete ness re mains un -
doubted on a re gional scale. The bot tom part is placed in the 
early Carnian, as proved by the palynological con tent (Fija³- 
kowska-Mader et al., 2015). Be cause the key mid dle-late
Norian IVb Subzone at Patoka (in clud ing the ex ca va tion) is
very thick (at least 120 m, pos si bly even 190 m), the biocor-
re la tion value is lim ited, but con clu sive for a mid-Norian
age of the Lisowice bone-bear ing level that is placed with
cer tainty in its lower part. In sum mary, the Carnian to early
Rhaetian age is ac knowl edged for the re gional stan dard of
the Up per Silesian Keuper, strength ened re cently by the
Rhaetian age of  “Po³omia Fm” (Fija³kowska-Mader, 2015).

THE QUES TION OF HI A TUSES
AND UN CON FORMI TIES

Ex ten sive hi a tuses at the large-scale se quence bound -
aries in the Up per Tri as sic are as sumed in the Ger manic Ba -
sin and were re cently ac cepted in STD 2002 (Nitsch et al.,
2005; Menning et al., 2012). Some Pol ish au thors adopted
this view, as shown in the “Strati graphic Ta ble of Po land”
(Becker et al., 2008; com pare e.g., Grodzicka-Szymanko
and Orlowska-Zwoliñska, 1972; Bilan, 1976; Kotlicki,
1995, Deczkowski et al., 1997; Pieñkowski, 2004; Fig. 6).
As ex plained by Ed gar Nitsch (pers. comm., 2015), for the
ex am ple of the Lipie Œl¹skie sec tion, the av er age sed i men -
ta tion rate is less than 2 mm/ka in this strati graphic re cord;
there fore, “depositional ac tiv ity of all depositional events
doc u mented will hardly sum up to mil lions of years. So,
where is the time?” Thus, for Norian suc ces sions, large-
scale dis con ti nu ities, em brac ing at least 5 Ma, are as sumed
to char ac ter ize their basal and ter mi nal parts (“Stratigraphi-
sche Tabelle von Deutsch land”, 2002; Nitsch et al., 2005;
Becker et al., 2008). Nitsch et al. (2005, p. 225) con cluded
that at most half of the time in ter val is rep re sented in the
stratigraphic re cord of the Keuper Group.

How ever, the ques tion of such pro found ba sin-wide
gaps fram ing the Norian stage is cer tainly con tro ver sial,
even in Ger many (see dis sim i lar views in e.g., Franz, 2008,
and Kozur and Weems, 2010). For ex am ple, Kozur et al.
(2013, p. 328) claimed: “Within the cen tral ba sin fa cies, the
grad ual change of the conchostracan fau nas from the up per -

most Weser For ma tion (Heldburg Gyp sum Mem ber) to the
over ly ing basal Arnstadt For ma tion in di cates that no sig nif -
i cant time gap is rep re sented there by the Early Cim mer ian
Main Dis cor dance be tween the two for ma tions”.

The ob ser va tions of the au thors in the Up per Silesian
sec tions also do not con firm this view point with ev i dence of 
a deeply weath ered sur face, highly ma ture palaeosoils and
thick, re sid ual clayey de bris. Even if hi a tuses in deed em -
brace lo cally an in ter val from the WLM down ward to the
Muschelkalk at the base (e.g., Górzyñski and Pomyka³a,
1964; Bilan, 1976; Szulc, 2007a; com pare Gajewska, 1978,
ta ble 3), over look ing of the Up per Gyp sum Keuper in the
Silesian suc ces sion by some au thors (see above) ar ti fi cially
ex ag ger ated the ques tion of dis con ti nu ity in their stratigra-
phic schemes (see Fig. 6). The best proof is man i fested in
some se ri ous trou ble over the def i ni tion of the lithostratigra- 
phic bound ary be tween the Ozimek and Patoka Mbrs, near
the Carnian–Norian bound ary, in fact cor re spond ing with
the “Altkimmerische Hauptdiskordanz” dis tin guished in
STD 2002, as high lighted pre vi ously by Bilan (1976) and
Kotlicki (1995; see above), and ev i dent in the drill cores
studied. Of course, this su pra-re gional tec tonic ep i sode is
traceable in the Silesian Keuper, but only con clu sively in
some suc ces sions.

Oth er wise, a mid-Norian event of tec toni cally in duced
top o graphic re ju ve na tion (cor re spond ing to the ma jor
Rhaetian cyclothem bound ary sensu Grodzicka-Szymanko
and Orlowska-Zwoliñska, 1972; cf. Bilan, 1976, Kotlicki,
1995), re sulted in the in ten sive re mod el ing of flu vial sys -
tems and intraformational ero sion. This ep i sode is recogni-
zed in the tec tonic-plu vial in ter val con trol ling the depositio- 
nal re gimes of the Lisowice bone-bear ing level (see dis cus -
sion in Szulc et al., 2015), com bined with block move ments 
and geo ther mal ac tiv ity along the Kraków–Lubliniec fault
zone that even tu ally led to de po si tion of the WoŸniki lime -
stone (Szulc et al., 2006; Fig. 5).

Among the suc ces sions of the Grabowa Fm stud ied,
only the Patoka pit and maybe the Czarny Las bore hole rep -
re sent a pos si ble con tin u ous tran si tion across the Norian–
Rhaetian bound ary (Fig. 18). All other sec tions are marked
by an ero sive con tact at the top with coarse-grained clastics
(“Po³omia Fm”), typ i cally shel tered by the re sis tant WoŸ-
niki Lime stone Mbr (ex em pli fied by the Kozieg³owy WB3
sec tion) or en com pass the de bris of this marker layer (Czarny 
Las, Fig. 18; see also Grodzicka-Szymanko and Orlowska-
Zwoliñska, 1972, Bilan, 1976, Pieñkowski, 1988). Thus,
only this su pra-regional ero sional sur face cor re sponds with
cer tainty to a sig nif i cant non-depositional hi a tus, lo cally in -
clud ing even the Rhaetian to Sinemurian in ter val (see
depositional se quence I of Pieñkowski, 2004; also e.g., G³o-
wacki and Senkowiczowa, 1969; Deczkowski and Gajewska, 
1977; Gajewska, 1978; Deczkowski and Franczyk, 1988;
Dadlez, 1989).

As in di cated by Grodzicka-Szymanko (1978), the var i -
ous thick nesses of the ‘Rhaetian’ (= Grabowa Fm) are lat er -
ally con fined to nar row zones, and dif fer en tial block move -
ments are in di cated by the post-WLM in ter val as a green
clay blan ket, oc cur ring on parts of a karstified mas sif (see
also an ex am ple of abrupt lat eral fa cies change in Szulc et
al., 2015, fig. 14). Con se quently, the pres ent au thors as -
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sume that most of the ab sent time is rep re sented in two types 
of geo log i cal re cord. The first is re lated to the nu mer ous soil 
ho ri zons (of var i ous types) oc cur ring in the Patoka Mbr suc -
ces sion. The other is the en su ing phe nom e non of the mul ti -
ple, short, and lo cal ized, but ef fec tive ero sion and redeposi-
tion events, fol low ing cat a strophic run offs, typ i cal of a
semiarid cli mate. This can ni bal is tic mode of (re)sed i men ta -
tion is par tic u larly well ex em pli fied by the re worked and
sieved pedogenic grains, form ing spe cific con glom er ate ho -
ri zons (Lisów brec cia-type).

The more ef fec tive gaps are lim ited to the sec tions sit u -
ated closer to the main fault struc ture in the re gion, that is, to
the Kraków-Lubliniec shear zone. In this fault-bounded area,
the ero sion pro cess was aug mented by block tectonism that
led to the fre quent ex po sure of the older Tri as sic and Palae-
ozoic sub stra tum (see Œliwiñski, 1964, Bilan, 1975, 1976;
Szulc, 2005). The phe nom e non is well de vel oped in the pa-
lynological re cord (Fija³kowska-Mader et al., 2015), the
com po si tion of the lithoclasts (with De vo nian microfossils
Haisig et al., 1983; Car bon if er ous coal clasts in the Patoka 1 
suc ces sion; Fig. 12E), and the diagenetic fea tures of the
bone ma te rial (Bodzioch and Kowal-Linka, 2012). 

In sum mary, in stead of spec tac u lar depositional breaks, 
last ing for mil lions of years, the pres ent au thors pro pose the
cu mu la tive tem po ral ef fect of nu mer ous, su per im posed mi -
nor and ir reg u lar ero sion and star va tion ep i sodes as the
main cause of the to tal time gap ev i dent in the Up per Sile-
sian Keuper suc ces sion. The Rhaetian (and youn ger) Ju ras -
sic Cim mer ian tec tonic-ero sional in ter vals un der hu mid-cli -
mate set tings are the only sig nif i cant ex cep tion (Znosko,
1955; Szulc, 2007a; Brañski, 2014; Pieñkowski et al., 2014; 
Szulc et al., 2015; see a sim i lar sit u a tion, e.g., in the Arc tic
re gion of Nor way, Pat er son et al., 2016; also Bachmann et
al., 2010, fig. 9.1).

CON CLU SIONS

1. The re de fined Grabowa For ma tion, a ma jor litho-
stratigraphic unit, for mally pro posed by Szulc and Racki
(2015) for the mid dle Keuper (i.e., above the Schilfsand-
stein or Stuttgart For ma tion), in cludes the Up per Gyp sum
Beds and Steinmergelkeuper of the tra di tional scheme in
Ger many (= Weser and Arnstadt for ma tions). This im por -
tant unit is com pletely subdi vided into three mem bers: the
Ozimek (mudstone-evaporite) Mem ber, the Patoka (Marly
Mudstone-Sandstone) Mem ber and the WoŸniki (Lime-
stone) Mem ber.

2. Two sig nif i cant Norian bone-bear ing ho ri zons (Kra- 
siejów and Lisowice) are placed within the Patoka Mbr, and 
the lat ter rep re sents a re cord of a mid-Norian plu vial-tec -
tonic event (Szulc et al., 2015).

3. The Grabowa Fm gen er ally cor re lates with the No-
rian stage, with the base lo cated in the un de fined up per
Carnian, and is topped by a ma jor ero sive disconformity,
be lieved to be lo cated near the Norian-Rhaetian bound ary.
Both bound aries are dated with some un cer tainty, how ever,
also be cause of the over all biostratigraphic weak nesses of
the def i ni tion of the Norian stage in con ti nen tal set tings.

4. Dis con ti nu ities in the Silesian mid dle Keuper succe- 

ssion were lo cal ized and con trolled by Early Cim mer ian
tectonic block move ments within the Kraków–Lubliniec
fault zone, with the ex cep tion of a large-scale ero sional ep i -
sode re corded near the base of the Rhaetian stage, com bined 
with a cli ma tic turn ing point to ward hu mid con di tions, as an 
ef fect of plate-tec tonic re or gani sa tion in the West ern Tethys 
do main.
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