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Ab stract: The re sults pre sented are a part of the biostratigraphical and palaeoenvironmental stud ies of the au thors
on the micro fauna and or ganic-walled dinoflagellate cysts from the Me so zoic dark de pos its of the Pieniny Klippen 
Belt. The au thors pres ent the lat est re sults from the Lower–Mid dle Ju ras sic strata, in clud ing the Szlachtowa and
the Skrzypny Shale for ma tions in the Slo vak part of the Pieniny Klippen Belt near the vil lages of Jarabina,
Kamienka and Litmanová. Ma te rial for the pres ent study co mes from ex po sures along the Malý Lipník, Ve¾ký
Lipník and Rieèka Streams, and from the Jar-1 bore hole, near Jarabina. The au thors doc u ment the microfaunal and 
phytoplanctonic con tent of these rocks that con tain over 50 foraminifera and 20 dinoflagellate cyst spe cies. Their
Mid dle Toarcian?–Aalenian to Bajocian–Bathonian ages are pro posed and dis cussed. Quan ti ta tive and qual i ta tive
vari a tions of both microfossil groups are in ter preted as re flect ing var i ous sed i men tary set tings, re lated mainly to
the vari able in ten sity of in flux of ter res trial mat ter into ma rine bas ins, lead ing to dif fer ent bot tom-wa ter liv ing
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IN TRO DUC TION

The biostratigraphy and chronostratigraphy of dark-co-
loured Lower–Mid dle Ju ras sic strata of the Pieniny Klip-
pen Belt are based on macrofaunal and micropalaeontolo-
gical stud ies. Macrofauna is rare in the Magura Suc ces sion
(Grajcarek/Šariš Unit; Pugaczewska, 1971; Birkenmajer
and Myczyñski, 1977; Krawczyk et al., 1992; Gedl et al.,
2012), whereas fos sils, par tic u larly ammonites, oc cur fre -
quently in the hemipelagic de pos its of the klippen suc ces -
sions (e.g., Horwitz, 1937a, b; Myczyñski, 1973, 2004;
Pugaczewska, 1977; Birkenmajer and Myczyñski, 1994,
2000; for older pub li ca tions see Birkenmajer, 1977). On ac -
count of such fos sil oc cur rences, the chronostratigraphy of
the Lower–Mid dle Ju ras sic hemipelagites of the klippen
suc ces sions (e.g., the Skrzypny Shale For ma tion) is based
on ammonites and is well es tab lished, whereas the biostrati- 
graphy of the co eval flysch and flyschoid strata of the Ma-
gura Suc ces sion (e.g., the Szlachtowa and Opaleniec for ma -
tions) is based mainly on microfossils (e.g., Birkenmajer

and Pazdro, 1963; B³aszyk, 1968; Pazdro, 1979; Dudziak,
1986; Tyszka, 1999; Birkenmajer and Gedl, 2004, 2007;
Gedl, 2008, 2013). The palaeoenvironmental re con struc -
tions, in turn, so far are based mainly on microfaunal re -
cords from the Magura Suc ces sion (e.g., Tyszka, 1994;
Tyszka and Kaminski, 1995; Birkenmajer and Tyszka,
1996). The lack of ammonites in the Mid dle Ju ras sic of the
Magura Suc ces sion im plies that the ac cu racy of biostrati-
graphy based on microfossils is lim ited; its pre ci sion is fur -
ther lim ited by the fact that the strata in ques tion usu ally
have been tectonized. Ac cord ingly, the thick un dis turbed
sec tions in the Pieniny Klippen Belt must be re garded as
unique. For this rea son, the au thors de cided to per form in te -
grated biostratigraphic and palaeoenvironmental stud ies
that com bine two microfossil groups: or ganic-walled dino-
flag el late cysts (PG) and foraminifera (SJ) from the same
set of sam ples, col lected from the up per part of the Lower–
Mid dle Ju ras sic dark fine-clastic strata of the Pieniny Klip-



pen Belt. In this pa per the au thors pres ent the re sults of their 
stud ies on the Skrzypny Shale For ma tion and the Szlach-
towa For ma tion, ex posed in the Slo vak sec tor of the Pieniny 
Klippen Belt, be tween Jarabina and Litmanová (Fig. 1). The 
au thors cor re late the strati graphic ranges of as sem blages of
both fos sil groups and at tempt to de ter mine the chronostra-
tigraphy of par tic u lar lithostratigraphic units. The au thors
also make an at tempt to re con struct the palaeoenvironment
of the strata on the ba sis of the known en vi ron men tal pref er -
ences of par tic u lar microfossil spe cies or their as sem blages.
Ob ser va tions on liv ing foraminifera (e.g., Jones and Char-
nock, 1985; Kaminski et al., 1988; Murray, 1991; Corliss
and Chen, 1988), show the re la tion ship be tween test mor -
phol ogy and microhabitat, while the com po si tion of the as -
sem blages is linked to the avail abil ity of nu tri ents and the
ox y gen con tent at the sed i ment sur face and be low (TROX
model; Jorissen et al., 1995; Van der Zwaan, 1999). The
anal y sis of morphogroups also fa cil i tates the in ter pre ta tion
of the palaeoenvironmental sig nif i cance of the Ju ras sic fos -
sil re cord (e.g., Tyszka, 1994; Reolid, 2010; Reolid et al.,
2012, Nagy et al., 2009).

GEO LOG I CAL SET TING

The Pieniny Klippen Belt rep re sents an arch-like struc -
ture with a com pli cated struc tural de vel op ment and a var ied
sed i men tary re cord of pre dom i nantly Ju ras sic–Lower Cre -
ta ceous car bon ates form ing tec tonic “klippen” or olistolites, 
em bed ded mostly in Late Cre ta ceous–Ce no zoic marly or
flysch de pos its (e.g., Andrusov, 1945; Birkenmajer, 1977,
1986; Mišík, 1978, 1997; Aubrecht and Sýkora, 2004;
Plašienka et al., 2012). This ex tremely nar row geo log i cal
struc ture (which stretches over the dis tance of nearly 600
km, but is rarely wider than 4–5 km), is known from Aus -
tria, Po land, Slovakia, Ukraine and Ro ma nia. It sep a rates
the Outer (Flysch) Carpathians to the north from the In ner
Carpathians to the south (Fig. 1A). The strati graphic suc ces -
sion of the Pieniny Klippen Belt in its cen tral sec tor
(Slovakia and Po land) con sists of Lower Ju ras sic to Up per
Cre ta ceous strata. Tri as sic de pos its are very much in com -
plete here. They were folded dur ing the lat est Cre ta ceous–
ear li est Paleocene Laramian phase; then, a part of the Ma-
gura Suc ces sion (i.e., the south ern most part of the Outer
Carpathian ba sin sys tems; Fig. 2) was tec toni cally in cor po -
rated into the Belt, form ing now the Šariš (in Slovakia) and
Grajcarek (in Po land) Unit (e.g., Birkenmajer, 1986). Later, 
this struc ture was folded once again dur ing the Late Oligo-
cene–Early Mio cene fold ing phase when Palaeogene strata
were in cor po rated.

The palinspastic re con struc tion of the ba sin sys tems in
ques tion (Fig. 2) shows a gen er ally shal low zone (the Czor-
sztyn Ridge) that sep a rates them from the Outer Carpathian
do main (the Magura Ba sin) to the north, its south ern slope
zone (the Czertezik and Niedzica units, i.e., the Subpieniny
units) and the basinal zone (the Branisko and Pieniny units;
e.g., Birkenmajer, 1977). The Lower–Mid dle Ju ras sic of the 
study area is de vel oped mainly as dark-col oured hemipela-
gic and flysch strata, re flect ing a dysoxic sed i men tary en vi -
ron ment. The for mer were ac cu mu lated gen er ally in shal -
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Fig. 1. Lo ca tion of the study area. A. Po si tion of the Pieniny
Klippen Belt within the West Carpathian foldbelt (af ter ¯ytko,
1999) with lo ca tion of the study area (ar rowed); B. Lo ca tions of
sites stud ied be tween Jarabina and Litmanová vil lages with sam -
ple GPS co or di nates.



lower ar eas of the Czorsztyn Ridge and its south ern slope,
whereas the flysch fa cies pre dom i nated in the deeper parts,
mainly in the Magura Ba sin. The de pos its stud ied, orig i -
nally de scribed by Uhlig (1890) as the Opalinus- and Mur-
chisonae-Schichten and the Posidonienschichten, later were 
for mally sub di vided by Birkenmajer (1977) into the Krem-
pachy Marl, Skrzypny Shale, Harcygrund Shale, Szlach-
towa and Podzamcze Lime stone for ma tions. The lo cal i ties
stud ied in this pa per rep re sent the Subpieniny and Šariš
(coun ter part of the Grajcarek Unit in the Pol ish part of the
Pieniny Klippen Belt) units of the Slo vak part of the Pieniny 
Klippen Belt (Plašienka and Mikuš, 2010, Plašienka et al.,
2012). The Skrzypny Shale For ma tion of the study area is a
part of the Czertezik and/or Niedzica suc ces sions (Scheib-
ner, 1964a; Wierzbowski et al., 2004).

MA TE RIAL

Ma te rial for this study co mes from the Skrzypny Shale
and the Szlachtowa for ma tions that are char ac ter is tic and
widely dis trib uted Ju ras sic strata in the Slo vak and Pol ish
sec tors of the Pieniny Klippen Belt; two sam ples for dino-
flag el late cysts were col lected from the Krempachy Marl
For ma tion. Ad di tional sam ples were taken from imbricated
Up per Cre ta ceous strata. In to tal, 71 sam ples were col lected
for dinoflagellate cysts. For the pur pose of this study, 29
sam ples were se lected from dark shales for stud ies on fora-
minifera (21 of these sam ples were pos i tive).

Black to dark-grey-brown ish shales with fre quent sid -
er ite con cre tions of the Skrzypny Shale For ma tion were
sam pled in the Metiská Quarry above the Rieèka Stream
near Kamienka (site 7 in Fig. 1B) and at Litmanová, in ex -
po sures along the Ve¾ký Lipník Stream (site 8 in Fig. 1B).
Both sites rep re sent the Subpieniny units, pre sum ably the
Czertezik and/or Niedzica suc ces sions (Plašienka and Mi-
kuš, 2010; see Fig. 2). Three sam ples were col lected from
the Metiská Quarry: one from the lower part (Kmn13), two
from the up per part (Kmn14, Kmn15; Fig. 3D). The Lit-
manová site was de scribed by Scheibner (1964a) as the
so-called “Murchisonae-Schichten” with char ac ter is tic lay -

ers of con cre tions, bear ing a well pre served fauna of pyriti-
zed ammonites. Two sam ples were taken for micro fauna
(Ltm1, Ltm2), and six for dinoflagellate cysts (Ltm1–6; Fig. 
3E–G). Two ad di tional sam ples were col lected for dinofla-
gellate cysts from the Krempachy Marl For ma tion that
forms a small ex po sure down the stream (Ltm7 and Ltm8;
site 9 in Fig. 1B). Two sam ples of the Skrzypny Shale For -
ma tion (MLp3, MLp4) were col lected from a small ex po -
sure in the lower course of the Malý Lipník Stream, where
its black shale with sid er ite con cre tions tec toni cally con tact
with Cre ta ceous fleckenmergel fa cies (the Kapuœnica For -
ma tion?; sam ples MLp1, MLp2; site 2 in Fig. 1B; Fig.
4A–C). The lat ter fa cies (sam ples MLp5, MLp6; site 3 in
Fig. 1B) con tacts with red marl of the Malinowa Shale For -
ma tion (Fig. 4D).

Out crops of the siliciclastic Szlachtowa For ma tion are
widely dis trib uted in the Šariš Unit, which is pres ent in a
more south erly po si tion with re spect to the Subpieniny units 
(Plašienka and Mikuš, 2010). Mostly thick-bed ded graded
cal car e ous sand stones (Fig. 4E, G), with coal clasts in pla-
ces (Malý Lipník Stream), are found with much finer pelitic
micaceous siltstones. Birkenmajer and Turnau (1962) re -
ported coal in ter ca la tions (ob served by the au thors along the 
lower course of the Malý Lipník Stream; site 3 in Fig. 1B;
Fig. 4H) as be ing re worked from Car bon if er ous strata.
Small cri noid columnals can be found within the sandsto-
nes. Shell beds in these siltstones with pre dom i nant Bositra
buchi (Roemer), in clude scarce ammonites (in the up per
course of the Malý Lipník Stream, Fig. 4J, K). There the
Szlachtowa For ma tion is tec toni cally mixed with Up per
Cre ta ceous red clay (the Malinowa Shale For ma tion; sites 3
and 4 in Fig. 1B; Fig. 4F, I, L) de pos its; two sam ples were
col lected from the last men tioned strata for dinoflagellate
cysts (MLp10 and MLp14). Sam ples MLp5, MLp7–9,
MLp11–13, MLp15–17 come from the Szlachtowa For ma -
tion, ex posed along the Malý Lipník Stream (Figs 1B, 4).

Fur ther ex po sures of the Szlachtowa For ma tion oc cur
along the Rieèka Stream (site 6 in Fig. 1B) near Kamienka.
Here, ten sam ples were col lected for dinoflagellate cysts
(Kmn3–12; sam ples MLp9–12 come from a large ex po sure, 
de scribed by Barski et al., 2012; Fig. 3A–C); two ad di tional 
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Fig. 2. Palinspastic re con struc tion of the cen tral sec tor (Po land and Slovakia) of the Pieniny Klippen Belt dur ing the Mid dle Ju ras sic
(from Birkenmajer, 1977).
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Fig. 3. Ex po sures of the Szlachtowa For ma tion and the Skrzypny Shale For ma tion along the Rieèka Stream near Kamienka and the
Ve¾ký Lipník Stream at Litmanová (see Fig. 1B for de tail lo ca tions; pho to graphs A–C, E–G by P. Gedl, pho to graph D by Š. Józsa). A.
Out crop of the Szlachtowa For ma tion in west ern bank of the Rieèka Stream (site 6, sam ples Kmn3–8 in Fig. 1B). B. Close-up of dark
shale of the Szlachtowa For ma tion from the ex po sure shown in Fig. 3A. C. Large ex po sure of the Szlachtowa For ma tion along the east ern
bank of the Rieèka Stream (site 6, sam ples Kmn9–12 in Fig. 1B). D. A view on the north ern wall of the Metiská Quarry above Rieèka
Stream and sam ple lo ca tions col lected from the Skrzypny Shale For ma tion (site 7 in Fig. 1B). E. Close-up of the black shale of the
Skrzypny Shale For ma tion ex posed at Litmanová (see Fig. 3F), with char ac ter is tic sid er ite con cre tions. F. A view on the Skrzypny Shale
For ma tion ex posed along the north ern bank of the Ve¾ký Lipník Stream at Litmanová (site 8 in Fig. 1B). G. Close-up of shale sur face cov -
ered by Bositra buchi shells.
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Fig. 4. Ex po sures of the Szlachtowa For ma tion and the Skrzypny Shale For ma tion along the Malý Lipník Stream (pho to graphs by P.
Gedl, ex cept of H by Š. Józsa). A. Ex po sure of the Skrzypny Shale For ma tion that tec toni cally con tacts with Cre ta ceous marl (pre sum ably 
the Kapuœnica For ma tion; site 2 in Fig. 1B). B. Close-up of the black shale of the Skrzypny Shale For ma tion. C. Spot ted Cre ta ceous marl
(pre sum ably the Kapuœnica For ma tion). D. Con tact be tween red marl of the Malinowa Shale For ma tion (Up per Cre ta ceous) and the
fleckenmergel of pre sum ably Kapuœnica For ma tion (site 3, sam ples MLp5, MLp6). E. Thick-bed ded sand stone and dark shale of the
Szlachtowa For ma tion (site 3 in Fig. 1B, sam ple MLp7). F. Tec tonic con tact be tween red marl of the Malinowa Shale For ma tion (Up per
Cre ta ceous) and the Szlachtowa For ma tion (site 3 in Fig. 1B, near sam ple MLp10). G. Tectonized thick-bed ded sand stone of the
Szlachtowa For ma tion sur rounded by dark shale (site 3, sam ple MLp12 in Fig. 1B). H. Coal clast from the Szlachtowa For ma tion near
sam ple MLp8 (site 3, sam ples MLp7–11 in Fig. 1B). I. Ex po sure of the Szlachtowa For ma tion (site 4, sam ples MLp15, MLp16 in Fig. 1B) 
show ing its tec tonic con tacts with the Palaeogene con glom er ate of the Proè For ma tion (above) and red marl of the the Up per Cre ta ceous
Malinowa Shale For ma tion (right lower cor ner of the pho to graph, de tail of the con tact shown in L). J. Shell of Bositra buchi from the
Szlachtowa For ma tion col lected near the sam ple MLp16 (see I). K. Ammonite Bra si lia sp. from the Szlachtowa For ma tion, found by
Dušan Plašienka near sam ple MLp16, and de ter mined by Jan Schlögl (see Gedl et al., 2012).



sam ples, Kmn1 and Kmn2, were taken from Cre ta ceous
fleckenmergel strata, ex posed in the lower course of the
Rieèka Stream (site 5 in Fig. 1B).

A part of the ma te rial co mes from the Jar-1 bore hole,
near Jarabina (site 1 in Fig. 1B; Figs 5, 6), where in gen eral
two tec tonic slices of the Szlachtowa For ma tion were dril-
led through in the lower part of the bore hole suc ces sion
(Fig. 6A). This part of the bore hole con sists of re peated
slices of mid-Ju ras sic (the Szlachtowa For ma tion) and Up -
per Cre ta ceous (the Malinowa Shale For ma tion), where
silty and micaceous mudstones and cal car e ous sand stones
of the for mer are imbricated with Cre ta ceous Oce anic Red
Beds of the Malinowa Shale For ma tion (Fig. 6B, D). The
top of the Šariš Unit in the Jar-1 bore hole is strongly defor-
med and in many places to tally crushed, in some parts into
melange zones (70–79 m; Fig. 6A–D). Some of the better
pre served parts with black siltstones from the top of the
Jar-1 bore hole fre quently have a smooth soapy ap pear ance
on the cleav age planes with no vis i ble macrofauna. In the
lower part of the up per slice, organodetritic sand stone beds
are pres ent (Fig. 6E). The lower part of the bore hole is
some what more con sis tent and less tectonized, mostly made 
up of var ie gated shales of the Malinowa Shale For ma tion,
where only a small sliver of micaceous black sand stones
and mudstones of the Szlachtowa For ma tion is pres ent (Fig. 
6A, F, G). Thirty-one sam ples were taken from a core, 4 cm
in di am e ter, for dinoflagellate cysts, and ten sam ples were
taken for foraminifera (Fig. 6B, F).

METH ODS

Com mon sam ples were di vided into two halves, each
pro cessed with dif fer ent meth ods. The rock por tions for or -
ganic-walled dinoflagellate cysts (20 g) were pro cessed in
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Fig. 5. Lo ca tion of Jar-1 bore hole (see also site 1 in Fig. 1B). A view from the top of a quarry at Jarabina (Lysá Skala Mt.).

Fig. 6. The Jar-1 bore hole (core pho to graphs by Vojtech
Mikuš). A. Gen eral pro file of the Jar-1 bore hole (mod i fied af ter
Plašienka et al., 2012). B. Up per tec tonic scale of the Szlachtowa
For ma tion (61–95 m). C. Black siltstone (61–62 m). D. Tec tonic
melange show ing var ie gated shale of the Malinowa Shale For ma -
tion (Up per Cre ta ceous) in cor po rated into the Szlachtowa Shale
For ma tion (77–78 m). E. Micaceous siltstone with in ter ca la tions
of sand stone (88–89 m). F. Lower scale of the Szlachtowa For ma -
tion (128–135 m). G. Micaceous siltstone with in ter ca la tions of
sand stone.



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, Re search
Cen tre in Kraków. The palynological pro ce dure ap plied 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. Ni tric-acid (HNO3) treat ment
was not ap plied. 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, Re search Cen tre in Kraków.

For foraminifera, 100 g dry weight of crushed hard
marlstones, siltstones and sandy mudstones were treated in
de ter gents washed and sieved on 71, 125, 200 and 500 µm
mesh sieves. Microfossils were picked from the 125 µm
frac tion and trans ferred into a card board microslide and
counted. The microfossils for SEM study were mounted on
a alu minium stub and gold coated. Foraminifera were
mounted with wa ter sol u ble fix ing glue (Kreativika, prod.
no. 90060), in or der to take im ages from the same spec i men
from dif fer ent views. SEM im ages were made in the Na ture
His tory Mu seum in Prague us ing a Hitachi S3700N in stru -

ment. Foraminifera pho to graphed in im mer sion on a Leica
DM2500P mi cro scope were pro cessed us ing com bine Z5
soft ware. Microslides with picked foraminifera are stored in 
the micropalaeontology col lec tions at the De part ment of
Geology and Pa le on tol ogy, Fac ulty of Nat u ral Sci ences,
Comenius Uni ver sity, in Bratislava.

The sta tis ti cal meth ods used in clude palynofacies el e -
ment pro por tions cal cu lated by count ing up to 500 el e -
ments, and di ver sity in dexes of foraminiferal as sem blages.
No di ver sity in di ces of dinoflagellate cyst were cal cu lated,
ow ing to their mostly ex tremely low fre quency (a few spec i -
mens per slide) and low tax o nom i cal rich ness. The di ver sity 
of foraminifera was cal cu lated by PAST soft ware ver sion
3.01 by Ham mer et al. (2001), us ing the lower val ues. The
Fisher al pha di ver sity is one of the most widely used in -
dexes, for mu lated as: S = a·ln(1 + n/a), where S is the num -
ber of taxa, n is the num ber of in di vid u als and a is the Fisher 
alfa. For com par i son, the Shan non-Wiener in dex was used,
de fined as: H = –sum((ni/n) ln(ni/n)), where ni is the num ber 
of spec i men in each spe cies and n is the to tal num ber of
spec i mens.

Foraminiferal morphogroups for this study are de ter -
mined ac cord ing to the scheme pro posed by Tyszka (1994)
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Ta ble 1

Foraminifera morphogroups used in this study, A1–7 ag glu ti nated morphogroups, C1–8 cal car e ous morphogroups
(mod i fied af ter Tyszka, 1994, com ple mented af ter Frenzel, 2000, Reolid et al., 2010 and Cetean et al., 2011)

Morphogroup Test form Life position Feeding habit Genera

A-1 Tubular Epifaunal erect Suspension feeders Hyperammina, Rhabdammina

A-2 Planoconvex meandering Epifaunal Attached Passive herbivores Tolypammina

A-3 Discoidal (Flattened coiled) Epifaunal
Active deposit feeding (herbivores,
detritovores)

Glomospira, Ammodiscus

A-4 Low trochospiral (planoconvex) Epifaunal
Active deposit feeding (herbivores,
detritovores)

Trochammina

A-5 High trochospiral (conical),
planispiral, rounded streptospiral

Epifaunal to shallow
infaunal

Active deposit feeding (detritovores,
bacteriovores, herbivores)

Conotrochammina,
Haplophragmoides, Recurvoides

A-6 Planispiral Shallow infaunal
Active deposit feeders (detritovores,
bacterial scavengers)

Kutsevella

A-7
Elongated, high trochospiral,
quadriserial, triserial, biserial,
uniserial

Shallow to deep infaunal
Active deposit feeders (detritovores,
bacterial scavengers)

Verneuilina, Verneuilinella,
Verneuilinoides, Textularia,
Reophax

Morphogroup Test form Life position Feeding habit Genera

C-1 Trochospiral, biconvex or
planoconvex

Epifaunal
Primary weed fauna (grazing
herbivores)

Epistomina

C-2 Irregular, meandrine Epifaunal Deposit feeding Ramulina

C-3 Planispiral (discoidal flattened) or 
trochospiral (planoconvex)

Epifaunal
Primary weed fauna (grazing
herbivores, detritovores)

Spirilina, Trocholina

C-4 Planispiral (discoidal flattened) Epifaunal
Active deposit feeders (grazing
herbivores/detritovores)

Ophthalmidium,
Spirophthalmidium

C-5 Elongated inflated Shallow infaunal
Deposit feeders (grazing omnivores,
and or bacterial scavengers)

Nodosaria, Oolina

C-6 Elongated flattened Shallow to deep infaunal
Active deposit feeders (grazing
omnivores) 

Astacolus, Planularia,
Falsopalmula, Ichtyolaria,
Citharina

C-7 Elongated straight periphery Shallow to deep infaunal
Deposit feeders (grazing omnivores,
and or bacterial scavengers)

Dentalina, Pseudonodosaria,
Eoguttulina

C-8 Biconvex Epifaunal to deep infaunal
Active deposit feeders (grazing
omnivores)

Lenticulina

Foraminiferal morphogroups (mod i fied af ter Tyszka, 1994, sup ple mented by Frenzel, 2000, Reolid et al., 2010).



with slight mod i fi ca tions (Tab. 1). Schemes are com ple -
mented by stud ies of Nagy et al. (2009) and Frenzel (2000).

RE SULTS

Palynofacies and dinoflagellate cysts

All sam ples con tain palynological or ganic mat ter, com -
posed chiefly of land-de rived plant par ti cles (Figs 7, 8) in clud -

ing phytoclasts (mainly black and opaque par ti cles, e.g., Figs
7C, 8, and dark-brown, var i ously pre served palynodebris; Fig.
7E, D), cu ti cles (rang ing from small 10–20 µm, to over 1 mm
in di am e ter; Fig. 7A, B, E) and sporomorphs (their pro por tion
rarely ex ceeds 1–2%); a com mon el e ment is very thin, del i cate 
par ti cles of un cer tain, but rather also ter res trial or i gin (Fig.
7F). Their pro por tions, how ever, vary: the palynofacies of the
Szlachtowa Formation con tain higher pro por tions of cu ti cles 
and dark brown palynodebris (Fig. 7), whereas that of the
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Fig. 7. Palynofacies of the Szlachtowa For ma tion. Scale bars = 25 µm. A, B. Sam ple Kmn3. C. Sam ple MLp8. D. Sam ple MLp12. E.
Bore hole Jar-1, sam ple depth 135.2 m. F. Bore hole Jar-1, sam ple depth 61.9 m.



Skrzypny Shale For ma tion is dom i nated by black opaque
phytoclasts (Fig. 8). Ma rine palynomorphs are rep re sented
by dinoflagellate cysts, foraminiferal or ganic lin ings and
acritarchs. The two last men tioned groups are rare; their
rep re sen ta tives oc cur as a few spec i mens and rarely more
per sam ple. Dinoflagellate cysts were found in most of the
sam ples stud ied; their fre quency var ies from sam ple to sam -
ple. A char ac ter is tic fea ture of phytoclasts and palyno-
morphs is that they ex hibit var i ous de grees of ma tu rity.
Most par ti cles from the Skrzypny Shale For ma tion show a
dark yel low ish-brown ish to dark brown ish colouration. Their 
struc ture, par tic u larly of the cu ti cles, shows a high de gree of
cor ro sion, partly caused by min eral (py rite?) growth. Par ti -
cles from the Szlachtowa For ma tion are lighter; their struc -
tures are much better pre served.

Kamienka. Dinoflagellate cyst dis tri bu tion in sam ples
from the Kamienka (Kmn) sec tion is shown in Ta ble 2.
They are pres ent in all sam ples, ex cept sam ple Kmn4.

Sam ples Kmn1 and Kmn2, col lected from mudstone of
un cer tain age yielded highly al tered cu ti cles and black opa-
que phytoclasts; rare sporomorphs are also ma tured. Dino-
flag el late cysts are ex tremely rare (Fig. 9) and show bimo-
dal pres er va tion. The ma jor ity are poorly pre served, dark-
col oured, and com monly are in de ter min able. Palaeohystri-

chophora infusorioides and some Spiniferites spec i mens are 
pale-col oured; their struc ture is well pre served (some traces
of crys tal growth are vis i ble).

A dif fer ent palynofacies oc curs in the Szlachtowa For -
ma tion, ex posed fur ther up stream (Fig. 7A, B). It is com -
posed of pre dom i nat ing cu ti cles and del i cate par ti cles of
pre sum ably land or i gin; dark brown and black phytoclasts
are com mon and the lat ter fre quently are elon gated. Dino-
flag el late cyst fre quency var ies from sam ple to sam ple (they 
are ab sent from sam ple Kmn4), but it is al ways sub or di nate
to the ter res trial el e ment. Dinoflagellate cyst fre quency is
the low est in sam ples Kmn3–7 where a few to sev eral spec i -
mens oc cur per slide, higher in sam ples Kmn8 and Kmn9
(1–2%), and the high est in sam ples Kmn10 (up to 10%) and
Kmn11 (4–5%). Dinoflagellate cyst as sem blages from these 
sam ples are tax o nom i cally im pov er ished; they are compo-
sed of 2–3 spe cies, and some rare ad di tional ones (Tab. 2).
The dom i nant spe cies are Nannoceratopsis gracilis, Dissi-
liodinium spp. and Kallosphaeridium praussii (Fig.
10K–V). The lat ter two taxa are mostly thin-walled, and
com monly folded, which makes their iden ti fi ca tion dif fi -
cult. There are a num ber of “thin-walled” forms, which ow -
ing to fold ing, show no fea tures (such as archaeopyle type)
that could al low their pre cise tax o nom i cal des ig na tion. As -
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Fig. 8. Palynofacies of the Skrzypny Shale For ma tion. Scale bars = 25 µm. A, B. Sam ple Kmn15. C. Sam ple Kmn14. D. Sam ple
Kmn13.
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Ta ble 2

Dis tri bu tion of dinoflagellate cysts in Malý Lipník Stream and Kamienka sec tions

Ab bre vi a tions: K.F. – Kapuœnica For ma tion; S.S.F. – Skrzypny Shale For ma tion; S.F. – Szlachtowa For ma tion; M.F. – Malinowa Shale For ma tion; U.C. –
Up per Cre ta ceous.



EARLY?–MID DLE JU RAS SIC DINOFLAGELLATE CYSTS AND FORAMINIFERA 101

Fig. 9. Dinoflagellate cysts from Cre ta ceous strata of the study area. Scale bars = 25 µm. A–C. Palaeohystrichophora infusorioides (A: 
Kmn1; B: MLp6; C: Jar-1, 136.9 m). D. Alterbidinium? sp. (Jar-1, 127.9 m). E. Palaeohystrichophora cheit (MLp1). F. Craspedodinium
sp. (MLp1). G. Pterodinium cingulatum (dark-col oured spec i men; MLp1). H. Pterodinium sp. (MLp1). I. Pterodinium cingulatum
(pale-col oured spec i men; MLp1). J. Pterodinium sp. (MLp14). K. Alterbidinium sp. (MLp10). L. Pervosphaeridium sp. (MLp1). M.
Spinidinium sp. (MLp6). N. Litosphaeridium siphoniphorum (MLp1). O. Pterodinium sp. (MLp1). P, Q. Poorly pre served chorate spec i -
mens (P: MLp10; Q: Kmn1). R. Circulodinium sp. (MLp14). S. Odontochitina sp. (MLp1). T. Codoniella campanulata (MLp1). U–X.
Spiniferites spp. (U: Jar-1, 135.9 m; V: MLp1; W: MLp10; X: Kmn1).



sem blages from sam ples Kmn3, Kmn8 and Kmn11 are do-
minated by these “thin-walled” spec i mens and Kallosphae-
ridium-Dissiliodinium ones (Fig. 10L, O, P); Nannocerato-
psis (mainly N. gracilis ; Fig. 10S) pre dom i nates in sam ples
Kmn5–7 and Kmn10. The as sem blage from sam ple Kmn9,
in turn, is char ac ter ized by the fre quent oc cur rence of both
Dissiliodinium (but rep re sented here by thick-walled D.
giganteum; Fig. 10T, U) and Nannoceratopsis gracilis.

Sam ple Kmn12 yielded a palynofacies dom i nated by
cuticles and struc tured palynodebris; dark brown phyto-
clasts are com mon. Dinoflagellate cysts (a few per cent) are
dom i nated by Dissiliodinium (D. giganteum, D. lichenoi-
des, D. spp.; Fig. 10T–V) and Batiacasphaera; Kallosphae- 
ridium and Nannoceratopsis (N. gracilis) are in fre quent.

 A dif fer ent palynofacies is pres ent in sam ples Kmn13–
15 col lected from the Skrzypny Shale For ma tion, ex posed
in the Metiská Quarry (Fig. 8). It is dom i nated by black opa- 
que phytoclasts, highly dis in te grated (Kmn13) or slightly
larger (Kmn14), up to 90%; dinoflagellate cysts and sporo-
morphs rep re sent a few to 10%. Sam ple Kmn15 con tains a
higher pro por tion (15%) of highly de graded dark brown
par ti cles of un cer tain or i gin (tis sue re mains?). A char ac ter -
is tic fea ture of all three sam ples is the high mat u ra tion of or -
ganic par ti cles, which are dark brown and their struc ture
shows a high de gree of al ter ation. This re fers par tic u larly to
the spormorphs and plant tis sue re mains; dinoflagellate
cysts show bi modal pres er va tion: most of them are brown -
ish, but rel a tively well pre served (e.g., Nannoceratopsis
dictyambonis, Dissiliodinium, Kalllosphaeridium), whereas 
some (e.g., N. gracilis) are dark brown and highly de graded
(Fig. 10A–J). The lat ter show also a high de gree of dam age,
caused by crys tal growth (py rite?). The tax o nomic com po -
si tion of the dinoflagellate cyst as sem blages from sam ples
Kmn14 and Kmn15 is very sim i lar: it con sists of fre quent
Nannoceratopsis spec i mens (mainly N. dictyambonis; Fig.
10C, H) and rare Kallosphaeridium-Dissiliodinium spec i -
mens (Tab. 2). The as sem blage from sam ple Kmn13 is char -
ac ter ized by a higher fre quency of Dissiliodinium, which re -
mains ap prox i mately in the same pro por tion as Nannocera-
topsis does (mainly N. dictyambonis). 

Malý Lipník. Sam ples from this sec tion yielded var i -
ous palynofacies and dinoflagellate cyst as sem blages that
re flect var i ous ages of the strata in ques tion.

The palynofacies of sam ples MLp1 and MLp2 is com -
posed al most en tirely of highly dis in te grated black, opaque
phytoclasts; they dif fer in the more fre quent dinoflagellate
cysts in sam ple MLp1 (al most ab sent in MLp2). Dinoflage-
llate cysts are well pre served, al though some di ver si fi ca tion
in colouration may be ob served (Fig. 9E–I, L, N, O, S, T, V).
Most fre quent are Spiniferites, Pterodinium and Craspedo-
dinium. The same palynofacies oc curs in sam ples MLp5 and
MLp6 (rare cu ti cles, com monly highly de graded, are 2–5%).
Dinoflagellate cysts are rare, par tic u larly in sam ple MLp5;
they show two dif fer ent stages of pres er va tion: peridinioids
(e.g., Palaeohystrichophora infusorioides, Spinidinium), Spi- 
niferites and Pterodinium are well pre served and pale-col -
oured (Fig. 9A–E); the chorate gonyaulacoids like Kioka-
nsium and Oligosphaeridium are darker-col oured and their
struc ture is dam aged (Fig. 9P–R); spores are sim i larly pre -
served, they are dark-col oured. Sam ple MLp10 is an other

one that yielded a black phytoclast-dom i nated palynofacies
and bi modal pre served rare dinoflagellate cysts: ex cel lently
pre served ones in clude Palaeohystrichophora infusorioides
and other peridinioids (Alterbidinium spp., Spinidinium),
Pterodinium, S. ramosus (Fig. 9K, W). Poorly pre served are 
in de ter min able chorate gonyaulacoids (Fig. 9P). A sim i lar
as sem blage show ing var i ous de grees of pres er va tion (well
pre served P. infusorioides, Spinidinium sp., and some spec -
i mens of Spiniferites, con trast ing with very poorly pre -
served thick-walled gonyaulacoids), has been found in sam -
ple MLp14. Its palynofacies con sists of black opaque phy-
toclasts and highly al tered cu ti cles (15%); dinoflagellate
cysts are be low 1%.

A dif fer ent palynofacies, char ac ter ized by a high pro -
por tion of spores and dinoflagellate cysts (up to 20–25%) in 
re la tion to black opaque phytoclasts, was found in sam ples
rep re sent ing the Skrzypny Shale For ma tion (MLp3 and
MLp4); cu ti cles are in fre quent (up to 5%); in fre quent fora-
miniferal or ganic lin ings and acritarchs oc cur. Dinoflage-
llate cyst as sem blages (Fig. 11A–C, E–K) are mod er ately
diver si fied: Nannoceratopsis (N. ambonis, N. gracilis, N.
evae) is the most com mon ge nus (Tab. 2).

The re main ing sam ples, rep re sent ing the Szlachtowa
For ma tion, yielded large amounts of palynological or ganic
mat ter, com posed of black, dark brown and cu ti cle re mains,
palynodebris (Fig. 7C, D). Dinoflagellate cysts oc cur in var -
i ous pro por tions; they are rare in sam ples MLp7–9, up to a
few per cent in sam ples MLp15–17, and fre quent (15–20%) 
in sam ples MLp11–13 (Fig. 11D, L–U). Their tax o nom i cal
com po si tion is vari able (Tab. 2). Sam ples MLp7–9 yielded
Nannoceratopsis deflandrei, sin gle N. dictyambonis, N.
gracilis, and some thin-walled forms rep re sent ing pre sum -
ably Dissiliodinium and Kallosphaeridium. The lat ter forms 
are dom i nant in the re main ing sam ples, in as so ci a tion with
fre quent Nannoceratopsis gracilis and rare Dissiliodinium
lichenoides and N. dictyambonis (MLp11), Nannoceratop-
sis (N. evae, N. dictyambonis, N. raunsgaardii, N. gracilis)
and rare Dissiliodinium cf. lichenoides (MLp13), Nannoce-
ratopsis (N. raunsgaardii and N. dictyambonis), and rare
Scriniocassis prisca and Phallocysta elongata in sam ples
MLp15 and MLp16. The as sem blage from sam ple MLp17
dif fers in the higher pro por tion of Dissiliodinium cf.
lichenoides and D. lichenoides, whereas the one from sam -
ple MLp12 is out stand ing in that it shows an acme of Dissi-
liodinium giganteum as so ci ated with Dissiliodinum cf.
lichenoides and Nannoceratopsis gracilis.

Jar-1 bore hole. Sam ples from the two scales of the
Szlachtowa For ma tion from this bore hole have been stud ied 
for dinoflagellate cysts (Fig. 6): the lower (128–135 m) and
the up per scale (61–95 m). Most sam ples from the
Szlachtowa For ma tion yielded a palynofacies dom i nated by 
dark brown and black phytoclasts, the lat ter fre quently with
trans par ent edges, com monly mas sive, and cu ti cle re mains
(Fig. 7E, F). They oc cur in vari able pro por tions, as so ci ated
with sub or di nate amounts of sporomorphs and dinoflage-
llate cysts.

Lower scale (128–135 m). This in ter val of the Szlach-
towa For ma tion is un der lain by the Up per Cre ta ceous strata
(Fig. 6A, F). The sam ple from 135.9 m depth yielded a paly- 
nofacies com posed of black opaque phytoclasts. Ex tremely
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Fig. 10. Dinoflagellate cysts from the Skrzypny Shale For ma tion from the Metiská Quarry (A–J) and from the Szlachtowa For ma tion
from the Rieèka Stream near Kamienka (K–V). Scale bars = 25 µm. A, B. Nannoceratopsis gracilis (both spec i mens from Kmn13). C.
Nannoceratopsis dictyambonis (Kmn13). D. Phallocysta elongata (Kmn13). E. Kallosphaeridium sp. (Kmn13). F, G. Nannoceratopsis
gracilis (both spec i mens from Kmn15). H. Nannoceratopsis dictyambonis (Kmn15). I. Phallocysta elongata (Kmn13). J. Kallosphae-
ridium sp. (Kmn15). K. Batiacasphaera sp. (Kmn3). L. Kallosphaeridium sp. (Kmn3). M, N. Dissiliodinium giganteum (both spec i mens
from Kmn3). O. Kallosphaeridium sp. (Kmn6). P. Kallosphaeridium praussii (Kmn8). Q. Comparodinium cf. koessianum (Kmn8). R.
Phallocysta elongata (Kmn8). S. Nannoceratopsis gracilis (Kmn8). T, U. Dissiliodinium giganteum (both spec i mens from Kmn11). V.
Dissiliodinium lichenoides (Kmn12).
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Fig. 11. Dinoflagellate cysts from the Skrzypny Shale For ma tion (A–C, E–K) and the Szlachtowa For ma tion (D, L–U) from Malý
Lipník Stream. Scale bars = 25 µm. A–C. Phallocysta elongata (A: MLp3; B: MLp4; C: MLp16). D. Moesiodinium raileanui (MLp3). E,
F. Nannoceratopsis evae (both spec i mens from MLp4). G. Kallosphaeridium praussii (MLp3). H. Nannoceratopsis gracilis (MLp3). I.
Nannoceratopsis dictyambonis (MLp4). J. Nannoceratopsis spiculata (MLp4). K. Nannoceratopsis dictyambonis (MLp4). L. Nanno-
ceratopsis gracilis (MLp9). M, N. Nannoceratopsis deflandrei (both spec i mens from MLp9). O. Dissiliodinium giganteum (MLp12). P.
Dissiliodinium sp. (MLp7). Q. Dissiliodinium lichenoides (MLp11). R. Pareodinia sp. (MLp11). S. Dissiliodinium cf. lichenoides
(MLp17). T. Dissiliodinium giganteum (MLp12). U. Dissiliodinium cf. lichenoides (MLp12).



rare dinoflagellate cysts (Tab. 3) are rep re sented by Spinife-
rites, Pterodinium cingulatum and Palaeohystrichophora
infusorioides (Fig. 9C, U). A sim i lar palynofacies, but with
dif fer ent dinoflagellate cysts, oc cur in strata over ly ing the
lower scale: the sam ple from a depth of 127.9 m yielded sin -
gle peridinioids, rep re sent ing Spinidinium?, Alterbidinium?
and Craspedodinium? (Fig. 9D).

Most of sam ples from the black shale of the Szlachtowa 
For ma tion con tain palynofacies, dom i nated by ter res trial
palynodebris (black, opaque phytoclasts, dark brown phyto- 
clasts, cu ti cle re mains) and sporomorphs (1–8%; Fig. 7E);
aquatic palynomorphs (mainly dinoflagellate cysts; Fig. 12)
do not ex ceed 6–8%. The only ex cep tion is the sam ple from
a depth of 133.2 m; dinoflagellate cysts com prise here al -

most 15% of the as sem blage. The top most sam ple from this
in ter val (128.5 m) yielded an out stand ing palynofacies,
com posed of black opaque phytoclasts and dinoflagellate
cysts (10%). The three basal sam ples con tain a high
proportion of Dissiliodinium spp. The one from a depth of
133.2 m con tains an acme of Dissiliodinium giganteum. The
higher sam ples con tain Dissiliodinium spec i mens, in as so ci a -
tion with fre quent Ctenidodinium cornigerum (132.4 m; Fig.
12O, Q), which, al though less fre quent, is also pres ent in the
higher sam ples (131.8 m and 130.6 m), and fre quent Nanno-
ceratopsis gracilis in the sam ple from 129.7 m depth. An out -
stand ing as sem blage dom i nated by Ctenidodinium combazii oc -
curs in the top most sam ple (128.5 m; Fig. 12U, V).
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Ta ble 3

Dis tri bu tion of dinoflagellate cysts in the Jar-1 bore hole

Ab bre vi a tion: M.F. – Malinowa Shale For ma tion.
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Fig. 12. Dinoflagellate cysts from the Szlachtowa For ma tion of the Jar-1 bore hole. Scale bars = 25 µm. A. Valvaeodinium scalatum (93.3 m).
B. Valvaeodinium cf. koessenium (91.05 m). C–E. Phallocysta elongata (C: 93.3 m; D, E: 91.05 m). F. Chytroiesphaeridium chytroeides
(128.5 m). G, H. Dissiliodinium spp. (both spec i mens from 93.3 m). I. Nannoceratopsis raunsgaardii (61.9 m). J, K. Nannoceratopsis
dictyambonis (both spec i mens from 87.15 m). L. Dissiliodinium cf. lichenoides (89.65 m). M, N. Nannoceratopsis gracilis (M: 89.65 m; N:
91.05 m). O. Ctenidodinium cornigerum (132.4 m). P. Dissiliodinium cf. lichenoides (89.65 m). Q. Ctenidodinium cornigerum (132.4 m). R.
Taeniophora? sp. (in com plete spec i men; 128.5 m). S. Valensiella sp. (128.5 m). T. Nannoceratopsis pellucida (128.5 m). U, V. Ctenidodinium
combazii (both spec i mens from 128.5 m).



Up per scale (61–95 m). Black shale from this in ter val
yielded gen er ally small amounts of palynological or ganic
mat ter; their palynofacies is dom i nated by black phyto-
clasts, com monly with trans par ent edges – over 70–80% in
most sam ples (only two up per most sam ples from depths of
64.6 m and 61.9 m yielded lower pro por tions vary ing around
50–60%); cu ti cles are sub or di nate, be ing most fre quent in the 
basal sam ples (93.3 m, 91.05 m, 89.65 m, 88.2 m – 15–20%). 
Some sam ples, par tic u larly from the up per in ter val (68–61 m),
con tain brown, highly dis in te grated phytoclasts with out pre -
served struc tures (Fig. 7F). Sporomorphs oc cur in all sam ples 
stud ied; their pro por tion os cil lates from 2 to 5%, the high est
val ues oc cur in sam ples from basal depths: 93.3 m (12%),
91.05 m (10%), 87.15 m (8%). Dinoflagellate cysts are most
fre quent in the basal in ter val 92.4–87.15 m (Tab. 3), but even 
there they do not ex ceed 2–3%. They are rare or ab sent in the
higher in ter val, ex cept in the sam ples from depths of 85.2 m
and 85.7 m, where their pro por tion reaches 5% and 12%, re -
spec tively. Most sam ples con tain sim i lar dinoflagellate cyst
as sem blages, com posed mainly of Nannoceratopsis (chiefly
N. gracilis, N. dictyambonis), Dissiliodinium spp., and Pha-
llocysta elongata (Fig. 12). The last men tioned spe cies forms
an acme in the sam ple from 85.7 m depth. Rare spec i mens of
Valvaeodinium oc cur at basal depths (Tab. 3; Fig. 12A, B).
Sin gle spec i mens of Nannoceratopsis deflandrei were found
in two sam ples from the depths of 85.2 m and 80.1 m (Tab. 3).

Litmanová. The sam ples col lected from the Skrzypny
Shale For ma tion yielded a uni form palynofacies, com posed
en tirely of black opaque phytoclasts. There are nei ther ter -
res trial palynomorphs (sporomorphs), nor ma rine ones.
Sam ples of the Krempachy Marl For ma tion (Ltm7 and
Ltm8) yielded very small amounts of palynological or ganic
mat ter, com posed en tirely of black opaque phytoclasts.

Foraminifera

The sam ples stud ied yielded var i ous microfaunal con -
tent, di ver si fied both quan ti ta tively and qual i ta tively (Fig.
13). Some sam ples are bar ren; they rep re sent the Szlach-
towa For ma tion: Malý Lipník Stream sam ple MLp8, Jar-1
bore hole sam ples from the fol low ing depths: 84.9 m, 88.9 m,
89.9 m, 128.7 m, 131.2 m, 133.2 m, and Kamienka (Rieèka
Stream) sam ples Kmn3 and Kmn9. The iden ti fied fora-
minifera rep re sent both ag glu ti nated (Fig. 14) and cal car e -
ous ben thic (Figs 15, 16) forms. Dur ing the study, rel a tively 
fre quent ostracods were found (Fig. 16). 

Kamienka and Malý Lipník. The sin gle sam ple MLp8 
taken from the Szlachtowa For ma tion ex posed along the
lower course of the Malý Lipník Stream is bar ren. The rest
of them con tains im pov er ished ag glu ti nated as sem blages
(MLp9, MLp12; Fig. 13) with Rhabdammina or Hyperam-
mina and rare Trochammina only (Fig. 14). Sam ple MLp15
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Fig. 13. Dis tri bu tion and abun dances of foraminifera and ostracods in the sam ples stud ied. White col our stands for ag glu ti nated and
black for cal car e ous foraminifera. All data are in di cated as num ber of spec i mens. * – spec i men count is more than 280 in di vid u als; ** –
spec i men count is more than 350 in di vid u als.
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from the up per course of Malý Lipník Stream, in turn,
yielded rich and di ver si fied as sem blages of mostly cal car e -
ous ben thic foraminifera with dom i nant Epistomina, Spiri-
llina and smooth-walled Lenticulina; they are ac com pa nied
by com mon Dentalina, Citharina, Falsopalmula, Ichtyo-
laria, Pseudonodosaria and Nodosaria (Fig. 15). Ag glu ti -
nated foraminifera, rep re sented by Kutsevella and Trocha-
mmina, are very rare (MLp15a; Fig. 13).

A dif fer ent as sem blage, dom i nated by su per abun dant
me dium to coarsely ag glu ti nated Rhabdammina, was found
in the Szlachtowa For ma tion ex posed along the Rieèka
Stream near Kamienka (Kmn11; Fig. 14A, B). It con tains
also very rare spec i mens of Dentalina, Lenticulina, Citha-
rina and Planularia.

The Skrzypny Shale For ma tion sam pled in the Metiská
Quarry, near Kamienka (sam ples Kmn13–15), yielded var i -
ous as sem blages. The one from sam ple Kmn13 (lower part
of the quarry; Fig. 3D) con sists of abun dant small ag glu ti -
nated foraminifera, rep re sented by Glomospira, Ammodis-
cus, Kutsevella, Trochammina, Recurvoides, Conotrocham- 
mina, Verneuilinella, Verneuilina, Verneuilinoides and Tex- 
tularia; the most abun dant are Trochammina and Lenticu-
lina (Fig. 13). An in creased abun dance of smooth-walled
Astacolus was noted there too; small ophthalmids are pres -
ent as rare spec i mens only. In the sam ples from the
Skrzypny Shale For ma tion in the up per scale of the quarry
(Kmn14 and Kmn15; Fig. 3D), dif fer ent as so ci a tions have
been found. Both sam ples yielded sparse and badly pre -
served foraminifera. Sam ple Kmn14 yielded only cal car e -
ous forms, whereas sam ple Kmn15 con tains a mixed as so ci -
a tion of ag glu ti nated and cal car e ous foraminifera. The most
fre quent gen era are Lenticulina and Epistomina.

A dif fer ent microfaunal as sem blage was found in the
Skrzypny Shale For ma tion from Litmanová (sam ples Ltm1
and Ltm2 from ex po sures along the Velký Lipník Stream;
Fig. 3F). It con sists al most ex clu sively of cal car e ous ben -
thic foraminifera with dom i nant Epistomina and ophthal-
mids (Fig. 13). It is note wor thy that Planularia cordiformis
(Terquem) and Tolypammina sp. have been found in the
Skrzypny Shale For ma tion only.

Jar-1 bore hole. The Szlachtowa For ma tion from the
up per scale of the Jar-1 bore hole (sam ples from the depth
in ter val 61–95 m; Fig. 6) yielded com mon to rel a tively
abun dant foraminifera. The as sem blage from the low er most 
sam ple at a depth of 93.3 m con sists ex clu sively of ag glu ti -
nated forms, rep re sented by abun dant Hyperammina with a
typ i cal glassy ap pear ance. When ob served un der SEM, the
wall struc ture shows its tex ture con sists of fine imbricated
mica flakes (Fig. 14C, D). They are as so ci ated with com -

mon Trochammina and rare Haplophragmoides (Fig. 13).
Higher in the bore hole, the foraminifera as sem blage con -
sists of tax o nom i cally di ver si fied, mixed ag glu ti nated and
cal car e ous taxa: a sig nif i cant de crease in Hyperammina, an
in crease in Trochammina, and oc ca sional oc cur rences of
Kutsevella, rare Conotrochammina and Recurvoides were
ob served (85.7 m; Fig. 13). Among the cal car e ous ben thic
foraminiferas, Epistomina and Lenticulina are the most fre -
quent in most of the sam ples from both for ma tions. Small
Spirillina is only pres ent as pyritised moulds. The as sem -
blages from the higher part of the up per scale of the Szlach-
towa For ma tion (83.4–61.9 m) are char ac ter ized by the
strong pre dom i nance of cal car e ous ben thic foraminifera
over ag glu ti nated ones; the for mer are dom i nated again by
Epistomina and Lenticulina (Fig. 13). The ex clu sive oc cur -
rence of small Ophthalmidium sp. was noted in the up per
scale of the Jar-1 bore hole. No ta ble is the nearly per fect
pos i tive cor re la tion be tween the in crease of Lenticulina,
ostracods and Epistomina in the Szlachtowa For ma tion of
the Jar-1 bore hole (Fig. 13). Bro ken spec i mens of Lenticu-
lina, as signed to Lenticulina cf. chicheryi, were found in the 
sam ple from a depth of 61.9 m (Fig. 15P, R).

Only scarce and im pov er ished ag glu ti nated foramini-
fera were found in the lower scale of the Jar-1 bore hole rep -
re sented by Rhabdammina sp. and Trochammina sp.

IN TER PRE TA TION

Biostratigraphy

The biostratigraphy of the for ma tions stud ied is based
mainly on dinoflagellate cysts, which al low rel a tively pre -
cise age dat ing (Fig. 17). They also al low the sep a ra tion of
the Ju ras sic rocks from the sur round ing Cre ta ceous ones.
The foraminifera, mainly ag glu ti nated spe cies, are long-
rang ing spe cies with more lim ited dat ing pre ci sion; more -
over, their as sem blages are com monly tax o nom i cally im -
pov er ished (see e.g., Fig. 13).

Cre ta ceous dinoflagellate cysts (Fig. 9) were iden ti fied
in sam ples from strata un der ly ing (135.9 m) and over ly ing
(127.9 m) the lower scale of the Szlachtowa For ma tion in
the Jar-1 bore hole (Fig. 6), and in some sam ples from the
Malý Lipník Stream (MLp1, MLp2, MLp5, MLp6, MLp10, 
MLp14) and the Kamienka sec tion (Rieèka Stream: Kmn1,
Kmn2). Their as sem blages are com monly im pov er ished,
mak ing pre cise dat ing im pos si ble, but the pres ence of Pala-
eohystrichophora infusorioides in most of these sam ples
(Tabs 2, 3) in di cates that their age is lat est Albian–Early
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Fig. 14. Ag glu ti nated foraminifera. Scale bars in A, E, I, J, L, M, R, S = 200 µm. Scale bars in B–D, F–H, K, N, O, P, T–W = 100 µm. A,
B. Rhabdammina sp.; B: de tail of the open end and wall struc ture, sam ple Kmn11. C, D. Hyperammina sp.; D: de tail of the wall struc ture
with imbricated mica crystalls, sam ple Jar-1: 65.5 m. E. Ammodiscus sp., sam ple Kmn13. F. Glomospira sp., sam ple Kmn13. G, H.
Recurvoides sp.; G: side view, H: ap er tural view, sam ple Kmn13. I, J. Kutsevella sp.; I: dor sal, J: pe riph eral view, sam ple MLp15a. K.
Haplophragmoides sp., dor sal view, sam ple Kmn13. L, M. Trochammina aff. eoparva (Nagy et Johansen); L: spi ral, M: um bil i cal view,
sam ple Kmn13. N, O. Trochammina pulchra Ziegler; N: dor sal, O: um bil i cal view, sam ple Jar-1: 65.7 m. P. Textularia haeusleri
Kaptarenko, sam ple Kmn13. R, S. Trochammina sp.; R: dor sal, S: um bil i cal view, sam ple Ltm1. T. Verneuilinella pieninica Tyszka et
Kaminski, sam ple Kmn13. U. Verneuilinoides sp., sam ple Kmn13. V, W. Verneuilina sp.; W: to wards pe riph eral view, sam ple Kmn13.
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Maastrichtian (e.g., Wil liams et al., 2004). Sam ples Kmn1
and Kmn2 might be slightly older. They yielded Litosphae-
ridium siphoniphorum (Late Albian–lat est Cenomanian ac -
cord ing to Wil liams et al., 2004), but they were with out P.
infusorioides. A sim i lar age can be sug gested for poorly
pre served as sem blage from a depth of 127.9 m (Tab. 3).

Pre sum ably, the old est Ju ras sic microfossils are those
found in a sin gle sam ple of the Szlachtowa For ma tion in the 
Jar-1 bore hole, at a depth 61.9 m. Dinoflagellate cysts are
rep re sented by two spe cies: Nannoceratopsis gracilis and
N. raunsgaardii; both hav ing long strati graphi cal ranges,
in clud ing Pliensbachian to Bajocian (e.g., Bucefalo Palliani
and Rid ing, 1997). Foraminifera from this sam ple are
poorly pre served, but bro ken spec i mens as signed to Lenti-
culina cf. chicheryi were found (Fig. 15P, R). The pres ence
of L. chicheryi was the ba sis for dis tin guish ing the Mid dle
Toarcian Lenticulina chicheryi Zone (Ruget and Nicollin in
Cairou and Hantzpergue, 1997). Bro ken spec i mens of this
spe cies al low only a ques tion able cor re la tion of the ma te rial 
stud ied with this zone (Fig. 17A). Higher sam ples from this
bore hole con tain spe cies that ap peared for the first time dur -
ing the Late Toarcian (e.g., Nannoceratopsis dictyambonis;
Tab. 3).

A youn ger dinoflagellate cyst as sem blage in the Szlach-
towa For ma tion oc curs in the mid dle course of the Rieèka
Stream (sam ples Kmn4–7; site 6 in Fig. 1B; Fig. 3A, B) and
in some sam ples from the up per scale of this unit in the Jar-1
bore hole. This as sem blage con sists of Nannoceratopsis (N.
gracilis) and Kallosphaeridium-Dissiliodinium spec i mens
(com monly thin-walled, wrin kled, dif fi cult to de ter mine, but
dif fer ent than D. lichenoides and D. giganteum). An other
char ac ter is tic fea ture is the lack of Phallocysta elongata, al -
though a sin gle spec i men of this spe cies was found in sam -
ple Kmn8, col lected a few me ters from sam ple Kmn7 (Fig.
3A), where the strata dip, in di cat ing that both sam ples are
from strata in strati graphic con ti nu ity; Valvaeodinium cf.
koessianum sensu Gedl (2008) oc curs in sam ple Kmn5.
A sim i lar as sem blage, com posed chiefly of Nannoceratop-
sis (mainly N. deflandrei in this case, sin gle N. dictyambo-
nis, N. gracilis), was found in sam ples MLp7– 9 from ex po -
sures along the Malý Lipník Stream (site 3 in Fig. 1; Fig.
4E; note: in these ex po sures coal clasts oc cur: Fig. 4H).
Sam ple MLp9 yielded a sin gle spec i men of Valvaeodi-
nium cf. koessianum sensu Gedl (2008). Sam ples from the
up per scale of the Szlachtowa For ma tion in the Jar-1 bore -
hole gen er ally con tain Phallocysta elongata, but some, par -

tic u larly from the up per most part, are de void of this spe cies
(depths: 88.2 m, 86.5 m, 80.1 m, 78.2 m, 75.2 m, 64.6 m, and
61.9 m). Three of these sam ples yielded Nannoceratopsis
deflandrei (80.1 m; ques tion ably in the case of 88.2 m and
86.5 m). A pre cise age for these as sem blages is dif fi cult to
de ter mine. The pres ence of Nannoceratopsis deflandrei
sug gests an Toarcian age (Bucefalo Palliani and Rid ing,
1997). The pres ence of Kallosphaeridium-Dissiliodinium
spec i mens may in di cate a Late Toarcian age, since the old -
est rep re sen ta tives of these gen era ap peared for the first
time dur ing this time or later (e.g., Prauss, 1989). An early
Late Toarcian age can be sup ported by the pres ence of Na-
nnoceratopsis dictyambonis in sam ple MLp9 (first ap pear -
ance dur ing the Late Toarcian ac cord ing to Bucefalo Pa-
lliani and Rid ing, 1997), and the lack of Phallocysta elon-
gata, which ap peared for the first time in north west Eu rope
dur ing the lat est Toarcian (Levesquei Zone; Rid ing, 1994).
How ever, in a more south ern Bo real-Tethyan tran si tional
area (the Quercy Re gion, SW France), P. elongata was re -
corded also in mid dle Up per Toarcian strata (Thouarsense
Zone; Bucefalo Palliani and Rid ing, 1997). Dinoflagellate
cyst as sem blages from the Kamienka sec tion can be cor re -
lated with as sem blages de scribed from the Szlachtowa For -
ma tion, in Po land (sites: Krupianka, sam ple Krp0; Sztolnia,
up per course, sam ples: Szt21, Szt26, Szt39; Grajcarek-Jar-
muta; Gedl, 2008), whereas the ones from Malý Lipník re -
sem ble an as sem blage de scribed from the Trawne site, in
Po land (sam ple Trw6; Gedl, 2008). All these Pol ish sam -
ples were in cluded in the Nannoceratopsis spp. Zone, ten ta -
tively cor re lated with the Up per Toarcian (Gedl, 2008).
Birkenmajer and Myczyñski (1977) de scribed the Early
Aalenian ammonites Leioceras opalinum and Leioceras cf.
comptum from lime stone in ter ca la tions close to sam ples
Szt26 and Szt39, but this sec tion is highly tectonized (see
e.g., Gedl, 2008, fig. 22B).

Foraminifera from the sam ples de scribed above have
lim ited strati graphic value: they are very rare and not age-
di ag nos tic (e.g., sam ple MLp9: Fig. 13) or, as in the case of
the up per part of the up per scale of the Szlachtowa For ma -
tion in the Jar-1 bore hole (depths: 78.2 m, 75.2 m, 64.6 m),
they cor re spond to the Up per Toarcian–Aalenian foramini-
fe ral Lenticulina d’orbignyi Zone. The ones from a depth of
61.9 m pre sum ably can be cor re lated with the Mid dle Toar-
cian foraminiferal Lenticulina chicheryi Zone (Fig. 17).

As sem blages be lieved to be youn ger are those, which
con tain Phallocysta elongata and lack Dissiliodinium liche- 
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Fig. 15. Cal car e ous ben thic foraminifera. Scale bars in A–I, L–O, S–AF = 200 µm: Scale bars in J, K, P, R = 100 µm. A–C. Epistomina
ar cana Antonova; A: dor sal, B: pe riph eral, C: um bil i cal view, sam ple MLp15a. D–F. Epistomina semiornata (Schwager); D: dor sal, E:
pe riph eral, F: um bil i cal view, sam ple MLp15a. G–I. Epistomina coronata Terquem; G: dor sal, H: pe riph eral, I: um bil i cal view, sam ple
Ltm1. J, K. Lenticulina d’orbignyi (Roemer); J: dor sal, K: pe riph eral view, sam ple Jar-1: 65.5 m. L, M. Lenticulina d’orbignyi (Roemer);
L: dor sal, M: pe riph eral view, sam ple Kmn13. N, O. Astacolus sp.; N: dor sal, O: pe riph eral view, sam ple Jar-1: 65.5 m. P, R. Lenticulina
cf. chicheryi (Payard); P: dor sal, R: pe riph eral view, sam ple Jar-1: 61.9 m. S, T. Lenticulina varians (Bornemann); S: dor sal, T: pe riph eral
view, sam ple Ltm1. U, V. Lenticulina muensteri (Roemer); U: dor sal, V: pe riph eral view, sam ple Ltm1. W, X. Lenticulina quenstedti
Gümbel; W: dor sal, X: pe riph eral view, sam ple Ltm1. Y, Z. Lenticulina polygonata (Franke); Y: dor sal, Z: pe riph eral view, sam ple Jar-1:
85.7 m. AA, AB. Lenticulina cf. toarcense (Payard); AA: dor sal, AB: pe riph eral view, sam ple Jar-1: 65.5m. AC, AD. Lenticulina
muensteri (Roemer); AC: dor sal, AD: pe riph eral view, sam ple Jar-1: 65.5 m. AE. Falsopalmula tenuistriata (Franke), sam ple MLp15a.
AF. Citharina macilenta (Terquem), sam ple MLp15a.
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noides and D. giganteum (Fig. 17). Their host rocks can be
cor re lated with the up per most Toarcian Phallocysta elon-
gata Zone of Gedl (2008). Pre sum ably, they can be also cor -
re lated with the youn ger Nannoceratopsis evae Zone, al -
though N. evae, the in dex spe cies, is very rare in the ma te -
rial stud ied (Tab. 2). Such as sem blages oc cur in the Szlach-
towa For ma tion in the lower part of its up per scale in the
Jar-1 bore hole (depths: 93.3 m, 92.4 m, 91.05 m, 87.15 m,
85.7 m, 85.2 m, 84.9 m, 83.4 m, 82.5 m, 81.5 m, 68.5 m,
65.5 m; Tab. 3). The as sem blage from sample MLp16 also
con tains P. elongata and lacks youn ger spe cies (Tab. 2), but 
this sam ple was col lected from the same out crop where
sam ple MLp15, re main ing in strati graphic con ti nu ity was
col lected (Fig. 1B: site 4; Fig. 4I); the lat ter sam ple yielded
Nannoceratopsis evae. Also sam ple Kmn8 may rep re sent
the same as sem blage (see two para graphs above). Sim i lar
as sem blages oc cur in the Skrzypny Shale For ma tion ex -
posed in the Metiská Quarry (sam ples Kmn13–15; Fig. 1B:
site 7; Fig. 3D). In sam ple Kmn13 (Skrzypny Shale For ma -
tion from the Metiská Quarry), a sin gle, very poorly pre -
served spec i men was found, ques tion ably as signed to Dissi- 
liodinium lichenoides (Tab. 2). The age of these assembla-
ges can be es ti mated as lat est Toarcian and cor re lated with
the up per most Toarcian Phallocysta elongata Zone of Gedl
(2008). How ever, an Aalenian, par tic u larly an Early–early
Late Aalenian age, can not be ex cluded, ow ing to the rar ity
of N. evae, an in dex spe cies of the Nannoceratopsis evae
Zone of Gedl (2008). Also the pres ence of the ques tion able
D. lichenoides in Kmn13 may in di cate a Late Aalenian age;
the pres ence of Lenticulina d'orbignyi (Roemer) in the same 
sam ple in di cates a Late Toarcian–Aalenian age.

The oc cur rence of Nannoceratopsis evae al lows dat ing
its host rocks as Lower–lower Up per Aalenian (the first ap -
pear ance of this spe cies is dated at the base of Aalenian;
opalinum Zone; Prauss, 1989). In the ma te rial stud ied, this
spe cies oc curs in the Skrzypny Shale For ma tion ex posed
along the up per course of the Malý Lipník Stream (sam ples
MLp3 and MLp4; Fig. 1B: site 2; Fig. 4A, C), and in the
Szlachtowa For ma tion ex posed in the lower course of that
stream (sam ple MLp15; Fig. 1B: site 4; Fig. 4I). Sam ples
with N. evae can be thus cor re lated with the Lower–lower
Up per Aalenian Nannoceratopsis evae Zone of Gedl
(2008). In the case of the Malý Lipník sam ples, such an age
is con firmed by the oc cur rence of the Aalenian ammonite
Bra si lia sp. (Fig. 4K; Gedl et al., 2012). The pres ence of
Dissiliodinium cf. lichenoides and the ques tion ably de ter -

mined D. lichenoides in the Skrzypny Shale For ma tion of
the Malý Lipník Stream and the Metiská Quarry (MLp3,
Kmn13, re spec tively) may in di cate a Late Aalenian age for
part of this unit (Fig. 17). 

Foraminifera from the sam ples, cor re lated with the
Phallocysta elongata and Nannoceratopsis evae zones, as is
the case with the older Nannoceratopsis spp. Zone, rep re -
sent cal car e ous as sem blages be long ing to the Up per Toar-
cian–Aalenian foraminiferal Lenticulina d’orbignyi Zone
(Fig. 17).

The pres ence of Dissiliodinium lichenoides, com monly
as so ci ated with D. cf. lichenoides, in di cates a Late Aalenian 
age, since the strati graphic range of this spe cies is lim ited to
the lat est Mid dle Aalenian and the ear li est Early Bajocian
(Feist-Burkhardt, 1990: as ?Dissiliodinium sp. A; Feist-Bur-
khardt and Monteil, 2001). The strata in ques tion that con tain 
this spe cies, also de void of D. giganteum, can be cor re lated
with the Up per Aalenian Dissiliodinium lichenoides Zone of
Gedl (2008). They are rep re sented in the ma te rial stud ied by
the sam ples from the Szlachtowa For ma tion ex posed in the
Malý Lipník Stream (MLp11, MLp13, and MLp17; Fig.
1B: sites 3 and 4) and from the Jar-1 bore hole (lower scale:
129.70 m; up per scale: 89.65 m, 88.20 m, 86.50 m). Two
spec i mens of D. cf. lichenoides were found in a sam ple
MLp3 from the Skrzypny Shale For ma tion ex posed in
lower course of the Malý Lipník Stream (Fig. 1B: site 2) in -
di cat ing that a part of this unit may rep re sent the Up per
Aalenian (the neigh bour ing sam ple MLp4 was cor re lated
with the older Nannoceratopsis evae Zone; see above). Nan-
noceratopsis dictyambonis be comes ab sent or rare in sam ples 
at trib uted to this zone.

The youn gest dinoflagellate cyst as sem blages found in
the sam ples stud ied in di cate Early Bajocian (as sem blage
with Dissiliodinium giganteum), and Late Bajocian–Mid dle 
Bathonian (as sem blage with Ctenidodinium) ages (Fig. 17). 
The as sem blages with D. giganteum were found in the
lower part of the Szlachtowa For ma tion in the Jar-1 bore -
hole (sam ples from in ter val 130–135 m; Tab. 3) and in ex -
po sures in the Malý Lipník (MLp12) and Rieèka Streams
(Kmn3, Kmn9–12). The pres ence of the in dex spe cies
shows that its host strata can be cor re lated with the Lower
Bajocian ammonite discites-sauzei zones (Feist-Burkhardt
and Monteil, 2001), and with the Dissiliodinium giganteum
Zone of Gedl (2008). How ever, three sam ples from the
above men tioned in ter val of the Jar-1 bore hole (132.4 m,
131.8 m, 130.6 m) yielded also Ctenidodinium cornigerum.
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Fig. 16.  Cal car e ous ben thic foraminifera and ostracods. Scale bars in G–I, K,  M–P, AA–AE = 200 µm. Scale bars in A–F, J, L, R–Z =
100 µm. A, B. Citharina colliezi (Terquem); A: dor sal, B: pe riph eral view, sam ple Ltm1. C, D. Falsopalmula deslongchampsi (Terquem); 
C: dor sal, D: pe riph eral view, sam ple MLp15b. E. Falsopalmula sp., sam ple Kmn13. F. Ichtyolaria sp., sam ple Kmn13. G. Planularia
cordiformis (Terquem); sam ple Kmn13. H. Planularia protracta (Bornemann), sam ple Jar-1: 65.7 m. I. Planularia sp., sam ple Jar-1: 61.9 
m. J. Nodosaria cf. pulchra (Franke), sam ple Jar-1: 65.5 m. K, L. Nodosaria fontinensis Terquem; K: sam ple MLp15a, L: sam ple Jar-1:
85.7 m. M. Dentalina sp., sam ple MLp15a. N, O. Dentalina pseudocommunis (Franke), sam ple MLp15b. P. Dentalina vetusta d’Orbigny, 
sam ple MLp15a. R. Pseudonodosaria vulgata (Bornemann), sam ple MLp15a. S. Oolina sp., sam ple Kmn13. T. Ramulina sp., sam ple
Kmn13. U. Eoguttulina bilocularis (Terquem), sam ple Kmn13. V. Eoguttulina sp., sam ple Jar-1: 65.5 m. W. Spirophthalmidium sp. 1,
sam ple Ltm1. X. Spirophthalmidium sp. 2, sam ple Kmn13. Y. Ophthalmidium sp., sam ple Jar-1: 78.2 m. Z. Spirillina infima Strick land,
sam ple Jar-1: 65.5 m. AA. Fern spore, sam ple MLp9. AB. Eucytherura transversiplicata (Bate et Coleman), sam ple Kmn13. AC.
Ogmoconcha sp., sam ple Ltm1. AD, AE. Kinkelinella sp.; AD: ex ter nal, AE: in ter nal view.



The last men tioned spe cies is known from youn ger strata –
Bathonian of Brit ish Isles (Rid ing et al., 1991; Rid ing and
Thomas, 1992) and Late Bajocian–Early Bathonian of Wes- 
tern France (Feist-Burkhardt and Monteil, 1997). Co-oc cur -
rence of Early Bajocian (D. giganteum) and Late Bajocian–
Bathonian (C. cornigerum) spe cies may in di cate ei ther re -
work ing of the for mer or ear lier ap pear ance of the lat ter spe -

cies in the Pieniny bas ins. But C. cornigerum has never
been de scribed so far from the Lower Bajocian strata of the
Pieniny Klippen Belt; it was de scribed from strata dated as
Up per Bajocian–Bathonian (Gedl, 2008).

The above men tioned de pos its yielded only a low-di -
ver sity ag glu ti nated foraminifera as sem blage (S0a and S0b
ecozones). These Bajocian as sem blages are as so ci ated with
com mon to abun dant sponge spicules that have no pre cise
strati graphi cal sig nif i cance.

The Ctenidodinium-as sem blage, found in a sin gle sam -
ple of the Szlachtowa For ma tion from the Jar-1 bore hole
(128.5 m), con tains the spe cies Ctenidodinium combazii,
Nannoceratopsis pellucida, Chytroeisphaeridia chytroei-
des, all ap pear ing for the first time dur ing the Late Bajocian
(e.g., Prauss, 1989; Bucefalo Palliani and Rid ing, 1997).
Their pres ence al lows the cor re la tion of this sam ple with the 
Up per Bajocian–Mid dle Bathonian Ctenidodinium com-
bazii Zone of Gedl (2008). In the Pol ish part of the Pieniny
Klippen Belt, this zone was rec og nized in two sam ples of
the Szlachtowa For ma tion (Szt39A, Szt40), col lected from
a highly tectonized ex po sure of this unit in the up per course
of the Sztolnia Stream (Gedl, 2008, fig. 22B), and it is wide -
spread in the Opaleniec For ma tion.

The lack of dinoflagellate cysts in the Skrzypny Shale
For ma tion ex posed along the Ve¾ký Lipník Stream at Lit-
manová (Fig. 1B, site 8) does not al low dat ing of it. Fora-
minifera found in the Litmanová sam ples are not of much
biostratigraphical value. The com po si tion of the foramini-
fe ral as so ci a tion is dif fer ent from that of other lo cal i ties.
How ever, the char ac ter is tic com mon oc cur rence of Episto-
mina ar cana Antonova, Epistomina coronata Terquem and
Epistomina semiornata (Schwager) might in di cate an age
youn ger than mid Aalenian (with re spect to Tyszka, 1999;
Fig. 17). This site is known for its well pre served pyritised
ammonite fauna, rang ing from mid Aalenian to Early
Bajocian (Scheibner, 1964a).

Palaeo ec ol ogy

The micro fauna stud ied shows vari a tions in com po si -
tion in both the Skrzypny Shale and Szlachtowa for ma tions, 
re flect ing var i ous palaeoenvironmental set tings. One of the
bathymetrically shal lower types of as sem blage oc curs in the 
Skrzypny Shale For ma tion ex posed at Litmanová along the
Ve¾ký Lipník stream. This as sem blage con sists al most ex -
clu sively of cal car e ous ben thic foraminifera and ostracods;
epifaunal morphogroups are the most fre quent there. These
black, oc ca sion ally organodetritic, marls yielded as sem -
blages, com posed of pre dom i nantly epifaunal taxa, mainly
the Epistomina (morphogroup C1), as so ci ated fre quently
with small ophthalmids (C4) and scarce Spirillina (C3). No
or na mented Lenticulina was noted at this site. The ag glu ti -
nated foraminifera rep re sent only small part of the as sem -
blage. Mostly epifaunal morphogroups (A3/A4, C1–C4) in
the sam ples in di cate well ox y gen ated con di tions (Ltm1;
Fig. 18). The same strata ex am ined for palynology showed
an ex cep tional palynofacies, com posed en tirely of black
phytoclasts and de void of dinoflagellate cysts. The lack of
the lat ter could be ex plained with ref er ence to highly oxic
bot tom con di tions in di cated by an in ter pre ta tion of the
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Fig. 17. Ju ras sic microbiostratigraphy of the sites stud ied. Dot -
ted lines are for sites ques tion ably dated, ow ing to fos sil scar city
or poor pres er va tion. A. Szlachtowa For ma tion of the Jar-1 bore -
hole, up per scale (61.9–93.3 m). B. Szlachtowa For ma tion of the
Jar-1 bore hole, lower scale (135.2–128.5 m). C. Szlachtowa For -
ma tion of the Malý Lipník sec tion (MLp7–9, MLp11–13,
MLp15–17). D. Skrzypny Shale For ma tion of the Malý Lipník
sec tion (MLp3, MLp4). E. Szlachtowa For ma tion of the Ka-
mienka sec tion, Rieèka Stream (Kmn3–12). F. Skrzypny Shale
For ma tion of the Kamienka sec tion, Metiská Quarry (Kmn13–15). 
G. Skrzypny Shale For ma tion at Litmanová (Ve¾ký Lipník
Stream, Ltm1, Ltm2). BZ – biozones, EZ – ecozones.



foraminifera. Such a palynofacies of dark fine-clastic ma rine
Ju ras sic strata of the Pieniny Klippen Belt is ex cep tional
(Gedl, 2008). The lack of dinoflagellate cysts can be explai-
ned by the post-depositional his tory, which in volves con sid -
er able tec tonic re ar range ment of the strata in ques tion, lead -
ing to com plete palynomorph deg ra da tion.

A dif fer ent foraminifera as sem blage was found in the
Skrzypny Shale For ma tion in the Metiská Quarry, near Ka-
mienka, where, in con trast to the pre vi ous site, an in crease
in ag glu ti nated foraminifera was noted. Com mon infaunal
morphotypes of both ag glu ti nated and cal car e ous forms are
pres ent (the most com mon morphogroups are rep re sented
by Kutsevella A6, Dentalina, Nodosaria, Ichtyolaria, Fal-
sopalmula and Eoguttulina C5–C7). Epifaunal and shal low
infaunal ag glu ti nated foraminifera are dom i nated by Tro-
chammina, while Glomospira and Ammodiscus are rather
scarce. A max i mum oc cur rence of the deep infaunal ag glu -
ti nated morphogroup A7 of Textularia, Verneuilinella, Ver- 
neuilina and Verneuilinoides was noted in a sin gle sam ple
from the Metiská quarry (Kmn13; Fig. 18). Also a sig nif i -
cant in crease in Recurvoides was ob served (morphogroup
A5). A di verse deep infauna in di cates poorly ox y gen ated
con di tions. The con di tions ev i denced by these strata seem
to be less oxic by com par i son with the Litmanová ones,
which is in agree ment with the pres ence of dinoflagellate
cysts pre served in a less ox i diz ing en vi ron ment. Dinoflage-
llate cysts pres ent in the Metiská Quarry sam ples (Kmn13–
15) point to a ma rine en vi ron ment.

The Szlachtowa For ma tion yielded slightly dif fer ent
foraminifera as sem blages in quan ti ta tive and qual i ta tive

terms. Most of the sam ples stud ied from the Malý Lipník
Stream and the Jar-1 bore hole con tain mostly ag glu ti nated
forms, though low in abun dance. Their as sem blages char ac -
ter ise strict epifaunal morphogroups A1 (Rhabdammina/
Hyperammina), A4 (Trochammina) and oc ca sional A3
(Glomospira). Other morphogroups that share an infaunal
mode of life, e.g., Conotrochammina (A5), Recurvoides,
Kutsevella (A6) or Reophax (A8), are very rare or ab sent,
es pe cially where cal car e ous ben thic foraminifera are ab sent
as well. Cal car e ous ben thic foraminifera from the Szlach-
towa For ma tion in the up per slice of the Jar-1 bore hole, if
pres ent, con tain scarce epifaunal Epistomina (C1), Spiri-
llina (C3), Falsopalmula (C6), Dentalina (C7), Lenticulina
(C8), and ophthalmids (C4). Only sam ple MLp15a from the
Szlachtowa For ma tion ex posed in the up per course of the
Malý Lipník Stream yielded as sem blage very sim i lar to the
one from the Skrzypny Shale For ma tion in the Metiská
Quarry (Kmn13).

The foraminiferal as sem blages from the lo cal i ties stud -
ied from both for ma tions show dif fer ent char ac ter is tics and
can be sub di vided with re spect to abun dance, ecologic
struc tur ing and di ver sity into sev eral ecozones (Fig. 19):

S0a. Low-abun dance and low-di ver sity ag glu ti nated
ecozone: with ex clu sive pres ence of ag glu ti nated epifaunal
morphogroups (A1, A4) and ab sent infauna. This as sem -
blage was noted in the Szlachtowa For ma tion of the Jar-1
bore hole (93.3 m, 128.2 m) and in sam ples from the lower
course of the Malý Lipník Stream (MLp9, MLp12).

S0b. High-abun dance and low-di ver sity ag glu ti nated-
pre dom i nant ecozone: with al most ex clu sive, some times su -
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Fig. 18. Dis tri bu tion of foraminiferal morphogroups in se lected sam ples vs var i ous at trib utes. MG – morphogroup; S – sam ple; LS –
lithostratigraphy; FZ – foraminiferal zonation; NCDZ – non-cal car e ous dinoflagellate cyst zonation; EZ – ecozone; as ter isks in di cate
counts ex ceed ing 120 spec i mens.



per abun dant epifaunal morphogroup A1. This as sem blage
was found only in the Szlachtowa For ma tion of the Ka-
mienka sec tion (Kmn11). 

S1a. Low-abun dance, low-di ver sity ecozone with
mixed ag glu ti nated and cal car e ous foraminifera: with dom i -
nance of graz ing her biv o rous epifaunal morphogroups (C1,
A4 less C3 and C4), com mon shal low infaunal morpho-
groups (A6, C6) and rare deep cal car e ous infaunal mor-
phogroups (C7). This as sem blage was noted in the Szlach-
towa For ma tion of the Jar-1 bore hole (85.7 m) and in the
Skrzypny Shale For ma tion, ex posed in the Metiská Quarry
(Kmn15).

S1b. High-abun dance, high-di ver sity ecozone with
mixed ag glu ti nated and cal car e ous foraminifera, with graz -
ing her biv o rous morphogroups (com mon C1, A3, C3, and
abun dant A4 and C4). Infaunal morphogroups from shal low 
to deep infauna are com mon to abun dant (C5–7, A5–7).
This ecozone was noted only in a sin gle sam ple from the
Skrzypny Shale For ma tion in the Metiská Quarry (Kmn13).

S2a. Low–mod er ate-abun dance, low-di ver sity cal car e -
ous ecozone: with the C1 and C8 morphogroups dom i nant
(Metiská Quarry: Kmn14). An over all in crease in the C4

morphogroup was also noted in the Skrzypny Shale For ma -
tion at Litmanová (Velký Lipník Stream: Ltm1, Ltm2). The
Szlachtowa For ma tion from the up per part of the Jar-1 bore -
hole (61.9–83.4 m) yielded a sim i lar as sem blage, ex cept for
a drop in the C4 morphogroup and the pres ence of scarce
or na mented Lenticulina d’orbignyi (Roemer).

S2b. High-abun dance, high-di ver sity, pre dom i nantly
cal car e ous ecozone: with the C3 morphogroup dom i nant.
Morphogroup C1 is also no ta bly higher than in other sam -
ples. Com pared to other sam ples, the C4 morphogroup is
scarce. The most abun dant C7 morphogroup was ob served
in all sam ples. This as sem blage was found in the Szlach-
towa For ma tion from the up per course of the Malý Lipník
Stream (MLp15).

Some of the foraminiferal as sem blages re flect ox y -
gen-de pleted con di tions in bot tom-wa ter and sed i ment.
How ever, some vari a tions of their com po si tion show that
the ox y gen level in bot tom wa ters fluc tu ated dur ing the de -
po si tion of the sed i ments. The con di tions clos est to anoxic
are the ones ev i denced by the Szlachtowa and Skrzypny
Shale for ma tions with in creased infaunal morphogroups of
ag glu ti nated foraminifera (S1b, S2b; sam ple Kmn13 from
the Metiská Quarry, sam ple MLp15 from the up per course
of Malý Lipník Stream). The re main ing as sem blages of the
Szlachtowa For ma tion and the ones from the Skrzypny
Shale For ma tion in di cate that in case of both for ma tions
they were de pos ited for the most part in a bot tom en vi ron -
ment with slightly better ox i di za tion (low oxic-dysoxic).
The palynofacies of both units show a high ra tio of land-de -
rived or ganic par ti cles, partly re spon si ble for the low ox y -
gen con tent in the bot tom wa ters, but their char ac ter, and es -
pe cially their in flux rate can ex plain dif fer ences be tween
the microfaunal as sem blages. The high est ra tio of cu ti cles,
which pre sum ably re flects a high rate of ter res trial in put
into the ba sin, was gen er ally noted in the Szlachtowa For -
ma tion, in sam ples which yielded foraminifera at trib uted to
the morphogroups S0a and S0b. Some other sam ples stud -
ied from this unit are char ac ter ized by a higher pro por tion of 
black, opaque phytoclasts and a gen er ally lower con tent of
palynological or ganic mat ter (up per scale of the Szlachtowa 
For ma tion in the Jar-1 bore hole), which may re flect a lower
sed i men ta tion rate and/or a lower ra tio of ter res trial in put
into the ba sin. This is a good ex am ple of the re la tion of
palynofacies to foraminifera: the basal sam ple from this in -
ter val (93.3 m) con tains the high est pro por tion of cu ti cles,
which cor re sponds to the S0a foraminiferal morphogroup.
Higher in the in ter val, the lower pro por tion of cu ti cles, cor -
re sponds with changes in the morphogroups to S1a (85.7 m) 
and S2a (83.4–61.9 m in ter val).

How ever, some sam ples (e.g., MLp15), show a rel a -
tively high pro por tion of cu ti cles, but their foraminiferal as -
sem blages rep re sent the S2b morphogroup; the other, like
the one from a depth of 128.2 m, con tains black phytoclasts, 
but its foraminiferal as sem blage is at trib uted to the S0a
morphogroup.

Sporomorphs and black to dark brown phytoclasts in
the Skrzypny Shale For ma tion point to a slower sed i men ta -
tion rate, whereas fre quent cu ti cles in the Szlachtowa For -
ma tion re flect pre sum ably a higher ter res trial in flux rate.
The de po si tion of large amounts of land el e ments on the sea
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Fig. 19. Val ues of the Fisher al pha (A) and the Shan non-Wiener
(B) in dexes for the as sem blages stud ied with ecozones marked.



floor caus ing, the ox y gen-de pleted con di tions, due to de cay
pro cesses, com bined with a gen er ally higher sed i men ta tion
rate in the case of the Szlachtowa For ma tion, made bot tom
liv ing con di tions less fa vour able for the micro fauna.

DIS CUS SION

Biostratigraphy. Re sults pre vi ously ob tained showed
that the old est Szlachtowa For ma tion rep re sents the Up per
Toarcian (Gedl, 2008; in bi modal di vi sion, the Lower Toar-
cian in cludes the tenuicostatum/polymorphum–bifrons
chronozones, the Up per Toarcian – variabilis/gradata–aa-
lensis; see e.g., Page, 2003). The pres ent study in di cates an
older, Mid dle Toarcian age (bifrons–variablilis of the tri par -
tite di vi sion; e.g., Hardenbol et al., 1998) of the Szlachtowa
For ma tion from the Jar-1 bore hole sam ple from a depth of
61.9 m (ques tion able ow ing to the poor pres er va tion of the
in dex spe cies Lenticulina cf. chicheryi). This age in ter pre ta -
tion is sup ported by the im pov er ished dinoflagellate cyst as -
sem blage, lack ing spe cies that ap peared prior to the lat est
Toarcian.

A de tailed sub di vi sion of the Up per Toarcian–Lower
Aalenian on the ba sis of foraminifera is dif fi cult, as the as -
sem blages are sim i lar with only grad ual changes of some
char ac ter is tic Mid dle Ju ras sic taxa (Cannales and Henri-
ques, 2008). Epistomina ar cana (Antonova), has proven to
be of lit tle strati graphic value, as it was found in an as sem -
blage to gether with Lenticulina d’orbignyi (Roemer) along
with other cal car e ous foraminifera at most lo cal i ties (Me-
tiská Quarry, up per scale of the Jar-1 bore hole, up per course 
of the Malý Lipník Stream). The Bajocian Epistomina ar -
cana Zone was rec og nized in the Skrzypny Shale For ma tion 
at Litmanová (Ve¾ký Lipník Stream) by Tyszka (1999).
How ever, ammonites from the same out crop at Litmanová
mostly sup port a Mid dle–Late Aalenian age (Scheibner,
1964a). No in dex foraminifera were found, al though the lack
of or na mented taxa, such as Citharina spp., Lenticulina
d’orbignyi (Roemer), and Falsopalmula tenuistriata Franke,
might have been caused by a palaeo eco logi cal fac tor. 

Dinoflagellate cysts al low more pre cise dat ing of the
de pos its stud ied. The re sults sup port a Late Toarcian–Aale-
nian to Bajocian–Bathonian age for the Szlachtowa For ma -
tion, and gen er ally an Aalenian age for the Skrzypny Shale
For ma tion. Both lithostratigraphic units oc cur ring in the
study area are highly tectonized and fre quently em bed ded in 
mid–Up per Cre ta ceous strata.

The dinoflagellate cyst as sem blages stud ied can be cor -
re lated with the zonal scheme, pro posed by Gedl (2008) for
the neigh bour ing Pol ish part of the Pieniny Klippen Belt.
The old est Nannoceratopsis spp. and Phallocysta elongata
zones were dis tin guished in the Szlachtowa For ma tion in
the study area. Their Late Toarcian age was as signed by
Gedl (2008) ten ta tively, with out cor re la tion with ammonite
data. Cor re la tion with foraminiferal data (this study) does
not al low a pre cise in ter pre ta tion, since these de pos its be -
long to the long-rang ing Up per Toarcian–Aalenian forami-
niferal Lenticulina d’orbignyi Zone. The age of the youn -
ger, Nannoceratopsis evae Zone, cor re lated by Gedl (2008)
with the Aalenian at the base of the range of the in dex spe -

cies, is sup ported now by the dis cov ery of an Aalenian am-
monite Bra si lia in an ex po sure of the Szlachtowa For ma tion 
in the Malý Lipník Stream. The youn gest dinoflagellate cyst 
as sem blages from the Szlachtowa For ma tion – Early and
Late Bajocian–Bathonian (with Dissiliodinium giganteum
and with Ctenidodinium, re spec tively) al low their cor re la -
tion with the Dissiliodinium giganteum and Ctenidodinium
combazii zones, es tab lished in the Pol ish part of the Pie-
niniy Klippen Belt. This shows that this lithostratigraphic
unit in the Slo vak part of the Pieniny Klippen Belt has a
sim i lar range as in Po land. This also does not sup port the in -
ter pre ta tion, based on dinoflagellate cysts, of Barski et al.
(2012), who sug gested only a Bajocian age for the Szlach-
towa For ma tion. The scar city of ammonites in this lithostra- 
tigraphic unit, de spite its wide oc cur rence (see e.g., Bir-
kenmajer, 1977), does not help to solve this prob lem.
Ammonites have been found in the Szlachtowa For ma tion
so far in Po land (Early Aalenian Leioceras opalinum and
Leioceras cf. comptum; Birkenmajer and Myczyñski, 1977) 
and in Slovakia (Aalenian Bra si lia; Gedl et al., 2012).

Dinoflagellate cysts from two lo cal i ties of the Skrzypny 
Shale For ma tion show an Aalenian, pre sum ably Late Aale-
nian age (based on the pres ence of Dissiliodinium cf. liche-
noides) in the Malý Lipník Stream, and in the Metiská
Quarry. They can be cor re lated with the Aalenian Nannoce-
ratopsis evae Zone and the Up per Aalenian Dissiliodinium
lichenoides Zone of Gedl (2008). Such an in ter pre ta tion
con firms the re sults of macrofaunal stud ies of ammonites in
this lithostratigraphic unit, which are Mid dle Aalenian–ear -
li est Bajocian (e.g., Birkenmajer, 1963; Scheibner, 1964a,
b, 1968; Myczyñski, 1973, 2004).

Foraminifera palaeobathymetry. The dark sed i ments
were de pos ited in two dif fer ent Mid dle Ju ras sic ba sin sec -
tors: the Skrzypny Shale For ma tion stud ied was as signed by 
pre vi ous stud ies to the gen er ally shal low Niedzica and/or
Czertezik suc ces sion (Wierzbowski et al., 2004), whereas
the siliciclastic flysch and flyschoid sed i ments of the Szla-
chtowa For ma tion were de pos ited in the deeper Magura Ba -
sin (Fig. 2; Birkenmajer 1977). The re sults show that the
sam ples from the Skrzypny Shale For ma tion yielded fora-
minifera as sem blages, typ i cal for a rather shal low bathy-
metry. The ones from the Szlachtowa For ma tion can be
com pared with deeper palaeobathymetric do mains.

Tyszka (1994) dis tin guished two main foraminiferal
ecozones in the Up per Aalenian–Lower Bajocian of the Pie- 
niny Klippen Belt re lated to the palaeobathymetry. Tyszka
(1994) dif fer en ti ated be tween shal low set tings of the el e -
vated Czorsztyn Ridge and deeper, basinal parts of the
Branisko palaeobathymetric do main (see Fig. 2). The com -
po si tion of the as sem blages from the Skrzypny Shale For -
ma tion from the Metiská Quarry is sim i lar to the ecozone S1 
of Tyszka (1994) de scribed from the Czorstyn and Niedzica 
palaeobathymetric zones, whereas the Litmanová as sem -
blages are some what sim i lar to ecozone S2 of the Niedzica
palaeobathymetric zone (see Fig. 2). The ag glu ti nated fora-
minifera from the Szlachtowa For ma tion might be correla-
ted with the deep est part of the sed i men tary area of the Pie-
niny Klippen Belt ba sin, while the cal car e ous as sem blages
show sim i lar i ties to shal lower palaeobathymetric zones.
How ever, none of the cal car e ous or mixed as sem blages were
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dated as Bajocian. Bajocian fa cies are found al most ex clu -
sively as ag glu ti nated ecozones (ecozones S0a, S0b). This
might re flect dif fer ent con di tions be tween the Magura and
klippen sed i men ta tion ar eas, as sug gested by Birkenmajer
and Gedl (2008), Gedl (2008) and Barski et al. (2012).

Foraminifera palaeo ec ol ogy. Foraminifera were first
re ported from the Skrzypny Shale For ma tion (for mer “Mur- 
chisonae shales”) by Scheibnerová (1968) and at trib uted to
a stag nant, ox y gen-de fi cient en vi ron ment. Tyszka (1994)
sug gested a more com plex dis tri bu tion model of the mi cro-
fos sils in this unit. Tyszka and Kaminski (1995) sug gested
that foraminiferal dis tri bu tion is con trolled by ox y gen con -
tent vs. nu tri ent in flux ra tio. They de scribed a low-abun -
dance as sem blage with Trochammina aff. eoparva, which
can be found in the lower part of the Skrzypny Shale For ma -
tion and is sim i lar also to the ob served as sem blages pre -
sented in this study from the Szlachtowa For ma tion (eco-
zones S0a, S0b, S1a). The youn ger Rhabdammina as sem -
blage, from the Skrzypny Shale Formation of the Branisko
paleobathymetric zone, Kapuœnica lo cal ity (Tyszka and Ka- 
minski 1995), was noted also in the Szlachtowa For ma tion
ex posed in the Kamienka sec tion along the Rieèka Stream
(S0b). The Verneuilinella pieninica-Trochammina globo-
conica as sem blage of Tyszka and Kaminski (1995) was not
ob served in the ma te rial stud ied. The Rhabdammina-Tro-
chammina-Ammobaculites as sem blage, de scribed in the up -
per part of the Skrzypny Shale For ma tion of the Niedzica
Suc ces sion by Tyszka and Kaminski (1995), is clos est to the 
sam ples from the Metiská Quarry (S1a, S1b). How ever,
these sam ples are rather poor on Rhabdammina and ostra-
cods, and Epistomina is not dom i nant there. Foraminifera
from the Litmanová – Ve¾ký Lipník Stream show a re sem -
blance with this as sem blage as well and only come with
scarce epifaunal ag glu ti nated foraminifera and lack infaunal 
ag glu ti nated and cal car e ous foraminifera. As com pared
above, the as sem blages show slight dif fer ences, mostly re -
gard ing the Szlachtowa For ma tion, but are clos est to the as -
sem blages of the Branisko palaeobathymetric zone of
Tyszka and Kaminski (1995). Sim i lar i ties can also be found 
in the Skrzypny Shale For ma tion as well, as sum ing that the
sed i men ta tion of this for ma tion in this area took place in the 
Niedzica/Czertezik palaeobathymetric do main. The role of
ox y gen con tent in both mod ern and fos sil en vi ron ments, as
il lus trated by var i ous stud ies (e.g., Bernhard, 1986; Kaiho,
1994; Kaminski et al., 1995), shows that a large pro por tion
of epifauna means well-ox y gen ated con di tions, in con trast
to a large pro por tion of infauna, which means poorly ox y -
gen ated con di tions. A sim i lar sit u a tion is noted in both the
Skrzypny Shale and Slachtowa for ma tions. This is sup -
ported by the abun dance of the A1 morphogroup, which
preffers higher rates of dis solved ox y gen con tent and lower
rates of car bon flux (Tyszka, 1994). The dom i nant A1
morphogroup is ob served only in ecozones S0a and S0b. An 
op po site sit u a tion ap pears to be in ecozones S1b and S2b,
where the in creased rate of infaunal morphogroups in di -
cates low oxic con di tions in an eutrophic en vi ron ment. The
A1 morphogroup is in sig nif i cant also in the low-abun dance
ecozones S1a and S2a. How ever, they are note wor thy for
the pres ence of other epifaunal morphogroups also in di cat -
ing higher lev els of ox y gen con tent.

The pres ence of abun dant Recurvoides was noted in the 
Skrzypny Shale For ma tion from the Metiská Quarry.
Tyszka and Kaminski (1995) re ported this ge nus only as
rare in the ox y gen-de pleted fa cies of the Czorstyn Suc ces -
sion. The rest of the sam ples show mostly the ab sence or
very low abun dance of the en tire A5 morphogroup. The
spherical test shape of Recurvoides is mostly as so ci ated
with an epifaunal mode of life (e.g., Cetean et al., 2011).
The dis tri bu tion of cal car e ous foraminifera morphogroups
in Kmn13 shows a grad ual de crease in quan tity from su per -
abun dant epifaunal to com mon deep infaunal morpho-
groups (the C8 morphogroup ex cluded) and a sim i lar trend
is shown, if Recurvoides is con sid ered as epifaunal to shal -
low infaunal, in stead of strictly epifaunal (Fig. 18; Kmn13).

Al though Lenticulina is epifaunal in mod ern en vi ron -
ments (Corliss and Chen, 1988; Murray, 1991), its abun -
dance val ues cor re late with a de crease in the C7 morpho-
group, in di cat ing that Lenticulina shared its en vi ron ment
with the infaunal morphotypes, as sug gested by Tyszka
(1994), but pre fer ring a more oxic en vi ron ment (Ca na les
and Henriques, 2008). The role of dis so lu tion of cal car e ous
foraminifera in a low-pH en vi ron ment, plays a mi nor role in 
mixed as sem blages, as other less re sis tant cal car e ous fora-
minifera are pres ent (e.g., Epistomina, as doc u mented by
Williamson and Stam, 1988, has an ar agon ite test).

In the high-abun dance as sem blages, the dom i nance of
small epifaunal spe cies of morphogroup C4 in the Skrzypny 
Shale For ma tion is ap par ent, whereas C3 is more abun dant
in the Szlachtowa For ma tion. The in creased pres ence of C4
in the Niedzica Suc ces sion might be linked to the edge ef -
fect (Thomp son et al., 1985), which causes the ap pear ance
of high bac te rial pro duc tion, the main nu tri tion source for
mainly infaunal morphogroups of ag glu ti nated foramini-
fera, as ob served in the Metiská Quarry.

Ac cord ing to ob ser va tions of Tyszka and Kaminski
(1995), dom i nant Trochammina cor re lates with a high flux
of land-de rived higher-plant re mains. These might have
pro vided a nu tri tion source for these graz ing her bi vores, al -
though this is not an eas ily me tab o liz able food source for
foraminifera. Very high abun dances of the same taxon were
ob served in the Skrzypny Shale For ma tion with abun dant
plant de bris pres ent in the res i due (Kmn13).

CON CLU SIONS

1. The dark ma rine strata of the Pieniny Klippen Belt,
ex posed be tween Jarabina and Litmanová (Slovakia),
yielded vari able dinoflagelate cyst and foraminiferal as sem -
blages. Over 50 foraminifera and 20 dinoflagellate cyst spe -
cies were found in this study.

2. The Ju ras sic strata in the study area are highly tec-
tonized; they are com monly imbricated with Cre ta ceous
strata. Dinoflagellate cysts al low sep a ra tion of them.

3. The age of the dark ma rine Ju ras sic strata in the study 
area is Mid dle Toarcian?–Aalenian to Bajocian–Bathonian.
Ques tion ably a Mid dle Toarcian age of a part of the Szlach-
towa For ma tion is based on poorly pre served spec i mens of
Lenticulina cf. chicheryi, as so ci ated with an im pov er ished
dinoflagellate cyst as sem blage. The youn ger dinoflagellate
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cysts from this unit show var i ous ages, rang ing from Late
Toarcian?–Aalenian to at least Late Bajocian. Cor re spond -
ing strata yielded foraminiferal as sem blages cor re lated with 
the Up per Toarcian–Aalenian foraminiferal Lenticulina
d’orbignyi Zone. Most of the low-abun dance wholly or
mostly ag glu ti nated as sem blages are dated by means of or -
ganic-walled dinoflagellates as Bajocian. The com bined fa -
cies of the Skrzypny Shale For ma tion and partly of the
Szlachtowa For ma tion con tain more di ver si fied microfau-
nal as sem blages, cor re spond ing to the foraminiferal Lenti-
culina d’orbignyi Zone, also dated by the dinoflagellate cyst 
as sem blages and ammonites as Aalenian.

4. A com par i son of the data pre sented in di cates that the
com po si tion of microfaunal as sem blages is con trolled by
palaeoenvironmental con di tions, par tic u larly by the rate of
food sup ply and, as a con se quence, by the ox y gen con tent in 
the bot tom wa ters. Most of the foraminiferal as sem blages
show a low abun dance, in di cat ing a low nu tri ent in flux. The 
siliciclastic fa cies of the Szlachtowa For ma tion, char ac ter -
ized by a high rate of sup ply of or ganic mat ter, con tain im -
pov er ished as sem blages of foraminifera. More di ver si fied
microfaunal as sem blages from the Skrzypny Shale For ma -
tion and partly of the Szlachtowa For ma tion ev i dence
mostly a better ox y gen ated en vi ron ment (Kamienka Rieèka
stream, the lower course of Malý Lipník stream, Jar-1 bore -
hole, Litmanová), whereas some of the as sem blages in di -
cate a de crease in ox y gen con tent (Metiská Quarry, the up -
per course of Malý Lipník Stream).
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Ap pen dix A
An al pha bet i cal list ing of the dinoflagellate cyst taxa

found in the Cre ta ceous and Ju ras sic strata stud ied is pro -
vided be low. Full tax o nomic ci ta tions are given in

Fensome et al. (2008)

Alterbidinium spp.
Alterbidinium? sp.
Batiacasphaera spp.
Carpathodinium sp. A
Chytroeisphaeridia chytroeides (Sarjeant, 1962) Downie et
Sarjeant, 1965
Chytroeisphaeridia? sp.
Circulodinium sp. 
Codoniella campanulata (Cookson et Eisenack, 1960) Downie et
Sarjeant, 1965
Craspedodinium sp.
Craspedodinium? sp.
Ctenidodinium combazii Dupin, 1968
Ctenidodinium cornigerum (Valensi, 1953) Jan du ChÃne et al.,
1985
Dissiliodinium giganteum Feist-Burkhardt, 1990
Dissiliodinium lichenoides Feist-Burkhardt et Monteil, 2001
Dissiliodinium cf. lichenoides Feist-Burkhardt et Monteil, 2001
Dissiliodinium psilatum Prauss, 1989
Dissiliodinium spp.
Durotrigia? sp.
Epiplosphaera bireticulata Klement, 1960
Epiplosphaera sp.
Escharisphaeridia sp.
Exochosphaeridium sp.
Florentinia sp.
Impagidinium sp.
Isabelidinium? sp.
Kallosphaeridium praussii Lentin et Wil liams, 1993
Kallosphaeridium spp.
Kallosphaeridium? sp.
Kiokansium? sp.
Lithodinia sp.
Lithodinia? sp.
Litosphaeridium siphoniphorum (Cookson et Eisenack, 1958)
Davey et Wil liams, 1966
Maghrebinia? sp.
Meiourogonyaulax sp.
Mendicodinium sp.
Moesiodinium raileanui Antonesçu, 1974
Nannoceratopsis ambonis Drugg, 1978
Nannoceratopsis deflandrei Evitt, 1961
Nannoceratopsis dictyambonis Rid ing, 1984
Nannoceratopsis evae Prauss, 1989
Nannoceratopsis gracilis Al ber ti, 1961
Nannoceratopsis pellucida Deflandre, 1939
Nannoceratopsis raunsgaardii Poulsen, 1996
Nannoceratopsis spiculata Stover, 1966
Nannoceratopsis sp.
Odontochitina sp.
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Oligosphaeridium sp.
Palaeohystrichophora cheit (Be low, 1981) Mahmoud, 1998
(Fig. 9E)
Palaeohystrichophora infusorioides Deflandre, 1935
Pareodinia sp.
Pervosphaeridium sp.
Phallocysta elon gata (Beju, 1971) Rid ing, 1994
Phallocysta sp.
Pterodinium cingulatum (Wetzel, 1933) Be low, 1981
Pterodinium sp.
Scriniocassis priscus (Gocht, 1979) Be low, 1990
Spinidinium sp.
Spinidinium? sp.
Spiniferites ramosus (Ehrenberg, 1838) Mantell, 1854
Spiniferites sp.
Taeniophora? sp.
Valensiella sp.
Valvaeodinium cf. koessenium (Morbey, 1975) Be low, 1987
Valvaeodinium scalatum (Wille et Gocht, 1979) Be low, 1987
Valvaeodinium spp.
thin-walled form

Ap pen dix B
An al pha bet i cal list ing of the foraminifera taxa found in

the Ju ras sic strata stud ied is pro vided be low

Ammodiscus sp. 
Astacolus sp.
Citharina colliezi (Terquem)
Citharina macilenta (Terquem)
Citharina sp.
Conotrochammina sp.
Dentalina pseudocommunis (Franke)
Dentalina sp.
Dentalina vetusta (Franke)
Eoguttulina bilocularis (Terquem)
Eoguttulina sp.
Epistomina ar cana Antonova
Epistomina coronata Terquem
Epistomina semiornata (Schwager)

Falsopalmula deslongchampsi (Terquem)
Falsopalmula sp.
Falsopalmula tenuistriata (Franke)
Glomospira sp.
Haplophragmoides sp. 
Hyperammina sp
Ichtyolaria sp.
Kutsevella sp.
Lenticulina cf. chicheryi Payard
Lenticulina cf. quenstedti (Gümbel)
Lenticulina cf. toarcense Payard
Lenticulina d’orbignyi (Roemer)
Lenticulina muensteri (Roemer)
Lenticulina polygonata (Franke)
Lenticulina sp.
Lenticulina varians Bornemann
Nodosaria cf. pulchra (Franke)
Nodosaria fontinensis Terquem
Nodosaria sp.
Oolina sp.
Ophthalmidium sp.
Planularia cordiformis (Terquem)
Planularia protracta (Bornemann)
Planularia sp.
Pseudonodosaria sp.
Pseudonodosaria vulgata (Bornemann)
Ramulina sp.
Recurvoides sp.
Reophax sp.
Rhabdammina sp.
Spirillina infima Strick land
Spirophthalmidium spp.
Textularia haeusleri Kaptarenko
Tolypammina sp.
Trochammina aff. eoparva (Nagy et Johansen)
Trochammina pulchra Ziegler
Trochammina sp.
Verneuilinella pieninica Tyszka et Kaminski
Verneuilinella sp.
Verneuilinoides sp.
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