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The Ju ras sic–Cre ta ceous fine-clastic dark de pos its of the Grajcarek Unit (Pieniny Klippen Belt, Carpathians, Po land) show
lithological sim i lar i ties, which may lead to er ro ne ous age cor re la tions. Their well-ex posed out crop at Szczawnica -
-Zabaniszcze al lows de tailed sam pling for their pre cise age de ter mi na tion. For this pur pose, dinoflagellate cysts have been
stud ied from a set of sam ples col lected from the Szlachtowa, Opaleniec, Pieniny Lime stone, Kapuœnica and Wronine for ma -
tions ex posed at that site (ad di tional sam ple from the Pieniny Lime stone For ma tion was stud ied). The Szlachtowa For ma -
tion, a very char ac ter is tic lithostratigraphic unit, which con sists of black shale and sand stones ex tremely rich in mica flakes,
oc ca sion ally re ferred to lit er a ture as the so-called “black flysch”, yielded rich and well-pre served as sem blages. Their age is
Mid dle Ju ras sic, span ning the Aalenian to Lower Bajocian. The ex po sures of the Szlachtowa For ma tion at
Szczawnica-Zabaniszcze are lo cated close to the out crops of the Opaleniec For ma tion. The cal car e ous spot ted shale from
this lithostratigraphic unit yielded rich dinoflagellate cyst as sem blage char ac ter is tic for Late Bathonian (Early Callovian?).
The Opaleniec For ma tion tec toni cally con tacts with very sim i lar non-cal car e ous spot ted shale of the Wronine For ma tion. Its
age, based on in fre quent dinoflagellate cysts is Aptian–Albian. Sim i lar, Lower Aptian age was con cluded for the Kapuœnica
For ma tion. Late Barremian–earliest Aptian dinoflagellate cysts have been found in the un der ly ing top most part of the Pieniny 
Lime stone For ma tion.
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INTRODUCTION

The Szlachtowa For ma tion is a lithostratigraphic unit de -
scribed by Birkenmajer (1977). It oc curs in the klippen suc ces -
sions of the Pieniny Klippen Belt (ex cept in the Czorsztyn Suc -
ces sion) and in the Magura Nappe, tec toni cally in cor po rated
into the Pieniny Klippen Belt struc ture (known as the Grajcarek
Unit; Birkenmajer, 1977, 1986). In the lat ter unit it reaches a
max i mum thick ness of over 220 m, and is widely dis trib uted
there. The Szlachtowa For ma tion con sists of dark-col oured
(black to dark grey) flysch de pos its in clud ing cal car e ous shale
and very char ac ter is tic sand stone lay ers with abun dant mica
flakes; the lat ter oc cur ex ten sively in shaly mudstone, be ing
less fre quent in clay shale. The dark col our of these flysch de -
pos its led early re search ers to the con clu sion that they were
Cre ta ceous in age, by com par i son with black flysch and
flyschoid Cre ta ceous strata of the Outer Carpathians (e.g.,
Uhlig, 1890). But, later find ings of Ju ras sic macrofossils sug -
gested a Mid dle Ju ras sic age for these strata (e.g., Andrusov,
1929, 1938). Dis cus sion of the age of the Szlachtowa For ma -

tion was re newed by Sikora (1962; see also 1971) who sug -
gested a Cre ta ceous age for this unit. This age-in ter pre ta tion
was, how ever, un der mined by fur ther ev i dence of Mid dle Ju ras -
sic age, mainly microfossils, in the Szlachtowa For ma tion (e.g.,
Birkenmajer and Pazdro, 1968; Birkenmajer et al., 1970;
Pazdro, 1979; Dudziak, 1986). The prob lem of the age of the
Szlachtowa For ma tion was once again raised by Oszczypko et
al. (2004) who opted for a Cre ta ceous age. This view was crit i -
cized by Birkenmajer et al. (2008). De spite the lat est re sults of
micropalaeontological stud ies show ing an un doubted Mid dle
Ju ras sic age for the de pos its in ques tion (e.g., Gedl, 2008d),
Oszczypko et al. (2012) pre sented their op pos ing in ter pre ta tion
(see also Barski et al., 2012). Be cause the re sults of their stud -
ies are, in my opin ion, based on er ro ne ously col lected ma te rial,
I sam pled the ex po sure of the Szlachtowa For ma tion and ad ja -
cent units at Szczawnica-Zabaniszcze, which was also in ves ti -
gated by those au thors. The re sults of the pres ent stud ies and
com par i son with ear lier stud ies are given in this pa per.

GEOLOGICAL SETTING

The Pieniny Klippen Belt forms a nar row struc ture at the
bound ary with the Outer Carpathians sep a rat ing it from the In -
ner Carpathians (Fig. 1A). This struc ture, over 600 km long and
from 1 to 20 km wide, was formed dur ing the Laramian orog eny
when the Tethyan Up per Tri as sic–Cre ta ceous suc ces sion was
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Fig. 1. Geo log i cal maps of the Carpathians (A) and the east ern sec tor of the Pieniny Klippen Belt
 in Po land (B; from Birkenmajer, 1977)



folded, overthrusted and squeezed be tween the North Eu ro -
pean Plat form and north wards mi grat ing Af ri can plates.
Birkenmajer (1977), in the Pol ish sec tor, dis tin guished five suc -
ces sions, from basinal (Pieniny and Branisko suc ces sions),
through tran si tional (Niedzica, Czertezik) to the shal low est one
lo cated on the Czorsztyn Ridge, which lim ited the Pieniny ba sin
sys tem from the north. It sep a rated the Pieniny bas ins from the
Magura Ba sin of the Outer Carpathian do main, which ex isted
dur ing the Ju ras sic–Cre ta ceous (Fig. 2). A part of the Magura
Suc ces sion, known as the Grajcarek Unit, was in cor po rated
into the Pieniny Klippen Belt sys tem dur ing the Laramian orog -
eny (Birkenmajer, 1977). The Grajcarek Unit suc ces sion starts
with the Szlachtowa For ma tion (dark-col oured shaly flysch of
Mid dle Ju ras sic age) rep re sent ing the old est phase of the
Magura Ba sin de vel op ment (Fig. 3). Grad ual deep en ing of the
ba sin is re flected by ap pear ance of the Fleckenmergel fa cies
(the Opaleniec and Stembrow for ma tions), which passes into
Mid dle–Up per Ju ras sic radiolarian de pos its (the Sokolica
Radiolarian For ma tion, the Czajakowa Radiolarian For ma tion)
over lain by Up per Ju ras sic–Lower Cre ta ceous pe lagic lime -
stone (Czorsztyn Lime stone For ma tion and Pieniny Lime stone
For ma tion). A mid-Cre ta ceous bot tom ox y gen-de pleted phase
is re flected by dark-col oured fine-grained de pos its of the
Kapuœnica, Wronine and Hulina for ma tions. An in ter val of
well-ox y gen ated pe lagic sed i men ta tion (Late Cre ta ceous) is re -
flected by de po si tion of pre dom i nantly red-col oured clay (the
Malinowa Shale For ma tion) fol lowed by Up per Cre ta ceous
flysch-fa cies (Ha³uszowa For ma tion). The Laramian orogenic
phase, re spon si ble for in cor po ra tion of the Grajcarek Unit into
the Pieniny Klippen Belt, is man i fested by de po si tion of the
coarse-grained con glom er ates of the Jarmuta For ma tion
(Maastrichtian).

MATERIAL

The ex po sures stud ied at Szczawnica-Zabaniszcze crop
out in a small trib u tary of the Grajcarek Creek (Jarmucki Potok
vel Zabaniszcze Stream), just be hind an old house (Fig. 4; see

also Oszczypko et al., 2012: fig. 4C). It is lo cated near the clas -
sic site of a con densed suc ces sion of the Grajcarek Unit ex -
posed sev eral tens of metres down stream, along the south ern
bank of Grajcarek Creek (see e.g., Birkenmajer, 1977).
Thick-bed ded con glom er ates of the Jarmuta For ma tion form a
dis tinct mor pho log i cal thresh old in the stream bed, some 80 m
from the junc tion with the Grajcarek Creek (GPS co or di nates:
N 49°25.160’, E 020°29.260’ ± 17 m); they crop out over a dis -
tance of 5–6 metres (Fig. 5A). Ver ti cally dip ping strata of the
Jarmuta For ma tion pass into the red shale of the Malinowa
Shale For ma tion (some 150 cm), which are in tec tonic con tact
with the ver ti cally dip ping Mid dle Ju ras sic Sokolica Radiolarite
For ma tion (ca. 6 m; Fig. 5A, B). The lat ter passes into the
Czajakowa Radiolarite For ma tion and the Pieniny Lime stone
For ma tion; both lithostratigraphic units form a small klippe
(Fig. 5A, C). The up per most part of the Pieniny Lime stone For -
ma tion con sists of dark grey to black lime stone with in ter ca la -
tions of cherty lime stone and black cal car e ous shale (the lat ter
li thol ogy was sam pled – SzZ27; Fig. 5A). It passes into
80–110 cm thick black and dark ol ive spot ted, partly si li ceous,
cal car e ous shale of the Kapuœnica For ma tion (sam ple SzZ28
was col lected 30 cm above the top of the Pieniny Lime stone
For ma tion). Far ther to the SE, the Kapuœnica For ma tion passes 
into wil low green to dark green and blackish spot ted non-cal car -
e ous clay shale at trib uted by Birkenmajer (1977) to the Wronine 
For ma tion (Fig. 5A; see also Oszczypko et al., 2012: fig. 4C),
which crops out over a dis tance of ca. 80–100 cm (there are no
far ther ex po sures on this creek bank – be ing cov ered with black 
muddy weath ered ma te rial, pre sum ably from the Szlachtowa
For ma tion, washed from higher parts of the slope). Sam ple
SzZ29 was col lected from the basal part of the Wronine For ma -
tion, 50 cm above sam ple SzZ28 (Fig. 5A).

Fur ther out crops of the Grajcarek Unit are well-ex posed on
the op po site (north east ern) bank of the creek (Fig. 5D). Here,
the suc ces sion starts with the Pieniny Lime stone For ma tion
(there is a slickenside on its top; Fig. 5E). The over ly ing
Kapuœnica For ma tion is tec tonic re duced here to merely
10–30 cm of thick ness (dark green ish and black cal car e ous
shale with lenses of si lici fied shale: sam ple SzZ30A is soft,
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Fig. 2. Palinspastic re con struc tion of the Pieniny Klippen Belt Ba sin 
and the south ern part of the Magura Ba sin dur ing the Callovian (from Birkenmajer, 1977)

CCD – car bon ate com pen sa tion depth

https://gq.pgi.gov.pl/article/view/7780
https://gq.pgi.gov.pl/article/view/7780


highly weath ered, pale green ish-grey, cal car e ous clay shale,
and SzZ30B is hard, black, si lici fied, highly cal car e ous, cu -
bic-frac tur ing shale; Fig. 5D, E). The Kapuœnica For ma tion, as
on the op po site creek bank, passes into non-cal car e ous green -
ish mas sive clay shale with black spots and the black
(manganiferous) and rusty (ferruginous) weath er ing coat ing of
the Wronine For ma tion, which dips 40–50° SE (Fig. 5D, E).
Sam ples SzZ31–33, rep re sent ing the Wronine For ma tion, were 
col lected in the fol low ing po si tions: SzZ31 – 5 cm from the
SzZ30, just from the basal part of the Wronine For ma tion;
SzZ32 – 60 cm from the top of the Pieniny Lime stone For ma -
tion; red shale lay ers oc cur be tween SzZ31 and SzZ32
(Fig. 5D, E). Sam ple SzZ33, col lected 50 cm from SzZ32, rep -
re sents a cal car e ous green ish spotty mas sive shale. Start ing
from sam ple SzZ33 strata dip at a lower an gle (ca. 30° SE). Far -
ther, non-cal car e ous spot ted shale with thin (un der 1 cm) black
lamina oc cur (SzZ34 – 70 cm from SzZ33). 

Sam ple SzZ35 was taken 100 cm far ther, from cal car e ous
fine-split ting shale. 70 cm far ther, a clear tec tonic bound ary oc -
curs: the out crop is cut at 30–40° by an overthrust of pale-grey
cal car e ous fine-split ting shale (sam ples SzZ36, SzZ37 and
SzZ38 were taken very close to each other from the overthrust:
the first one from the NW part, two oth ers from the SE part;
Fig. 5D, F). Pale grey cal car e ous fine-split ting shale that oc curs
close to the overthrust is highly tectonized; no clear bed ding is
vis i ble. Bed ding is seen some 30–40 cm from the overthrust
show ing ver ti cal dip (SzZ39 – 60 cm from SzZ36). Far ther, at a
dis tance of 3 m (Fig. 5G), mas sive green ish spot ted, cal car e -
ous shale with a rusty coat ing (sim i lar to the shale that oc curs
NW of the overthrust; SzZ40, SzZ42) over lies fine-split ting,
spot ted grey ish cal car e ous shale (SzZ41, SzZ43, SzZ44).
Start ing from sam ple SzZ43, shales dip 40–50° SE. The ex po -
sure ends with a small wa ter fall (Fig. 5D). 

There are no ex po sures on this creek bank for a dis tance of
12 m (the op po site bank is cov ered with slope de bris de rived
from the Szlachtowa For ma tion shale and sand stones). The
next ex po sure is a small out crop of the Szlachtowa For ma tion
(black cal car e ous muddy shale with abun dant mica flakes and
thin-bed ded sand stones: sam ple SzZ45; Fig. 5D). Its strata dip
45° NW (lack of ex po sure be tween this and the pre vi ous one
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Fig. 3. Lithostratigraphic di vi sion of the Grajcarek Unit 
(based on Birkenmajer, 1977, mod i fied in the

Aalenian–Bathonian part by Gedl, 2008d)

R. M. – Radiolarite Mem ber; S. F. – Stembrow For ma tion

Fig. 4. Lo ca tion of the sec tion stud ied at
Szczawnica-Zabaniszcze (ar rowed)
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Fig. 5. Ex po sures of Mid dle Ju ras sic–Up per Cre ta ceous strata of the Grajcarek Unit at Szczawnica-Zabaniszcze

A – ex po sure on the west ern bank of the Jarmucki Potok and sam ple po si tions; B – pho to graph of the Jarmuta For ma tion (JF; right) and the
red shale of the Malinowa Shale For ma tion (MSF) in tec tonic con tact with the Sokolica Radiolarite For ma tion and the Czajakowa Radiolarite
For ma tion (CRF; left); C – pho to graph of the Czajakowa Radiolarite For ma tion (CRF) and the Pieniny Lime stone For ma tion (PLF); D – ex po -
sure on the north east ern bank of the Jarmucki Potok (just above the ex po sure in A) and sam ple po si tions; E – pho to graph of the pas sage
from the Pieniny Lime stone For ma tion (PLF; right), tec toni cally squeezed Kapuœnica For ma tion (KF) to the spot ted shale of the Wronine For -
ma tion (WR; note red shale oc cur rence within the lat ter); F, G – tec toni cally dis turbed marly shale of the Opaleniec For ma tion; H – NW dip -
ping strata of the Szlachtowa For ma tion (sam ples SzZ48–51 were col lected near thick sand stone layer close to the ham mer); B, C scales as
in  A; E–I – ham mer as a scale (28 cm)



does not al low trac ing their con tact, which, given the dif fer ences 
in dip, seems to be tec tonic). 

There are no ex po sures for a far ther 8 m un til a large ex po -
sure of the Szlachtowa For ma tion starts in the creek scarp
(Fig. 5D). This lithostratigraphic unit is very well-ex posed here
con tin u ously over a dis tance of sev eral metres. The
Szlachtowa For ma tion con sists here of black cal car e ous clay
and muddy shale, the lat ter be ing en riched in mica flakes.
Sand stones are rare, usu ally thin-bed ded (2–4 cm), oc ca sion -
ally thicker up to 20 cm (Fig. 5H). Sole marks on the bot tom sur -
faces of sand stone lay ers, as well as the con tin u ous pas sage of 
sand stone to mudstone, show that this suc ces sion lies nor -
mally, dip ping 40–45° NW. Six fur ther sam ples from the
Szlachtowa For ma tion were col lected (SzZ46–51; Fig. 5D). All
of them rep re sent clayey shale ex cept for sam ple SzZ49 col -
lected from a 2 cm thick mudstone just above a 20 cm sand -
stone layer. 

METHODS

The sam ples were pro cessed in the Micropalaeontological
Lab o ra tory of the In sti tute of Geo log i cal Sci ences, Pol ish Acad -
emy of Sci ences, Kraków. The ap plied stan dard palynological
pro ce dure in cluded 38% hy dro chlo ric-acid (HCl) treat ment,
40% hy dro flu oric-acid (HF) treat ment, heavy-liq uid
(ZnCl2 + HCl; den sity 2.0 g·cm–3) sep a ra tion, ul tra sound for
10–15 s and siev ing at 10 µm on a ny lon mesh. No ni tric-acid
(HNO3) treat ment was ap plied. 

The quan tity of rock pro cessed was 30 g for each sam ple.
Palynological slides were made from each sam ple us ing glyc er -
ine jelly as a mount ing me dium. The rock sam ples,
palynological res i dues and slides are stored in the col lec tion of
the In sti tute of Geo log i cal Sci ences, Pol ish Acad emy of Sci -
ences, Kraków.

RESULTS

The Pieniny Lime stone For ma tion. Sam ple SzZ27 col -
lected from the top of this unit con tains palynofacies dom i nated
by black opaque phytoclasts (partly show ing dark brown, trans -
lu cent edges) and dinoflagellate cysts (up to 30%; how ever,
their pre cise ra tio is dif fi cult to de ter mine due to their com monly
frag men tary pres er va tion; Fig. 6) dom i nated by Cerbia tabulata
and Oligosphaeridium spp. (Fig. 7). 

The Kapuœnica For ma tion. Palynofacies of sam ples from
this unit are char ac ter ized by a high ra tio of sporomorphs: over
60% (mainly spores) in SzZ28 and 25% (mainly pol len grains)
in SzZ30B. Dinoflagellate cyst as sem blages vary be tween
sam ples (Fig. 6). They are rel a tively rare in SzZ28; the most fre -
quent spe cies is Odontochitina operculata. Sam ples from the
Kapuœnica For ma tion from the north ern creek bank (SzZ30A
and SzZ30B) con tain as sem blages dom i nated by Valensiella
(mainly V. reticulata), which in sam ple SzZ30B form an acme
(Fig. 8). 

The Wronine For ma tion. Sam ples from this
lithostratigraphic unit con tain a very uni form palynofacies: it is
com posed al most en tirely of black phytoclasts, usu ally with
trans lu cent edges. Cu ti cles are ab sent, whereas sporomorphs
are rep re sented by spore spec i mens oc cur ring as two to three
spec i mens per slide; they are well-pre served be ing dark yel -
low-brown ish. Sam ples from the Wronine For ma tion dif fer
slightly in var i ous ra tios of aquatic palynomorphs, and in their
pres er va tion. Sam ple SzZ29 yielded only two dinoflagellate
cyst spec i mens (Odontochitinia operculata, ?Hystricho -
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Fig. 6. Dinoflagellate cyst dis tri bu tion in the Pieniny 
Lime stone For ma tion, the Kapuœnica For ma tion 

and the Wronine For ma tion at Szczawnica-Zabaniszcze

x – sin gle to rare; c – fre quent (10–50 spec i mens); a – abun dant
(over 50 spec i mens); A – mass oc cur rence (acme)
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Fig. 7. Dinoflagellate cysts from the top of the Pieniny Lime stone For ma tion at Szczawnica-Zabaniszcze (sam ple SzZ27)

 A, B – Pterodinium premnos; C – Pterodinium cingulatum; D – Pterodinium sp.; E – Escharisphaeridia sp.; F – Chlamydophorella sp.;
G – Tanyosphaeridium regulare; H – Tanyosphaeridium sp.; I – Spiniferites sp.; J, K – Prolixosphaeridium parvispinum; L – Subtilisphaera
sp.; M–P – Cerbia tabulata; Q–S – Rhynchodiniopsis aptiana (Q, R: same spec i men, var i ous foci); T–V – Oligosphaeridium com plex
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Fig. 8. Dinoflagellate cysts from the Kapuœnica For ma tion at Szczawnica-Zabaniszcze (sam ple SzZ28)

 A – Dapsilidinium multispinosum; B – Tanyosphaeridium isocalamum; C – Druggidinium? sp.; D – Valensiella
reticulata; E – Kiokansium sp.; F, G – Prolixosphaeridium parvispinum; H – Heslertonia heslertonensis;
I – Gonyaulacysta? kleithria; J – Gonyaulacysta sp.; K–M – Tehamadinium sp.; N – Circulodinium distinctum; O
– Oligosphaeridium com plex; P – Rhynchodiniopsis aptiana; Q, R – Odontochitina operculata; S – Odontochitina 
imparilis; T, U – Odontochitina operculata



sphaeridium ?phoe nix). Both spec i mens are dark col oured and
show traces of cor ro sion. Sam ple SzZ31 yielded a sin gle,
highly cor roded spec i men of Odontochitina operculata. Sam ple 
SzZ32 con tains up to 10% of aquatic palynomorphs. Their as -
sem blage con sists of small sub-spher i cal forms, the ma jor ity of
un cer tain tax o nomic af fin i ties. Some of them rep re sent
Pterospermella and pre sum ably Cyclopsiella-like forms. The
other are dinoflagellate cysts ques tion ably de ter mined as
Dinogymnium sp.; they are thin-walled, well-pre served and
rather pale-col oured. This pres er va tion con trasts with highly
cor roded spec i mens (e.g., Cerbia tabulata, Prolixosphaeridium
parvispinum, Oligosphaeridium sp.), the ma tu rity of which sug -
gest ing that they are re worked (Fig. 9). Sam ple SzZ34 con tains
mod er ately pre served, sin gle spec i mens of Circulodinium and
Oligosphaeridium com plex.

The Opaleniec For ma tion. Sam ples col lected from the
fur ther part of the ex po sure treated here as the Opaleniec For -
ma tion (cal car e ous spot ted shale: SzZ35–44) yielded
palynofacies char ac ter ized by a high ra tio of sporomorphs
(10–35%) and dinoflagellate cysts (5–30%); as sem blages of
the lat ter are gen er ally tax o nom i cally di verse, al though slightly
vary ing be tween dif fer ent sam ples (Fig. 10). Sam ple SzZ35
con tains dinoflagellate cysts dom i nated by Chytroeisphaeri -
dium chytroides, Endoscrinium asymmetricum and Epiplo -
sphae ra spec i mens. Lithodinia and Ctenidodinium are fre quent
in sam ple SzZ37, whereas sam ple SzZ38 yielded dom i nant
Nannoceratopsis pellucida. The lat ter spe cies dom i nates in
sam ple SzZ41, which as in sam ple SzZ38 con tains
palynofacies dom i nated by black opaque phytoclasts. A fur ther
three sam ples yielded grad ual de crease in the palynomorph ra -
tio, which reaches the low est value (8–10%) in sam ples SzZ43
and SzZ44. Dinoflagellate cyst as sem blages from these sam -
ples show some tax o nomic dif fer ences: the one from SzZ42 is
rel a tively di verse, whereas the ones from the re main ing two
sam ples are im pov er ished, be ing dom i nated by Lithodinia
spec i mens (Fig. 11). 

The Szlachtowa For ma tion. Sam ples from the
Szlachtowa For ma tion (SzZ45–52) con tain a uni form
palynofacies dom i nated by land-de rived palynodebris.
Dinoflagellate cysts are gen er ally sub or di nate, al though their
ra tio os cil lates be tween 2–15% (ex cept for sam ple SzZ49,
which con tains al most ex clu sively ter res trial palynodebris;
Fig. 12). Dinoflagellate cysts from all sam ples of the
Szlachtowa For ma tion are fairly well-pre served. Sam ple SzZ45 
con tains an as sem blage (app. 20% of palynofacies) dom i nated
by the ge nus Nannoceratopsis (var i ous spe cies: N. ?gracilis, N. 
spiculata, N. dictyambonis, N. raunsgaardii) and thin-walled
spec i mens of Kallosphaeridium. A fur ther sam ple SzZ46, col -
lected from a large ex po sure, yielded palynofacies dom i nated
by palynodebris; aquatic palynomorphs in clude dinoflagellate
cysts (up to 5%) and sin gle spec i mens of foraminiferal or ganic
lin ings and acritarchs. Dinoflagellate cysts are dom i nated by
Nannoceratopsis gracilis; Dissiliodinium and Kallosphaeridium
are sub or di nate. A fol low ing sam ple SzZ47 con tains sim i lar
palynofacies but dif fers by a dif fer ent com po si tion of the
dinoflagellate cyst as sem blage, which con tains a higher ra tio of
Dissiliodinium com pared to less fre quent Nannoceratopsis
gracilis. Sam ples SzZ48 and SzZ50 (col lected from just be low
a 20 cm thick sand stone layer, and 25 cm above it, re spec -
tively), in turn, con tain as sem blages (over 15%) dom i nated by
Nannoceratopsis (N. ambonis, N. gracilis, N. sp.) –
Dissiliodinium is rep re sented by a few spec i mens only (D.
lichenoides, D. psilatum); rare Batiacasphaera and
Kallosphaeridium oc cur. A com pletely dif fer ent palynofacies
was yielded by sam ple SzZ49 taken from a mudstone just
above the 20 cm sand stone layer: it con sists al most ex clu sively

of ter res trial palynodebris; rare, highly dis persed dinoflagellate
cysts are poorly pre served, but tax o nom i cally their as sem blage
re sem bles that from the pre vi ous sam ple (it con sists of
Nannoceratopsis, Dissiliodinium, Kallosphaeridium and
Batiacasphaera spec i mens). A higher sam ple SzZ51, col lected
from the NE part of the ex po sure, yielded palynofacies with in -
fre quent dinoflagellate cysts (2–3%). Their as sem blage is sim i -
lar to the ones from sam ples SzZ48 and SzZ50 by the pres ence 
of the same taxa, but dif fers by their dif fer ent ra tio –
Dissiliodinium lichenoides, D. psilatum and Kallosphaeridium
sp. are much more fre quent than sub or di nate Nannoceratopsis
ambonis and N. gracilis. The high est sam ple SzZ52 yielded, in
turn, a much more fre quent (10%) as sem blage with com mon
Dissiliodinium and Kallosphaeridium spec i mens; it is dis tin -
guished by the oc cur rence of Dissiliodinium giganteum
(Fig. 13).

AGE INTERPRETATION

The pres ence of dinoflagellate cysts in all sam ples stud ied
al lows their dat ing (Fig. 14). In most cases their in ter pre ta tion is
con sis tent within a par tic u lar lithostratigraphic unit. 

The Pieniny Lime stone For ma tion. A sin gle sam ple col -
lected from the top most part of this lithostratigraphic unit at
Szczawnica-Zabaniszcze (Fig. 5A) yielded a Late
Barremian–ear li est Aptian as sem blage. This in ter pre ta tion is
based on the co-oc cur rence of Rhynchodiniopsis aptiana, and
Cerbia tabulata. Ac cord ing to Stover et al. (1996) Cerbia
tabulata ap peared dur ing the late Early Barremian–Aptian.
Rhynchodiniopsis aptiana, in turn, has strati graphi cal range in
the Tethyan Realm lim ited to the lat est Hauterivian–ear li est
Aptian (Torricelli, 2000). A sim i lar age was in ferred by E. Gedl
(2007) for the up per most part of the Pieniny Lime stone For ma -
tion ex posed at the bank of the Grajcarek Creek sev eral tens of
metres from this site.

The Kapuœnica For ma tion. Sam ple SzZ28 col lected from
the most basal part of the unit (Fig. 5A) con tains
Rhynchodiniopsis aptiana but lacks Cerbia tabulata. This may
in di cate an ear li est Aptian age. The other spe cies from this
sam ple, such as Diphasosphaera stolidata, Heslertonia
heslertonensis, Pterodinium premnos, Gonyaulacysta?
kleithria, have their high est oc cur rences in the Lower Aptian
(Duxbury, 1983). Sam ples SzZ30A and SzZ30B con tain spe -
cies non-di ag nos tic of age. The only no tice able fea ture is the
fre quent oc cur rence of Valensiella reticulata.

The Wronine For ma tion. Non-cal car e ous spot ted shale
ex posed just above (in a strati graphi cal sense) the Kapuœnica
For ma tion (Fig. 14) yielded in fre quent mid-Cre ta ceous
dinoflagellate cysts such as Odontochitina operculata
(Barremian–Early Maastrichtian; Stover et al., 1996). Pre cise
dat ing of their as sem blages is thus im pos si ble. Cerbia tabulata
from sam ple SzZ32 (as in sam ple SzZ30B) is likely re worked.
E. Gedl (2007) de scribed, from the Wronine For ma tion ex -
posed at the bank of the Grajcarek Creek, var i ous as sem -
blages, char ac ter is tic of the Aptian and Albian, and sug gest ing
ei ther tec tonic rep e ti tion of the sec tion stud ied or re work ing.

The Opaleniec For ma tion. This lithostratigraphic unit was
dis tin guished in the sec tion stud ied by the pres ence of tax o -
nom i cally con sis tent Ju ras sic dinoflagellate cysts (sam ples
SzZ35-44; Fig. 5D). Most of the spe cies de ter mined ap peared
for the first time in the Late Bajocian: all sam ples con tain
Ctenidodinium combazii, Endoscrinium asymmetricum and
Chytroeisphaeridium chytroides; Nannoceratopsis pellucida
was found in sam ples SzZ38–43 and Dichadogonyaulax
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sellwoodii oc curs in two sam ples SzZ36 and SzZ37 (e.g.,
Feist-Burkhardt and Monteil, 1997; Bucefalo Palliani and Rid -
ing, 1997). How ever, the pres ence of a few spe cies, namely
Atopodinium prostatum, Sirmiodiniopsis orbis and Dingodinium
minutum may in di cate a youn ger, Bathonian age for the
Opaleniec For ma tion stud ied (see e.g., Feist-Burkhardt and
Wille, 1992). An even youn ger, Callovian, age may be sug -
gested by the pres ence of the chorate spe cies Systematophora 
penicillata and Surculosphaeridium? vestitum found in most

sam ples. These spe cies are known from Callovian and youn ger 
strata (e.g., Prauss, 1989; Feist-Burkhardt and Wille, 1992).
Atopodinium sp. A (a mor pho log i cal va ri ety of Atopodinium)
was il lus trated by Feist-Burkhardt and Wille (1992: pl. 3.3) as an 
Early Callovian spe cies. 

The as sem blage found dur ing the pres ent study in the
Opaleniec For ma tion can be cor re lated with the youn gest one
dis tin guished among three as sem blages from this
lithostratigraphic unit in the Grajcarek Suc ces sion by the au thor
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Fig. 9. Dinoflagellate cysts from the Wronine For ma tion at Szczawnica-Zabaniszcze 
(sam ples SzZ29: O; SzZ31: N; SzZ32: A–J, U–X; SzZ33: K–M, T)

 A–J – Dinogymnium? sp.; K – Spiniferites sp.; L – Dapsilidinium warrenii;  M – Tanyosphaeridium sp.; N–T –
Odontochitina operculata; U – Oligosphaeridium sp.; V – Prolixosphaeridium parvispinum; W, X – Cerbia tabulata



(Gedl, 2008d). An Up per Bathonian as sem blage with in fre quent 
Ctenidodinium combazii, and Atopodinium polygonale and
Dingodinium minutum was found in the up per part of the
Opaleniec For ma tion at Sztolnia, Krupianka and Hulina Mt.
Atopodinium sp. A (as A. prostatum) was found at Sztolnia
(Szt28). How ever, it can not be ex cluded that these as sem -
blages are Callovian, be cause as with the one from this study,
they con tain chorate spe cies of Systematophora and
Surculosphaeridium (due to poor pres er va tion de ter mined by
Gedl, 2008d to ge neric level only).

The Szlachtowa For ma tion. All eight sam ples from this
lithostratigraphic unit con tain dinoflagellate cysts. Their age-in -
ter pre ta tion con firms ob ser va tions from the ex po sure sug gest -
ing nor mal at ti tude of the strata (they dip at an an gle of 40–50°
north-west), which means that the old est part of the Szlachtowa
For ma tion is ex posed in the north west ern part (sam ple SzZ45),
get ting youn ger to the south-east (Fig. 5D). 

The as sem blage from sam ple SzZ45 con tains spe cies
which com monly ap peared dur ing the lat est Toarcian through
the ear li est Bajocian: Moesiodinium raileanui, Nannoceratopsis 
ambonis, Nannoceratopsis dictyambonis, Nannoceratopsis
raunsgaardii, Phallocysta elongata. But there are no spe cies
that ap peared dur ing the Mid dle–Late Aalenian (e.g.,
Dissiliodinium spp., Carpathodinium sp. A), which oc cur in
stratigraphically youn ger part of the ex po sure. An other
stratigraphically im por tant taxon is Hyalosphaera? sp. found in
SzZ45 only. Hyalosphaera ephem era is known from the Up per
Toarcian–Lower Aalenian (levesquei-opalinum; Prauss, 1989).
There fore, an Aalenian, pre sum ably an Early Aalenian age can
be sug gested for north ern most part of the Szlachtowa For ma -
tion (Fig. 14). How ever, an older, lat est Toarcian age can not be
ex cluded since the as sem blage from sam ple SzZ45 lacks
Nannoceratopsis evae, a spe cies known from the
Aalenian–Bajocian. On the other hand, this spe cies is rel a tively
rare in other out crops of the Szlachtowa For ma tion (Gedl,
2008d), and in the pres ent ma te rial only a sin gle spec i men was
found in a youn ger sam ple SzZ52. An Early Toarcian age for
this sam ple might be also sup ported by the pres ence of
Valvaeodinium cf. koessianum. This was de scribed by the au -
thor from the Szlachtowa For ma tion at Krzonowe (sam ple
KrzS1) and in ter preted as lat est Toarcian–Aalenian (Gedl,
2008d). Wille and Gocht (1979) de scribed sim i lar morphotypes
from the Pliensbachian-Lower Toarcian of SW Ger many.

The higher part of the Szlachtowa For ma tion, which forms
con tin u ous out crop (sam ples SzZ46–51; Fig. 14) yielded as -
sem blages, which might be in ter preted as Mid dle–Late
Aalenian. This in ter pre ta tion is based on the pres ence of fre -
quent Dissiliodinium spec i mens (mainly D. lichenoides), and
ab sence of typ i cal Early Bajocian (Dissiliodinium giganteum) or
youn ger taxa (e.g., Ctenidodinium spp.) known from youn ger
parts of the Szlachtowa For ma tion (e.g., Gedl, 2008d). 

Dissiliodinium giganteum has its low est oc cur rence in the
sec tion stud ied in the high est sam ple SzZ52 (Fig. 14). This spe -
cies, known to have ap peared for the first time dur ing the ear li est
Bajocian (e.g., Feist-Burkhardt, 1990; Feist-Burkhardt and
Monteil, 2001), is wide spread in the mid dle part of the
Szlachtowa For ma tion of the Pieniny Klippen Belt in Po land
(Gedl, 2008d; Barski et al., 2012). Its pres ence in the top most
part of the ex po sure stud ied points to a low er most Bajocian age. 

The dinoflagellate cyst as sem blages de scribed above, and
their age-in ter pre ta tion, al low cor re la tion with pre vi ously de -
scribed as sem blages from other ex po sures of the Szlachtowa
For ma tion in the Pieniny Klippen Belt. The old est as sem blage
from sam ple SzZ45 can be cor re lated with the Phallocysta
elongata Dinoflagellate Cyst Zone of Gedl (2008d) found in the
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Fig. 10. Dinoflagellate cyst dis tri bu tion in the 
Opaleniec For ma tion at Szczawnica-Zabaniszcze

Ex pla na tions as in Fig ure 6

https://gq.pgi.gov.pl/article/view/7772
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Fig. 11. Dinoflagellate cysts from the Opaleniec For ma tion at Szczawnica-Zabaniszcze
 (SzZ36: A–K, M, O, P; SzZ37: L, N, Q, R)

A–C – Sentusidinium spp.; D, E – Chytroeisphaeridium chytroeides; F, G – Epiplosphaera spp.; H – Sentusidinium sp.;
I – Dichadogonyaulax sellwoodii; J – Atopodinium prostatum; K – Surculosphaeridium? vestitum; L – Systematophora
penicillata; M – Lithodinia caytonensis; N – Systematophora ?orbifera; O – Ctenidodinium combazii; P – Endoscrinium
luridum; Q – Endoscrinium asymmetricum; R – Ctenidodinium combazii



Szlachtowa For ma tion at Krzonowe (sam ple KrzS1). Youn ger
sam ples with Dissiliodinium spp. (SzZ46–51) can be cor re lated
with the Up per Aalenian Dissiliodinium lichenoides
Dinoflagellate Cyst Zone of Gedl (2008d), which has been dis -
tin guished in the Szlachtowa For ma tion ex posed at Krzonowe
(sam ple KrzS2), Szczawnica-Zabaniszcze (ex po sure at the
Grajcarek bank; sam ple SzRz6), and Podubocze (Branisko
Suc ces sion). The top most part of the ex po sure stud ied, in turn,
can be cor re lated with the Lower Bajocian Dissiliodinium
giganteum Dinoflagellate Cyst Zone of Gedl (2008d). This zone 
has been dis tin guished at sev eral sites within the Szlachtowa
For ma tion of the Grajcarek and Branisko suc ces sions:
Krupianka, Sztolnia, Ha³uszowa, Potok Krêty, Podubocze I and
Podubocze II (Gedl, 2008d).

DISCUSSION

The data pre sented in this pa per un doubt edly show a Ju ras -
sic age for the Szlachtowa For ma tion. They agree well with re -
sults of pre vi ous mi cro- and macrofossil stud ies from this unit in
Pol ish (e.g., G¹siorowski, 1962; Birkenmajer and Pazdro, 1963, 
1968; B³aszyk, 1968; Birkenmajer et al., 1970; Puga czewska,
1971; Birkenmajer and Myczyñski, 1977; Pazdro, 1979;
G³uchowski et al., 1983; G³uchowski, 1987; Dudziak, 1986;
Krawczyk et al., 1992; Birkenmajer and Tyszka, 1996;
Birkenmajer and Gedl, 2004, 2007; Gedl, 2007, 2008d; Barski
et al., 2012) and Slo vak (Barski et al., 2012) sec tors of the
Pieniny Klippen Belt. In the light of these data, the rened sug -
ges tions of a Cre ta ceous age for the Szlachtowa For ma tion by
Oszczypko et al. (2012) is un ten a ble (see also Oszczypko et
al., 2004; Birkenmajer et al., 2008; Gedl, 2008a, b, c;
Oszczypko et al., 2008). Be low, a crit i cal dis cus sion of their the -
sis is pre sented.

Oszczypko et al. (2012) sug gest that the Szlachtowa For -
ma tion (the so-called “black flysch”) and the Opaleniec For ma -
tion are of Cre ta ceous age be cause they are in con tact in some
out crops with Cre ta ceous, mainly Up per Cre ta ceous units (see
also Ksi¹¿kiewicz, 1972). This phe nom e non, how ever, can not
serve as a di rect age-in di ca tor in such a tec toni cally com pli -
cated struc ture as is the Pieniny Klippen Belt, es pe cially given
that some out crops of the Szlachtowa and Opaleniec for ma -
tions oc cur in con tact with Ju ras sic units (e.g., Podubocze,
Krupianka Creek; see e.g., Birkenmajer, 1979: p. 206, fig. 99B;
Gedl, 2008d). To sup port the the sis of a Cre ta ceous age for the
de pos its in ques tion, Oszczypko et al. (2012) pres ent partly
new, partly re stud ied microfaunal data, which in their opin ion
sup port this the ory. In my opin ion, how ever, their in ter pre ta tion
is er ro ne ous, be ing based on ma te rial that does not rep re sent
the Szlachtowa and Opaleniec for ma tions, or that is com monly
con tam i nated.

Oszczypko et al. (2012: p. 424) con clude a Cre ta ceous age
for these units on the ba sis of tax o nom i cally im pov er ished
foraminifera as sem blages of a few sam ples only (most of their
71 sam ples stud ied ap peared to be bar ren or to con tain forms
non-di ag nos tic of age), which fre quently show fea tures of con -
tam i na tion. More over, the sam ples which yielded these as sem -
blages are usu ally col lected from atyp i cal lithofacies (e.g., red
shale, radiolarite) or from de pos its of un cer tain su per po si tion,
usu ally from tec tonic con tacts or highly tectonized sec tions.
Three sam ples which, ac cord ing to Oszczypko et al. (2012),
rep re sent the Szlachtowa For ma tion ex posed at
Szczawnica-Zabaniszcze, were taken from con tact in ter vals
with the Wronine For ma tion (sam ples WP489, 9/10) and the
Malinowa Shale For ma tion (sam ple WP490/490a; Oszczypko
et al., 2012: fig. 4C, D). In fact, a con tact be tween the Wronine
For ma tion and the Szlachtowa For ma tion does not ex ist at the
site stud ied. The Wronine For ma tion is in con tact with the
lithologically very sim i lar Opaleniec For ma tion; pas sage of the
lat ter to the Szlachtowa For ma tion is not ex posed at all
(Fig. 5D). There fore, it may be sug gested that the “pro duc tive”
sam ple WP490/490a was col lected from the Cre ta ceous
Wronine For ma tion, but not from the Szlachtowa For ma tion,
de spite its wide ex tent in this out crop (Fig. 5D). 
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Fig. 12. Dinoflagellate cyst dis tri bu tion 
in the Szlachtowa For ma tion at Szczawnica-Zabaniszcze

? – ques tion able oc cur rence; other ex pla na tions as in Fig ure 6

https://gq.pgi.gov.pl/article/view/7772
https://gq.pgi.gov.pl/article/view/7772
https://gq.pgi.gov.pl/article/view/7780
https://gq.pgi.gov.pl/article/view/7780
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Fig. 13. Dinoflagellate cysts from the Szlachtowa For ma tion at Szczawnica-Zabaniszcze 
(SzZ45: A–M; SzZ47: N–P; SzZ48: Q–T; SzZ52: U–W)

A, B – Phallocysta elongata; C, D – Valvaeodinium cf. koessianum; E, F – Moesiodinium raileanui; G – Nannoceratopsis
dictyambonis; H – Nannoceratopsis ambonis; I, J – Nannoceratopsis gracilis; K – Nannoceratopsis spiculata;
L – Kallosphaeridium praussii; M – Batiacasphaera sp.; N–P – Dissiliodinium lichenoides; Q, R – Nannoceratopsis gracilis;
S – Nannoceratopsis sp.; T – Kallosphaeridium sp.; U–W – Dissiliodinium giganteum



Sim i larly, an er ro ne ous sam pling pro ce dure can be sug -
gested for three sam ples with Cre ta ceous foraminifera col -
lected from the south ern most part of ex po sure known as the
“small wa ter fall” (Sztolnia A; 3/06 and 16/06: Opaleniec For ma -
tion, and 17/06: Szlachtowa For ma tion ac cord ing to Oszczypko 
et al., 2012). This part of ex po sure shows a com pli cated, poorly
ex posed struc ture: the Szlachtowa For ma tion con tacts to the
south with: the Cre ta ceous Hulina For ma tion (ac cord ing to
Gedl, 2008a: fig. 2B1; see also Birkenmajer and Gedl, 2004:
fig. 4; Birkenmajer et al., 2008: fig. 5A), the Cre ta ceous
Malinowa Shale For ma tion and Jaworki Marl For ma tion (ac -
cord ing to Oszczypko et al., 2004: fig. 7) or the Opaleniec For -
ma tion (ac cord ing to Oszczypko et al., 2012: fig. 5). 

Among sam ples with Cre ta ceous foraminifera from ex po -
sures along the Grajcarek Creek, and at trib uted by Oszczypko
et al. (2012) to the Szlachtowa For ma tion: sam ples WP357/2–3 
are dark grey shales with red in ter ca la tions (Grajca rek–Szlach -
towa), sam ple WP370 is red shale, and sam ple WP943 is spot -
ted lime stone (both sam ples from the junc tion of the Sielski
Creek with the Grajcarek Creek; Oszczypko et al. (2012: p. 432, 
fig. 2). Nei ther red shale nor spot ted lime stone are typ i cal
Szlachtowa For ma tion lithofacies (Birkenmajer, 1977: p. 27).
Al though Krawczyk and S³omka (1986, p. 55, fig. 11) noted a
red shale oc cur rence in one sec tion of the Szlachtowa For ma -
tion, where this li thol ogy ap pears as small lenses (up to sev eral
centi metres long) and thin laminas within a 85 cm thick black
shale layer, but they sug gested that this ex cep tional li thol ogy
may be a re sult of sid er ite al ter ation (Krawczyk and S³omka,
1986: p. 100). It is symp tom atic that of eight sam ples col lected
by Oszczypko et al. (2012) from Grajcarek Creek ex po sures
and at trib uted to the Szlachtowa For ma tion, seven are ei ther
dark shale with in ter ca la tions of red shale (WP357) or green
radiolarite with in ter ca la tions of red shale over lain by spot ted
lime stone (sam ples WP370–375 and WP943; Oszczypko et
al., 2012, p. 424), de spite the Szlachtowa For ma tion in this area 
be ing well ex posed and in clud ing eas ily ac ces si ble ex po sures
that show typ i cal de vel op ments of this lithostratigraphic unit. 

Con tam i na tion is one of the ex pla na tions of the dif fer ent
age-in ter pre ta tions of the Szlachtowa and Opaleniec for ma -
tions. Birkenmajer and Pazdro (1968) sug gested that Cre ta -
ceous foraminifera de scribed by Sikora (1962) in the
Szlachtowa For ma tion ex po sures from the up per course of the
Sztolnia Creek (sec tions: Sztolnia A and Sztolnia B sensu
Oszczypko et al., 2012) were a re sult of con tam i na tion (they
found dark-col oured ag glu ti nated forms in fresh rock, whereas

Late Cre ta ceous pale-col oured plank tonic foraminifera ap -
peared in the washed re sid uum; the lat ter were in ter preted as
washed-out from the Up per Cre ta ceous Malinowa Shale For -
ma tion; see also Birkenmajer, 1977: p. 25–27). Such an ex pla -
na tion was re jected by Oszczypko et al. (2004, 2008, 2012).
How ever, Oszczypko et al. (2012) are not con sis tent in this mat -
ter in the case of their own ma te rial: Albian–Turonian
Plectorecurvoides alternans in a “Lower Cre ta ceous” sec tion of
the Szlachtowa For ma tion is re garded by Oszczypko et al.
(2012: p. 434) as “… spe cific con tam i na tion due to tec tonic or
other phe nom ena...”. The au thors do not ex plain what they un -
der stand by “other phe nom ena”. In some sam ples treated by
Oszczypko et al. (2012) as col lected from the Szlachtowa and
Opaleniec for ma tions in the up per course of the Sztolnia Creek, 
they found very rare Early Cre ta ceous ag glu ti nated, poorly pre -
served foraminifera (treated as age-di ag nos tic), as so ci ated
with Late Cre ta ceous plank tonic spe cies of dif fer ent
colouration. An even more pro nounced ex am ple of con tam i na -
tion in the ma te rial dis cussed is the oc cur rence of Paleogene
foraminifera re ported from the “Opaleniec For ma tion” in the up -
per course of the Sztolnia Creek.

An out stand ing fea ture of Blaicher’s (1973) foraminifera as -
sem blages men tioned by Oszczypko et al. (2012) is the com -
mon mix ture of spec i mens of var i ous ages as in the case of the
“Opaleniec” For ma tion sam ples from Sztolnia A sec tion, which
con sist of mixed Ju ras sic, Early–Late Cre ta ceous and
Paleogene spe cies (Oszczypko et al., 2012: p. 433). Such ma -
te rial has lim ited value for strati graphi cal eval u a tion.
Foraminifera as sem blages de scribed by Blaicher (1973) show
a char ac ter is tic du al ism: the ones from the Sztolnia Beds (i.e.
the Szlachtowa For ma tion) are com monly im pov er ished and
poorly pre served, and sam ples are fre quently bar ren; this con -
trasts with rich and better pre served as sem blages from the
Wronine and Hulina for ma tions – a sim i lar pat tern char ac ter izes 
the re sults of Oszczypko et al. (2012) who re ported bar ren sam -
ples from the Szlachtowa For ma tion, whereas foraminifera
have been found in sam ples from tec tonic con tacts with the for -
mer Cre ta ceous lithostratigraphic units, or in de pos its which, in
my opin ion, do not rep re sent the de pos its in ques tion.

Pro vid ing an other ar gu ment for a Cre ta ceous age for the
Szlachtowa For ma tion Oszczypko et al. (2012: p. 413) re fer to
the in ter pre ta tion of Plašienka et al. (2012: p. 30, fig. 8) who
ques tion ably cor re lated the Szlachtowa For ma tion from the
Jar-1 bore hole (Jarabina vi cin ity, Slovakia) with Albian age. But
Oszczypko et al. (2012) do not say that this cor re la tion was not
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Fig. 14. Age in ter pre ta tion of the strata of the Grajcarek Suc ces sion ex posed at Szczawnica-Zabaniszcze
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sup ported by micropalaeontological data. In fact, the
Szlachtowa For ma tion from this bore hole con tains ex clu sively
Ju ras sic dinoflagellate cysts (Aalenian–Early Bathonian).
More over, the Szlachtowa For ma tion ex posed near Jarabina
yielded macrofossils: the bi valve Bositra buchi (Fig. 15A) and
ammonite Bra si lia (Bra si lia) sp. (Fig. 15B); the lat ter points to
an Aalenian age (de ter mined by J. Schlögl).

Oszczypko et al. (2012: p. 436) ex plain the pres ence of
abun dant Mid dle Ju ras sic fos sils in the Szlachtowa For ma tion
by redeposition dur ing ero sion of the Czorsztyn Ridge through -
out the Aptian–Albian tran si tion. But there is no rea son able ex -
pla na tion given why these “re worked” fos sils rep re sent a rel a -
tively nar row time in ter val (Mid dle Ju ras sic, mainly
Aalenian–Bajocian: e.g., Švábenická in Oszczypko et al., 2004; 
Gedl, 2008d; Barski et al., 2012). More over, Oszczypko et al.
(2012) do not ex plain why the Szlachtowa For ma tion con tains
no traces of typ i cal Up per Ju ras sic–Lower Cre ta ceous
lithologies (see e.g., Krawczyk and S³omka, 1986, 1987;
Krawczyk et al., 1987); they also do not ex plain how the pa -
per-thin shells of Bositra buchi could be re worked (pres ent in
the Szlachtowa For ma tion, they form a fil a men tous microfacies
in the Opaleniec For ma tion; e.g., Birkenmajer and Myczyñski,
1977; Birkenmajer et al., 2008: fig. 9); there is also no ex pla na -
tion of the pres ence of Ju ras sic ammonites in the clayey shale
of the Szlachtowa For ma tion. 

Oszczypko et al. (2012) give no ex pla na tion of why the
Szlachtowa and Opaleniec for ma tions con tain no Cre ta ceous
or ganic-walled dinoflagellate cysts, that are so fre quent in true
Cre ta ceous dark-col oured strata of the Pieniny Klippen Belt
(Figs. 6–9; see also e.g., Skupien, 2003; E. Gedl, 2007) and the 
Flysch Carpathians (e.g., Gedl, 1997; E. Gedl, 1999). 

Oszczypko et al. (2012: p. 436) pose the ques tion: “As sump -
tion of a Mid dle Ju ras sic age for the Szlachtowa and Opaleniec
for ma tions is lead ing to the ques tion: where did the Up per Ju ras -
sic-Lower Cre ta ceous de pos its dis ap pear?”. But they give the
an swer them selves by show ing the Up per Ju ras sic to Lower
Cre ta ceous suc ces sion of the Grajcarek Unit ex posed at
Szczawnica-Zabaniszcze (Oszczypko et al., 2012: fig. 4A, C, D): 

the Sokolica Radiolarite For ma tion (Bajocian?-–Oxfordian?), the
Czajakowa Radiolarite For ma tion (Oxfordian), the Czorsztyn
Lime stone For ma tion (Kimmeridgian–Tithonian), the Pieniny
Lime stone For ma tion (Tithonian–Barremian), the Kapuœnica
For ma tion (Aptian–Albian) and the Wronine For ma tion (Albian)
over lain by the Hulina For ma tion (Cenomanian; Fig. 3). 

Sum ma riz ing, the data pre sented by Oszczypko et al.
(2012) do not al low, in my opin ion, ac cep tance of a Cre ta ceous
age for the Szlachtowa and Opaleniec for ma tions. In my opin -
ion, most of the pro duc tive sam ples that, ac cord ing to
Oszczypko et al. (2012), should wit ness a Cre ta ceous age for
the strata in ques tion, were col lected in fact from other Cre ta -
ceous lithostratigraphic units such as the Hulina, Wronine or
Malinowa Shale for ma tions (the Szlachtowa For ma tion does
not con sist of red shale or green radiolarite). Pro duc tive sam -
ples are al most al ways col lected from con tact zones with Cre ta -
ceous units, whereas sam ples from typ i cal Szlachtowa and
Opaleniec for ma tions are bar ren or con tain as sem blages
non-di ag nos tic of age. Foraminifera as sem blages from many
sam ples show con tam i na tion, which is treated by Oszczypko et
al. (2012) highly ar bi trarily: when high lighted by their op po nents
as an in di ca tion of age-mis un der stand ing (e.g., Birkenmajer
and Pazdro, 1968; Birkenmajer et al., 2008) – this is re jected;
when re ferred to by them selves, even in such ev i dent case as
an ad mix ture of Paleogene spe cies – it is sup pressed.

CONCLUSIONS

The Grajcarek Suc ces sion ex posed above the Pieniny
Lime stone For ma tion on the NE bank of the Jarmucki Potok
(Zabaniszcze Creek) at Szczawnica-Zabaniszcze con sists of
the fol low ing lithostratigraphic units: the Kapuœnica, Wronine,
Opaleniec and Szlachtowa for ma tions. The first two units re -
main in strati graphi cal suc ces sion above the Pieniny Lime stone 
For ma tion. Their dinoflagellate cysts are of Cre ta ceous age,
par tic u larly: Late Barremian–ear li est Aptian (top of the Pieniny
Lime stone For ma tion), ear li est Aptian (Kapuœnica For ma tion)
and Albian? (Wronine For ma tion). The lat ter unit con tacts tec -
toni cally with the su per fi cially very sim i lar Opaleniec For ma tion.
The main dif fer ence that al lows their dis tinc tion is the high car -
bon ate con tent of the lat ter (the Wronine For ma tion con sists
pre dom i nantly of non- or poorly-cal car e ous shale); this makes
the Wronine and Opaleniec for ma tions barely dis tin guish able in 
field. But the dinoflagellate cyst con tent leaves no doubt that the 
Opaleniec For ma tion is of Ju ras sic age: its strata at
Szczawnica-Zabaniszcze yielded very rich and well-pre served
Late Bathonian as sem blages. The Szlachtowa For ma tion
yielded Ju ras sic as sem blages: from Early Aalenian (Late
Toarcian?) through Late Aalenian to Early Bajocian. Nei ther the 
Szlachtowa For ma tion nor Opaleniec For ma tion yielded Cre ta -
ceous dinoflagellate cysts that would jus tify sug gest ing a Cre ta -
ceous age for them.
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Fig. 15A – Bi valve Bositra buchi (scale bar = 4 mm); B –
Aalenian ammonite Bra si lia (Bra si lia) sp. (B; coin di am e ter =
16.5 mm) from the Szlachtowa For ma tion ex posed near
Jarabina (Slovakia; found by Š. Józsa and D. Plašienka, re spec -
tively, dur ing field work in Au tumn 2012)
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