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An Up per Ju ras sic suc ces sion is ex posed in the ac tive Rogaszyn Quarry (Kodr¹b area) lo cated in the Radomsko Folds
struc ture (cen tral Po land). Six fa cies types were dis tin guished, com pris ing oolitic, oncolitic, biodetrital and pelitic lime stones
as well as marls and marly clays. Typ i cal lithologies are lime stones with coated grains de pos ited in shal low-wa ter,
fore-shoal, shoal and la goonal parts of a car bon ate ramp. Three types of ooid and three types of oncoid were iden ti fied,
which dis play sev eral shapes and sizes, and a com plex struc ture of cor ti ces. The ooid types show micritic, ra dial-fi brous and
mixed, micritic/ra dial-fi brous cor ti ces. Type 1 oncoids com prise micritic or bioclastic nu clei en vel oped by non-lam i nated or
lam i nated micritic cor ti ces. Type 2 oncoids are com posed of micritic or bioclastic nu clei and lam i nated, fos sil-bear ing cor ti -
ces cov ered by mi cro bial en ve lopes. Type 3 oncoids are the larg est of the oncoids ob served, at tain ing cm-scale di men sions.
These oncoids are formed of a Bacinella-dom i nated mesh work in cor po rat ing smaller ooids and oncoids, or they have
bioclastic or micritic nu clei cov ered by com plex cor ti ces with micritic, lam i nated, fos sil-bear ing, Bacinella-dom i nated fab ric
and mi cro bial en ve lopes. Bound aries be tween the spe cific types of cor ti cal en ve lopes are usu ally sharp and ac cen tu ated by
or ganic encrustations, elon gated bioclasts or bor ings. Com monly found are cham bers of the ichnogenus Entobia rep re sent -
ing the bor ing traces of car bon ate-ex ca vat ing sponges and the cryptoendolithic foraminifer Troglotella incrustants. The com -
plex cor ti ces in di cate dif fer ent growth stages of oncoids at dif fer ent con di tions of cur rents and mi cro bial ac tiv ity. Car bon ate
de po si tion was ac com pa nied by mixed siliciclastic-car bon ate sed i men ta tion re sult ing in mul ti ple in ter ca lated lay ers of marls
and pelitic lime stones as well as marly clays. The de pos its ex posed in the Rogaszyn Quarry as well as in the Kodr¹b area are 
com pared with the neigh bour ing Up per Ju ras sic de pos its of the Szczerców area and the SW mar gin of the Holy Cross Mts.
(both cen tral Po land). The suc ces sions from the Kodr¹b area are gen er ally sim i lar to the Lower Kimmeridgian se quences
known from ad ja cent ar eas, but with lo cally ob served fa cies vari abil ity.
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INTRODUCTION

Dur ing the Late Ju ras sic, cen tral Po land was an
epicontinental sea that bor dered the north ern mar gin of the
Tethys Ocean (e.g., Ziegler, 1990; Matyszkiewicz, 1997). The
Oxfordian and the Lower Kimmeridgian suc ces sion of cen tral
Po land was in cluded by Kutek (1994) in a “COK se quence”
(COK = Callovian–Oxfordian–Lower Kimmeridgian). This se -
quence com prises two in ter vals – I and II, sep a rated by an
isochronous marker ho ri zon termed the “Low er most Marly Ho ri -
zon”, which is one of the most im por tant Lower Kimmeridgian
mark ers in cen tral Po land (e.g., Kutek, 1968, 1994; Matyja,
2011; Krajewski et al., 2014, 2017; Olchowy et al., 2019; S³onka 
and Krzywiec, 2020a, b). In ter val I in cludes Oxfordian and
Lower Kimmeridgian de pos its (up to the Planula Zone), which

are de vel oped in cen tral and south ern Po land mostly as lime -
stones rich in ben thic fauna, mainly si li ceous and cal car e ous
sponges (in clud ing chaetetids), as well as cor als and var i ous
microbialites (see e.g., Roniewicz and Roniewicz, 1971; Matyja
et al., 1989; Trammer, 1989; Matyszkiewicz et al., 2012;
Matyszkiewicz and Kochman, 2016; Krajewski et al., 2018;
Olchowy et al., 2019; S³onka and Krzywiec, 2020a, b), whereas
marls and marly lime stones are in mi nor pro por tion. In In ter val II 
(Platynota and Hypselocyclum zones), marls and marly lime -
stones pre vail along with lime stones with nu mer ous coated
grains, usu ally ooids and oncoids (e.g., Kutek and Radwañski,
1965, 1967; Kutek, 1968; Matyja, 2011; Olchowy et al., 2019).
The ben thic fauna ob served in the In ter val II de pos its is dom i -
nated by bi valves, echinoids, cri noids and gas tro pods, whereas 
sponges and cor als are less com mon. Hardgrounds are fre -
quent (e.g., KaŸmierczak and Pszczó³kowski, 1968; Goldring
and KaŸmierczak, 1974; Chudzikiewicz and Wieczorek, 1985;
Gruszczyñski, 1986; Krajewski et al., 2014, 2017; Olchowy et
al., 2019), some of them suit able for re gional cor re la tion.

In the Radomsko Folds area, one of the best ex am ples of a
Kimmeridgian sed i men tary suc ces sion can be ob served in
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Rogaszyn Quarry (Kodr¹b area, Smotryszów Anticline), where
the up per part of the “COK se quence” is de vel oped. Tak ing into
ac count the lo ca tion of that quarry be tween the ar eas of the
Wieluñ Up land, the SW mar gin of the Holy Cross Mts. as well
as the £ódŸ, Miechów and Tomaszów de pres sions (Fig. 1A, B), 
the Rogaszyn Quarry suc ces sion is of key im por tance for cor re -
la tion of the Up per Ju ras sic strata of cen tral Po land.

The Lower Kimmeridgian de pos its in Rogaszyn Quarry
(Smotryszów Anticline) were re cently the sub ject of con tro versy 
con cern ing the sed i men tary suc ces sion and its cor re la tion with

the neigh bour ing ar eas (Wierzbowski and G³owniak, 2018,
2019; Olchowy and Krajewski, 2019). Here, we pro vide doc u -
men ta tion of the Rogaszyn Quarry suc ces sion (Figs. 2–11) with 
iden ti fi ca tion of a num ber of fa cies and microfacies con tain ing
var i ous coated grains. More over, lithostratigraphic cor re la tions
are made of the Lower Kimmeridgian suc ces sion in the
Radomsko Folds area with those at the bor der of the £ódŸ and
Miechów de pres sions (Szczerców area) and the SW mar gin of
the Holy Cross Mts.
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Fig. 1. Lo ca tion maps of the study area

A – study area show ing the Up per Ju ras sic out crops and sub-Ce no zoic Ju ras sic subcrops (blue) in south ern and cen -
tral Po land (mod i fied from Po¿aryski et al., 1979), tec tonic struc tures (red) af ter ̄ elaŸniewicz et al. (2011); B – geo log -
i cal map (af ter Dadlez et al., 2000) with po si tion of Rogaszyn Quarry and the Radomsko Folds; C – sketch-map of the
north ern and south ern parts of Rogaszyn Quarry with lo ca tions of the most im por tant ex po sures
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GEOLOGICAL SETTING AND STATE 
OF KNOWLEDGE OF KIMMERIDGIAN 

DEPOSITS IN THE SMOTRYSZÓW ANTICLINE

The study area is lo cated in cen tral Po land, ~2 km south -
west of Kodr¹b vil lage, within the Radomsko Folds struc ture
(¯elaŸniewicz et al., 2011; Fig. 1B, C), which is also known as
the “Radomsko El e va tion” in the older lit er a ture (Po¿aryski,
1974). This struc ture is a part of the Szczecin–Miechów
Synclinorium, in which it sep a rates the Mogilno-£ódŸ and the
Miechów seg ments. The Radomsko Folds in clude nu mer ous
NW–SE-trending anticlines and syn clines (e.g., the £êkiñsko,
Smotryszów and Che³m anticlines). The de vel op ment of the
Radomsko Folds is re lated to NW–SE-di rected stretch ing of the 
Holy Cross Mts. Fault dur ing the Lara mide tec tonic move ments. 
This fault is in ter preted as the north ern mar gin of the
Ma³opolska Block, which, in turn, forms the pe riph ery of the
West Eu ro pean Plat form (e.g., ¯elaŸniewicz et al., 2011).

In the study area, Up per Ju ras sic de pos its have been de -
scribed mostly from the Smotryszów Anticline, out crop ping on
the SW and the NE limbs of that anticline. The SW zone is
named as the Dmenin Ridge, whereas that on the NE is the
Smotryszów Ridge (e.g., £uniewski, 1947; Kutek, 1968). On the 
Smotryszów Ridge, Up per Ju ras sic de pos its have been re -
ported from many quar ries, par tic u larly the Smotryszów and the 
Rogaszyn quar ries (e.g., £uniewski, 1947; Jaworowski, 1962;
Karczewski, 1965; Kutek, 1968; Wierzbowski and G³owniak,
2018). Ac cord ing to Jaworowski (1962), the Up per Ju ras sic
sed i men tary suc ces sion of the Smotryszów Anticline in cludes
pelitic lime stones with bi valves and cor als, grad ing up wards into 
oolitic, pelitic and oncolitic lime stones.

LITHOSTRATIGRAPHY OF THE UPPER JURASSIC DEPOSITS 
IN THE KODR¥B AREA BASED ON DATA FROM EXPOSURES

In Smotryszów Quarry (sit u ated in the NE mar gin of the
Smotryszów Anticline), Kutek (1968) dis tin guished the
so-called “Chalky Lime stone mem ber” (Planula and Platynota
zones, dated by ammonites) with cor als, solenopores, nerineid
gas tro pods and diceratid bi valves, and with thin in ter ca la tions
of pelitic and oolitic lime stones. These de pos its are ~50 m thick
on Smotryszów Ridge, whereas in Smotryszów Quarry, only the 
up per most part was ex posed (now a days com pletely cov ered
by dense veg e ta tion), up to sev eral metres thick. Above the
“Chalky Lime stone mem ber”, Kutek (1968) de scribed the
“Platy-Onkolite mem ber”, ~10 m thick, com posed mostly of
lime stones with nu mer ous oncoids (macro-oncoids sensu
Kutek and Radwañski, 1965). Fi nally, the up per part of the
Smotryszów Quarry suc ces sion com prises marly shales and
pelitic platy lime stones. In de scrib ing the Up per Ju ras sic suc -
ces sion in Smotryszów Quarry and num ber ing its par tic u lar
beds, Kutek (1968: 527 and fig. 13 therein) sug gested that it ex -
tends as far as Rogaszyn Quarry, ~2.5 km dis tant. In Rogaszyn
Quarry, the Lower Kimmeridgian suc ces sion reaches ~11 m
thick, in which Kutek (1968: 527) iden ti fied the “Platy-Onkolite
mem ber”, com posed of marly shales grad ing up wards into in -
ter ca lated pelitic platy lime stones, oncolitic lime stones and
marly shales. The to tal thick ness of this mem ber in the
Smotryszów Anticline is ~30 m (Kutek, 1968: 526). Up-se -
quence of the Smotryszów Ridge, Kutek (1968: 520) pro posed
the pres ence of the “Oolite of Smotryszów”, con sist ing of an
oolitic lime stone (Hypselocyclum Zone) of un de fined (but at
least 10 m) to tal thick ness. This au thor re ported the oc cur rence
of these de pos its in small quar ries lo cated to the east of
Rogaszyn Quarry, al though de tailed doc u men ta tion was not
pro vided.

On Dmenin Ridge (at the SW mar gin of the Smotryszów
Anticline), Kutek (1968; see also Jaworowski, 1962) iden ti fied
the old est Up per Ju ras sic strata as the “Oncolites of Dmenin”,
con sist ing of oncolitic lime stones at least 10 m thick. These de -
pos its are over lain by the “Platy Lime stones” and the “Un der ly -
ing Clays of Dmenin”, ~50 m thick, de vel oped as shaly marls
with in ter ca la tions of lime stone and marl, grad ing up-se quence
into 10 m thick pelitic platy lime stones. The up per most Ju ras sic
de pos its on the Dmenin Ridge were named by Kutek (1968) as
the ”Top Clays of Dmenin”, which com prise marly shales 60 m
thick with in ter ca la tions of lime stone and marl and Exogyra
coquinas.

In the last few years, the Lower Kimmeridgian sed i men tary
suc ces sion of the Smotryszów Anticline has also been in ter -
preted by Wierzbowski and G³owniak (2018; cf. Olchowy and
Krajewski, 2019; Wierzbowski and G³owniak, 2019).

LITHOSTRATIGRAPHY OF THE UPPER JURASSIC DEPOSITS
 OF THE KODR¥B AREA BASED ON DATA FROM BOREHOLES

The most com plete Lower Kimmeridgian suc ces sion of the
Smotryszów Anticline was de scribed by Barwicz-Piskorz (1992, 
1995), en com pass ing strata out crop ping on both the
Smotryszów and Dmenin ridges. A com pre hen sive lithological
log was con structed from the fully cored bore holes drilled for the 
geo log i cal as sess ment pro ject of the Rogaszyn lime stone de -
posit. This au thor de scribed ~325 m of Up per Ju ras sic strata
sub di vided into many char ac ter is tic and re gional lithostrati -
graphic units pre vi ously dis tin guished by Kutek (1968) and
Dembowska (1979). More over, Barwicz-Piskorz (1992, 1995)
cor re lated the Up per Ju ras sic de pos its of the Smotryszów
Anticline with those of the Kleszczów area (£êkiñsko Anticline)
and the Granice area (Che³mno Anticline), both also lo cated
within the Radomsko Folds struc ture.

Ac cord ing to Barwicz-Piskorz (1992, 1995), the old est Up -
per Ju ras sic de posit in the Kodr¹b area is the bed ded “Chalky
Lime stone”, ~10 m thick, show ing abun dant gas tro pods, bi -
valves, echinoderms and cor als, and with lo cally ob served
cherts (Fig. 12B). This in ter val is fol lowed by ~25 m of grey
marly lime stones and marls. Up-se quence, de pos its sim i lar to
the “Chalky Lime stone” ap pear (~60 m thick), over lain by up to
33 m of thin- and me dium-bed ded pelitic lime stones with rare
bi valves, in ter ca lated with de tri tal lime stones and thin marly
beds. These de pos its are over lain by 6 m of marls and marly
lime stones, usu ally de void of fos sils, named by Barwicz-
 Piskorz (1992, 1995) as the “Low er most Marly Ho ri zon”
(Fig. 12B). This unit is over lain by 50 m of oolitic-biodetrital lime -
stones with bi valves, gas tro pods, in di vid ual cor als and oncoids
in the up per part. The top sur face of this unit is a hardground
with wash outs and bor ings (see Barwicz-Piskorz, 1995; Fig. 5),
over lain, in turn, by up to 2 m of oncolitic lime stones with nu mer -
ous oval oncoids with bi valve shells as nu clei. Up-se quence,
the oncolitic lime stones grade into marly lime stones and
oncolitic lime stones. The to tal thick ness of these last three units 
reaches up to ~12 m (Fig. 12B). The next part of the se quence
com prises some-metres-thick marls grad ing into bioclastic-
 pelitic lime stones with bi valves (e.g., Nanogyra and pectinids)
and scarce ooids, over lain by marly lime stones with marl
interbeds and a hardground. These de pos its are fol lowed by
14 m of platy pelitic and marly lime stones with nu mer ous oys -
ters and marl in ter ca la tions. Up-se quence, marls with abun dant 
Lopha bi valves and rare ooids oc cur, ~10 m thick, over lain by a
suc ces sion of marls and oys ter coquinas (com posed of mass
ac cu mu la tions of Nanogyra virgula and Nanogyra nana) ~64 m
thick, lo cally in ter ca lated with marly- biodetrital lime stones. The
up per most part of the se quence in cludes marly clays and platy
marls, ~6 m thick (Barwicz-Piskorz, 1995).
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Fig. 2A – gen eral view of ex po sures nos. 5 (Fig. 3) and 6 (frame B), with poorly ex posed and gravel-cov ered lime mudstones
with marl in ter ca la tions (FT 4 fa cies); B – no. 6 ex po sure in the west ern wall of the north ern part of Rogaszyn Quarry with

in ves ti ga tion pits, show ing the fa cies types FT 4 to FT 6 (see de scrip tion in text), in cli na tion of the strata is vis i ble



MATERIALS AND METHODS

Sedimentological char ac ter iza tion of the Lower
Kimmeridgian suc ces sion from the Smotryszów Anticline was
car ried out in Rogaszyn Quarry, which is in two parts: a north ern 
pit, re cently partly in op er a tion, and a south ern pit, where lime -
stone ex trac tion ceased in the early 1990s (data for 2019;
Fig. 1C). Rogaszyn Quarry does not show the full Up per Ju ras -
sic se quence in a sin gle ex po sure. The strata dip at ~22–30° to
the north-east and are ex posed in var i ous parts of veg e ta tion-
and/or rub ble-cov ered pits (Figs. 1C and 2–4). More over, a
2/82 oblique-slip fault with a throw reach ing sev eral metres was
iden ti fied in ex po sure no. 4 (Figs. 1C and 4C). The op er at ing pit, 
where the youn gest Up per Ju ras sic strata are ex posed, is cov -
ered by fresh lime stone rub ble, whereas the other parts of the
quarry are mostly over grown and/or cov ered by old lime stone
rub ble. The Up per Ju ras sic strata were stud ied in sev eral ex po -
sures (Fig. 1C), by a com bi na tion of de tailed mac ro scopic ob -
ser va tions in the field and microfacies anal y sis on 50 rock sam -
ples in the lab o ra tory. Cri te ria used for clas si fi ca tions of ooids
and oncoids were taken from Strasser (1986), Flügel (2004)
and Védrine et al. (2007). Ad di tion ally, a few ex plo ra tion pits
were dug in or der to better rec og nize the fa cies types and their
dis tri bu tion in the quarry. De tailed sedimentological pro files
were con structed at the most im por tant sam pling sites
(Figs. 2–5), in clud ing of fa cies and microfacies types, whereas
only de tailed mac ro scopic field ob ser va tions were car ried out at 
the re main ing sites.

FACIES AND MICROFACIES

Six fa cies types (FT) are iden ti fied in the Up per Ju ras sic
suc ces sion: oolitic lime stones (FT 1), oncolitic-oolitic-bioclastic
lime stones (FT 2), oncolitic-bioclastic lime stones (FT 3), lime
mudstones and marls (FT 4), oncolitic-bi valve lime stones
(FT 5) and marly clays (FT 6). The char ac ter is tics of these fa -
cies are ex plained be low, and il lus trated in Fig ures 6–10.

FT 1: OOLITIC LIMESTONES

Field ob ser va tions in di cate that the sed i men tary suc ces -
sion in Rogaszyn Quarry (ob served in both the south ern and
the north ern pits; Fig. 1C) starts with mas sive, thick-bed ded
oolitic lime stones (Figs. 2A and 3). In the south ern pit, the oolitic 
lime stones are ex posed at a few sites lo cated on its low er most
bench (Fig. 1C). In the north ern pit, the up per most part of the
oolitic lime stones is ex posed top o graph i cally slightly higher in
re la tion to the low er most por tion of strata ex posed in the op po -
site wall of the north ern pit (ex po sure no. 4 in Fig. 1C). How -
ever, due to the north east ern dip of the strata, the oolitic lime -
stones are older than the strata ex posed in the east ern wall of
the north ern pit.

The ob served thick ness of the FT 1 fa cies in Rogaszyn
Quarry reaches 5.5 m (Fig. 3). Two microfacies were dis tin -
guished: (1) oolitic-dom i nated grainstones (Fig. 7A–C) and (2)
ooid-Bacinella-type oncoid grainstones-float stones (Fig. 7D).

The ooid grainstones com prise densely packed ooids of
rounded or slightly el lip ti cal shape, up to 1.2 mm in size. At the
con tacts of many ooids, compactional de for ma tions are ob -
served. In some cases, the out er most parts of ooid cor ti ces are
cracked. Ag gre gate grains (up to 3 mm across) formed by ooids 
and bioclasts are also com mon, as well as ir reg u lar clasts, up to 
3 mm across, com posed of ooids ce mented by grey
calcisparite. Inter gra nu lar spaces are filled with blocky cal cite
ce ment (Fig. 7A–C). Based on the char ac ter is tics of the cor tex,
three ooid va ri et ies are gen er ally ob served: (1) micritic, (2) ra -
dial-fi brous and (3) mixed, micritic/ra dial-fi brous (Fig. 7A–C),
which cor re spond to ooids types 1, 3 and 4 af ter Strasser
(1986) and Flügel (2004). The ooid nu clei are echinoderm frag -
ments, foraminifers, gas tro pods or bryo zoans. Well-sorted
ooids with con cen tric lam i na tion around the nu clei are most
com mon (Fig. 7A–C), whereas those show ing ir reg u lar laminae 
are scarce, and are sim i lar to the ec cen tric ooids de scribed by
G¹siewicz (1984). In many ooids, nu clei are dif fi cult to rec og -
nize and their cen tral parts are oc cu pied by calcimicrite. Most
com mon are ra dial-fi brous ooids (Fig. 7B), rep re sented by
well-rounded to slightly el lip soi dal shapes, lam i nated cor ti ces
and bioclastic nu clei. In some cases, lam i na tion is ob scured in
the outer parts of cor ti ces. Micritic type 1 ooids are smaller than
the ra dial-fi brous va ri ety (Fig. 7B). Un der the mi cro scope, they
show dark-grey colouration and com monly recrystallized
bioclastic nu clei rimmed by fea ture less cor ti ces com posed of
dark micrite (Fig. 7A). Mixed, micritic/ra dial-fi brous ooids are
com mon and larger in size than the micritic ooids. Their cen tral
parts con tain dark micrite with or with out recrystallized bioclasts 
as nu clei, while the out er most parts of cor ti ces are com posed of 
con cen tric ra dial-fi brous laminae (Fig. 7C). In some cases, an
ini tial stage of micritic laminae grades out wards into lam i nated
ra dial-fi brous cor ti ces fol lowed by an out er most part com posed
again of micrite (Fig. 7C).

The sec ond microfacies, which is ob served in the up per
part of the FT 1 se quence, in cludes mainly densely packed
ooids and less com mon Bacinella-type oncoids (Fig. 7D).
Ooids dis play more ir reg u lar shapes, and are poorly sorted in
com par i son with those de scribed in the first microfacies
(Fig. 7D). Some ooids are slightly elon gated, oth ers are
rounded, rang ing from 0.4 to 1.4 mm across. Most com mon
are type 1 ooids with micritic or recrystallized bioclastic nu clei
(Fig. 7D). In some ooids, the nu clei cor re spond to frag ments of 
echino derms, bi valves or bryo zoans. How ever, in some spec i -
mens, the in ter nal parts of the ooids are con sti tuted by micritic
fab ric whereas the outer parts of their cor ti ces are com posed
of sev eral to more than ten faint, con cen tric laminae show ing
ra dial-fi brous struc ture.
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Fig. 3. Gen eral view of ex po sure no. 5, show ing the old est
Up per Ju ras sic strata ex posed in Rogaszyn Quarry, fa cies

types FT 1 to FT 4 are dif fer en ti ated
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Ooids of this sec ond microfacies may cor re spond to types
1, 3 and 4 af ter Strasser (1986) and Flügel (2004). Typ i cal of
this fa cies va ri ety are Bacinella-type 3 oncoids (cf. Védrine et
al., 2007), up to 2 cm in size, with a char ac ter is tic, ir reg u lar
Bacinella-dom i nated mesh work (Fig. 7D) and oval to suboval
shapes with smooth, wavy con tours. Such oncoids com monly
in clude smaller ooids and frag ments of gen er ally recrystallized
echinoderms or bi valves in their in ter nal parts. They are also in -
ten sively bored by Entobia isp., with char ac ter is tic cham bers
and ca nals rep re sent ing the bor ing traces of car bon ate-ex ca -
vat ing sponges (e.g., Schlagintweit, 2010; Fig. 7D). Many
cham bers were col o nized by the foraminifer Troglotella
incrustans Wernli & Fookes, which il lus trates a com mon as so -
ci a tion of cryptoendolithic foraminifers and sponges. The sec -
ond microfacies type also in cludes ag gre gate grains or clasts
com posed usu ally of sev eral ooids ce mented by dark
calcimicrite, as well as cortoids rep re sented by bioclasts with
micritic en ve lopes. The inter gra nu lar spaces are filled with
blocky ce ment with com mon ad mix ture of dark microsparite.
Rel a tively fre quent are slightly elon gated oncoids de vel oped

around frag ments of com monly recrystallized bi valves,
echinoderms and/or serpulids. The up per most part of the FT 1
fa cies is sep a rated from the over ly ing FT 2 fa cies by a
hardground sur face with nu mer ous Lithophaga bor ings and bi -
valve encrustations (Fig. 6A).

Fa cies in ter pre ta tion: The oolitic lime stones fa cies FT 1
re fers to the Stan dard Microfacies Type SMF 15 (e.g., Flügel,
2004) dom i nated by ooid grainstones with con cen tric and
micritized ooids. Ooid depositional style rep re sents Ramp
Microfacies Type RMF 29 (Flügel, 2004), and took place on an
in ner ramp, in high-en ergy shoal and high- to mod er ate- en ergy
back-shoal en vi ron ments (see e.g., Kutek, 1968; Strasser,
1986; Tucker and Wright, 1990; Flügel, 2004). The ooid
grainstones rep re sent the high-en ergy shoal en vi ron ment,
which is doc u mented by well-sorted grains, low di ver sity of
fauna liv ing on a mo bile sub strate or abraded biota. Sim i lar
Kimmeridgian fa cies were de scribed by Bádenas and Aurell
(2010) from oolitic-oncolitic-dom i nated ramp de pos its in north -
east ern Spain, or from the high-en ergy shoal ramp set tings in
north ern Ger many (e.g., Kästner et al., 2008; Zuo et al., 2018).
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Fig. 4A – gen eral view of ex po sure no. 1 with in ves ti ga tion pits within marly clays A and B; B – gen eral view of the NE part 
of ex po sure no. 4 with in ves ti ga tion pits within marly clays A and B above oncolitic-bi valve lime stones (FT 5) and lime

mudstones with marl in ter ca la tions (FT 4); C – gen eral view of ex po sure no. 4, the ar row in di cates a fault sur face



Lower Kimmeridgian fa cies and sed i men tary suc ces sion of a shal low-wa ter coated-grain-dom i nated car bon ate ramp 975

yrr
a

u
Q 

n
y

z
s

a
g

o
R 

ni 
s

er
u

 s
o

 p
x

e 
d

et
c

e l
e

s 
ni 

at
art

s 
ci

 s
s

a r
u

J r
e

 p
p

U 
e

ht f
o 

s
eli f

or
p l

a
ci

g
ol

o
hti

L .
5 .

gi
F

 
e

e
s 

s
er

u
 s

o
 p

x
e f

o 
n

oi t
a

 c
ol r

o
F

C
1 

er
u

gi
F



976 Piotr Olchowy and Marcin Krajewski

Fig. 6. Fa cies of the Up per Ju ras sic strata in se lected ex po sures in Rogaszyn Quarry

A – ir reg u lar hardground sep a rat ing oolitic lime stones (FT 1) from oncolitic-oolitic-bioclastic lime stones (FT 2; dashed line), bi valve (white ar -
row) and bor ings (green ar rows) are ob served close to the hardground, no. 5 ex po sure; B – oncolitic-oolitic-bioclastic lime stones on pol ished
slab (FT 2), the size of oncoids ranges from milimetres to some centi metres, no. 5 ex po sure; C – ir reg u lar ero sional con tact (dashed line) be -
tween lime mudstones with marl in ter ca la tions (FT 4) and oncolitic-bi valve lime stones (FT 5), nu mer ous an gu lar lime stone clasts are ob -
served (ar rows), no. 4 ex po sure; D – oncolitic-bi valve lime stones on pol ished slab (FT 5) with nu mer ous oval oncoids (ar rows) and bi valves,
no. 1 ex po sure; E – oncolitic-bi valve lime stones (FT 5) with nu mer ous Nanogyra and an gu lar lime stone clasts (ar rows) em bed ded within
marly ma trix, no. 6 ex po sure; F – oncolitic-bi valve lime stones (FT 5) with mass oc cur rence of oval oncoids up to some centi metres in size,
no. 3 ex po sure



The up per part of the FT 1 fa cies rep re sents back-shoal la goon
en vi ron ments, show ing typ i cal fea tures: poorly sorted grains
and their micritization, which sug gests sta bi li za tion of the sed i -
ment un der mod er ate- and low-en ergy con di tions. The pres -
ence of Bacinella-type oncoids may in di cate low- to mod er -
ate-en ergy con di tions with ar eas of in creas ing mi cro bial ac tiv ity
(cf. Védrine et al., 2007; Bádenas and Aurell, 2010; Sequero et
al., 2020). A sed i men ta tion break is doc u mented by the
hardground de vel oped on top of the FT 1 fa cies. A Lower
Kimmeridgian in ner-ramp ooid fa cies with Bacinella-type
oncoids has also been de scribed in cen tral Po land, on the SW
mar gin of the Holy Cross Mts. (Kutek and Radwañski, 1965,
1967) and in the Szczerców area (Olchowy et al., 2019).

FT 2: ONCOLITIC-OOLITIC-BIOCLASTIC LIMESTONES

The FT 2 fa cies com prises mostly oncoid-ooid-bioclastic
float stones (Figs. 6A, B and 8A–D), up to 0.5 m in thick ness

(Fig. 5). This fa cies is rep re sented by poorly sorted coated
grains, in clud ing oncoids, ooids, ag gre gate grains and cortoids, 
to gether with nu mer ous frag ments of cor als though fewer than
are oncoids and ooids. Three types of oncoid were iden ti fied:
(1) micritic non-lam i nated, (2) micritic lam i nated and (3) fos -
sil-bear ing and micritic-lam i nated. The micritic, non-lam i nated
oncoids cor re spond well to the type 1 oncoids dis tin guished by
Védrine et al. (2007). They are oval or el lip ti cal, some hav ing
slightly wavy con tours, and reach di am e ters up to 1.9 mm. The
cor ti ces are micritic, oc ca sion ally in clud ing recrystallized, oval
foraminifers. The nu clei are recrystallized echinoderm or bi -
valve frag ments, though in many oncoids the nu clei are com -
posed of micrite. The micritic, lam i nated oncoids (type 1 af ter
Védrine et al., 2007) pres ent oval or rounded forms, up to
2.6 mm across, some with slightly wavy con tours. Com monly
recrystallized frag ments of bi valve, echinoderm, gas tro pod or
foraminifer con sti tute their nu clei, with oc ca sional small, ra -
dial-fi brous ooids. The cor ti ces are usu ally micritic and lam i -
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Fig. 7. Pho to mi cro graphs of the oolitic lime stones (FT 1) in Rogaszyn Quarry

A – oolitic grainstone with well-sorted micritic ooids, spaces be tween ooids are filled with cal cite blocky ce ment; B – oolitic grainstone with ra -
dial-fi brous ooids of well-rounded to slightly elipsoidal shapes and lam i nated cor ti ces, individual micritic ooids are vis i ble (ar rows), smaller in
size than the ra dial-fi brous ooids; C – micritic/ra dial-fi brous ooids (ar rows) with micritic cen tral parts and lam i nated out er most parts of cor ti -
ces; D – ooid-Bacinella-type oncoid grainstones-float stones with poorly sorted ooids, oncoid in cen tral part of pho to graph is bored by Entobia 
isp. in its ex ter nal part (ar rows)

https://gq.pgi.gov.pl/article/view/26015


nated, though in some cases can be dif fi cult to dis tin guish. The
micritic laminae are gen er ally con cen tric, in cor po rat ing
foraminifers, and some of them, es pe cially the oval ones, can
be trun cated. The oncoids with fos sil-bear ing and micritic lami -
na tions are oval, with slightly undulose con tours (Fig. 8A). They
are larger and at tain up to 1.6 cm across, and so can be in -
cluded into the meso-oncoid or macro-oncoid cat e go ries (see
Kutek and Radwañski, 1965; Peryt, 1983; Flügel, 2004).
Lithophaga bor ings are com mon, up to 5 mm in size, filled with
blocky cal cite ce ment, and in clud ing oncoids and ooids
(Fig. 8A). The oncoid nu clei are com monly recrystallized frag -
ments of bi valve or echinoderm (Fig. 8A). In smaller oncoids,
the nu clei may cor re spond to small, micritic oncoids. The cor ti -
ces of larger oncoids show a com plex, zonal struc ture (cf.
Sequero et al., 2020) with sharp bound aries be tween in di vid ual
zones (Fig. 8A). A first growth stage of these cor ti ces, up to
3 mm thick, is com posed of micrite with recrystallized
foraminifers, in di vid ual, fine bioclasts and bor ings, up to 1 mm
in di am e ter, filled with dark micrite (Fig. 8A, B). In these parts of

the oncoids, lam i na tion is fine, com monly ac cen tu ated by thin,
elon gated bi valve shells (Fig. 8A). Oc ca sion ally, lam i na tion is
dif fi cult to dis tin guish and the en ve lopes are con sti tuted by dark
micrite, in some cases en crusted by bi valves in their out er most
parts. Such en ve lopes are cov ered by lam i nated, fos sil-bear ing
cor ti ces, up to 4 mm thick, with nu mer ous, recrystallized frag -
ments of bi valve, bryo zoan and foraminifer, sparry patches and
oc ca sion ally with ir reg u lar Bacinella-dom i nated meshworks
with Troglotella (Fig. 8). The lam i na tion is ac cen tu ated by elon -
gated bi valve shells in cor po rated into the cor tex (Fig. 8B). The
out er most parts of oncoids show micritic en ve lopes with in di vid -
ual foraminifers and wavy outer parts (Fig. 8D). These oncoids
cor re spond well to the type 2 oncoids dis tin guished by Védrine
et al. (2007).

The ooids ob served in the FT 2 fa cies are oval or slightly
elon gated, and reach up to 0.5 mm in di am e ter. Two of the
three va ri et ies de scribed above were iden ti fied: (1) ra dial-fi -
brous and (2) mixed, micritic/ra dial-fi brous, which cor re spond to 
types 1, 3 and 4 ooids af ter Strasser (1986) and Flügel (2004).
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Fig. 8. Pho to mi cro graphs of the oncolitic-oolitic-bioclastic lime stones (FT 2) from Rogaszyn Quarry

A – large oncoid with Litophaga bor ings and com plex cor ti cal in ter nal struc ture, the cen tral part of the oncoid is oc cu pied by a recrystallized
bi valve shell, which is sur rounded by a micritic en ve lope no. 1, this en ve lope is sep a rated from the fos sil-bear ing en ve lope no. 2 by a sharp
bound ary (dashed line), the out er most part of the oncoid cor re sponds to a micritic en ve lope no. 3; B – en large ment of sharp bound ary
(dashed line) sep a rat ing micritic en ve lope no. 1 with sparry patches and in di vid ual elon gated bioclast (ar row) out lin ing fine lam i na tion in fos -
sil-bear ing en ve lope no. 2 in A; C – en large ment of fos sil-bear ing en ve lope no. 2 in A with ir reg u lar Bacinella mesh work, foraminifers and
sparry patches; D – en large ment of ex ter nal part of the fos sil-bear ing laminae no. 2 in A with recrystallized foraminifers and frag ments of bi -
valves, sep a rated from micritic laminae no. 3 (bounded by dashed lines) by sharp bound ary, in the ex ter nal part of the fos sil-bear ing laminae
no. 2 Troglotella is ob served (ar row), micritic en ve lope no. 3 with wavy edge con tains in di vid ual foraminifers



The nu clei of ra dial-fi brous ooids are echinoderm or bi valve
frag ments, foraminifers or rare gas tro pods, and the laminae are 
con cen tric, only oc ca sion ally trun cated. In the mixed,
micritic-ra dial-fi brous ooids, the nu clei are foraminifers or
micrite. The micritic fab ric may oc cupy most parts of such ooids. 
In these cases, the outer parts are con sti tuted by only a few
laminae. Com monly, the micritic in ter nal parts of ooids in clude
recrystallized foraminifers.

Ag gre gate grains are fre quent com po nents of the FT 2 fa -
cies. They are rounded or wavy and may reach up to 1.7 mm
across. The grains con tain rel a tively small oncoids and ooids
ce mented with dark micrite. Some ag gre gate grains are en vel -
oped by thin mi cro bial laminae.

Cortoids are also com mon in the FT 2 de pos its. They mostly 
cor re spond to elon gated bioclasts, up to 3.5 mm in size, with
non-lam i nated micritic rims, up to 0.2 mm thick. The thick -
nesses of the micritic rims can be con sis tent if their shapes are
reg u lar or may vary if their ex te ri ors are wavy.

The tran si tion of the FT 2 to the over ly ing FT 3 fa cies is
grad ual within a decimetre-thick zone and is re vealed by a de -
creas ing num ber and size of oncoids com bined with an in creas -
ing num ber of peloids.

Fa cies in ter pre ta tion: The oncolitic-oolitic-bioclastic lime -
stones of the FT 2 fa cies cor re spond to the Stan dard
Microfacies Types SMF 13 and 22 of Flügel (2004) dom i nated
by oncoid-ooid-bioclastic float stones/rudstones. De po si tion of
the FT 2 fa cies occured in an in ner-ramp la goonal en vi ron ment, 
and rep re sents the Ramp Microfacies Type RMF 21 (Flügel,
2004). This sed i men tary en vi ron ment was gen er ally char ac ter -
ized by mod er ate wa ter en ergy and low sed i men ta tion rate,
which is shown by the dom i nance of type 1 oncoids sensu
Védrine et al. (2007). Some high-en ergy ep i sodes are high -
lighted by the pres ence of ooids resedimented from both the
shoal and the back-shoal parts of the ramp, as well as by the
pres ence of coral frag ments de rived from ad ja cent ar eas. Such
ep i sodic high-en ergy con di tions are also shown by lo cally trun -
cated micritic laminae ob served in some of the oncoids stud ied. 
The type 2 oncoids with com plex cor ti ces rep re sent dif fer ent
stages of oncoid growth un der vari able wa ter en ergy and mi cro -
bial ac tiv ity con di tions. The pres ence of the char ac ter is tic
Bacinella-dom i nated mesh work and micritic en ve lopes in the
ex ter nal parts of type 2 oncoids sug gests in creas ing mi cro bial
ac tiv ity un der low-en ergy con di tions.

Lower Kimmeridgian fa cies and sed i men tary suc ces sion of a shal low-wa ter coated-grain-dom i nated car bon ate ramp 979

Fig. 9. Pho to mi cro graphs of the oncolitic-bioclastic lime stones (FT 3) from Rogaszyn Quarry

A – poorly sorted micritic, non-lam i nated oncoids (ar rows) with micritic nu clei; B – micritic-lam i nated oncoid (cen tral part of pho to graph) with
recrystallized foraminifer as nu cleus, the cor tex of the oncoid has con cen tric lam i na tion with sparry patches, oncoid is sur rounded by smaller
micritic, non-lam i nated oncoids; C – fos sil-bear ing oncoid with wavy out line and lam i nated cor tex with sparry patches and small
recrystallized biodetritus; D – oncolitic-bioclastic packstone with micritic, non-lam i nated oncoids and cortoid in the cen tral part of the pho to -
graph, the out er most part of the cortoid is a non-lam i nated, mi cro bial-micritic en ve lope



FT 3: ONCOLITIC-BIOCLASTIC LIMESTONES

The FT 3 fa cies com prises oncolitic-bioclastic packstones
and less com mon wackestones, up to ~1.5 m thick (Fig. 3). The
coated grains are rep re sented by oncoids, cortoids and in di vid -
ual ooids, up to 0.5 mm in size. Three va ri et ies of oncoid were
iden ti fied: (1) micritic, non-lam i nated, (2) micritic, lam i nated and 
(3) fos sil-bear ing (Fig. 9). The micritic, non-lam i nated oncoids
pre dom i nate (Fig. 9A), up to 1.6 mm across (usu ally ~0.5 mm),
show ing el lip soi dal or sphe roi dal forms. They cor re spond well
to type 1 oncoids dis tin guished by Védrine et al. (2007). Their
nu clei are foraminifers, bi valve shells or frag ments of
echinoderm, com monly recrystallized, but many oncoids show
micritic nu clei (Fig. 9A). The micritic, lam i nated oncoids are
spher i cal or oval in shape (Fig. 9B), show ing sim i lar di am e ters
to the non-lam i nated va ri ety. The nu clei are recrystallized frag -
ments of bi valve, echinoderm or foraminifer, but in some
oncoids cor re spond to microsparite, lighter in col our than the
microsprite ob served in the cor tex, and show ing dif fuse bound -
aries. The cor ti ces are com posed of poorly rec og niz able, con -
cen tric laminae, lo cally in cor po rat ing sparry patches (Fig. 9B).
The micritic, lam i nated va ri ety re sem bles type 1 oncoids sensu
Védrine et al. (2007). The fos sil-bear ing oncoids, which cor re -
spond to type 2 oncoids af ter Védrine et al. (2007), are rel a tively 
rare. They are sphe roi dal with slightly wavy ex te ri ors and show
di am e ters up to 1.9 cm, be ing the larg est among all the oncoids
de scribed (Fig. 9C). The nu clei com prise recrystallized frag -
ments of bi valve, echinoderm or scarce gas tro pod, whereas the 
cor ti ces are dis tinctly lam i nated with mi cro bial-micritic laminae,
in which sparry patches and recrystallized bi valve or
echinoderm frag ments can be found (Fig. 9C).

Cortoids are com mon in the FT 3 fa cies. Their shapes fol -
low the en closed bi valves, echinoderms, bryo zoans or gas tro -
pods, sur rounded by thin (up to 0.3 mm), dark, non-lam i nated,
mi cro bial-micritic en ve lopes with scarce sparry patches
(Fig. 9D). Other com po nents of the FT 3 fa cies are ra dial-fi -
brous ooids with con cen tric lam i na tion and ag gre gate grains
com posed of oncoids and peloids. Oval or slightly elon gated
peloids are fre quent, up to 0.2 mm in size, com posed of dark,
structureless micrite with usu ally clearly vis i ble ex te ri ors.
Up-se quence, the FT 3 fa cies grades into lime mudstones in ter -
ca lated with marly lime stones rep re sent ing the FT 4 fa cies.

Fa cies in ter pre ta tion: The FT 3 fa cies cor re sponds to
stan dard microfacies types SMF 10 or SMF 11 af ter Flügel
(2004). The FT 3 fa cies was de pos ited in an in ner ramp set ting,
un der rel a tively low- to mod er ate en ergy con di tions of a
semi-re stricted or fully ma rine la goon. The prev a lence of
micritic oncoids may sug gest a la goonal en vi ron ment of mod er -
ate en ergy. Such oncoids are typ i cal of peloidal-bioclastic la -
goons (Védrine et al., 2007). Ep i sodic rel a tively high-en ergy
con di tions are sug gested by the pres ence of type 2 oncoids and 
ooids orig i nated from the ramp shoals. Sim i lar fa cies are de -
scribed from shal low-wa ter Kimmeridgian car bon ate ramps in
north east ern Spain (Bádenas and Aurell, 2010) and in North ern 
Ger many (e.g., Zuo et al., 2018).

FT 4: LIME MUDSTONES WITH MARL INTERCALATIONS 

The FT 4 fa cies, up to sev eral metres thick (Fig. 2), is mainly 
rep re sented by lime mudstones, up to 25 cm thick, in ter ca lated
with marls (up to 5 cm thick; Fig. 5). The bound aries of these
two lithologies are sharp, with com mon Thalassinoides bur -
rows. A typ i cal fea ture is a fine fissility of the sed i ments. In the

field, the lime mudstones ap pear as ho mo ge neous beds. Un der 
the mi cro scope, a dark, micritic fab ric with in di vid ual small bur -
rows is ob served, en clos ing pack ets up to 2.5 mm thick com -
posed of sev eral thin, light-col oured laminae in ter ca lated with
thicker laminae of darker micrite (Fig. 10A). The laminae are in -
clined at the an gles up to a dozen de grees. The light-col oured
laminae are coarser-grained com pared to the darker ones, and
show wackestone-packstone tex tures with nu mer ous but dis -
persed frag ments of echinoderm, gas tro pod, foraminifer and
thin-shelled bi valve. The bound aries of such laminae are dis -
tinct, straight or slightly wavy. Some laminae can be dis turbed
by bur rows with dif fuse bound aries. In such cases, the in di vid -
ual laminae bend or ter mi nate at the con tacts with the bur rows
(Fig. 10A). Lo cally, in the micritic fab ric, wavy, dis con tin u ous
laminae are ob served, up to ~1 cm long, show ing wackestone
tex tures with very fine, dis persed bioclasts and quartz grains.
The marls con tain scarce small bioclasts and bur rows. The FT
4/FT 5 bound ary is sharp but undulose and ac cen tu ated by
frag ments of bi valves and an gu lar lime stone clasts (Fig. 6C).

Fa cies in ter pre ta tion: The or i gin of the marl/lime stone al -
ter na tions in the FT 4 fa cies re mains un clear. Sim i lar suc ces -
sions have al ready been dis cussed by, e.g., Westphal et al.
(2008) and Colombié et al. (2012). These de pos its may re sult
from en vi ron men tal cyclicity (e.g., sea level or cli mate
changes), diagenetic over print or a com bined ef fect of both (see 
e.g., Einsele and Ricken, 1991; Munnecke and Samtleben,
1996; Westphal et al., 2010; Colombié et al., 2012). Marl/lime -
stone al ter na tions are known to form in both pe lagic and shal -
low-ma rine en vi ron ments (Einsele and Ricken, 1991;
Munnecke et al., 1997). In the case un der study, the FT 4 lime
mudstones with marl in ter ca la tions al ter nate with in ner-ramp
shoal, back-shoal and la goonal de pos its. In par tic u lar, this fa -
cies ap pears in the suc ces sion be tween the la goonal de pos its
of the FT 3 and FT 5 fa cies, as well as be tween marls A and B of 
the FT 6 fa cies (see be low; Fig. 5). These fa cies re la tion ships
sug gest that the FT 4 de pos its formed in an in ner ramp en vi ron -
ment (SMF 23 and/or RMF 19 va ri et ies af ter Flügel, 2004), with
scarce shal low-wa ter biota of low di ver sity, dom i nated by
thin-shelled bi valves, gas tro pods and echinoderms (see also
Alexandrowicz and Barwicz-Piskorz, 1974; Barwicz-Piskorz,
1992, 1995; Matyja, 2011). The low-an gle cross-lam i na tion was 
prob a bly caused by storm waves (Myrow et al., 2002) or cur -
rents in ter mit tently sup ply ing the clastic sed i ment, in clud ing
quartz grains. The marl in ter ca la tions com monly con tain bur -
rows in their up per parts, filled by lime mudstone. These fea -
tures may in di cate the ef fect of cy clic en vi ron men tal changes
within the in ner-ramp en vi ron ment, rather than the ef fect of
diagenetic pro cesses (e.g., Clombié et al., 2012). The bur rowed 
sharp bound aries be tween marls and lime mudstone lay ers
may sug gest re work ing or low sed i men ta tion rates (Flügel,
2004), which may re flect changes in rel a tive sea level and/or cli -
mate con di tions. De tailed in ves ti ga tions of sim i lar fa cies may
re veal that the Up per Ju ras sic shal low-wa ter, marl-lime stone al -
ter na tions cor re spond to sed i men tary se quences re lated to
low-am pli tude, high-fre quency sea-level changes in tune with
or bital pre ces sion cy cles (see e.g., Colombié et al., 2012;
Strasser et al., 2012).

FT 5: ONCOLITIC-BIVALVE LIMESTONES

This fa cies type, up to 3 m thick (Fig. 2), is bi par tite. The
bound ary be tween the FT 5 and the un der ly ing FT 4 fa cies is a
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sharp but ir reg u lar con tact sur face (Fig. 6C). The lower part of
the FT 5 fa cies, ~1.5 m thick, is rep re sented by bioclastic float -
stones with abun dant but cha ot i cally dis trib uted frag ments of bi -
valve, brachi o pod (up to 1.5 cm in size), serpulid and gas tro -
pod. In the FT 4/FT 5 con tact zone, ~30 cm thick, an gu lar lime -
stone clasts of FT 4 are also abun dant (Fig. 6C), grad u ally dis -
ap pear ing up-se quence. The up per part of the FT 5 suc ces sion, 
1.5 m thick, com prises oncoid float stones-rudstones with a di -
verse as sem blage of bi valves (in clud ing Nanogyra) and brachi -
o pods, gen er ally within a marly ma trix with com mon lime stone
clasts of FT 5 (up to 6 cm in size) and oval oncoids (Fig. 6E).
The oval oncoids, up to ~3 cm in di am e ter (but usu ally from 1 to
2 cm), with slightly wavy ex te ri ors (Fig. 6D), are the dom i nant
coated grains in the FT 5 fa cies. Re gard ing their size, they are
com pa ra ble with macro-oncoids sensu Kutek and Radwañski
(1965) and Peryt (1983). The oval oncoids have a com pli cated
in ter nal struc ture (Figs. 10B–D and 11A–C). Their nu clei are bi -
valve (in clud ing Nanogyra), brachi o pod or echinoderm frag -

ments, sur rounded by dark, micritic en ve lopes (up to 3 mm
thick) fol lowed then by dis tinct, fos sil-bear ing, con cen tric lami -
na tions, which in cor po rate bioclasts, sparry patches (Figs. 10B, 
C and 11A–C) and oc ca sional bor ings (Fig. 10D). The outer
edges of such en ve lopes are sharp and wavy, com monly bored
and en crusted by bi valves (Figs. 10B, C and 11C). These en ve -
lopes grade into fos sil-bear ing en ve lopes (up to 4 mm thick) in -
clud ing more bioclasts (elon gated bryo zoans, bi valves or
serpulids), which form encrustations ac cen tu at ing the cor ti cal
lam i na tion (Figs. 10B, C and 11A–C). Sparry patches,
foraminifers and Lithophaga bor ings are also fre quent. The out -
er most edges of these en ve lopes can be sharp or dif fuse, the
lat ter oc cur ring in the ab sence of thin, elon gated bi valve shells
or bryo zoans, and where Bacinella-dom i nated fab ric of the next 
en ve lope causes dif fu sion of the bound aries. These
Bacinella-dom i nated over ly ing en ve lopes, up to ~2 mm thick,
con tain in di vid ual cham bers of Entobia isp., as well as
foraminifers (in clud ing Troglotella incrustans, Figs. 10B and
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Fig. 10. Pho to mi cro graphs of the lime mudstones with marl in ter ca la tions (FT 4) and oncolitic-bi valve lime stones (FT 5) 
from Rogaszyn Quarry

A – lime mudstone with in clined light-col oured laminae in ter ca lated with darker micrite laminae, some laminae are dis turbed by bur rows (ar -
rows), lime mudstones with marl in ter ca la tions (FT 4); B, C – oval oncoid with com plex in ter nal struc ture, the bound aries be tween en ve lopes
nos. 1–4 are sharp (dashed lines), the in ter nal part of the oncoid is oc cu pied by an echinoderm frag ment, which is sur rounded by dark no. 1
micritic en ve lope, no. 2 fos sil-bear ing en ve lope con tains nu mer ous bioclasts and sparry patches, the con tact be tween en ve lopes nos. 1 and
2 is lo cally out lined by a thin bi valve shell (green ar rows), no. 3 en ve lope has an ir reg u lar Bacinella-dom i nated fab ric with in di vid ual Entobia
isp. cham bers and Troglotella (Tr), the out er most no. 4 en ve lope is a mi cro bial structureless encrustation (yel low ar row), oncolitic-bi valve
lime stones (FT 5); D – lam i nated oncoid with bioclastic nu cleus and two types of en ve lope: no. 1 micritic lam i nated and no. 2 fos sil-bear ing
with bor ings (ar rows), oncolitic-bi valve lime stones (FT 5)



11A, B). Fi nally, these en ve lopes have mi cro bial coat ings, up to 
~300 µm thick (Fig. 10B, C), with lo cally vis i ble lam i na tion. The
oval oncoids cor re spond to type 3 oncoids af ter Védrine et al.
(2007; cf. Sequero et al., 2020).

Oncoids up to ~1 cm in size are usu ally slightly elon gated,
show reg u lar in ter nal con tours and have bioclastic or micritic
nu clei (Fig. 11D). The micritic nu clei, up to 1.5 mm thick, are
dark and structureless, with oc ca sional small sparry patches.
The cor ti ces, usu ally ~3 mm in di am e ter, are con cen tri cally
lam i nated, with thin, elon gated bryo zoans and bi valves en -
crust ing the in di vid ual laminae. Some laminae may in cor po rate
small bioclasts, foraminifers (Bullopora) and serpulids. Such
oncoids are sim i lar to type 2 oncoids sensu Védrine et al.
(2007) and, con sid er ing their size, they cor re spond to the
meso-oncoids of Kutek and Radwañski (1965), Peryt (1983)
and Flügel (2004).

The FT 5 fa cies also con tains cortoids, up to ~6 mm in size,
which cor re spond to elon gated bi valve, brachi o pod or
echinoderm bioclasts en vel oped by structureless mi cro bial
coat ings, up to 300 µm thick.

Fa cies in ter pre ta tion: The FT 5 fa cies rep re sents the SMF 
12 in the lower part, and the SMF 13 in the up per part (both
sensu Flügel, 2004). Sed i men ta tion dur ing most of de po si tion
of the FT 5 fa cies oc curred in a fully ma rine la goon with low sed -
i men ta tion rate, as re vealed by the pres ence of type 3 oncoids
(Védrine et al., 2007; Sequero et al., 2020). Gas tro pods and
mass occurences of bi valve coquinas may be re lated to high,
al though ep i sodic, sup ply of nu tri ents to a re stricted la goon (see 
e.g., Dupraz and Strasser, 1999; Flügel, 2004; Kästner et al.,
2008; Zuo et al., 2018). More over, the pres ence of sus pen -
sion-feed ing bi valves sug gests that large amounts of food par ti -
cles were sus pended in the wa ter col umn (e.g., Flügel,
2004: 624). Lower Kimmeridgian oncoid-bi valve lime stones are 
widely dis trib uted in cen tral Po land (see e.g., Kutek and
Radwañski, 1965, 1967; Kutek, 1968; Barwicz-Piskorz, 1995;
Olchowy et al., 2019). Sim i lar mass ac cu mu la tions of di verse
as sem blages of oys ter shells form ing lay ers up to 10 m thick
are typ i cal of the Kimmeridgian strata of the SW mar gin of the
Holy Cross Mts. (Machalski, 1998; Zatoñ and Machalski, 2013). 
Such ac cu mu la tions formed mostly un der high-en ergy con di -
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Fig. 11. Pho to mi cro graphs of the oncolitic-bi valve lime stones (FT 5) from Rogaszyn Quarry

A, B – oval oncoid with com plex in ter nal struc ture of lam i nated cor tex, the cen tral part of the oncoid is oc cu pied by a recrystallized bi valve
shell cov ered by a finely lam i nated no. 1 micritic en ve lope, no. 2 en ve lope con tains nu mer ous small bioclasts, com monly elon gated, which
em pha size its lam i na tion, no. 3 en ve lope has an ir reg u lar Bacinella-dom i nated fab ric with in di vid ual Entobia isp. cham bers (ar rows); C – oval 
oncoid with bor ings filled with micrite and fine bioclasts, the bor ings (in ter nal part of the oncoid) are cov ered by a micritic cor tex of vary ing
thick ness in clud ing dis persed bioclasts (no. 1 en ve lope), the out er most part of the oncoid is a fos sil-bear ing en ve lope no. 2 sep a rated lo cally
from the pre vi ous en ve lope by bi valve shells (ar row); D – oncoid with micritic, structureless dark col oured nu cleus sharply sep a rated (dashed 
line) from a micritic en ve lope no. 1 with dis persed sparry patches, the ex ter nal en ve lope no. 2 is made of finely lam i nated micrite with dis -
perse bioclasts and sparry patches

https://gq.pgi.gov.pl/article/view/26015


tions. Ac cu mu la tions of Nanogyra shells (up to 10 cm thick) are
known also from Kimmeridgian strata in north ern and west ern
France, and are in ter preted as storm de pos its (Fürsich and
Oschmann, 1986). It seems that the Nanogyra oc cur rences of
Rogaszyn Quarry also re flect de po si tion in a high-en ergy en vi -
ron ment, as in di cated by the cha otic ori en ta tion and frag men ta -
tion of the shells, and the pres ence of lime stone clasts of FT 5.
These clasts may in di cate syndepositional ce men ta tion of sed i -
ment, prob a bly lead ing to hardground for ma tion and a hi a tus
be fore re work ing.

FT 6: MARLY CLAYS

In Rogaszyn Quarry, the marly clays com prise three units,
which oc cur af ter de po si tion of the FT 4 and FT 5 fa cies: (1) unit
A – 0.9 m thick, (2) unit B – 3.3 m thick and (3) unit C – ~1.0 m
thick, all of these char ac ter ized by dark grey, ho mo ge neous de -
pos its de void of fos sils and bur rows. Only at the con tact with the 
un der ly ing FT 5 de pos its, the col our of the marly clays changes
into yel low ish, grey ish or brown ish within an in ter val of some
tens of centi metres. The marly clay units A and B show con sis -
tent thick nesses and lithologies across the whole quarry
(Figs. 2B, 4A, B and 5). De pend ing on the dip and strike of the
beds, and the ori en ta tion of the quarry walls, the marly clay units 
can be ex am ined at var i ous sites of the quarry. The field ob ser -
va tions of li thol ogy and thick ness of these strata to gether with
lith o logic pro files (Figs. 2, 4 and 5) en able the au thors to con -
clude that both the marly clay units A and B pro vide good cor re -
la tion ho ri zons in the Rogaszyn Quarry (Fig. 5). The con tacts of
these marly clays with both the FT 4 and FT 5 fa cies are sharp
and depositional.

Fa cies in ter pre ta tion: the in ter pre ta tion of the depositional 
en vi ron ment of these marly clays is am big u ous. On the ba sis of
the ver ti cal re la tion ships of this fa cies with its un der- and over ly -
ing fa cies types (Figs. 2, 4 and 5), the small thick ness of this
suc ces sion to gether with the re cur rence of fa cies types and the
pres ence of shal low-wa ter, in ner-ramp fa cies types ac com pa -
ny ing FT 6 in the ver ti cal pro file sug gest that the FT 6 fa cies
may rep re sent de po si tion re sult ing from ep i sodes of more hu -
mid cli mate and in ten si fied sup ply of terrigenous ma te rial.

LITHOSTRATIGRAPHIC POSITION 
OF THE UPPER JURASSIC STRATA 
IN THE ROGASZYN QUARRY AREA

The Up per Ju ras sic sed i men tary suc ces sion of the
Smotryszów Anticline was pre vi ously re con structed us ing bore -
hole data (Barwicz-Piskorz, 1992, 1995) and out crops (e.g.,
Kutek, 1968; Wierzbowski and G³owniak, 2018), which has en -
abled us to better char ac ter ize and in te grate this Lower
Kimmeridgian sed i men tary suc ces sion as well as to com pare it
with the neigh bour ing Up per Ju ras sic suc ces sions of the south -
ern, pe riph eral part of the £ódŸ De pres sion (Szczerców area;
Fig. 12), ana lysed us ing bore hole data by Olchowy et al. (2019).

The Up per Ju ras sic sed i men tary suc ces sion of the
Smotryszów Anticline (Kodr¹b area) be gins with “Chalky Lime -
stone” with cor als and cherts (Fig. 12B). Its in com plete, bore -
hole-con strained thick ness is ~10 m (Barwicz-Piskorz, 1992,
1995). This lime stone unit cor re sponds to the Lower
Kimmeridgian (Planula Zone, dated by ammonites) coral and
pelitic fa cies de scribed by Kutek (1968), and can be com pared
with the up per part of the mi cro bial-sponge lime stones found by

Olchowy et al. (2019) in the ad ja cent Szczerców area (F 2 fa -
cies in Fig. 12A). In these lime stones, cor als and cherts are
pres ent to gether with sponges. In the Smotryszów Anticline, the 
over ly ing, ~25 m thick, grey marly lime stones and marls con -
tain ing rare bioclasts may cor re spond to the fine-grained and
pelitic lime stones (F 5 fa cies) and to the marly lime stones and
marls (F 6 fa cies) of the Szczerców area, with a to tal thick ness
of ~17 m, de scribed by Olchowy et al. (2019). Up-se quence of
the Kodr¹b area, the “Chalky Lime stone” mem ber with abun -
dant cor als ap pears again with a thick ness of ~60 m, and can
be cor re lated with the “Coral For ma tion” sensu Dembowska
(1979) en coun tered in the ad ja cent Szczerców area (Mrozek,
1975; Barwicz-Piskorz, 1992; Krajewski et al., 2014, 2019;
Olchowy et al., 2019), rep re sented by up to 35 m of coral and
pelitic lime stones (F 7 fa cies), de scribed by Olchowy et al.
(2019). More over, the coral fa cies also ex tends to the east,
along the SW and NW mar gins of the Holy Cross Mts. (see e.g., 
Kutek, 1968; Roniewicz and Roniewicz, 1971; Alexandrowicz
and Barwicz-Piskorz, 1974; Matyja, 2011). In the up per part of
the “Chalky Lime stone” mem ber of the Smotyszów Anticline, an 
~2 m thick in ter val is found with nu mer ous oncoids (in clud ing
macro-oncoids with Bacinella; Kutek, 1968; Kutek and
Radwañski, 1965). This char ac ter is tic oncolitic fa cies is en -
coun tered also in the Szczerców area (F 8 fa cies, up to 3 m
thick, af ter Olchowy et al., 2019). Ac cord ing to Barwicz-Piskorz
(1992, 1995), in the Kodr¹b area, the “Chalky Lime stone” is
over lain by pelitic lime stones with in ter ca la tions of de tri tal lime -
stone and marl, up to ~30 m thick (Fig. 12B). Con sid er ing the li -
thol ogy, these de pos its are com pa ra ble to pelitic lime stones lat -
er ally interfingering with coral and pelitic lime stones in the
Szczerców area (F 7 fa cies, af ter Olchowy et al., 2019;
Fig. 12A). How ever, in the Szczerców area, no marls were en -
coun tered in the F 7 pelitic fa cies, de spite oc cur ring as thin in -
ter ca la tions in the Kodr¹b suc ces sion (Fig. 12B). More over, in
Smotryszów Quarry, Kutek (1968) de scribed an oncolitic fa -
cies, ~9 m thick, show ing a sin gle in ter ca la tion of pelitic lime -
stone in the up per part of the “Chalky Lime stone” mem ber. Fur -
ther more, Kutek (1968: 527) ob served that, in the Smotryszów
Quarry, this fa cies is over lain by marls grad ing up wards into the
pelitic lime stones and sug gested their con tin u a tion in the
Rogaszyn Quarry (see also Wierzbowski and G³owniak, 2018).
This pro posal was later sup ported by ob ser va tions made in
bore hole cores from the Kodr¹b and the Szczerców ar eas (e.g., 
Barwicz-Piskorz, 1995).

In both the Smotryszów and the Rogaszyn ar eas, these
sed i men tary suc ces sions are over lain by in clined lay ers com -
pris ing the “Low er most Marly Ho ri zon”, sev eral tens of metres
thick,  (Platynota Zone af ter Kutek, 1994) and an oolitic fa cies
(Barwicz-Piskorz, 1992, 1995), the lat ter rep re sent ing the
“Oolitic For ma tion” sensu Dembowska (1979). It is prob a ble
that the marly shales ob served above the coral and the oncolitic 
fa cies in the Smotryszów Quarry (Kutek, 1968) rep re sent part
of the “Low er most Marly Ho ri zon” (see also Barwicz-Piskorz,
1995), whereas the oolitic fa cies crop ping out now a days in the
Rogaszyn Quarry (FT 1 fa cies de scribed in this work) may be
in cluded into the up per part of the “Oolitic For ma tion” af ter
Dembowska (1979). This as sump tion seems to be log i cal con -
sid er ing the in cli na tion of beds and the dis tance be tween the
Smotryszów and Rogaszyn quar ries, and it is also sup ported by 
bore hole core data (Barwicz-Piskorz, 1992, 1995) and de scrip -
tions of strata in the ad ja cent Szczerców area (Olchowy et al.,
2019) and at the SW mar gin of the Holy Cross Mts. (Kutek,
1968; Alexandrowicz and Barwicz-Piskorz, 1974; Barwicz-
 Piskorz, 1992, 1995; Matyja, 2011). The oolitic fa cies in Roga -
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Fig. 12. Cor re la tion of lith o logic col umns from the Szczerców area (A; af ter Olchowy et al., 2019)
 and the Kodr¹b area (B; mod i fied from Barwicz-Piskorz, 1995)

1 – tectono-strati graphic units af ter Kutek (1994): COK Se quence – Callovian, Oxfordian and Lower Kimmeridgian, 
LUK Se quence – Lower and Up per Kimmeridgian, KVB Se quence – top most Kimmeridgian, Volgian and Lower
Berriasian, LMH – Low er most Marly Ho ri zon; 2 – fa cies in the sed i men tary suc ces sion of the Szczerców area

https://gq.pgi.gov.pl/article/view/26015


szyn Quarry thus cor re sponds to both the up per part of the
oolitic lithological unit found in the ad ja cent Szczerców area
(Olchowy et al., 2019) and to the “Up per Oolite” of the SW mar -
gin of the Holy Cross Mts. (Kutek, 1968; Alexandrowicz and
Barwicz-Piskorz, 1974; Matyja, 2011). In Rogaszyn area, the
oolitic-biodetrital lime stones reach a thick ness of up to 50 m
and con tain bi valves, gas tro pods, in di vid ual cor als and oncoids
in their up per part. The oolitic lime stones (FT 1) are sep a rated
from the over ly ing oncolitic lime stones (FT 2, up to 12 m thick;
Barwicz-Piskorz, 1992, 1995) by a char ac ter is tic re gional
hardground, which rep re sents a sig nif i cant cor re la tion ho ri zon
as it can be ob served all across the cen tral Po land (see e.g.,
KaŸmierczak and Pszczó³kowski, 1968; Gruszczyñski, 1986;
Barwicz-Piskorz, 1992, 1995; Kutek et al., 1992; Matyja, 2011;
Krajewski et al., 2014, 2017; Olchowy et al., 2019). On the
neigh bour ing SW mar gin of the Holy Cross Mts., the oolitic fa -
cies is over lain by the “Oncolitic Ho ri zon”, up to 2 m thick (e.g.,
Kutek and Radwañski, 1965; Kutek, 1968; Matyja, 2011), show -
ing a bi par tite de vel op ment (Kutek and Radwañski, 1967: 268).
The lower part of this ho ri zon, ~30–40 cm thick, is dom i nated by 
densely packed macro-oncoids, which may cor re spond to the
FT 2 fa cies, but in its up per part, both the num ber and the size
of oncoids de crease (see also Kutek and Radwañski, 1967),
sim i larly to the FT 3 fa cies. These fa cies also oc cur in the
Szczerców area (Krajewski et al., 2014; F 12 fa cies af ter
Olchowy et al., 2019; Fig. 12A). The oncolitic lime stones grade
up wards into marls, sev eral metres thick (Barwicz-Piskorz,
1992, 1995; Fig. 12B). These marls may be com pared to the
7.5 m thick marls de pos ited above the oncolitic fa cies in the
Szczerców area (F 13 fa cies af ter Olchowy et al., 2019;
Fig. 12A) and to the “Oolite-Platy Mem ber” known from the SW
mar gin of the Holy Cross Mts. (Matyja, 2011). When cor re lat ing
the suc ces sion from the Kodr¹b area with these
lithostratigraphic units, Barwicz Piskorz (1992, 1995) in cluded
the “Platy-Oncolite mem ber” af ter Kutek (1968: 527) within the
“Oolite-Platy mem ber” sensu Kutek (1968). These are over lain
by pelitic (in places also oolitic) and marly lime stones with marl
in ter ca la tions, of a to tal thick ness of up to 23 m
(Barwicz-Piskorz, 1992, 1995; Fig. 12B). These are the youn -
gest sed i ments ob served in Rogaszyn Quarry. In that in ter val of 
the Rogaszyn suc ces sion, the li thol ogy of the Up per Ju ras sic
sed i ments dif fers from those of the Szczerców area, where
sponge-bi valve-oncolitic lime stones and marly lime stones, up
to 75 m thick, oc cur (F 14 fa cies af ter Olchowy et al., 2019:
Fig. 12A). In the Kodr¹b area, the pelitic and marly lime stones
with marl in ter ca la tions are over lain by 14 m of platy pelitic lime -
stones and marly lime stones with nu mer ous oys ters, in ter ca -
lated with marls (Hypselocyclum Zone af ter Barwicz-Piskorz,
1992), fol lowed by 10 m of marls with abun dant bi valves and
some ooids over lain by 64 m of marls and oys ter coquinas with
mass ac cu mu la tions of Nanogyra virgula and N. nana, which
are lo cally in ter ca lated by marly-biodetrital lime stones
(Fig. 12B). Al though not all these de pos its con tain sponges
(see Barwicz-Piskorz, 1992, 1995), it seems that they may well
cor re spond to the F 14 fa cies dis tin guished by Olchowy et al.
(2019). Ac cord ing to Barwicz-Piskorz (1992, 1995), un like the
un der ly ing strata, the youn gest de pos its in the Kodr¹b suc ces -
sion do not con tain fos sils and are de vel oped as marly clays
and platy marls up to ~6 m thick. Sim i lar de pos its were de -
scribed in the Szczerców area, where the F 14 fa cies is over lain
by marls and marly lime stones with very scarce bioclasts cat e -
go rized as the F 15 fa cies (Fig. 12A).

CONCLUSIONS

The Up per Ju ras sic suc ces sion in Rogaszyn Quarry (cen -
tral Po land) com prises six Lower Kimmeridgian fa cies types
(FT 1 to FT 6), which cor re spond to coated-grain-dom i nated
car bon ate, pelitic and car bon ate-siliciclastic de pos its rep re -
sent ing shal low-wa ter, open-ma rine/re stricted la goon, shoal
and back-shoal en vi ron ments of an in ner car bon ate ramp. Nu -
mer ous coated grain types were iden ti fied in these de pos its,
with ooids and oncoids as dom i nant com po nents and less com -
mon ag gre gate grains and cortoids. Re gard ing the ooids, ra -
dial-fi brous, micritic and mixed, micritic-ra dial-fi brous va ri et ies
were dis tin guished. For oncoids, three types were de fined
based on the com po si tion of their cor ti ces. Type 1 oncoids have 
micritic, non-lam i nated or micritic, lam i nated cor ti ces. Type 2
oncoids show lam i nated, fossil-bear ing cor ti ces sur rounded by
mi cro bial en ve lopes. Type 3 oncoids are rep re sented by
Bacinella-dom i nated meshworks in cor po rat ing smaller ooids,
oncoids and bioclasts, or have com plex cor ti ces with micritic
and lam i nated, fos sil-bear ing Bacinella-dom i nated fab ric over -
grown by mi cro bial en ve lopes. Con tacts of par tic u lar types of
en ve lopes are usu ally sharp, with fau nal encrustations, bi -
valves and bor ings, which re veals time breaks dur ing growth of
the oncoids. Com mon are Entobia isp. cham bers and
Troglotella incrustans. The com plex cor ti ces of the oncoids
doc u ment var i ous growth stages con trolled by rel a tively
short-du ra tion changes in sea level, wave/cur rent en ergy and
mi cro bial ac tiv ity.

The fa cies types de scribed, in te grated with data from con -
tin u ous bore hole cores, have en abled better char ac ter iza tion of 
the Up per Ju ras sic sed i men tary suc ces sion of the Smotryszów
Anticline of the Radomsko Folds. The strata of the Smotryszów
Anticline can be lithostratigraphically cor re lated with the Lower
Kimmeridgian de pos its of the ad ja cent Szczerców area and the 
SW mar gin of the Holy Cross Mts. In these re gions, coral lime -
stones, marly and pelitic lime stones, marls, oolitic and oncolitic
lime stones oc cupy sim i lar po si tions in the sed i men tary suc ces -
sions. Ac cord ing to the tra di tional litostratigraphic sub di vi sion of 
cen tral Po land af ter Dembowska (1979), these de pos its be long 
to the “Coral” and “Oolitic” for ma tions, and com prise a num ber
of lo cal lithostratigraphic sub di vi sions. The marl ho ri zon lo cated 
be tween the coral and the oolitic fa cies rep re sents the “Low er -
most Marly Ho ri zon”, im por tant for re gional cor re la tion in both
cen tral and south ern Po land. The sed i men tary suc ces sion en -
coun tered in Rogaszyn Quarry cor re sponds to the up per part of 
the oolitic unit de scribed in the ad ja cent Szczerców area or to
the up per part of the “Up per Oolite” known from the SW mar gin
of the Holy Cross Mts. In all the ar eas men tioned above, a char -
ac ter is tic, trans-re gional hardground which sep a rates oolitic
lime stones (FT 1 fa cies in this pa per) from oncolitic lime stones
(FT 2 fa cies in this pa per) is ob served. The oncolitic fa cies of
Rogaszyn Quarry in turn rep re sents the “Platy Oncolite mem -
ber” af ter Kutek (1968).
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