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The Up per Ju ras sic strata of the Krížna Unit in the Tatra Mts. com prises pe lagic, fine-grained and well-ox y gen ated de pos its. They are
rep re sented by red radiolarites and radiolarian lime stones (Czajakowa Radiolarites For ma tion), red nod u lar lime stones (Czorsztyn Lime -
stones For ma tion) and wavy, platy or nod u lar light grey and red dish lime stones and marlstones (Jasenina For ma tion). These de pos its are
mainly wackestones char ac ter ized by a suc ces sion of the fol low ing microfacies: radiolarian, fil a ment-Saccocoma, Saccocoma and
Globochaete–Saccocoma. The sec tion com prises four cal car e ous dinoflagellate zones, i.e. the Late Kimmeridgian Moluccana Zone, and
the Early Tithonian Borzai, Pulla and Malmica zones. In the up per most part of the stud ied sec tion, the Early Tithonian Dobeni Subzone
of the Chitinoidella Zone has been iden ti fied. Us ing these biostratigraphic data, the sed i men ta tion rate for the Late Kimmeridgian
(Borzai Zone) and Early Tithonian (Dobeni Subzone of the Chitinoidella Zone) in ter val is es ti mated as 3.7 m/my. This is in ac cor dance
with the gen eral trend of in creas ing sed i men ta tion rate through the Tithonian and Berriasian. The in creased sup ply of clastic ma te rial in
the Jasenina For ma tion  may have been caused by cli mate changes and con ti nen tal weath er ing. The sed i men ta tion was con trolled mainly
by eustatic changes and fluc tu a tions in ACD and CCD lev els.
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INTRODUCTION

The biostratigraphy of the Up per Ju ras sic pe lagic de pos its
of the Krížna Nappe (Fatricum Do main) in the Tatra Moun -
tains is poorly con strained, mainly be cause of a scar city of in -
dex fos sils. The ages of long sec tions are only roughly as cribed
to stages, of ten on the ba sis of prob lem atic or con tro ver sial ev i -
dence. Some data come from radiolaria which date the
radiolarian lime stones and radiolarites (Ždiar For ma tion) to the 
Mid dle Bathonian–Lower Kimmeridgian (Polák et al., 1998;
Bąk, 2001). More pre cise dat ing re fers to the up per most Ju ras -
sic, where chitinoidellids and calpionellids (Lefeld, 1974;
Pszczółkowski, 1996) com bined with magnetostratigraphy
(Pszczółkowski, 2003a, b; Grabowski and Pszczółkowski,
2006) helped to dis tin guish dis crete zones and lev els within the 
Jasenina For ma tion from the up per most Early Tithonian

(the Saccocoma Zone and the Magnetozone CM 20r; see also
Grabowski and Pszczółkowski, 2004) through the Ju ras -
sic–Cre ta ceous bound ary. The most stratigraphically prob lem -
atic de pos its in clude red radiolarites and radiolarian lime stones, 
nod u lar and grey platy lime stones up to the first oc cur rences of
chitinoidellids (Figs. 1–3).

New strati graphic in for ma tion co mes from the dis tri bu tion
of cal car e ous dinoflagellates, which have been suc cess fully
used in the stra tig ra phy of sim i lar de pos its in the Pieniny
Klippen Belt and other parts of the West ern Carpathians in
Slovakia (Borza, 1984; Reháková, 2000), but only oc ca sion ally 
in the Tatra Moun tains (Grabowski and Pszczółkowski, 2006).
With  the help of this tool, com bined with microfacies anal y sis,
we  de scribed the stra tig ra phy of red radiolarites, radiolarian
lime stones, and nod u lar and grey platy lime stones of the Krížna 
Nappe on the east ern slopes of the Lejowa Val ley in the West -
ern Tatra Moun tains (Figs. 1, 2 and 4). They be long to the top -



most part of the Ždiar For ma tion, the Czorsztyn Lime stone
For ma tion (Lefeld et al., 1985) and to the low est part of the
Jasenina For ma tion (Fig. 2; Grabowski and Pszczółkowski,
2006). The Czorsztyn Lime stone For ma tion has been as cribed
to the Kimmeridgian and partly to the Tithonian on the ba sis of
iso lated oc cur rences of aptychi (Gąsiorowski, 1959, 1962; see
also Lefeld et al., 1985), but their im pre cise lo ca tion in the sec -
tions lim its the value of these find ings. The lower (but not the
low est) part of the Jasenina For ma tion in the Pośrednie III sec -
tion (3.6 km to the west from the sec tion in ves ti gated) is dated
to the Lower Tithonian (Grabowski and Pszczółkowski, 2006).

GEOLOGICAL SETTING

The study area be longs to the Krížna Unit rep re sented by the
par tial nappe of the Bobrowiec Unit (Fig. 1). This unit con tains
about 2000 m of Mid dle Tri as sic through to Lower Cre ta ceous
strata of the Fatricum Do main, the beds of dip homoclinally to
the north. The Up per Ju ras sic de pos its are de vel oped as typ i cal
Tethyan, basinal, pe lagic fa cies, such as radiolarites, radiolarian
lime stones, red nod u lar lime stones and light platy lime stones
(Fig. 2).

The red radiolarites and radiolarian lime stones, 4–15 m
thick, are as cribed to the Czajakowa Radiolarite For ma tion
(Lefeld et al., 1985) or to the up per most part of the Ždiar For -
ma tion (Polák et al., 1998). They have been dated to the
Oxfordian–Lower Kimmeridgian on the ba sis of aptychi
(Gąsiorowski, 1959). Their Lower Kimmeridgian up per limit
was also based on radio lar ians (Polák et al., 1998; Fig. 3).

The radiolarites and radiolarian lime stones are over lain by
nod u lar and partly marly red lime stones, which are 6–10 thick,
and are as cribed to the Czorsztyn Lime stone For ma tion (Lefeld et
al., 1985). They are less marly in the east ern part of the Tatra Mts.
(Belianske Tatry). They were dated to the Kimmeridgian–Lower
Tithonian on the ba sis of aptychi (Gąsiorowski, 1959).

The over ly ing 15 m thick suc ces sion of partly si li ceous lime -
stones and marly lime stones be longs to the Jasenina For ma tion
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Fig. 1. Geo log i cal sketch map of the Pol ish part of the West ern Tatra Moun tains (af ter Bac-Moszaszwili et al., 1979, 
sim pli fied) show ing the lo ca tion of the Lejowa Val ley sec tions

Fig. 2. Lithostratigraphic log of the Up per Ju ras sic rocks 
of the Krížna Unit in the West ern Tatra Moun tains 

(af ter Lefeld et al., 1985)



(Michalík et al., 1990; Grabowski and Pszczółkowski, 2006),
which has been pre vi ously as cribed to the Pieniny Lime stone
For ma tion (Lefeld et al., 1985; Pszczółkowski, 1996) of the
Maiolica fa cies (Wieczorek, 1988). Their beds are 8–10 cm
thick. These de pos its are light grey; how ever, in some pack ages
of beds in the lower part of the for ma tion they are red. The lower, 
but not the low est part of the Jasenina For ma tion in the
Pośrednie III sec tion is dated to the Lower Tithonian on the ba sis 
of cal car e ous dinoflagellates, while the higher part is dated pre -
cisely by a com bi na tion of calpionellid biostratigraphy and
magnetostratigraphy (Grabowski and Pszczółkowski, 2006).

The sec tion stud ied of Kimmeridgian–Tithonian de pos its is
lo cated on the east ern slopes of the Lejowa Val ley in the West -
ern Tatra Mts., on the slope of Pośrednia Kopka Mt. and in a for -
ested gully run ning to wards the Polana Huty Lejowe glade
(Figs. 1 and 4). This is a com pos ite sec tion that con tains three

parts: A, B, and C (Figs. 4 and 5). Part A, lo cated on the south ern
mar gin of the gully (GPS co or di nates: N49°15.905’;
E19°50.933’), in cludes red radiolarites of the top most part of the
Ždiar For ma tion, red nod u lar lime stones of the Czorsztyn Lime -
stone For ma tion, and grey platy lime stones with pack ages of red
marly lime stones, which be long to the low est part of the Jasenina 
For ma tion. Part B that in cludes red radiolarites of the top most
part of the Ždiar For ma tion and red nod u lar lime stones of the
Czorsztyn Lime stone For ma tion, is lo cated in a rocky step in the
axis of the gully (GPS co or di nates: N49°15.916’; E19°51.086’).
Parts A and B are sep a rated by a fault from part C (Fig. 4). Part C
is cor re lated with the up per most part of sec tion A. It is ex posed
in a rocky cliff (GPS co or di nates: N49°15.978’; E19°50.981’)
and it con tains grey, ol ive-grey wavy or platy lime stones with
pack ages of red slightly nod u lar lime stone, which be long to the
low est part of the Jasenina For ma tion.
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Fig. 3. Lit er a ture data on the strati graphi cal po si tion of the sec tion stud ied

The time in ter val studied is shaded

Fig. 4. View of the east ern slopes of the Lejowa Val ley show ing the lo ca tion of the par tial sec tions stud ied
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MATERIAL AND METHODS

The suc ces sion ana lysed, ex posed in the par tial sec tions A,
B, C, is in to tal 59 m thick. The sec tions were analysed
bed-by-bed with de tailed sam pling. Microfacies have been
analysed in 47 thin sec tions. Allochems and micrite have been
eval u ated in thin sec tions un der a LEICA DM 2500P op ti cal
mi cro scope. Rock sam ples and the thin sec tions are stored in
the col lec tion of the In sti tute of Geo log i cal Sci ences,
Jagiellonian Uni ver sity in Kraków. 

The cal cium car bon ate con tent of the rock sam ples was es -
ti mated with a calcimeter made by Eijkelkamp (model 08.53)
in the In sti tute of Geo log i cal Sci ences, Jagiellonian Uni ver sity
in Kraków. This calcimeter works in ac cor dance with the
method of Scheibler which in volves a de ter mi na tion of cal cium 
car bon ate con tent in the rock us ing a vol u met ric method. The
con tent of CaCO3 was analysed in 32 sam ples.

Radiolarites and radiolarian lime stones, named as such be -
cause of a com mon to abun dant con tent of radiolarian tests, are
fine-grained pe lagic de pos its (Flügel, 2010). Radiolarites con -
tain more than 50% of SiO2 (Hallsworth and Knox, 1999); if
sed i ment con tains more than 50% CaCO3 it should be clas si fied 
as radiolarian lime stone. Dun ham’s (1962) clas si fi ca tion of
microfacies is ap plied in this pa per to radiolarites and
radiolarian lime stones.

FACIES AND MICROFACIES

The Up per Ju ras sic  stud ied con tains three dif fer ent fa cies:
red radiolarites (which in clude radiolarites and radiolarian
lime stones), red nod u lar lime stones and mostly grey, platy
lime stones (Figs. 6–9). 

RED RADIOLARITES

The red radiolarites of the up per most part of the Czajakowa 
Radiolarite For ma tion are red or rarely var ie gated. Their
CaCO3 av er age con tent is about 45 wt.%, rang ing from 31 up
to 55 wt.% (Fig. 5), there fore they are clas si fied as radiolarites.
Some of these rocks are radiolarian lime stones; how ever, for
sake of sim plic ity, they will be termed here af ter radiolarites. In
some beds red or grey cherts oc cur.

The red radiolarites are ho mo ge neous and dis tinctly bed -
ded, with bed thick ness from 5 to 30 cm, lo cally with thin marly 
in ter ca la tions (Fig. 6A). Some beds dis play centi metre-thick
part ings more or less par al lel to the bed ding. Lo cally, pri mary
lam i na tion is vis i ble, es pe cially in thin sec tions (Fig. 7A). The
lam i na tion is man i fested by fluc tu a tions in abun dance of
radiolarian tests (com pare Lefeld et al., 1985). Scarce trace fos -
sils such as Chondrites, rarely Planolites, are pres ent.

The red radiolarites (sam ples Lb 1–44; Lc 3–17) con tain in -
dis tinctly lam i nated radiolarian biomicrites (wackestone pass ing
lo cally into mudstone; Fig. 7A) and fil a men tous-Saccocoma
biomicrites (wackestone; Fig. 7B). Cryptocrystalline sil ica oc -
curs mainly in the ma trix. These de pos its con tain radiolarian
tests or fil a ments that dom i nate over frag ments of the plank tonic
cri noid Saccocoma sp. More over, other frag ments of cri noids,
ophiuroids, fil a ments, foraminifers and aptychi are pres ent. They 

are ac com pa nied by cysts of the cal car e ous dinoflagellates
Stomiosphaera moluccana Wan ner (mainly si lici fied),
Colomisphaera nagyi (Borza), and Colomisphaera carpathica
Borza. Some of the bioclasts are phosphatized. The ma trix is
stylolitized and cut by dif fer ently ori ented cal cite veins. Sty lo -
lites are im preg nated by Fe-min er als. Clastic grains are rep re -
sented by silt-sized grains of quartz and mus co vite flakes. Scat -
tered py rite ag gre gates are pres ent.

RED NODULAR LIMESTONES

The Czorsztyn Lime stone For ma tion shows three
subfacies: (1) nod u lar lime stones, (2) thin bed ded lime stones
and (3) grey si li ceous de pos its. 

1) The first subfacies is a mas sive lime stone which shows a
dis tinct nodularity, with micritic light grey, pink or red dish,
com monly cherty nod ules, whereas the clay-rich ma trix is
cherry-red or dark red dish to brown ish (Fig. 6C, E). Nod ules
vary in size; how ever, most of them are 8–10 cm long and
2–3 cm thick. Nod ules are sur rounded by sty lo lites and dis so lu -
tion seams, which in places form horse-tail bunches (Fig. 6E).
Nod ules and ma trix are dif fer ently weath ered at ex po sure
(Fig. 6C).

2) The sec ond subfacies con sti tutes the thin ner, reg u larly bed -
ded lime stones with less de vel oped nodularity in beds that are 4–5
cm thick and interbedded with 1–2 cm thick marly lay ers.

3) Within red nod u lar lime stones, 40 cm thick, grey si li -
ceous, platy de pos its (radiolarian-spicule wackestone) oc cur
(sam ple Lc 39). They con tain beds, which are 2–7 cm thick
(Fig. 6B).

Bel em nites and aptychi oc cur spo rad i cally (Fig. 6E). The
CaCO3 con tent of the red nod u lar lime stones is about 63 wt.%;
rang ing from 50 up to 80 wt.% (Fig. 5). The trace fos sils
Chondrites, Planolites and rarely Zoophycos and Thalas -
sinoides are com mon, mainly in the nod ules (Fig. 6D, F, G).
Pri mary lam i na tion is vis i ble in some lay ers (Fig. 6G). 

The nod u lar lime stones (sam ples Lb 67–110; Lc 35–48a)
con tain fil a men tous-Saccocoma biomicrites (wackestone to
packstone), Saccocoma-spicule biomicrites (wackestone to
packstone), Saccocoma-radiolarian biomicrites (wackestone),
Saccocoma biomicrites (wackestone to packstone) and less fre -
quently radiolarian biomicrites (Figs. 7C–F and 9A). Nod ules
are bor dered by dense sys tems of sty lo lites and dis so lu tion
seams (Fig. 7C, D). The lime stones con tain rare aptychi (Figs.
7C and 9A), cri noids (formed by twinned lamellar cal cite),
cysts of the cal car e ous dinoflagellates Cadosina parvula Nagy
(Fig. 10B), Colomisphaera nagyi (Borza) (Fig. 10A),
Stomiosphaera moluccana Wan ner (Figs. 10C, D and 11A, B),
Carpistomiosphaera borzai (Nagy) (Figs. 10F, G and 11D, G,
H), Colomisphaera pulla (Borza), Colomisphaera radiata
(Vogler) (Fig. 10H), Colomisphaera carpathica (Borza) (Figs.
10I and 11F), Schizosphaerella minutissima (Colom) (Figs.
10E and 11C), Parastomiosphaera malmica (Borza) (Fig. 11E, 
I), the problematicum Gemeridella minuta Borza et Mišík, the
spores Globochaete alpina Lombard, foraminifera frag ments,
cal ci fied sponge spicules and radiolarian tests (Fig. 7C–F). 
Some of the bioclasts are phosphatized. In some lay ers the ma -
trix is slightly si lici fied and con tains also small si lici fied ?cysts
(sam ples Lb 88, Lc 39). Silt-sized mus co vite flakes and quartz
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Fig. 6. Red radiolarian lime stones and red nod u lar lime stones – fa cies char ac ter is tics

A – dis tinctly bed ded red radiolarites; B – mas sive red nod u lar lime stone (sam ple Lc 38) and over ly ing 40 cm thick, grey si li ceous, platy de pos its (sam ple
Lc 39); C – de tail of the red nod u lar lime stone (sam ple Lc 36), ex po sure sur face; D – Zoophycos in red nod u lar lime stone, loose block; E – in ter nal struc -
ture of the red nod u lar lime stones, light pink, red and cherty (SiO2) nod ules sur rounded by cherry-red ma trix with dark dis so lu tion seams, in di vid ual
bioclasts of aptychus (ap), bel em nite (bm) and a bi valve shall (bs) oc cur, sam ple Lc 35, pol ished slab; F – Planolites (Pl), Chondrites (Ch) and
Thalassinoides (Th) in ver ti cal sec tion, sam ple Lc 42, pol ished slab; G – Chondrites in ver ti cal sec tion, sam ple Lb 71, pol ished slab; sam ple lo ca tion is in -
di cated in Fig ure 5
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Fig. 7. Kimmeridgian microfacies and microfossils. Lejowa Val ley, sec tion A

A – radiolarian biomicritic, slightly lam i nated lime stone (wackestone), Lower Kimmeridgian, sam ple Lb 1; B – Saccocoma sp. in lam i nated radiolarian
biomicrite with graded bioclasts (packstone pass ing up wards to wackestone), Lower Kimmeridgian, sam ple Lb 23a; C – aptychi frag ments in fil a men -
tous-Saccocoma biomicrite (wackestone to packstone) rich in sty lo lites, Up per Kimmeridgian, sam ple Lb 67; D – slightly dolomitized ma trix in fil a men -
tous-Saccocoma biomicrite (packstone) rich in sty lo lites, Up per Kimmeridgian, sam ple Lb 69; E – fil a men tous-Saccocoma biomicrite (packstone), Up per
Kimmeridgian, sam ple Lb 69; F – slightly recrystallized and lam i nated radiolarian-spicule biomicrosparite (wackestone), Up per Kimmeridgian, sam ple
Lb 88; sam ple lo ca tion is in di cated in Fig ure 5



grains are com mon, mostly in parts rich in sty lo lites. The ma -
trix con tains also scat tered py rite ag gre gates. Some lay ers are
cut by dense cal cite veins.

GREY PLATY LIMESTONES

The tran si tion from red nod u lar lime stones to the over ly ing
grey platy lime stones of the Jasenina Fomation is abrupt. The
lower part of the Jasenina For ma tion is com posed of light grey,
ol ive-grey or in places red dish, partly wavy, si li ceous micritic
lime stone (Fig. 8A–C), with thin (up to 3 cm thick) marly in ter -
ca la tions (Fig. 8A–D). The lime stone beds are 2–10 cm thick.
Lo cally, pack ages of red dish, pink ish or var ie gated, slightly
nod u lar lime stone beds oc cur (Fig. 8A, D). They are 15–95 cm
thick. The up per part of the Jasenina For ma tion is com posed of
thinly bed ded, platy micritic lime stones. Trace fos sils are rare;

only Chondrites oc curs in some beds. The av er age CaCO3 con -
tent is 58 wt.% (rang ing from 46 up to 70 wt.%; Fig. 5).

These de pos its con tain lam i nated radiolarian biomicrites
(wackestone to packstone), Saccocoma biomicrites, cri noid-
 Saccocoma biomicrites, Saccocoma-radiolarian biomi crites
and Globochaete-Saccocoma biomicrites (all are wackestone;
Fig. 9B–F). Bioclasts in clude radiolarian tests, sponge spicules, 
frag ments of Saccocoma, fil a ments, aptychi (some of them are
bored by mi cro or gan isms; Fig. 9D–F), ostracod and
foraminifera tests, and frag ments of cri noids and bi valves.
More over, the spore Globochaete alpina Lombard (Figs. 11J
and 12J, K), the microproblematicum Gemeridella minuta
Borza et Mišík (Fig. 11K, L), and the cysts Colomi sphaera
pulla (Borza) (Figs. 10K and 12A), Carpistomio sphaera
borzai (Nagy), Colomisphaera radiata (Vogler) (Fig. 12B, C),
Parastomiosphaera malmica (Borza) (Figs. 10L and 12F, G),
Colomisphaera carpathica (Borza), Colomisphaera pienin -

780 Renata Jach, Daniela Reháková and Alfred Uchman

Fig. 8. Grey, platy lime stones – fa cies char ac ter is tics

A – grey, platy lime stones with six red dish nod u lar pack ages, sec tion C, the mea sur ing stick is 1 m long; B – grey micritic lime stone with com mon dis so lu -
tion seams and grey chertifications (SiO2), ver ti cal sec tion, pol ished slab, sam ple Ld 6a; C – bioclasts, most prob a bly of Saccocoma, in the gray lime stone,
ver ti cal sec tion, pol ished slab, sam ple Lb 125; D – var ie gated lime stone with dis so lu tion seams, ver ti cal sec tion, pol ished slab, sam ple Lb 132; sam ple lo -
ca tion is in di cated in Fig ure 5
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Fig. 9. Lower Tithonian microfacies and microfossils, Lejowa Val ley, sec tion B

A – fil a men tous-Saccocoma biomicrite (wackestone) with aptychi af fected by bor ings, low er most Tithonian, sam ple Lb 91; B – lam i nated Saccocoma
biomicrite (wackestone), low er most Tithonian, sam ple Lb 123; C – cri noid-Saccocoma biomicrite, Saccocoma frag ments dom i nate over com mon cri noids 
(formed by twinned lamellar cal cite), low er most Tithonian, sam ple Lb 125; D, E, F – bi valve (in D) and aptychi (in E, F; XPL in F) af fected by bor ings in
lam i nated Saccocoma-radiolarian biomicrite (wackestone), low er most Tithonian, sam ple Lb 126; sam ple lo ca tion is in di cated in Fig ure 5
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Fig. 10. Up per Kimmeridgian – up per part of Lower Tithonian cal car e ous dinoflagellates, Lejowa Val ley, sec tion B

A – Colomisphaera nagyi (Borza), Up per Kimmeridgian, sam ple Lb 67; B – Cadosina parvula Nagy, Up per Kimmeridgian, sam ple Lb 67; C, D  –
Stomiosphaera moluccana Wan ner, Up per Kimmeridgian, sam ple Lb 67, Lb 110; E – Schizosphaerella minutissima (Colom), Up per Kimmeridgian, sam -
ple Lb 79; F, G – Carpistomiosphaera borzai (Nagy), Lower Tithonian, sam ple Lb 100; H – Colomisphaera radiata (Vogler), Lower Tithonian, sam ple
Lb 108; I – Colomisphaera carpathica (Borza), Lower Tithonian, sam ple Lb 108; J – Carpistomiosphaera cf. tithonica Nowak, Lower Tithonian, sam ple
Lb 12; K – Colomisphaera pulla (Borza), Lower Tithonian, sam ple Lb 135; L – Parastomiosphaera malmica (Borza), up per most part of Lower Tithonian,
sam ple Lb 145; sam ple lo ca tion is in di cated in Fig ure 5
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Fig. 11. Up per Kimmeridgian – up per part of Lower Tithonian cal car e ous dinoflagellates, Lejowa Val ley, sec tion A

A, B – Stomiosphaera moluccana Wan ner (XPL in B), sam ple Lc 48; C – Schizosphaerella minutissima (Colom), sam ple Lc 48; D – Carpistomiosphaera
borzai (Nagy), sam ple Lc 48; E – Parastomiosphaera malmica (Borza), sam ple Lc 48; F – Colomisphaera carpathica (Borza), sam ple Lc 48; G, H –
Carpistomiosphaera borzai (Nagy), sam ple Lc 46; I – Parastomiosphaera malmica (Borza), sam ple Lc 46; J – Globochaete alpina Lombard, sam ple Lb
123; K, L – Gemeridella minuta Borza et Mišík, sam ple Lb 128, Lb 135; sam ple Lc 48 and Lc 46 be long to the Malmica Zone (up per part of Lower
Tithonian); sam ple lo ca tion is in di cated in Fig ure 5
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Fig. 12. Lower and Mid dle Tithonian cal car e ous dinoflagellates, chitinoidellids and microfacies, Lejowa Val ley, sec tion C

A – Colomisphaera pulla (Borza), Lower Tithonian, sam ple Ld 4b; B, C – Colomisphaera radiata (Vogler), Lower Tithonian, sam ple Ld 4b; D –
Schizosphaerella minutissima (Colom), Lower Tithonian, sam ple Ld 4b; E – slightly si lici fied dinoflagellate cyst, Lower Tithonian, sam ple Ld 4b; F, G –
Parastomiosphaera malmica (Borza), up per part of Lower Tithonian, sam ple Ld 10a; H – Dobeniella colomi (Borza), up per most part of Lower Tithonian,
sam ple Ld 10a; I – Longicollaria dobeni (Borza), up per most part of Lower Tithonian, sam ple Ld 10a; J, K – lam i nated biomicrite lime stone of
Saccocoma–Globochaete microfacies (wackestone), (J) pass ing up wards to globochaete packestone which con tains abun dant cysts of Cadosina
semiradiata semiradiata (Wan ner), (K) and rare chitinoidellids (fig ured above H, I), up per most part of Lower Tithonian, sam ple Ld 10a; sam ple lo ca tion
is in di cated in Fig ure 5



ensis (Borza), Carpistomiosphaera cf. tithonica Nowak
(Fig. 10J), Schizosphaerella minutissima (Colom) (Fig. 12D),
and the chitinoidellids Longicollaria dobeni (Borza) (Fig. 12I)
and Dobeniella colomi (Borza) (Fig. 12H) are abun dant. The
bioclasts are con cen trated in dis tinct laminae; in some of them
large frag ments of Saccocoma are dom i nant (Fig. 9C). Some
bioclasts are slightly si lici fied (Fig. 12E) or phosphatized. The
ma trix lo cally con tains abun dant silty mus co vite flakes, quartz
grains and scat tered py rite ag gre gates. Sty lo lites and dis so lu -
tion seams are abun dant and im preg nated by Fe-min er als. Beds 
are cut by cal cite veins.

BIOSTRATIGRAPHY

The biostratigraphy of the sec tion stud ied is based on cal -
car e ous dinoflagellates and calpionellids; how ever, calpio -
nellids are very rare and lim ited to the up per part of the sec tion.
In spite of the lo cally slightly recrystallized ma trix, cysts of the
cal car e ous dinoflagellates are gen er ally well-pre served. The
dinoflagellate cyst zonations pro posed by Borza (1984) and
Borza and Michalík (1986), which was later re vised by
Reháková (2000), and the chitinoidellid biostratigraphical
scheme as pro posed by Reháková (2002) were adopted. Four
dinocyst zones and one calpionellid zone have been rec og nized 
in the sec tion stud ied (Fig. 5).

The oc cur rence of the cal car e ous dinocyst as so ci a tion
Stomiosphaera moluccana Wan ner (Fig. 10C, D), Cadosina
parvula Nagy (Fig. 10B), Colomisphaera nagyi (Borza)
(Fig. 10A), Colomisphaera carpathica Borza, Schizo -
sphaerella minutissima (Colom) (Fig. 10E) was ob served in
the up per most part of the red radiolarites of the Czajakowa
Radiolarite For ma tion (sam ple Lb 44) and in the lower part of
the red nod u lar lime stones of the Czorsztyn Lime stone For ma -
tion (sam ples Lb 67, 69, 70, 88; Lc 1, 17, 35). This as so ci a tion
is typ i cal of the Late Kimmeridgian Moluccana Zone.

Youn ger de pos its (red nod u lar lime stone of the Czorsztyn
Lime stone For ma tion: sam ples Lb 91, 95) yield a cyst as so ci a -
tion in which Stomiosphaera moluccana Wan ner is ac com pa -
nied by Carpistomiosphaera borzai (Nagy). The lat ter cyst is
the in dex marker of the Borzai Zone, which dates the lat est part
of the Kimmeridgian and the ear li est part of the Tithonian.

The over ly ing biomicrites of the red nod u lar lime stones
(Czorsztyn Lime stone For ma tion: sam ples Lb 100, 108, 110,)
and grey platy lime stones (Jasenina For ma tion: sam ples Lb
121, 123, 125, 126, 129, 132) con tain a cyst as so ci a tion with
Colomisphaera pulla (Borza), Carpistomiosphaera borzai
(Nagy) (Fig. 10F, G), Colomisphaera radiata (Vogler)
(Fig. 10H), Colomisphaera carpathica (Borza) (Fig. 10I),
Colomi sphaera pieninensis (Borza) and Schizosphaerella
minutissima (Colom). This as so ci a tion marks the base of the
Early Tithonian Pulla Zone. In spite of the fact that one cyst re -
sem bles Carpistomiosphaera tithonica Nowak, the Tithonica
Zone (sensu Lakova et al., 1999; Reháková 2000) was not dis -
tin guished here. Ac cord ing to Borza (1984),
Carpistomiosphaera tithonica Nowak and Colomisphaera
pulla (Borza) oc ca sion ally may re place each other and both are
suit able for dis tin guish ing the Pulla Zone or the com bined
Pulla–Tithonica Zone (Early Tithonian).

The high est cyst zone was de ter mined in the up per most part 
of the red nod u lar lime stones (sam ples Lc 46, 48a), in the mid -
dle part of the grey platy lime stones of the Jasenina For ma tion
(sam ples Lb 137, 145, 4b) and in grey platy lime stones in ter ca -
lated with red nod u lar lime stones (the same for ma tion). Here
the cysts Parastomiosphaera malmica (Borza) (Figs. 10L and
11E), Schizosphaerella minutissima (Colom) (Figs. 11C and
12D), Carpistomiosphaera cf. tithonica Nowak (Fig. 10J),
Colomisphaera pulla (Borza) (Figs. 10K and 12A),
Colomisphaera carpathica (Borza) (Figs. 10I and 11F),
Colomisphaera radiata (Vogler) (Fig. 12B, C) are doc u -
mented. This cyst as so ci a tion is typ i cal of the Malmica Zone
that marks the up per part of the Early Tithonian. So far, the last
oc cur rence of Colomisphaera radiata (Vogler) has been iden ti -
fied in the Pulla Zone (Borza, 1984; Reháková, 2000). Thus,
the strati graphic range of this taxon should be cor rected and
shifted to the Malmica Zone. 

First calpionellids with microgranular cal cite loricas, i.e.
Longicollaria dobeni (Borza) (Fig. 12I) and Dobeniella colomi
(Borza) (Fig. 12H), which oc cur in the up per most part of the
sec tion stud ied (only in sam ple Ld 10a) con firm on set of the
Mid dle Tithonian Dobeni Subzone of the Chitinoidella Zone
(sensu Borza, 1984; Reháková and Michalík, 1997). Since the
Mid dle Tithonian is not gen er ally ac cepted by ammonite spe -
cial ists we would pro pose to put the Chitinoidella Zone in the
lat est part of the Early Tithonian. 

DISCUSSION

STRATIGRAPHY

The cru cial com ple ment to strati graphi cal study of
Kimmeridgian–Lower Tithonian de pos its was the oc cur rence of
cal car e ous dinoflagellates, which al lowed ap pli ca tion of the cal -
car e ous dinoflagellate zonation. Pre vi ously, the age of these de -
pos its was de ter mined on the ba sis of their po si tion in the sec tion
and on their aptychi con tent (Fig. 3). The Lejowa Val ley sec tion
com prises the up per part of the red radiolarites of the Czajakowa
Radiolarite For ma tion that ex tends prob a bly up to the Late
Kimmeridgian Moluccana Zone; the red nod u lar lime stones of
the Czorsztyn Lime stone For ma tion (Late Kimmeridgian
Moluccana Zone extented to the Early Tithonian, most prob a bly
the Malmica Zone) and grey platy lime stones of the Jasenina
For ma tion (Early Tithonian Pulla or Malmica zones to the ear li -
est Berriasian). The age of the Czorsztyn Lime stone For ma tion is 
de ter mined more pre cisely, rang ing from the Late Kimmeridgian 
Moluccana Zone to the Early Tithonian Malmica Zone. This de -
ter mi na tion is more or less con sis tent with the age based on
aptychi (Gąsiorowski, 1959, 1962; Fig. 3), the lo ca tion of which
in the sec tion is un known.

The zones dis tin guished al low a pre cise strati graphic po si -
tion ing of the sec tion stud ied in con ti nu ity with the strati graphic
scheme of the Jasenina For ma tion by Pszczółkowski (1996) and
Grabowski and Pszczółkowski (2006), be cause the low est zone
of the Early Tithonian, i.e. the Pulla Zone, dis tin guished by the
cited au thors in the Pośrednie III sec tion (3.6 km to the west from 
the sec tion in ves ti gated), is rec og nized in the top most part of the
sec tion in ves ti gated in the Lejowa Val ley (Fig. 5). 
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PALAEOENVIRONMENT 

The dif fer ences in li thol ogy and strati graphic data be tween
sec tions A and B are dif fi cult to ex plain. They may be caused
by rapid fa cies changes. It is not ex cluded that the re cent fault
sep a rat ing the sec tions was re ac ti vated as a palaeofault in flu -
enc ing the mor phol ogy of the sea-floor and fa cies dis tri bu tion.
An other pos si bil ity is that the sec tion is in com plete in its mid -
dle part due to a tec tonic re duc tion, but even so, the nod u lar
lime stone beds from the up per part of the sec tion A are only
partly cor re lated with the sec tion B, sug gest ing a sig nif i cant fa -
cies change. This is not un usual in deep-pe lagic en vi ron ments.
For in stance, fa cies changes are well-doc u mented be tween two 
sec tions of the Cenomanian–Turonian bound ary in ter val in the
Gubbio area, Apennines, It aly, over a dis tance of 2.5 km (Mo -
naco et al., 2012). The morphology of re cent deep-sea bas ins is
not smooth, ei ther (e.g., Flood, 1980; Hoi-Soo et al., 2001). 

The Up per Ju ras sic de pos its stud ied rep re sent a pe lagic,
fine-grained fa cies. Red nod u lar lime stones were in ferred to
have a low sed i men ta tion rate (Wieczorek, 1983). This is con -
sis tent with the gen er ally low sed i men ta tion rate, which is es ti -
mated as 3.7 m/my af ter com pac tion for the up per part of the
Czorsztyn Lime stone For ma tion (Late Kimmeridgian Borzai
Zone) and for the lower part of the Jasenina For ma tion (Early
Tithonian Dobeni Subzone of the Chitinoidella Zone; Fig. 5).
This sed i men ta tion rate was es ti mated us ing the time scale of
Gradstein et al. (2004). The value ob tained is a min i mum one
due to fac tors such as com pac tion, dis so lu tion ef fects, or small
sed i men tary gaps. The oc cur rence of microborings in aptychi
sug gests their long res i dence on the sea-floor (Fig. 9A, D–F).
The value ob tained of sed i men ta tion rate is quite sim i lar to that
cal cu lated for the Jasenina For ma tion on the ba sis of magneto -
stratigraphic zonation (Grabowski and Pszczółkowski, 2006).
Ac cord ing to Grabowski and Pszczółkowski (2006), sed i men -
ta tion rate in creases up wards from 3–7 m/my for the Jasenina
For ma tion to 8–18 m/my for the Osnica For ma tion. 

The fa cies change from the red nod u lar lime stones
(Czorsztyn Lime stone For ma tion) to the grey, platy lime stones
(Jasenina For ma tion) is char ac ter ized by an in crease in clastic
in put of quartz silt grains and mus co vite flakes. Some beds in
sec tion A (sam ples Lb 95, 100, 108, 110, 118, 123, 125, 126,
132) con tain siliciclastic ma te rial that is eas ily ob served in thin
sec tion (no quan ti ta tive data), which was sup plied by bot tom
cur rents or wind. How ever, no pri mary sed i men tary struc tures
doc u ment ing bot tom cur rents were ob served. It is pos si ble that
such struc tures have been de stroyed by bioturbation. Prob a bly,
con cen tra tions of microbioclasts (Fig. 8C) re sulted from win -
now ing by weak cur rents; how ever, pe ri ods of strong in crease
in pri mary pro duc tiv ity com bined with low sed i men ta tion rate
can not be ex cluded.

The Late Kimmeridgian–Tithonian re cords a re gres sive ep -
i sode re lated to the long term sea level fall in the Tethys (Hal -
lam, 2001). Abun dant ev i dence in di cates hu mid con di tions
dur ing the Late Ju ras sic in low-lat i tude North ern Tethys and
in tense run off of clastic sediment from the con ti nent, in clud ing
kaolinite, as ob served world wide, e.g., south ern France, Jura
Moun tains, Eng land, Green land (Weissert and Mohr, 1996
with ref er ences therein; Danelian and John son, 2001). Con ti -
nen tal weath er ing in ten si fi ca tion is re corded in the en riched

87Sr val ues through the Late Ju ras sic (Jones and Jenkyns,
2001). In creased siliciclastic in put in the Late Kimmeridg -
ian–Tithonian de pos its stud ied cor re sponds well to this trend. 

The tran si tion from the Czorsztyn Lime stone to the
Jasenina for ma tions is man i fested by a sig nif i cant change in
microfacies; from radiolarian through fil a men tous-Saccocoma
to the more uni form Saccocoma and Globochaete–Saccocoma
dom i nated microfacies. This trend is con sis tent with shift ing of
sed i men ta tion from biosiliceous to carbonatic, as ob served in
other Tethyan bas ins (e.g., Bartolini et al., 1999). This Late
Kimmeridgian–Tithonian switch was due to cli ma tic and
trophic level changes (Danelian and John son, 2001). The Late
Ju ras sic is an in ter val of pre vail ing eutrophic con di tions in the
West ern Tethys (Danelian and John son, 2001). 

Sed i men ta tion of red nod u lar lime stones was re lated to el e -
vated parts of the ba sin floor and was con trolled by bot tom cur -
rents and early ce men ta tion and dis so lu tion. The nod u lar lime -
stones con tain early diagenetic, hard nod ules and soft ma trix
(Clari and Martire, 1996). The compactional ef fect took place
mainly in the soft ma trix, where dis so lu tion seams and sty lo -
lites are com mon. Grey platy lime stones of the Jasenina For ma -
tion, which are more ho mog e neous, con tain abun dant dis so lu -
tion seams. They may cor re spond to the so-called mud-sup -
ported clay-rich car bon ates, which re fer to deep sea marly car -
bon ates rich in dis so lu tion seams (Clari and Martire, 1996). 

The trace fos sil as sem blage is of low di ver sity and trace
fos sils are gen er ally small, poorly pre served, never abun dant
and pres ent only in some beds (Fig. 5). This is es pe cially true
for radiolarites and platy lime stones in com par i son to the nod u -
lar lime stones. The pres ence of Zoophycos, the over all low di -
ver sity of the trace fos sils (Planolites, Thalassinoides) and pe -
lagic sed i ments points to the Zoophycos ichnofacies, which
dis plays a wide bathymetric range (Frey and Seilacher, 1980)
from the dis tal range of tempestites to abys sal depths (Uchman, 
2007). The gen er ally small sizes, poor pres er va tion, low abun -
dance, but al most ex clu sive to tal bioturbation are re lated to the
low con tent of food in the sed i ment con cen trated in a thin sur -
face layer, which was the main tar get of bur row ing ac tiv ity.

Con cen tra tion of food in a thin layer is caused by poor
burial of or ganic mat ter con di tioned by very low sed i men ta tion
rate. The thin, nu tri tional layer was strongly sat u rated with wa -
ter (soft ground to soup ground), there fore bur row ing ac tiv ity
caused to tal sed i ment churn ing in the so-called mixed layer
(Ekdale and Berger, 1978; Berger et al., 1979; Uchman and
Wetzel, 2011), but with out pres er va tion of trace fos sils. The
lat ter were pro duced only oc ca sion ally in a deeper, more co he -
sive sed i ment of the so-called tran si tional layer. Oligotrophic
con di tions on the sea-floor do not ex clude high pro duc tiv ity in
the wa ter col umn sug gested by the abun dance of radio lar ians,
Saccocoma and cal car e ous dinoflagellates. Low ox y gen a tion
as a cause of the trace fos sil im pov er ish ment is less prob a ble
be cause fine lam i na tion is very rare and its pri mary or i gin is
doubt ful. More over, com mon red colours of sed i ments caused
prob a bly by well-ox y gen ated iron min er als ex clude low ox y -
gen con tent in pore wa ters. 

The pres ence of aptychi which are made of calcite and the
ab sence of ammonite shells which are made of ar agon ite, sug -
gest depths be low the ar agon ite com pen sa tion depth and above
the cal cite com pen sa tion depth (Bosellini and Winterer, 1975;
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Wieczorek, 1983, 1988). Wieczorek (1983) sug gested that de -
po si tion of the Maiolica fa cies (Osnica For ma tion in this pa per) 
took place at sim i lar or greater depth than the radiolarites due to 
deep en ing of the Tethyan cal cite com pen sa tion depth. This
pro gres sive CCD deep en ing started dur ing the mid-Oxfordian
(Weissert and Erba, 2004).

CONCLUSIONS

1. The age of Up per Kimmeridgian–Lower Tithonian de -
pos its of the Krížna Unit was de ter mined on the ba sis of cal car -
e ous dinoflagellates. The up per part of the red radiolarites of
the Czajakowa Radiolarite For ma tion prob a bly ex tends up to
the Late Kimmeridgian Moluccana Zone. Red nod u lar lime -
stones of the Czorsztyn Lime stone For ma tion in clude the Late
Kimmeridgian Moluccana Zone to the Early Tithonian, most
prob a bly Malmica Zone, while grey platy lime stones of the
lower part of the Jasenina For ma tion in clude the Early
Tithonian Pulla or Malmica zones. 

2. The sed i men ta tion rate for the in ter val stud ied is es ti -
mated at 3.7 m/my. This value cor re sponds well with in creas -

ing sed i men ta tion rate through the Late Ju ras sic. This trend is
ac com pa nied by in creased in put of siliciclastic sediment
caused by cli mate change.

3. The de pos its stud ied rep re sent a pe lagic, fine-grained fa -
cies, the sed i men ta tion of which was con sid er ably con trolled
by eustatic changes, as well as by fluc tu a tions of the ACD and
CCD. 

4. The de pos its stud ied con tain trace fos sils typ i cal of the
Zoophycos ichnofacies, in clud ing, Planolites, Thalassinoides,
Chondrites and Zoophycos. Al most all the de pos its are to tally
bioturbated in di cat ing ox y gen ated pore wa ters. Bur row ing
took place in a thin sed i ment layer due to lim ited burial of or -
ganic mat ter. 
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