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Ab stract: Mid dle–Up per Ju ras sic pe lagic car bon ates and radiolarites were stud ied in the Krížna Nappe of the
Tatra Moun tains (Cen tral West ern Carpathians, south ern Po land and north ern Slovakia). A car bon iso tope stra -
tig ra phy of these de pos its was com bined with biostratigraphy, based on radio lar ians, cal car e ous dinoflagellates
and calpionellids. In the High Tatra and Belianske Tatra Moun tains, the Bajocian and part of the Bathonian are
rep re sented by a thick suc ces sion of spot ted lime stones and grey nod u lar lime stones, while in the West ern Tatra
Moun tains by rel a tively thin Bositra-crinoidal lime stones. These de pos its are re fer able to a deeper ba sin and a pe -
lagic car bon ate plat form, re spec tively. The var i ous car bon ate fa cies are fol lowed by deep-wa ter biosiliceous
fa cies, namely radiolarites and radiolarian-bear ing lime stones of Late Bathonian–early Late Kimmeridgian age.
These fa cies pass into Up per Kimmeridgian–Lower Tithonian pe lagic car bon ates with abun dant Saccocoma sp.
The bulk-car bon ate iso tope com po si tion of the car bon ate-si li ceous de pos its shows pos i tive and neg a tive d13C
ex cur sions and shifts in the Early Bajocian, Late Bajocian, Early Bathonian, Late Bathonian, Late Callovian,
Mid dle Oxfordian and Late Kimmeridgian. Ad di tion ally, the d13C curves stud ied show a pro nounced in creas ing
trend in the Callovian and a steadily de creas ing trend in the Oxfordian–Early Tithonian. These cor re late with the
trends known from the Tethyan re gion. The on set of Late Bathonian radiolarite sed i men ta tion is marked by a
de creas ing trend in d13C. In creased d13C val ues in the Late Callovian, Mid dle Oxfordian and Late Kimmeridgian
(Moluccana Zone) cor re spond with en hanced radiolarian pro duc tion. A sig nif i cant in crease in CaCO3 con tent is
re corded just above the Late Callovian d13C ex cur sion, which co in cides with a tran si tion from green to var ie gated
radiolarites.
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West ern Carpathians, Tethys.
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 IN TRO DUC TION

Radiolarites are one of the most typ i cal fa cies of the
Mid dle–Up per Ju ras sic suc ces sions in the West ern Tethyan
re gion. In the Al pine Tethys, the on set of biosiliceous sed i -
men ta tion in var i ous bas ins was diachronous and spanned
from the ear li est Bajocian to the Late Oxfordian (e.g., Bill et 
al., 2001; Baumgartner, 2013). This kind of sed i men ta tion
con tin ued un til the Early Tithonian. Mid dle and Up per Ju -
ras sic radiolarites and as so ci ated deep-wa ter car bon ates
were re lated to the breakup of Pangea and the open ing of the 
At lan tic Ocean and the Al pine Tethys. Usu ally, the ap pear -
ance of radiolarites was as so ci ated with sed i men ta tion in
bas ins with thinned con ti nen tal crust, or in bas ins with oce -
anic crust (e.g., Bernoulli and Jenkyns, 1974; Bill et al.,
2001; Baumgartner, 2013 and ref er ences therein).

Pre vi ous stud ies from the West ern Tethyan re gion have 
proved the value of car bon iso tope ra tios in the strati graphic 
and palaeoenvironmental anal y sis of car bon ate suc ces sions
(e.g., Bartolini et al., 1996; Jenkyns, 1996; Jenkyns et al.,
2002; Padden et al., 2002; Weissert and Erba, 2004; Louis-
Schmid et al., 2007). Gen er ally, pro nounced pos i tive d13C
ex cur sions in ma rine car bon ates were caused by higher pro -
duc tion of or ganic mat ter and its burial (e.g., Jarvis et al.,
2002; Colombié et al., 2011). In con trast, ma jor neg a tive
ex cur sions are ex plained by the re work ing and ox i da tion of
or ganic mat ter. These iso tope events usu ally co in cided with
long-term sea-level changes. In most cases, neg a tive d13C
events were as so ci ated with sea-level fall, pos i tive ones
with sea-level rise, whereas long-term de clines in d13C



trends af ter trans gres sion are linked to in creased car bon ate
pre cip i ta tion and ac cu mu la tion (e.g., Jarvis et al., 2002). It
is note wor thy that high biosiliceous pro duc tiv ity as so ci ated
with a cri sis in car bon ate pro duc tion ap pears to be cor re -
lated with pos i tive d13C events (e.g., Bartolini et al., 1996;
Racki and Cordey, 2000; Morettini et al., 2002; O’Dogherty 
et al., 2006).

Tethyan suc ces sions con tain ing radiolarites have been
stud ied widely, in terms of depositional pro cesses, bio- and
chemostratigraphy as well as their sig nif i cance to the re cord 
of cli mate changes (Baumgartner, 2013 and ref er ences the-
rein). Cor re la tion of re gional biostratigraphic schemes of ten 
re mains am big u ous, be cause of the mo saic fa cies pat tern
characteristic for the Mid dle Ju ras sic and di verse biostrati-
graphic tools (e.g., ammonites, cal car e ous nannofossils and
radio lar ians), which are ap plied in var i ous de pos its. In such
cases, sta ble iso tope stra tig ra phy ap pears to be a use ful me-
thod for cor re la tion, both at the re gional and global scales. It 
is a use ful tool for chemostratigraphy, since the Mid dle–
Late Ju ras sic d13C curve is char ac ter ized by well-recogni-
zed iso to pic events, which are cal i brated against biostrati-
graphic data (e.g., Bartolini et al., 1999; O’Dogherty et al.,
2006; Louis-Schmid et al., 2007).

This study fo cuses on a pe cu liar sed i men tary suc ces -
sion of Mid dle–Late Ju ras sic age, ex posed in the Tatra
Moun tains (Cen tral West ern Carpathians). This suc ces sion,
be long ing to the Krížna Nappe, is char ac ter ized by a typ i cal
Tethyan basinal de vel op ment with dom i nance of carbo-
nate-biosiliceous sed i men ta tion (Lefeld, 1974; Lefeld et al., 
1985). The sec tions stud ied are de scribed on the ba sis of li -
thol ogy, biostratigraphic data (radio lar ians, cal car e ous di-
noflagellates and calpionellids) and the car bon iso tope re -
cord, which is com pared mainly to the ref er ence d13C
curves from the Tethyan and peri-Tethyan re gions.

The ob jec tives of this pa per are: (1) to doc u ment the fa -
cies suc ces sion of the radiolarian-bear ing de pos its of the
Krížna Nappe in the Tatra Moun tains, (2) to pro pose a bio-
strati graphic frame work for the radiolarian and cal car e ous
dinoflagellate zone lev els, (3) to gen er ate d13C iso tope
curves cal i brated against biostratigraphic data, (4) to cor re -
late d13C curves from the sec tions stud ied and (5) to com -
pare them with the ref er ence curves.

GEO LOG I CAL SET TING

The Mid dle–Up per Ju ras sic de pos its of the Krížna Nappe
ex am ined crop out in the Tatra Moun tains (Cen tral West ern
Carpathians) in Po land and Slovakia (Fig. 1; Bac-Moszasz-
wili et al., 1979; Nemèok et al., 1994). The Krížna Nappe
rep re sents one of the sed i men tary nappes over ly ing the crys -
tal line core of the Tatra Moun tains (Lefeld et al., 1985). It
com prises Lower Tri as sic to Lower Cre ta ceous de pos its and
is made up of sev eral thrust slices.

The Krížna Nappe be longs to the Fatricum Do main in
the Cen tral Carpathian block (Plašienka, 2012). Dur ing
most of Ju ras sic time, it was one of the do mains ly ing be -
tween the Al pine Tethys to the north and the Meliata Ocean
to the south (Fig. 2; Csontos and Vörös, 2004; Schmid et al., 
2008). As a con se quence of its lo ca tion, the suc ces sion
stud ied shows a strong sim i lar ity to the Ju ras sic of other
Tethyan bas ins.

Dur ing the Ju ras sic, the Fatricum Do main was bor dered 
by the up lifted Tatricum Do main to the north and the Ve-
poricum Do main to the south. The Fatricum Do main was
re garded as be ing an extensional ba sin dur ing the Ju ras sic,
lo cated on thinned and stretched con ti nen tal crust (e.g.,
Plašienka, 2012). As a re sult, the Ju ras sic suc ces sions of the 
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Fig. 1. Geo log i cal sketch map of the Tatra Moun tains (af ter Bac-Moszaszwili et al. 1979; Nemèok et al., 1994, sim pli fied) show ing lo -
ca tion of the sec tions stud ied, (1) D³uga Val ley, (2) Lejowa Val ley, (3) Zadnia Kopka Koœcieliska, (4) Up³aziañska Kopa, (5) Filipka Val -
ley and (6) Ždiarska Vidla (P³aczliwa Ska³a in Pol ish); sec tions stud ied by Polák et al. (1998), (HC) Banie Huciska, (GU) G³adkie
Up³aziañskie (=Up³aziañska Kopa) and (ŽV) Ždiarska Vidla.



Fatricum Do main are char ac ter ized by an al most con tin u ous 
re cord of the prograding Tethyan trans gres sion, dis play ing
a tran si tion from lit to ral through hemipelagic to pe lagic
deep-sea sed i men ta tion.

The Ju ras sic de pos its of the Krížna Nappe in the Tatra
Moun tains rep re sent deep-wa ter suc ces sions of the Zlie-
chov type (Mahe¾ and Buday, 1968; Michalík, 2007). The
Early Ju ras sic phase of ex ten sion gave rise to wide basinal
ar eas and nar row horsts (Plašienka, 2012). A sec ond phase
of ex ten sion took place dur ing the lat est Early Ju ras sic and
re sulted in the extensional tilt ing of blocks, form ing a horst- 
and-graben to pog ra phy (Wieczorek, 1990; Gradziñski et al.,
2004; Jach, 2005; Plašienka, 2012). The for ma tion of horsts
(Bobrowiec Unit and the G³adkie Up³aziañskie Thrust Slice
in the West ern Tatra Moun tains) and grabens (the Suchy
Wierch–Havran Unit in the High Tatra and Belianske Tatra
Moun tains) led to dis tinct fa cies changes (Guzik, 1959;
Jach, 2007). The sub sid ing bas ins con stantly were filled
with Fleckenmergel-type sed i ments (bioturbated “spot ted”
lime stones and marls, rang ing from the Sinemurian to the
Bajocian). The horsts dur ing the Late Pliensbachian–?Aa-
lenian acted as sub ma rine highs with spiculite (Jach, 2002)
and neritic crinoidal sed i men ta tion (e.g., crinoidal tempes-
tites; Jach, 2005), re placed by con densed pe lagic car bon ates 
that were de pos ited on pe lagic car bon ate plat forms (sensu
Santantonio, 1993). Dur ing the Mid dle Ju ras sic, sig nif i cant
top o graphic re lief was still pres ent and con trolled fa cies
changes. The de po si tion of car bon ate sed i ments ter mi nated
with the on set of uni form radiolarite sed i men ta tion dur ing
the late Mid dle Ju ras sic. The com plete re cov ery of car bon -
ate sedimentation took place dur ing the lat est Ju ras sic.

A for mal lithostratigraphy of the Mid dle–Up per Ju ras sic
de pos its in the Tatra Moun tains was pro posed by Lefeld et al.
(1985). In the in ter val stud ied, the fol low ing units were dis -
tin guished: the So³tysia Marlstone For ma tion, com pris ing the 
£omy Lime stone Mem ber (spot ted lime stones with marls)
and the Broniarski Lime stone Mem ber (cherty lime stones);
the Niedzica Lime stone For ma tion (grey nod u lar limetones);
the Sokolica Radiolarite For ma tion (spot ted and green ra dio-
larites); the Czajakowa Radiolarite For ma tion (var ie gated
and red radiolarites); the Czorsztyn Lime stone For ma tion
(red nod u lar lime stones); and the Pieniny Lime stone For ma -
tion (platy lime stones). The last men tioned lime stones were
as signed to a new for mal unit, the Jasenina For ma tion (Mi-
chalík et al., 1990; Grabowski and Pszczó³kowski, 2006).

Polák et al. (1998) re de fined the pre vi ously rec og nized
Sokolica Radiolarite For ma tion and Czajakowa Radiolarite
For ma tion and pro posed the Ždiar For ma tion as a new unit,
com pris ing the en tire radiolarite suc ces sion. In this study,
the for mal lithostratigrahy by Lefeld et al. (1985) is used,
with the ex cep tion of the Jasenina For ma tion.

PRE VI OUS RE SEARCH

A few at tempts have been made to de ter mine the age of
the radiolarites of the Krížna Nappe in the Tatra Moun tains.
Rabowski and Goetel (1925) es ti mated their age as Mid dle
Ju ras sic, whereas Sujkowski (1932) sug gested Mid dle–Late 
Ju ras sic, on the ba sis of their po si tion in the suc ces sion.

The first biostratigraphic data have come from the
aptychi, col lected in the Grzeœ sec tion in the West ern Tatra
Mountains (G¹siorowski, 1959, 1962). They give the age of 
the red radiolarites and red nod u lar lime stones as Late Ox-
fordian–Early Tithonian; hence the un der ly ing radiolarites
were re garded as Mid dle Ju ras sic–Oxfordian. De tailed de -
scrip tions of the Mid dle–Up per Ju ras sic suc ces sions of the
Krížna Nappe, com pris ing radiolarites, were pre sented by
Lefeld (1969, 1974, 1981). The ammonite stra tig ra phy of
the Early and Mid dle Ju ras sic was pro vided by Myczyñski
and Lefeld (2003), Myczyñski (2004), Myczyñski and Jach
(2009) and later elab o rated by Iwañczuk et al. (2013).

The age of the Tatra radiolarites was es ti mated on the
ba sis of radio lar ians to be Late Bathonian–Early Kimmerid- 
gian (Polák et al., 1998) or Mid dle Bathonian for the low er -
most part of the Sokolica Radiolarite For ma tion (B¹k,
2001). More pre cise dat ing re fers to the Late Kimmeridgian
and Early Tithonian, where cal car e ous dinoflagellates per -
mit the rec og ni tion of dis crete zones, start ing from the Late
Kimmeridgian cal car e ous dinoflagellate Moluccana Zone
in the up per part of red radiolarites (Jach et al., 2012).
Higher strati graphic res o lu tion was achieved in the up per -
most Lower Tithonian Jasenina For ma tion, where chitinoi-
dellids and calpionellids (Lefeld, 1974; Pszczó³kowski,
1996), com bined with magnetostratigraphy (Grabowski and 
Pszczó³kowski, 2006), per mit ted the es tab lish ment of a pre -
cise strati graphic scheme (Grabowski et al., 2013).

METH ODS

The sec tions (Ta ble 1; Figs 3–8) were ana lysed at high
res o lu tion, in clud ing microfacies anal y sis, car bon ate con -
tent, biostratigraphy, and anal y sis of car bon and ox y gen iso -
topes. Microfacies as well as the cysts of cal car e ous dinofla- 
gellates were stud ied in 240 thin sec tions un der Carl Zeiss
Axioskop and LEICA DM 2500P op ti cal mi cro scopes. Dun -
ham’s (1962) clas si fi ca tion of microfacies was ap plied to the
car bon ate and si li ceous sed i ments. The cal car e ous dinofla-
gellate zonations, pro posed by Borza (1984) and Borza and
Michalík (1986), later re vised by Reháková (2000), and the
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Fig. 2. Palaeogeographic po si tion of the Fatricum Do main in
the Oxfordian. Af ter Schmid et al. (2008), sim pli fied.



calpionellid biostratigraphic scheme, pro posed by Reháková
(2002), were adopted. The rock sam ples and the thin sec tions
are stored at the In sti tute of Geo log i cal Sci ences, Jagiellonian 
Uni ver sity in Kraków.

For the radiolarian anal y ses, 61 sam ples were col lected
from dif fer ent lithologies, but only 16 sam ples with poor to
mod er ately pre served radio lar ians were se lected for de -
tailed biostratigraphic stud ies (lo ca tions in Figs 3–8). The
radiolarian-bear ing sam ples were etched with hy dro chlo ric
and hy dro flu oric acid, uti liz ing stan dard meth ods (Pessagno 
and New port, 1972). The ob ser va tions un der the SEM for
the pre cise iden ti fi ca tion and il lus tra tion of the radio lar ians
were per formed at the Uni ver sity of Bel grade, in the SEM-
EDS Lab o ra tory of Fac ulty of Min ing and Ge ol ogy, us ing a
JEOL JSM-6610LV mi cro scope. In this pa per, the radiola-
rian zonation based on the Uni tary As so ci a tion Zones
(UAZs), pro posed by Baumgartner et al. (1995), was adop-
ted. The names of gen era were cor rected with ref er ence to
the new re vi sion by O’Dogherty et al. (2009).

The sta ble iso tope com po si tions of car bon and ox y gen
were stud ied in 367 bulk sed i ment sam ples. Sec tions were
sam pled at ap prox i mately 0.5–1 m in ter vals, ex cep tion ally
at more than 2 m. Both lime stones and radiolarites con tain -
ing a car bon ate frac tion were ana lysed. Only ho mog e nous
micritic sam ples were se lected. In each case, the sam ple
weight was ad justed ac cord ing to the CaCO3 con tent. Car -
bon and ox y gen sta ble iso tope com po si tions (d13C and
d18O) were ana lysed in the War saw Iso tope Lab o ra tory for
Dat ing and En vi ron ment Stud ies at the In sti tute of Geo log i -
cal Sci ences, Pol ish Acad emy of Sci ences. To pro duce the
rockpowder sam ples, a di a mond-tipped drill was used. The
pow der was re acted with 100% phos pho ric acid (den sity
1.94 g/cm3) at 70°C, us ing the Kiel IV on line car bon ate pre- 
paration de vice, con nected to the Thermo-Finnigan Delta+
mass spec trom e ter. The qual ity of anal y sis was con trolled
by mea sure ments of the in ter na tional stan dard NBS-19 with 
any sam ple se ries (3–5 NBS-19 mea sure ments per sam ples
se ries). All val ues are re ported in per mil rel a tive to V-PDB. 
Reproducibility was checked on the ba sis of long-term re -
peat abil ity of NBS19 anal y sis and oc curred better than 0.07
and 0.12‰, for d13C and d18O, re spec tively.

The cal cium car bon ate con tent of 376 rock sam ples was 
es ti mated by means of a calcimetre by Eijkelkamp, which
works in ac cor dance with the method of Scheibler. The ana-
lysis of CaCO3 con tent was con ducted at the In sti tute of Geo -
log i cal Sci ences of the Jagiellonian Uni ver sity in Kraków.

FA CIES

On the ba sis of li thol ogy, rock col our, fab ric and car -
bon ate con tent, nine fa cies were dis tin guished within the
sections stud ied. They are as fol lows: (1) spot ted limesto-
nes, (2) grey nod u lar lime stones, (3) Bositra-crinoidal lime -
stones, (4) spot ted radiolarites, (5) green radiolarites, (6)
var ie gated radiolarites, (7) red radiolarites, (8) red nod u lar
lime stones, and (9) platy lime stones. In this pa per, the term
Bositra de notes thin-shelled bi valves (fil a ments), most
prob a bly be long ing to the ge nus Bositra.

Spot ted lime stones

The spot ted lime stones (fa cies equiv a lent of the Allgäu
For ma tion or “Fleckenmergel” in the East ern Alps) make
up the top most part of the So³tysia Marlstone For ma tion
(Lefeld et al., 1985). It is di vided into two mem bers – the
lower £omy Lime stone Mem ber, com posed of spot ted lime -
stones and marls, and the up per Broniarski Lime stone
Member, with cherty lime stones. These de pos its are known
from the High Tatra (Tatry Wysokie in Pol ish) and Belian-
ske Tatra (Tatry Bielskie in Pol ish) Moun tains.

The spot ted lime stones and marls (the mea sured thick -
ness is 60 m) are rep re sented by grey, bed ded lime stone-
marl suc ces sion (Ždiarska Vidla sec tion; Fig. 8). The lime -
stones form 3–60 cm thick beds, whereas the marls are ap -
prox i mately 10 cm, max i mally 90 cm thick. Abun dant trace
fos sils are pre served as dark spots, vis i ble against a to tally
bioturbated light grey back ground. The lime stone beds
display sym met ri cal sili ci fi ca tion of their lower and up per
parts. Seven beds of grey crinoidal turbidites, 8–46 cm thick,
oc cur in the Ždiarska Vidla sec tion, in the lower-and up per -
most parts of the fa cies (at the 1 m, 5.3 m, 6.5 m, 48 m,
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Ta ble 1

 Lo ca tion of the sec tions stud ied

Section name Code Location Coordinates at base of section Tectonic unit

D³uga Valley Dsp, Dsr

Western Tatra Mts, Poland

N49°15.599'; E19°48.014'

Bobrowiec UnitLejowa Valley

L
Lb
Lc
Ld

N49°15.913'; E19°50.883'
N49°15.905'; E19°50.933'
N49°15.897'; E19°50.979'
N49°15.960'; E19°50.879'

Zadnia Kopka Koœcieliska Pk N49°15.570'; E19°51.848'

Up³aziañska Kopa Gd N49°14.359'; E19°53.275'
G³adkie Up³aziañskie Thrust

Slice

Filipka Valley
Fp
Fz
Fk

High Tatra Mts, Poland
N49°15.952'; E20°4.325'
N49°16.137'; E20°4.348' Suchy Wierch-Havran Unit

Ždiarska Vidla P Belianske Tatra Mts, Slovakia N49°14.588'; E20°12.636'



48.3 m, 50 m, 57 m; Fig. 8; see also Mišík, 1959). The
CaCO3 con tent fluc tu ates from 6 to 91 wt%; the av er age
value is about 54 wt% (Fig. 8).

In the spot ted lime stones and marls, six microfacies types
were dis tin guished (Fig. 8): spiculite-Bositra packstone,
spiculite wackestone, Bositra packstone, cri noid wackestone
and grainstone, and cri noid-spiculite wackestone. Be side
coarse-grained crinoidal ma te rial, quartz and other lithic grains 
are com mon. Ammonites oc cur rarely in the spot ted lime -
stones and marls.

The up per part of the spot ted lime stones is rep re sented

by cherty lime stones, about 23 m thick (Figs 7, 8). The tran -
si tion to the over ly ing grey nod u lar lime stones (Niedzica
Limestone For ma tion) is grad ual. Dark brown ish-grey
cherty lime stones are thin- to me dium-bed ded, rarely in ter -
ca lated with marls. Trace fos sils be come less com mon up -
wards in the sec tion. In the top most part, elon gated, dark
grey chert nod ules are abun dant. In the Filipka Val ley, the
up per most part of the cherty lime stones con sists of cherty
radiolarian lime stones (Fig. 7). Gen er ally, the CaCO3 con -
tent is rel a tively low, ranging from 30 to 68 wt% (Figs 7, 8).

The fol low ing microfacies were dis tin guished in the
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Fig. 3. D³uga Val ley sec tion in the West ern Tatra Moun tains. Li thol ogy, biostratigraphy (in clud ing po si tion of the radiolarian and cal -
car e ous dinoflagellate sam ples) and re sults for car bon and ox y gen iso tope mea sure ments, CaCO3 con tent and microfacies anal y sis. Age
de notes cal i bra tion of radiolarian (UAZ 95) or cal car e ous dinoflagellata zones. Leg end for lithologies in Figs 3–8.



cherty lime stones: spiculite, radiolarian, cri noid, cri noid-Bo-
sitra and cri noid-spiculite wackestone (Figs 7, 8). Very ra-
rely, the cherty lime stones con tain ammonites and aptychi.

Grey nod u lar lime stones

Grey nod u lar lime stones, 22–25 m thick, were for mally

dis tin guished as the Niedzica Lime stone For ma tion by Le-
feld et al. (1985). They are pres ent only in the suc ces sions
of the High Tatra and Belianske Tatra Moun tains. The tran -
si tion be tween the grey nod u lar lime stones and the over ly -
ing spot ted radiolarites is marked by an abrupt de crease in
CaCO3 con tent and a sharp in crease in the abun dance of
trace fossils (Figs 7, 8).
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Fig. 4. Lejowa Val ley sec tions in the West ern Tatra Moun tains. A. L, Lb and Ld com pos ite sec tion. B. Lc sec tion. Li thol ogy,
biostratigraphy (in clud ing po si tion of the radiolarian and cal car e ous dinoflagellate and calpionellid sam ples) and re sults for car bon and
ox y gen iso tope mea sure ments, CaCO3 con tent and microfacies anal y sis. Age de notes cal i bra tion of radiolarian (UAZ 95), cal car e ous
dinoflagellata or calpionellid zones. Leg end for lithologies as in Fig. 3.



The light grey nod u lar lime stones
are me dium- to thick- bed ded and lo -
cally in dis tinctly bed ded. They are pale
pink only in the up per most part of the
Filipka Val ley sec tion. Car bon ate nod -
ules oc cur in var i ous sizes and are sep a -
rated by thin bands of dis so lu tion seams, 
rich in clays, mus co vite and silty quartz.
Ir reg u lar chert nod ules form dis tinct ho -
ri zons. A mas sive graded brec cia bed,
70 cm thick, is found within the grey
nod u lar lime stones of the Filipka Val ley
sec tion (42 m; Fig. 7). It is com posed of
cri noid ma te rial, with an gu lar clasts (up
to 2 cm) of spiculites, crinoidal lime -
stones and other sed i men tary rocks. The
av er age CaCO3 con tent is about 57 wt%, 
with a range of 33 to 82 wt% (Figs 7, 8).

Thin sec tions of grey nod u lar lime -
stones show the fol low ing microfacies
(Figs 7, 8): cri noid wackestone, Bositra-
spiculite, Bositra and Bositra-cri noid
wackestone to packstone, and Bositra-
radiolarian wackestone. Bel em nite ros tra
and poorly pre served moulds of ammo-
nites are found rarely.

Bositra-crinoidal lime stones

Lime stones with Bositra and cri noids (up to 15.5 m
thick) do not have any for mal lithostratigraphic sta tus. This
fa cies oc curs only in the West ern Tatra Moun tains (Tatry
Zachodnie in Pol ish). The base of the Bositra-crinoidal
lime stones is marked by an omis sion sur face (Gradziñski et
al., 2004; Jach, 2007) at the top of the Toarcian–?Aalenian
red nod u lar lime stones (Kliny Lime stones Mem ber). The
tran si tion to the over ly ing spot ted radiolarites is marked by
a de crease in CaCO3 content (Figs 3, 4).

The low er most part of the Bositra-crinoidal lime stones
is com posed of pink ish to grey crinoidal turbidites, with
beds up to 20 cm thick, in ter ca lated with glauconitic marls
(Jach, 2007). The to tal thick ness of this part is 1.7 m in the
D³uga Val ley sec tion and 0.3 m in the Lejowa Val ley sec -
tion (Figs 3, 4). The glauconitic marls ex hibit some of the
char ac ter is tics of con densed de pos its. To wards the top of
the Bositra-crinoidal lime stones, crinoidal in ter ca la tions be -
come less com mon and disarticulated Bositra shells be gin to 
pre dom i nate, lead ing to for ma tion of the Bositra lime stones
(3.3–14 m thick; Figs 3, 4). They are grey, green ish-grey,
well bed ded, lo cally with elon gated dark grey chert nod ules. 
The av er age CaCO3 con tent of the Bositra-crinoidal lime -
stones is about 68 wt%, ranging from 36 up to 93 wt% (Figs
3, 4).

In thin sec tions, the Bositra-crinoidal lime stones show
a suc ces sion of the fol low ing microfacies (Figs 3, 4): cri -
noid packstone-grainstone, Bositra packstone-grainstone,
Bositra-cri noid packstone, and Bositra-radiolarian wacke-
stone.

Spot ted radiolarites

The spot ted radiolarites (9–15 m thick), also compri-
sing radiolarian lime stones, be long to the lower part of the
Sokolica Radiolarite For ma tion (Lefeld et al., 1985). They
are pres ent in all of the sec tions stud ied (Figs 3–5, 7, 8),
with the ex cep tion of the Zadnia Kopka Koœcieliska and
Up³aziañska Kopa sec tions. The con tact with the over ly ing
green radiolarites is sharp in the D³uga Val ley sec tion, but is 
grad ual in the Filipka Val ley and Ždiarska Vidla sec tions
(Figs 3–5, 7, 8).

Radiolarites and radiolarian lime stones are grey and to -
wards the top ol ive-grey, with com mon shale in ter ca la tions
1–3 cm thick. They are dis tinctly bed ded, with beds about
10–15 cm thick. Abun dant trace fos sils are ob served as dark 
spots, vis i ble against the lighter bioturbated back ground.
Elon gated dark grey chert nod ules are com mon in the mid -
dle parts of beds in the Filipka Val ley and Ždiarska Vidla
sec tions. A sub tle lam i na tion is vis i ble un der the mi cro scope
in the up per most part of this fa cies. The av er age CaCO3 con -
tent is about 36 wt%, rang ing from 12 up to 69 wt% (Figs
3–5, 7, 8).

Four microfacies were dis tin guished in the spot ted ra -
diolarites (Figs 3–5, 7, 8): radiolarian-Bositra wackestone,
Bositra wackestone, radiolarian wackestone to packstone
and mudstone. They also con tain sponge spicules, cri noid
os si cles, the tests of ostracods and frag ments of the tests of
foraminifera. Lo cally, the ma trix con tains silty clastic
grains (mus co vite and quartz).

Green radiolarites

The green radiolarites (up to 12 m thick) were as signed
to the up per part of the Sokolica Radiolarite For ma tion
(Figs 3–8; Lefeld et al., 1985). They are pres ent in all of the

STRA TIG RA PHY OF THE MID DLE–UP PER JU RAS SIC OF THE KRÍŽNA NAPPE 7

Fig. 5. Zadnia Kopka Koœcieliska sec tion in the West ern Tatra Moun tains. Li thol ogy,
biostratigraphy (in clud ing po si tion of the radiolarian and cal car e ous dinoflagellate sam -
ples) and CaCO3 con tent and microfacies anal y sis. Age de notes cal i bra tion of radiolarian
(UAZ 95) or cal car e ous dinoflagellata zones. Leg end for lithologies as in Fig. 3.



sec tions stud ied (Figs 3–8). An abrupt tran si tion from the
green radiolarites to the over ly ing var ie gated radiolarites is
ac com pa nied by an in crease in CaCO3 content.

Highly si li ceous radiolarites are mostly green, green ish
grey and light ol ive grey. Only in the east ern part of the
Tatra Moun tains, they are dark grey and dark ol ive grey.
Thin- to me dium-bed ded, rib bon radiolarites al ter nate with
si li ceous shales, 0.2–2 cm thick. These chert-shale cou plets
are the most char ac ter is tic fea ture of the green radiolarites.
Some beds dis play centi metre-thick par ti tion ing, more or
less par al lel to the bed ding. The av er age CaCO3 con tent is
about 25 wt%, rang ing from 7 up to 48 wt% (Figs 3, 4, 6–8).

In thin sec tions, the green and grey radiolarites are cha-
racterized by radiolarian mudstone-wackestone microfa-
cies, with cal ci fied and ex ten sively dis solved radiolarian
tests, very rare Bositra and frag ments of the tests of fora-
minifera (Figs 3–8). At a mi cro scopic scale, a sub tle lam i na -
tion is rel a tively com mon and re flects changes in ra diola-
rian con tent. Cryptocrystaline sil ica oc curs mainly in the
matrix.

Var ie gated radiolarites

The var ie gated radiolarites, iden ti fied in all of the sec -
tions stud ied, cor re spond to the lower part of the Czajakowa 
Radiolarite For ma tion (Figs 3–8; Lefeld et al., 1985). The
tran si tion to the over ly ing red radiolarites is grad ual. Mea -
sured thick nesses vary from 5 to 17 m.

In the West ern Tatra Moun tains, the var ie gated ra dio-
larites are cal car e ous, and dis tinctly bed ded, with bed thick -
nesses of about 10–15 cm. They are char ac ter ized by a no -
tice ably higher av er age con tent of CaCO3, the com mon oc -
cur rence of chert nod ules and the very rare oc cur rence of
thin shale in ter ca la tions. They ex hibit a va ri ety of colours;
in the lower part, they are light ol ive, dusky red, and pale

green to yel low ish grey, while to wards the top, they are pale 
red, pale ol ive, ol ive grey, red and red-green. In tensely red -
dish or grey ish mas sive chert nod ules are typ i cal of this fa -
cies, es pe cially in the Up³aziañska Kopa sec tion. The ave-
rage CaCO3 content is about 50 wt% (Figs 3–8).

In the High Tatra and Belianske Tatra Moun tains, var -
ie gated radiolarites are pale red dish brown, with grey or
light brown spots of dif fu sive type and with dark grey chert
nod ules. Shale in ter ca la tions are ab sent. The CaCO3 av er -
age con tent is about 44 wt%, rang ing from 24 up to 67 wt%
(Figs 3–8).

In thin sec tions, the var ie gated radiolarites show an up -
ward tran si tion from radiolarian mudstone to packstone
(Figs 3–8). They con tain radio lar ians, sponge spicules, cri -
noids, plank tonic foraminifer Globuligerina and cysts of
cal car e ous dinoflagellates. Radio lar ians are cal ci fied or par -
tially silicified.

Red radiolarites

The up per most part of the Czajakowa Radiolarite For -
ma tion con sists of red radiolarites, ex posed in all of the sec-
tions stud ied (Figs 3–8; Lefeld et al., 1985). Their thick ness
ranges from 2 to 9 m. The red radiolarites are cal car e ous, mo- 
de rate red and grey ish red in col our, and pla nar, thin- to me -
dium-bed ded, with bed thick nesses of be tween 5 and 30 cm.
The red radiolarites are char ac ter ized by the rare oc cur rence
of thin shale in ter ca la tions. In the Ždiarska Vidla sec tion, the
red radiolarites are cherty and ir reg u larly bed ded. Their av er -
age CaCO3 con tent is about 48 wt%, rang ing from 17 up to
89 wt% (Figs 3–8).

The red radiolarites con tain in dis tinctly lam i nated ra -
diolarian wackestone, lo cally pass ing into mudstone, ra dio-
larian-Bositra-Saccocoma wackestone, Saccocoma-Bositra
wackestone, Bositra-Saccocoma wackestone and ra diola-
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Fig. 6. Up³aziañska Kopa sec tion in the West ern Tatra Moun tains. Li thol ogy, biostratigraphy (in clud ing po si tion of the radiolarian and
cal car e ous dinoflagellate sam ples) and re sults for car bon and ox y gen iso tope mea sure ments, CaCO3 con tent and microfacies anal y sis.
Age de notes cal i bra tion of radiolarian (UAZ 95) or cal car e ous dinoflagellata zones. Leg end for lithologies as in Fig. 3.



rian wackestone-packstone (Figs 3–8). These de pos its con -
tain cal ci fied radiolarian tests, frag ments of the shells of Bo- 
sitra, Saccocoma sp. and tests of the plank tonic forami-
nifer Globuligerina and sponge spicules, cri noids, cysts of
cal car e ous dinoflagellates, ophiuroids and ostracods. The
scarce macrofauna is rep re sented by aptychi and bel em nite
ros tra. Siliciclastic ad mix tures are rep re sented by silt-sized
grains of quartz and muscovite flakes.

Red nod u lar lime stones

The red nod u lar lime stones, 5.5–11 m thick, were as -
signed to the Czorsztyn Lime stone For ma tion (Lefeld et al.,
1985). This fa cies oc curs in all of the sec tions stud ied (Figs
3–8). The red nod u lar lime stones show di verse lithotypes
(Figs 3–8): (i) thin- and me dium-bed ded red lime stones, al -

ter nat ing with 1–2 cm-thick marls, lo cally with in dis tinct
nod ule de vel op ment, and con cen tra tions of aptychi (this
lithotype bears a re sem blance to the Rosso ad Aptici fa cies),
(ii) mas sive nod u lar lime stones, where light-col oured mi-
critic nod ules are sur rounded by a dis tinct dark red dish to
brown ish clay-rich ma trix with com mon dis so lu tion seams,
and (iii) highly cal car e ous nod u lar lime stones, lo cally of
brecciated type, with rounded or subangular nod ules, sep a -
rated by sty lo lites or dis so lu tion seams. The first two litho-
types oc cur in the West ern Tatra Moun tains, the third one in 
the High Tatra and Belianske Tatra Moun tains. Gen er ally,
nod ule de vel op ment be comes less com mon west ward, which 
cor re sponds to a de crease in CaCO3 con tent and thick ness
(Lefeld, 1974). This change re flects a lat eral interfingering of 
the red nod u lar lime stones west ward (Czorsztyn Lime stone
For ma tion) with platy lime stones (the Jasenina For ma tion),
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Fig. 7. Filipka Val ley sec tion in the High Tatra Tatra Moun tains. Li thol ogy, biostratigraphy (in clud ing po si tion of the radiolarian and
cal car e ous dinoflagellate sam ples) and re sults for car bon and ox y gen iso tope mea sure ments, CaCO3 con tent and microfacies anal y sis.
Age de notes cal i bra tion of radiolarian (UAZ 95) or cal car e ous dinoflagellata zones. Leg end for lithologies as in Fig. 3.
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con tain ing red nod u lar pack ages. A green ish grey radiolarite 
bed with a thick ness of 40 cm oc curs in the nod u lar lime -
stones in the Lejowa Val ley sec tion (Lc39; Fig. 4A, B). The
av er age CaCO3 con tent of red nod u lar lime stones is about
67 wt%, rang ing from 45 up to 97 wt% (Figs 3–8).

The nod u lar lime stones con tain Bositra-Saccocoma and
Saccocoma-Bositra, Saccocoma-spiculite wackestone to
packstone, Saccocoma, Saccocoma-radiolarian, radiolarian,
radiolarian-globuligerinid-Globochaete wackestone microfa- 
cies (Figs 3–8). More over, the lime stones con tain frag ments
of foraminifera, cal ci fied sponge spicules, aptychi, bel em -
nites, cri noids, cysts of the cal car e ous dinoflagellates and the
microproblematicum Gemeridella minuta Borza et Mišík.
Silt-sized mus co vite flakes and quartz grains are com mon,
mostly in the parts that are rich in sty lo lites.

Platy lime stones

Grey, platy lime stones oc cur over the en tire study area
and rep re sent the lower part of the Jasenina For ma tion (Mi-
chalík et al., 1990). Light grey and ol ive-grey, partly silice-
ous, micritic lime stones and marlstones pre dom i nate. Lo cal-
ly, they are red dish, pink ish and slightly nod u lar. The lime-
stone beds are 2–10 cm thick. The av er age CaCO3 con tent is
58 wt%, rang ing from 46 to 72 wt%. Trace fos sils are rare.

Four microfacies were dis tin guished (Figs 3, 4): Sacco-
coma, cri noid-Saccocoma, Saccocoma-radiolarian and Sa-
ccocoma-Globochaete wackestones. In ad di tion, the bio-
clasts in clude spicules, fil a ments, ostracods, foraminifers,
cri noids, bi valves, the microproblematicum Gemeridella
minuta Borza et Mišík, and the cysts of cal car e ous dinofla-
gellates, the chitinoidellids (Figs 3, 4). G¹siorowski (1959,
1962) de scribed the com mon oc cur rence of Laevaptychus
sp. in the low er most part of this facies.

SEC TION DE SCRIP TIONS
AND STA BLE-ISO TOPE RE SULTS

The six sec tions of the Mid dle–Up per Ju ras sic de pos its
stud ied in the Tatra Moun tains rep re sent var i ous tec tonic
units of the Krížna Nappe (Ta ble 1). The sec tions are as fol -
lows from west to east (Fig. 1): D³uga Val ley (Dol ina
D³uga), Lejowa Val ley (Dol ina Lejowa), Zadnia Kopka
Koœcieliska, Up³aziañska Kopa, Filipka Val ley (Dol ina Fi-
lipka) and Ždiarska Vidla (P³aczliwa Ska³a in Pol ish). The
first four sec tions are lo cated in the West ern Tatra Moun -
tains, whereas two other ones in the High Tatra and Belian-
ske Tatra Moun tains, re spec tively.

D³uga Val ley sec tion

The sec tion is ex posed in the D³uga Val ley, which is a
trib u tary val ley of the Chocho³owska Val ley (Dol ina Cho-
cho³owska; Fig. 1; Ta ble 1). The Mid dle–Up per Ju ras sic de -

pos its crop out in a north-south-ori ented shal low gully, run -
ning from the Poœrednie ridge to the bot tom of the D³uga
Val ley. The sec tion is 71 m thick (Fig. 3).

The Bositra-crinoidal lime stones (about 16 m) over lie
the Lower Toarcian–?Aalenian red nod u lar lime stones.
Their lower part (1.7 m thick) con sists of pink and grey con -
densed crinoidal lime stones (Fig. 3), which to wards the top
grad u ally pass into the Bositra lime stones (up to 14 m). The
si li ceous de pos its start with spot ted radiolarites, 9 m thick,
which are suc ceeded by 4.5 m of green radiolarites. Con tact
be tween the green and var ie gated radiolarites is marked by a 
mi nor fault. The cal car e ous var ie gated radiolarites (12 m)
are over lain by red radiolarites (4 m), which ter mi nate the
si li ceous part of the sec tion. In the D³uga Val ley sec tion, the 
over ly ing red nod u lar lime stones (5.5 m thick) are re placed
by platy lime stones of the Jasenina For ma tion, the up per-
most 20 m of the section studied.

The 118 bulk car bon ate sam ples from this 71 m sec tion
dis play sig nif i cant vari a tion in the d13C val ues. In the Bo-
sitra-crinoidal lime stones, the in ter val from 0–15.5 m, the
d13C curve shows val ues of 2.5‰, fol lowed by rel a tively
sta ble val ues of about 2‰ (Fig. 3). To wards the top, in the
spot ted radiolarites from 16–18.5 m, a neg a tive d13C ex cur -
sion is re corded, with val ues de creas ing from 2‰ to a mi-
nimum value of 1.2‰. The min i mum is fol lowed by an in -
crease in the d13C val ues to a max i mum of 3.2‰, in green
radiolarites at 28.4 m. Over the max i mum the d13C val ues
show al most con stant de crease from 3.2‰ to 1.1‰. The only 
ex cep tion is a shift to wards higher val ues in the or der of
2.2‰ in the red nod u lar lime stones of the in ter val 42–47 m.

Lejowa Val ley sec tion

This sec tion is lo cated on the slope of Poœrednia Kopka
Hill (Fig. 1; Ta ble 1). It is com posed of three par tial sec tions
(L, Lb and Ld), with a mea sured thick ness of 66 m (Fig. 4A).
The low er most part of the sec tion (L) is ex posed in a small
rocky cliff on the south ern slopes of Poœrednia Kopka Hill.
The mid dle part of the sec tion (Lb) is lo cated at the south ern
mar gin of a for ested gully, run ning to wards the Huty Lejowe
Glade (Polana Huty Lejowe). The up per most part of the sec -
tion (Ld) crops out in a rocky cliff. Sec tion Lc is 11.5 m thick
(Fig. 4B) and is sit u ated at a rocky step in the axis of the gully.

The Toarcian–?Aalenian red nod u lar lime stones with fe- 
rruginous macrooncoids are cov ered by the Bositra-crinoi-
dal lime stones (about 4 m, not fully ex posed) stud ied, which
are suc ceeded by slightly spot ted radiolarites (about 12 m, not
fully ex posed) and green radiolarites (about 3.5 m; Fig. 4). The 
up per part of the sec tion con sists of var ie gated radiolarites,
with red dish and grey ish chert nod ules (14 m), red radiola-
rites (about 9 m), mas sive, red nod u lar lime stones (about 8 m)
with a radiolarite in ter ca la tion 40 cm thick, and platy lime-
stones with pack ages of red, slightly nod u lar lime stones (about 
20 m). Sec tion Lc con sists of red radiolarites (4.5 m), fol lowed 
by red nod u lar lime stones with a radiolarite bed (7 m).
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Fig. 8. Ždiarska Vidla sec tion in the Belianske Tatra Moun tains. Li thol ogy, biostratigraphy (in clud ing po si tion of the radiolarian and
cal car e ous dinoflagellate sam ples) and re sults for car bon and ox y gen iso tope mea sure ments, CaCO3 con tent and microfacies anal y sis.
Age de notes cal i bra tion of radiolarian (UAZ 95) or cal car e ous dinoflagellata zones. Leg end for lithologies as in Fig. 3.



Zadnia Kopka Koœcieliska sec tion

This sec tion is sit u ated on the east ern slope of Zadnia
Kopka Koœcieliska, which is a for ested hill be tween the Le-
jowa and Koœcieliska val leys (Fig. 1; Ta ble 1). The sec tion
stud ied is 32 m thick (Pk; Fig. 5).

The lower part of the sec tion com prises green ra diola-
rites (0.9 m) and var ie gated radiolarites (at least 4 m).
Above an ex po sure gap of 9 m, var ie gated radiolarites oc cur 
(14 m), fol lowed by red radiolarites (3.6 m).

Up³aziañska Kopa sec tion

The sec tion crops out on the west ern slope of Up³a-
ziañska Kopa Hill in the West ern Tatra Moun tains. Pre vi -
ously (Lefeld, 1974; Lefeld et al., 1985; Polák et al., 1998),
the sec tion was de scribed un der the name of G³adkie Up³a-
ziañskie (Fig. 1; Ta ble 1). The sec tion is 34 m thick (Fig. 6).

The suc ces sion stud ied starts with green radiolarites
(0.3 m) which pass into var ie gated radiolarites, with com mon 
mas sive red and dark grey chert nod ules (17 m), red radiola-
rites (at least 2 m) and red nod u lar lime stones (about 12 m;
Fig. 6). The up per part of the sec tion is poorly ex posed,
owing to thrust fault ing.

The d13C val ues (54 sam ples) from the Up³aziañska
Kopa sec tion show a steady de crease of 2.2‰ (from 3.3‰
to 1.1. ‰). Only small max i mum oc curs (of 3.3‰) just be -
low the bound ary of green and var ie gated radiolarites.

Filipka Val ley sec tion

This sec tion is lo cated near the Filipczañska Glade (Fi-
lipczañska Polana), in the Filipka Val ley, High Tatra Moun -
tains (Fig. 1; Ta ble 1). This sec tion con sists of three parts: Fp, 
Fz and Fk. The low er most part (Fp) be gins in a for ested
creek, which is a right trib u tary of the Filipczañski Stream
(Filipczañski Potok). The par tial sec tions Fz and Fk were stu- 
died and mea sured along the stream bed (wa ter fall) of the Fi-
lipczañski Stream, with some ver ti cal seg ments. The sec tion
is 89 m thick (Fig. 7); the beds are in an over turned po si tion.

The sec tion com mences with spot ted lime stones with a
mea sured thick ness of 32 m (Fig. 7). In their up per most part,
si li ceous radiolarian lime stones oc cur (Iwañczuk et al.,
2013). They are re placed by grey nod u lar lime stones (22 m).
The spot ted radiolarites (12 m) change to si li ceous green
radiolarites (about 6 m). The grey radiolarites are cov ered
by var ie gated radiolarites (1 m, not fully ex posed). The con -
tact be tween the var ie gated and the red radiolarites is
marked by a thrust fault. The red radiolarites (2 m thick),
un der ly ing the red nod u lar lime stones, are cal car e ous and
rich in red chert nod ules. A tran si tional zone to the red nod -
u lar lime stones ex hib its red, elon gated chert nod ules. The
red nod u lar lime stones (13 m) are red, dusky red, pink ish
and grey ish pink.

The 45 bulk sam ples from the up per 60 m of the Filipka
Val ley sec tion were ana lysed for sta ble iso tope com po si tion 
(Fig. 7). The d13C curve shows a slightly scat tered pat tern
that prob a bly re sults from the lower sam pling res o lu tion. In
the up per most part of the sec tion (69–76 m), the max i mum
d13C val ues of 3.1‰ were doc u mented in the green ra dio-

larites and as high as 3.4‰ in the var ie gated radiolarites. In
the in ter val 76–89 m, the d13C val ues de crease from 3.5‰
to 1.6‰.

Ždiarska Vidla sec tion

The sec tion is sit u ated on the east ern slope of Ždiarska
Vidla Moun tain (P³aczliwa Ska³a in Pol ish) in the Belianske 
Tatra Moun tains in Slovakia (Fig. 1; Ta ble 1). The lower
part of the sec tion crops out along the moun tain path, lead -
ing to the top of the Ždiarska Vidla Moun tain while its hig-
her part is lo cated on a rocky slope above the path. The sec -
tion is 148 m thick (Fig. 8). Spot ted lime stones of the £omy
Lime stone Mem ber over lie the Mid dle Aalenian–low er most 
Lower Bajocian black shales and lime stones with Bositra
(the Podskalnia Shale Mem ber; Lefeld et al., 1985; Iwañ-
czuk et al., 2013; see Fig. 17). The con tact be tween these
two Mem bers ex hib its con sid er able tec tonic dis tur bance.
For this rea son, the low er most part of the £omy Lime stone
Member was not included in the study.

The lower part of the sec tion com prises spot ted lime -
stones (spot ted lime stones and marls, 60 m thick, suc ceeded 
by 23 m of spot ted lime stones with cherts) with beds of cri-
noidal turbidites (Fig. 8; Mišík, 1959). The spot ted limesto-
nes grad u ally pass into grey nod u lar lime stones (25 m
thick). The main part of the sec tion con sists of spot ted ra -
diolarites (15 m), green radiolarites (about 12 m), variega-
ted radiolarites (5 m) and red radiolarites (about 2 m). The
si li ceous de pos its are cov ered by red nod u lar lime stones
(about 10 m; measured thickness 5 m).

The 148 bulk sam ples from the Ždiarska Vidla sec tion
show con sid er able vari a tion in d13C val ues (Fig. 8). A pos i -
tive ex cur sion in d13C val ues, with an am pli tude of 1‰ and
steady high val ues of about 2.5‰, is re corded in the spot ted
lime stones (up to 38 m). In the in ter val 84–95 m, the d13C
curve fluc tu ates slightly, reach ing min i mal val ues of about
1.1‰. In the in ter val 98–108 m, the d13C curve reaches its
max i mum with val ues of 2.2‰ at the top of the grey nod u lar 
lime stones. In the spot ted radiolarites, the d13C curve ex -
hib its a min i mum value of 1.7‰, fol lowed by the main pos -
i tive ex cur sion of about 3.7‰. High d13C val ues of about
3.5‰ stay sta ble up to 142 m in the red radiolarites. In the
over ly ing red nod u lar lime stones, the d13C curve con stantly 
de creases to min i mum val ues of 2.5‰.

RADIOLARIAN DAT ING

The radiolarites of the Krížna Nappe con tain some car -
bon ate ad mix ture and the radio lar ians are usu ally cal ci fied
and not well pre served. Con se quently, the ex trac tion of
radio lar ians was of ten un suc cess ful or the microfossils ob -
tained had lim ited strati graphic value, be cause of the poor
state of pres er va tion (see Ožvoldová, 1997). A list of spe -
cies is given in Ta ble 2 and spe cies are il lus trated in Figs
9–12. Radio lar ians were ana lysed in all of the sec tions stud -
ied. The sam ple lo ca tions are shown in Figs 3–8.

Lat est Bajocian to Early Callovian (UAZs 5–7) ra -
diolarians were ob tained from the spot ted radiolarites (sam -
ples Fp143 and Fp269), in the mid dle part of the Filipka
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Val ley sec tion (Fig. 7). Both as sem blages (Fig. 12A–O) in -
di cate UAZs 5–7; the as sem blage in sam ple Fp143 con tains
Palinandromeda podbielensis (Ožvoldová) (FAD = First
Ap pear ance Da tum in UAZ 5), to gether with Belleza de-
cora (Rüst) (LAD = Last Ap pear ance Da tum in UAZ 7).
The ge nus Semihsuum, last ap pear ing in the Late Callovian
(O’Dogherty et al., 2009), was also found. The pres ence of
Zhamoidellum ovum Dumitrica (FAD in Callovian, Suzuki
et al., 2001) could in di cate a more re stricted age for sam ple
Fp143 that is not older than the Early Callovian. The over ly -

ing sam ple Fp269 lacks Semihsuum, but con tains Belleza
decora (Rüst). This spe cies was as sumed to be re stricted to
UAZs 4–7 (Baumgartner et al., 1995), but Marcucci and
Prela (1996) sug gested that the spe cies could reach the
Early Oxfordian (UAZ 8). Thus it is pos si ble that sam ple
Fp269 is somewhat younger than Callovian.

Lat est Bajocian to Early Oxfordian (UAZs 5–8)
radio lar ians were found in the spot ted radiolarites of the
D³uga Val ley sec tion (sam ple Dsr62; Fig. 3) and in the lower
part of the Lejowa Val ley sec tion (sam ple L58; Fig. 4). Sam -
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Fig. 9. Radio lar ians from sam ples of the D³uga Val ley sec tion (Dsr). Scale bars in A, G = 20 µm, in B, F = 50 µm, in C–E, H–U = 100
µm. Figs A–G. Sam ple Dsr62; lat est Bajocian–Early Bathonian to Early Oxfordian (UAZs 5–8). A. Archaeodictyomitra patricki Kocher.
B. Archaeodictyomitra whalenae Kozur et Mostler. C. Cinguloturris? sp. D. Mirifusus fragilis Baumgartner. E. Mirifusus guadalupensis
Pessagno. F. Zhamoidellum sp. G. Hemicryptocapsa cf. yaoi (Kozur). Figs H–N. Sam ple Dsr96; Mid dle to Late Oxfordian (UAZs 6–9).
H. Bernoullius rectispinus s.l. Kito, De Wever, Danelian et Cordey. I. Emiluvia sedecimporata (Rüst). J. Emiluvia cf. salensis Pessagno.
K. Emiluvia sp. L. Paronaella cf. mulleri Pessagno. M. Monotrabs goricanae Beccaro. N. Tetraditryma corralitosensis (Pessagno). Figs
O–U. Sam ple Dsr203; Mid dle Oxfordian to Early Tithonian (UAZs 9–11). O. Mirifusus guadalupensis Pessagno. P. Mirifusus sp. Q.
Parapodocapsa amphitreptera (Fore man). R. Spinosicapsa cf. spinosa (Ožvoldová). S. Emiluvia sp. T. Angulobracchia cf. biordinalis
Ožvoldová. U. Tetratrabs bulbosa Baumgartner.
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Ta ble 2

Oc cur rence of radiolarian spe cies in sam ples from the Mid dle-Up per Ju ras sic de pos its of the Krížna Nappe, Tatra Moun tains

Section D³uga Valley Lejowa Valley ZKK
Up³aziañska 

Kopa
Filipka
Valley

¦diarska
Vidla

Species
Sample

UAZ95

Dsr
62

DsR
96

Dsr
203

L58 L140 Lb1 L183 Lb38 Lc39 Pk35 Gd7 Gd21 Fp143Fp269 P286 P583

Angulobracchia sp.            x      

Angulobracchia biordinalis
Ožvoldová

9–11   cf.              

Arcanicapsa funatoensis (Aita) 3–11            cf.     

Archaeodictyomitra patricki Kocher  x         x       

Archaeodictyomitra whalenae Kozur
et Mostler

 x                

Archaeodictyomitra sp.          x   x     

Belleza decora (Rüst) 4–7             x x   

Bernoullius rectispinus s.l. Kito, De
Wever, Danelian et Cordey

1–9  x  x             

Cinguloturris sp.  x     x           

Emiluvia ordinaria Ožvoldová 9–11     x            

Emiluvia orea Baumgartner 4–11     x            

Emiluvia salensis Pessagno 4–13  cf.               

Emiluvia sedecimporata (Rüst) 3–11  x               

Emiluvia sp.   x x x      x       

Hemicryptocapsa carpathica
(Dumitrica)

7–11      cf.           

Hemicryptocapsa yaoi (Kozur)  cf.                

Higumastra sp.            x      

Higumastra imbricata (Ožvoldová) 4–8    cf.         x    

Hiscocapsa lugeoni O'Dogherty,
Gorièan et Dumitrica

             x    

Hiscocapsa sp.       x   x     x   

Homoeoparoneaella argolidensis
Baumgartner

4–11             cf. cf.   

Homoeoparoneaella pseudoewingi
Baumgartner

3–7              cf.   

Lanubus cornutus (Baumgartner) 8–10          cf.       

Mirifusus dianae s.l. (Karrer) 7–20   cf.      x        

Mirifusus fragilis s.l. Baumgartner 3–8 x            cf.    

Mirifusus guadalupensis Pessagno 5–11 x cf. x x      x   x    

Mirifusus sp.    x              

Monotrabs goricanae Beccaro   x  cf.             

Obesacapsula morroensis Pessagno 5–21   x x             

Obesacapsula sp.   x           x    

Olanda sp.              x    

Palinandromeda podbielensis
(Ožvoldová)

5–9             x    

Parapodocapsa amphitreptera
(Foreman)

9–18   x              

Paronaella mulleri Pessagno 6–10  cf.               

Paronaella sp.     x       x     x

Praewilliriedelum convexum (Yao) 1–11              x   

Semihsuum rutogense (Yang et Wang)             x    

Spinosicapsa spinosa (Ožvoldová) 8–13   cf.              

Spinosicapsa sp.          x     x  x



ple Dsr62 yielded a badly pre served radiolarian as so ci a tion
(Fig. 9A–G). Its age is de ter mined on the ba sis of the pres -
ence of Mirifusus fragilis Baumgartner (LAD in UAZ 8) and
Mirifusus guadalupensis Pessagno (FAD in UAZ 5). Sam ple
L58 (Fig. 10A–K) is con strained with Higumastra imbricata
(Ožvoldová) (LAD in UAZ 8), Obesacapsula morroensis
Pessagno and Mirifusus guadalupensis Pessagno (FADs in
UAZ 5).

Mid dle Bathonian to Mid dle–Late Oxfordian (UAZs
6–9) radiolarian as sem blage was ob tained from green ra dio-
larites of the D³uga Val ley sec tions (sam ple Dsr96; Figs 3,
9H–N). The age as sign ment is based on the first oc cur rence
of Paronaella mulleri Pessagno (UAZ 6) and the last oc cur -
rence of Bernoullius rectispinus s.l. Kito, De Wever, Dane-
lian et Cordey (UAZ 9).

Mid dle Callovian to Early Kimmeridgian (UAZs
8–10) radio lar ians were iden ti fied in the lower part of var ie -
gated radiolarites of the Zadnia Kopka Koœcieliska sec tion
(Fig. 5). Sam ple Pk35 yielded many and rel a tively di verse
radio lar ians (Fig. 11A–F). The age is based on the range of
Lanubus cornutus (Baumgartner) (UAZs 8–10).

Mid dle Oxfordian to Early Tithonian (UAZs 9–11)
radio lar ians were iden ti fied in the red radiolarites of the up -
per part of the D³uga Val ley sec tion (sam ple Dsr203;
Fig. 3), in the up per most part of the var ie gated radiolarites,
red radiolarites, red nod u lar lime stones of the Lejowa Val -
ley sec tion (sam ple Lb1, L183, Lb38 and Lc39; Fig. 4) and

from the var ie gated radiolarites of the mid dle part (L140).
Ac cord ing to the pres ence of Angulobracchia biordinalis
Ožvoldová (UAZs 9–11) sam ple Dsr203 (Fig. 9O–U) is of a 
Mid dle Oxfordian to Early Tithonian age.

The as sem blage in sam ple L140 (Fig. 10L–Q) is char -
ac ter ized by the pres ence of Emiluvia ordinaria Ožvoldová
(UAZs 9–11). The up per most radiolarian sam ple from the
same sec tion (Lb38) is not youn ger than Early Tithonian, as
ev i denced by Zhamoidellum ovum Dumitrica (LAD in UAZ 
11). All four suc ces sive sam ples in the var ie gated and red
radiolarites (L140, Lb1, L138, and Lb38; Fig. 10L–X) thus
are as signed to the in ter val UAZs 9–11. The sam ple Lc39
(Fig. 10Y–AB), from the base of the red nod u lar lime stones
in a par al lel sec tion, also con tains Zhamoidellum ovum Du-
mitrica and hence is not youn ger than UAZ 11. On the ba sis
of the lo cal cor re la tion be tween the two sec tions in the Le-
jowa Val ley, sam ple Lc39 is assigned to UAZs 9–11.

The as sem blages in some sam ples (P286, P583, Gd7,
Gd21) al low only a very broad age as sign ment. In sam ple
P286 (from the lower part of the Ždiarska Vidla sec tion,
Figs 8, 11R), an Early Bajocian–Early Kimmeridgian age
(UAZs 3 to 10) could be in ferred on the ba sis of Transh-
suum maxwelli gr. (Pessagno). Sam ple P583 (the spot ted
radiolarites of the mid dle part of the Ždiarska Vidla sec tion,
Figs 8, 11N–Q) is char ac ter ized by rel a tive abun dance of
small un de ter min able nassellarians. A Late Bajocian to Early
Kimmeridgian age (UAZs 4 to 10) of the sam ple P583 is in -
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Ta ble 2 continued

Section D³uga Valley Lejowa Valley ZKK
Up³aziañska 

Kopa
Filipka
Valley

¦diarska
Vidla

Species
Sample

UAZ95

Dsr
62

Dsr
96

Dsr
203

L58 L140 Lb1 L183 Lb38 Lc39 Pk35 Gd7 Gd21
Fp
143

Fp
269

P286 P583

Spongocapsula perampla (Rüst) 6–11       cf.          

Tetratrabs bulbosa Baumgartner 7–11   x              

Tetraditryma corralitosensis
(Pessagno)

3–10  x               

Tetraditryma pseudoplena
Baumgartner

4–11             cf.   cf.

Transhsuum maxwelli gr. (Pessagno) 3–10               x  

Transhsuum sp.     x             

Triactoma blakei (Pessagno) 4–11    x x            

Triactoma jonesi (Pessagno) 2–13    x             

Triactoma sp.        x   x  x     

Tritrabs casmaliaensis (Pessagno) 4–10           x      

Tritrabs ewingi s.l. (Pessagno) 4–22    x             

Tritrabs exotica (Pessagno) 4–11     x            

Tritrabs rhododactylus Baumgartner 3–13     x            

Tritrabs sp.              x   x

Williriedellum sp.      x            

Zhamoidellum ovum Dumitrica ?7–11       x x cf.    x    

Zhamoidellum sp.  x    x   x  x   x    

Age (UAZones 95)  5–8 6–9 9–11 5–8 9–11 9–11 9–11 9–11 9–11 8–10 4–10 4–11 5–7 5–7 3–10 4–10

Facies  sr gr rr sr vr vr vr rr rnl vr gr vr sr sr cl sr

The sec ond col umn gives the zonal ranges of the spe cies ac cord ing to Baumgartner et al. (1995). Li thol ogy: cl – cherty lime stones, sr – spot ted radiolarites,
gr – green radiolarites, vr – var ie gated radiolarites, rr – red radiolarites, rnl – red nod u lar lime stones
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Fig. 10. Radio lar ians from sam ples of the Lejowa Val ley sec tion (L, Lb, Lc). Scale bars in A, Q, X, Y, AB = 50 µm, in FB–P, R–Z, AA
= 100 µm. Figs A–K. Sam ple L58; Lat est Bajocian–Early Bathonian to Early Oxfordian (UAZs 5–8). A. Transhsuum sp. B. Mirifusus
guadalupensis Pessagno. C. Mirifusus cf. guadalupensis Pessagno. D, E. Obesacapsula morroensis Pessagno. F. Bernoullius rectispinus
s.l. Kito, De Wever, Danelian et Cordey. G. Higumastra cf. imbricata (Ožvoldová). H. Tritrabs ewingi s.l. (Pessagno). I. Triactoma jonesi
(Pessagno). J. Triactoma blakei (Pessagno). K. Monotrabs cf. goricanae Beccaro. Figs L–Q. Sam ple L140; Mid dle–Late Oxfordian to
Late Kimmeridgian–Early Tithonian (UAZs 9–11). L. Williriedellum sp. M. Emiluvia orea Baumgartner. N. Emiluvia ordinaria
Ožvoldová. O. Tritrabs ex ot ica (Pessagno). P. Tritrabs rhododactylus Baumgartner. Q. Triactoma blakei (Pessagno). Figs R–T. Sam ple
Lb1; Mid dle–Late Oxfordian to Late Kimmeridgian–Early Tithonian (UAZs 9–11). R. Cinguloturris sp. S. Hemicryptocapsa cf.
carpathica (Dumitrica). T. Hiscocapsa sp. Figs. U–W. Sam ple L183; Mid dle–Late Oxfordian to Late Kimmeridgian–Early Tithonian
(UAZs 9–11). U. Spongocapsula cf. perampla (Rüst). V. Zhamoidellum ovum Dumitrica. W. Triactoma sp. Fig X. Sam ple Lb38; Mid -
dle–Late Oxfordian and Late Kimmeridgian–Early Tithonian (UAZs 9–11). X. Zhamoidellum ovum Dumitrica. Figs Y–AB. Sam ple
Lc39; Mid dle–Late Oxfordian to Late Kimmeridgian–Early Tithonian (UAZs 9–11). Y. Archaeodictyomitra sp. Z. Mirifusus dianae s.l.
(Karrer). AA. Zhamoidellum cf. ovum Dumitrica. AB. Hiscocapsa sp.



di cated by Tetraditryma pseudoplena Baumgartner (Fig.
11O). From the pres ence of Tritrabs casmaliaensis (Pes-
sagno), sam ple Gd7 (lower part of the Up³aziañska Kopa sec -
tion, Figs 6, 11G–J) is of Late Bajocian–Early Kimmerid-
gian age (UAZs 4–10). Sam ple Gd21 (lower part of the Up³a- 
ziañska Kopa sec tion; about 2 m above sam ple Gd7; Fig. 11
K–M) is not youn ger than Late Kimmeridgian–Early Titho-
nian, as ev i denced by Arcanicapsa funatoensis (Aita) (UAZs
3–11).

CAL CAR E OUS DINOFLAGELLATE
AND CALPIONELLID DAT ING

The biostratigraphy of the Kimmeridgian and Early Ti-
thonian de pos its stud ied is based on the cal car e ous dinofla-
gellate and calpionellid suc ces sion (see Jach et al., 2012).
Cysts of the cal car e ous dinoflagellates are gen er ally well
pre served, even if the ma trix is recrystallized (Fig. 13). Six

dinocyst zones and one calpionellid zone were rec og nized
in the sec tions stud ied (Figs 3–8).

The oc cur rence of the cal car e ous dinocyst as so ci a tion
Stomiosphaera moluccana Wan ner, Cadosina parvula Nagy, 
Colomisphaera nagyi (Borza), C. carpathica Borza, C. pie-
niniensis (Borza), Schizosphaerella minutissima (Colom)
was ob served in the up per most part of the red radiolarites
and/or in the red nod u lar lime stones of the D³uga Val ley
(sam ples Dsr231–302a), Lejowa Val ley (sam ples Lb44–88),
Zadnia Kopka Koœcieliska (sam ple Pk201) and Filipka Val -
ley sec tions (sam ple Fz2; Figs 3–5, 7, 13A–B). This as so ci a -
tion is typ i cal of the Late Kimmeridgian Moluccana Zone.

Youn ger de pos its, the red nod u lar lime stone of the Le-
jowa Val ley (sam ples Lb91, 100, Lc17–39) and Filipka Va-
lley sec tions (sam ple Fk37), yield a cyst as so ci a tion, with
Stomiosphaera moluccana Wan ner ac com pa nied by Car-
pistomiosphaera borzai (Nagy) (Figs 4, 7, 13C). The lat ter
cyst is the in dex marker of the Borzai Zone, which dates the
top most part of the Late Kimmeridgian (Lakova et al.,
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Fig. 11. Radio lar ians from sam ples of the Zadnia Kopka Koœcieliska sec tion (Pk), Up³aziañska Kopa sec tion (Gd) and Ždiarska Vidla
sec tion (P). Scale bars in L = 20 µm, in A, D, K = 50 µm, in B, C, E–J, M–R = 100 µm. Figs A–F. Sam ple Pk35; Mid dle Callovian–Early
Oxfordian to Late Oxfordian–Early Kimmeridgian (UAZs 8–10). A. Archaeodictyomitra patricki Kocher. B, C. Mirifusus guadalupensis
Pessagno. D. Zhamoidellum? sp. E. Emiluvia sp. F. Lanubus cf. cornutus (Baumgartner). Figs G–J. Sam ple Gd7; Late Bajocian to Late
Oxfordian–Early Kimmeridgian (UAZs 4–10). G. Higumastra sp. H. Tritrabs casmaliaensis (Pessagno). I. Paronaella sp. J. Angulo-
bracchia sp. Figs K–M. Sam ple Gd21; Late Bajocian to Late Kimmeridgian–Early Tithonian (UAZs 4–11). K. Archaeodictyomitra sp. L.
Arcanicapsa cf. funatoensis (Aita). M. Triactoma sp. Figs N–Q. Sam ple P583; Late Bajocian to Late Kimmeridgian–Early Tithonian
(UAZs 4–11). N. Paronaella sp. O. Tetraditryma cf. pseudoplena Baumgartner. P. Tritrabs sp. Q. Spinosicapsa? sp. Fig. R. Sam ple P286; 
Early Bajocian to Early Kimmeridgian (UAZs 3–10). R. Transhsuum maxwelli gr. (Pessagno).



1999; Reháková, 2000) or ac cord ing to older au thors it da-
tes the Late Kimmeridgian and ear li est Tithonian (Nowak,
1968; Borza, 1984).

The over ly ing lime stones – the mid dle or up per most
part of the red nod u lar lime stones and/or the platy limesto-
nes of the D³uga Val ley (sam ples Dsr304–308), Lejowa
Valley (sam ples Lb108–132a, Ld1, Ld5) and Ždiarska
Vidla sec tions (sam ples P78, P79) – con tain a cyst as so ci a -
tion with Carpistomiosphaera borzai (Nagy), Colomispha-
era pulla (Borza), C. radiata (Vogler), C. carpathica (Bo-
rza), C. pieniniensis (Borza), C. nagyi (Borza), Schizospha-
erella minutissima (Colom), Stomiosphaera moluccana
Wan ner, Cadosina semiradiata semiradiata Wan ner and
Colomisphaera aff. fortis Øehánek (Figs 3, 4, 8, 13D–G, K). 
This as so ci a tion marks the base of the Early Tithonian Pulla 
Zone. It should be noted that the last men tioned cyst shows
a re la tion to Colomisphaera fortis (Øehánek), the zonal
marker for the stratigraphically higher Fortis Zone (Øehá-

nek, 1992). But, in or der to ac cept and make a cor rec tion to
this cyst dis tri bu tion and also a pos si ble zonal scheme in the 
fu ture, additional information is needed.

De spite the fact that one cyst re sem bles Carpistomio-
sphaera tithonica Nowak, the Pulla–Tithonica Zone of the
Early Tithonian (sensu Lakova et al., 1999; Reháková,
2000) was dis tin guished in the red nod u lar lime stones of the 
Up³aziañska Kopa (sam ple Gd97) and Filipka Val ley sec -
tions (sam ple Fk20). Ac cord ing to Borza (1984), Carpi-
stomiosphaera tithonica Nowak (Figs 6, 7, 13H) and
Colomisphaera pulla (Borza), oc ca sion ally may re place
each other and are suit able for the rec og ni tion of the com -
bined Pulla–Tithonica Zone (Early Tithonian).

The youn gest cyst zone was de ter mined in the up per -
most part of the red nod u lar lime stones and/or in the platy
lime stones of the D³uga Val ley (sam ples Dsr310–322a),
Lejowa Val ley (sam ples Lb135–146, Lc48), Up³aziañska
Kopa (sam ples Gd100–128) and Filipka Val ley (sam ples Fk 
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Fig. 12. Radio lar ians from sam ples of the Filipka Val ley sec tion (Fp). Scale bars in G–J, M, P = 50 µm, in A–F, K, L, N, O = 100 µm.
Figs A–L. Sam ple Fp143; Lat est Bajocian–Early Bathonian to Late Bathonian–Early Callovian (UAZs 5–7). A. Mirifusus guadalupensis
Pessagno. B, C. Mirifusus cf. fragilis Baumgartner. D. Palinandromeda podbielensis (Ožvoldová). E. Zhamoidellum ovum Dumitrica. F.
Olanda sp. G. Hiscocapsa lugeoni O’Dogherty, Gorièan et Dumitrica. H. Belleza decora (Rüst). I. Semihsuum rutogense (Yang et Wang). 
J. Higumastra imbricata (Ožvoldová). K. Tetraditryma cf. pseudoplena Baumgartner. L. Emiluvia sp. Figs M–O. Sam ple Fp269; Lat est
Bajocian–Early Bathonian to Late Bathonian–Early Callovian (UAZs 5–7). M. Belleza decora (Rüst). N. Homoeoparonaella cf.
pseudoewingi Baumgartner. O. Homoeoparonaella cf. argolidensis Baumgartner. Fig. P. Sam ple Fp288. P. Preawilliriedellum convexum
(Yao). Fig. Q. Sam ple Fk54. Q. Spinosicapsa sp.
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Fig. 13. Late Kimmeridgian–Early Tithonian cal car e ous dinoflagellates and chitinoidellids. Sam ple lo ca tions in the sec tions are in di -
cated in Figs 3–8. Scale bars: = 50 µm. A. Colomisphaera nagyi (Borza), sam ple Pk181. B. Stomiosphaera moluccana Wan ner, sam ple
Fz2. C. Carpistomiosphaera borzai (Nagy), sam ple Fk37. D. Colomisphaera radiata (Vogler), sam ple P78. E. Colomisphaera pulla
(Borza), sam ple P78. F. Schizosphaerella minutissima (Colom), sam ple P78. G. Schizosphaerella minutissima (Colom), sam ple Fk20. H.
Carpistomiosphaera tithonica Nowak, sam ple Gd97b. I. Colomisphaera pulla (Borza), sam ple Dsr312b. J. Colomisphaera carpathica
(Borza), sam ple Dsr314. K. Colomisphaera aff. fortis (Borza), sam ple Dsr318a. L. Colomisphaera carpathica (Borza), sam ple Fk4. M.
Carpistomiosphaera tithonica Nowak, sam ple Dsr312b. N. Parastomiosphaera malmica (Borza), sam ple Dsr314. O. Parastomiosphaera
malmica (Borza), sam ple Fk1. P. Colomisphaera cieszynica (Borza), sam ple Dsr314. Q. Cadosina semiradiata semiradiata (Wan ner),
sam ple Gd146. R. Borziella slovenica (Borza), sam ple Ld12b. S. Chitinoidella boneti Doben, sam ple Ld12.T. Longicollaria dobeni
(Borza), sam ple Ld12b.



1–9) sec tions. Here the cysts Parastomiosphaera malmica
(Borza), Schizosphaerella minutissima (Colom), Carpisto-
miosphaera tithonica Nowak, Stomiosphaera moluccana
Wanner, Cadosina semiradiata semiradiata Wan ner, Colo-
misphaera nagyi (Borza), C. pulla (Borza), C. carpathica
(Borza), C. cieszynica (Borza), C. pieniniensis (Borza), C.
fibrata (Nagy), C. aff. fortis Øehánek, and C. radiata (Vog-
ler) were doc u mented (Figs 3, 4, 6, 7, 13I–P). This cyst as -
so ci a tion is typ i cal of the Malmica Zone (Early Tithonian).
Since Colomisphaera fibrata (Nagy) was not ob served in
higher cyst zones up to now, its pres ence here can be con -
sid ered to be the re sult of resedimentation. So far, the last
oc cur rence of Colomisphaera radiata (Vogler) was 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.

Lo cally, in the Up³aziañska Kopa sec tion (sam ples Gd
133–146), the red nod u lar lime stones con tain a cyst as so ci a -
tion with fre quent Cadosina semiradiata semiradiata Wan -
ner (Figs 6, 13Q), C. semiradiata fusca (Wan ner), Schizo-
sphaerella minutissima (Colom) and Colomisphaera cie-
szynica (Borza). This as so ci a tion marks the base of the
Early Tithonian Semiradiata Zone.

The first calpionellids with microgranular cal cite lori-
cas are Borziella slovenica (Borza) (Fig. 13R), Chitinoi-
della boneti Doben (Fig. 13S), Longicollaria dobeni
(Borza) (Fig. 13T), Dobeniella colomi (Borza), oc cur ring in 
the platy lime stones of the Lejowa Val ley sec tion (sam ples
Ld10, Ld12; Fig. 4), con firm the on set of the Early Titho-
nian Dobeni and the Boneti subzones of the Chitinoidella
Zone (sensu Borza, 1984; Reháková, 2002; Jach et al.,
2012).

DIS CUS SION

Sta ble-iso tope stra tig ra phy

Im print of diagenesis
As sess ment of the in flu ence of diagenetic al ter ation on

the sta ble-iso tope re cord in the de pos its stud ied is nec es sary 
for any eval u a tion of their use ful ness in chemostratigraphic
cor re la tion. Ox y gen iso topes in car bon ate de pos its are sus -
cep ti ble to diagenetic al ter ation, ow ing to the much higher
ox y gen con tents of diagenetic wa ters, com pared to their
(dis solved) car bon con cen tra tions. As a con se quence, the
car bon iso to pic re cord is less sus cep ti ble to al ter ation by
burial diagenesis than the ox y gen re cord (e.g., Ban ner and
Hanson, 1990; Mar shall, 1992). Usu ally, the rock-fluid al -
ter ation dur ing diagenesis re sults in a de crease of d18O val -
ues, whereas diagenetic mod i fi ca tion of d13C val ues may
re main in sig nif i cant (e.g., Mar shall, 1992; Padden et al.,
2002; Bojanowski et al., 2014).

The d13C val ues of the ana lysed de pos its range from 1
to 3.8‰, which is typ i cal of Ju ras sic pe lagic car bon ates
(e.g., Jenkyns and Clay ton, 1986). All of the car bon-iso tope 
curves gen er ated show an agree ment in the over all pat tern.
The d13C sig nal ap pears to be partly lithologically de pend -
ent as the ma jor d13C ex cur sions are found in biosiliceous
fa cies (radiolarites). This can be ex plained by the pri mary,

global co-oc cur rence of high car bon ate d13C val ues and en -
hanced si li ceous plank ton pro duc tiv ity (e.g., Bartolini et al., 
1996; Racki and Cordey, 2000; Morettini et al., 2002;
O’Dogherty et al., 2006).

The plot of d13C ver sus d18O is used rou tinely to as sess
a po ten tial diagenetic im print on the sta ble-iso tope re cord
(e.g., Ban ner and Hanson, 1990; Huck et al., 2013). A sig -
nif i cant pos i tive cor re la tion be tween d18O and d13C may
sug gest a diagenetic im print. This is be cause of a si mul ta -
neous de crease in both d18O and d13C val ues in rocks af -
fected by me te oric or burial diagenesis (e.g., Ban ner and
Hanson, 1990). Such plots for the val ues ob tained re veal a
weak cor re la tion (r2 = 0.18, 0.06 and 0.02; Fig. 14A). This
sug gests an in sig nif i cant in flu ence of diagenetic al ter ation
on the sta ble iso tope re cords. Only the val ues from the
Up³aziañska Kopa sec tion dis play mod er ate neg a tive cova-
riance (r2 = 0.36).

Typ i cal d18O val ues for Ju ras sic ma rine car bon ates
range be tween –3 and 0‰ (e.g., Jenkyns and Clay ton,
1986). Diagenetic al ter ation gen er ally leads to a de crease in
the d18O val ues. The mea sured d18O val ues range from –6
to –1.4‰. Al though a 2‰ dif fer ence in d18O val ues of bulk
car bon ates was noted be tween the west ern and east ern parts
of the Tatra Moun tains, the shape of the d13C trends re -
mains the same in both ar eas. This sug gests that the car bon
iso tope com po si tion of the sec tions stud ied is a re li able in di -
ca tor of sec u lar vari a tions in the d13C val ues of ma rine car -
bon ates.

The plot of d13C ver sus CaCO3 shows a weak (r2 = 0.05 
and 0.02) or mod er ately (in the West ern Tatra Moun tains –
r2 = 0.18 and 0.23) neg a tive covariance (Fig. 14B). Con -
versely, in the sam ples stud ied, a mod er ate pos i tive cova-
riance ex ists be tween d18O and CaCO3 (Fig. 14C). Sim i -
larly, the pe lagic de pos its of the Terminilletto sec tion
(Umbria-Marche Ba sin) show lower d18O val ues in the
pres ence of abun dant cherts (Bartolini et al., 1996). The au -
thors sug gested that such a neg a tive shift may be diagenetic
or palaeoenvironmental in or i gin (see dis cus sion in Barto-
lini et al., 1996).

Tak ing into ac count all of the as pects dis cussed above,
it might be ac cepted that the d13C sig nal in the de pos its stu-
died is pri mary. Ad di tion ally, it sug gests that d13C of bulk
sam ples of micritic car bon ates from car bon ate-biosiliceous
de pos its, con tain ing only a small amount of car bon ate ad -
mix ture (up to 12 wt% of CaCO3), can be used ef fec tively
in chemostratigraphic stud ies.

Car bon-iso tope stra tig ra phy
The unique d13C iso tope pat tern in the Mid dle–Up per

Ju ras sic of the Tethyan re gion and the peri-Tethyan bas ins
is rel a tively well rec og nized in bulk car bon ate (e.g.,
Bartolini et al., 1995, 1996, 1999; Weissert and Erba, 2004;
O’Dogherty et al., 2006; Louis-Schmid et al., 2007) as well
as in wood (e.g., Pearce et al., 2005) and skel e tal sam ples
(e.g., Podlaha et al., 1998; Wierzbowski, 2002, 2004). All
these curves are char ac ter ized by dis tinc tive shifts and pro -
nounced trends, which are in most cases com pa ra ble (e.g.,
Pisera et al., 1992; Gruszczyñski, 1998; Jenkyns et al.,
2002; Brigaud et al., 2009; Pellenard et al., 2014). In ter est -
ingly, most car bon iso tope trends for skel e tal cal cite are
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con sis tent with the trends in bulk car bon ates, al though ab -
so lute d13C val ues and am pli tudes may dif fer. The bulk car -
bon ate d13C curves are nor mally cal i brated on the ba sis of
ammonites (e.g., O’Dogherty et al., 2006) or cal car e ous
nannofossils (e.g., Bartolini et al., 1995, 2003) and only
rarely on radio lar ians (Bartolini et al., 1995). The data pre -
sented al low the es tab lish ment of a strati graphic frame work
in, un til now, poorly doc u mented suc ces sions. The short-
term and long-term iso tope shifts and ex cur sions iden ti fied
were num bered from 1 to 8 (Fig. 15).

(1) The slight in crease in d13C val ues (up to 2.5‰) is
re corded in the in ter val 0–38 m in the spot ted lime stones
and marls of the Ždiarska Vidla sec tion (num ber 1 in Fig.
15). The age of these de pos its is con firmed by ammonites,
in dic a tive of the Early Bajocian Propinquans Zone and the
lat est Bajocian and/or ear li est Bathonian, de scribed from
the same fa cies in the Filipka Val ley (Myczyñski, 2004;
Iwañczuk et al., 2013). It is prob a ble that d13C pos i tive ex -
cur sion (of 2.5‰), re corded in the low er most part of the
Bositra-crinoidal fa cies (0.5 m in the D³uga Val ley sec tion), 
is the equiv a lent of the slight in crease, noted above. How -
ever, the ex cur sion can not be iden ti fied un equiv o cally, ow -
ing to the lack of biostratigraphic data (Fig. 3). The lime -
stones in ques tion oc cur above the Toarcian–?Aalenian red

nod u lar lime stones (Myczyñski and Lefeld, 2003; My-
czyñski and Jach, 2009) and be low the Up per Bathonian
spot ted radiolarites (data in this pa per; see also Polák et al.,
1998). Hence both of the in creases in d13C val ues from
Ždiarska Vidla and D³uga Val ley sec tions are con sid ered as
a re cord of the Early Bajocian event (num ber 1 in Fig. 15).

The pos i tive d13C ex cur sion of Early Bajocian age was
re corded in sev eral sec tions of the West ern Tethyan re gion,
among oth ers, from the South ern Alps (Zempolich and
Erba, 1999; Baumgartner, 2013), Umbria-Marche Apenni-
nes (Fig. 16B; Bartolini et al., 1996, 1999; Bartolini and
Cecca, 1999; Morettini et al., 2002), and the Betic Cor dil -
lera (Fig. 16F; O’Dogherty et al., 2006), as well as from the
French Sub al pine Ba sin in the Digne re gion (Corbin, 1994
fide O’Dogherty et al., 2006; Sucheras-Marx et al., 2013).
Radiolarian data from the Terminilletto sec tion in the
Umbria-Marche Apennines per mit ref er ence of the ex cur -
sion dis cussed to the UAZ 3 (Bartolini et al., 1995; Fig.
16B). De tailed biostratigraphy, based on ammonites, dates
pre cisely the range of this pos i tive ex cur sion as the Walkeri
Subzone of the Discites Zone to the Romani Subzone of the
Humphriesianum Zone (Fig. 16F; O’Dogherty et al., 2006).

(2) The d13C curve in the in ter val 30–85 m of the
Ždiarska Vidla sec tion is dif fi cult to in ter pret (Fig. 8),
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Fig. 14. Cor re la tion of some geo chem i cal pa ram e ters. A. Plot of d13C ver sus d18O. The most neg a tive d18O val ues oc cur in the D³uga
Val ley and Up³aziañska Kopa sec tions in di cat ing that iso to pic com po si tion was slightly al tered by burial diagenesis. B. d13C ver sus
CaCO3 con tent. The val ues show a mod er ate neg a tive cor re la tion or no covariance, in di cat ing that sil ica diagenesis may not have in flu -
enced car bon iso to pic sig nal. C. d18O ver sus CaCO3 con tent. The val ues re veal a mod er ate pos i tive cor re la tion, in di cat ing that sil ica had
infuence on the d18O re cord.



mainly be cause of in suf fi cient biostratigraphic data. In the
in ter val 84–95 m of the lower part of the grey nod u lar lime -
stones, the d13C val ues reach a min i mum of about 1.1‰
(num ber 2 in Fig. 15). Such low val ues closely match the
min i mum of the car bon iso tope curve from the Tethyan and
peri-Tethyan re gions, which cor re sponds to the lat est Bajo-
cian (Fig. 16A–C, F; e.g., Corbin, 1994 fide O’Dogherty et
al., 2006; Bartolini et al., 1996, 1999; Gruszczyñski, 1998;
Jenkyns et al., 2002; O’Dogherty et al., 2006). The
radiolarian data, pre sented in this pa per, limit the up per
range of the shift dis cussed to the Early Callovian (UAZs
5–7; Fig. 7), or more pre cisely to the Late Bathonian (Polák
et al., 1998). The Bajocian age of the shift seems to be con -
trary to the age of the un der ly ing cherty lime stones (Bro-
niarski Lime stone Mem ber), which were dated by means of
ammonites as the lat est Bajocian and/or the ear li est Batho-
nian in the Filipka Val ley (Myczyñski, 2004; Iwañczuk et
al., 2013). How ever, the ammonites were not pre cisely lo -

cated in the sec tion. In fact, they could have come from the
grey nod u lar lime stones, which so far have not been dis tin -
guished in this sec tion. Con se quently, the lat est Bajocian
age is pos tu lated for the d13C neg a tive shift dis cussed (num -
ber 2 in Fig. 15).

(3) The mi nor pos i tive d13C shift (of 2.2‰ and am pli -
tude 0.9‰, num ber 3 in Fig. 15) in the in ter val 98–108 m in
the Ždiarska Vidla sec tion, may be cor re lated with the Early 
Bathonian event. It is sup ported only in di rectly by sam ple
Fp143, lo cated in a sim i lar po si tion in the Filipka Val ley
sec tion, which is just above grey nod u lar lime stones (lat est
Bajocian to Early Callovian, UAZs 5–7; Fig. 7). The d13C
shift was as signed to the Early Bathonian, on the ba sis of
radiolarian cor re la tion in the Umbria-Marche Apennines
(Fig. 16B; Bartolini et al., 1999) and ammonites in the Sub-
betic Ba sin (Fig. 16F; O’Dogherty et al., 2006). Com pos ite
d13C curves, com piled by Gruszczyñski (1998) and Jenkyns 
et al. (2002), also show the shift dis cussed (Fig. 16A, C).
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Fig. 15. Sum mary of cor re la tion of the Bajocian–Early Tithonian d13C curves from the Krížna Unit of the Tatra Moun tains.
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(4) A neg a tive d13C shift was iden ti fied in the lower
part of the spot ted radiolarites (num ber 4 in Fig. 15; in the
Ždiarska Vidla sec tion with a min i mum of 1.7‰ at 116 m;
in the Filipka Val ley sec tion with a min i mum of 1.5‰ at
60 m, and in the D³uga Val ley sec tion with a min i mum of
1.2‰ at 18.5 m). Polák et al. (1998) dated this part of the
sec tions at the Banie Huciska, G³adkie Up³aziañskie and
Ždiarska Vidla as Late Bathonian–Early Callovian (UAZ 7,
their sam ples HC-5, GU-2, GU-3, ŽV-8). New, less pre cise
radiolarian data only prove its Late Bajocian–Early Callo-
vian age (UAZs 5–7 in the sam ples Fp143, Fp269 in Fig. 7). 
A sim i lar d13C shift, as signed to the Late Bathonian on the
ba sis of radiolarian cor re la tion (UAZ 7), was re corded in
the Umbria-Marche Apennines (Fig. 16B; Bartolini et al.,
1995, 1996, 1999). In the Subbetic Ba sin, an anal o gous ne-
gative ex cur sion has been rec og nized in the Up per Batho-
nian (Fig. 16F; O’Dogherty et al., 2006). The same d13C
pat tern is ev i denced from the com pos ite data set, pre sented
by Gruszczyñski (1998; Fig. 16A). All these data sug gest
that the neg a tive d13C shift dis cussed is re fer able to the Late 
Bathonian.

(5) The in creas ing trend in d13C val ues starts in the up -
per part of the Up per Bathonian–Lower Callovian spot ted
radiolarites (UAZ 7; Polák et al., 1998; this study) and con -
tin ues in the Mid dle Callovian–Lower Oxfordian green ra-
diolarites (UAZ 8; Polák et al., 1998; Banie Huciska, G³ad-
kie Up³aziañskie, Ždiarska Vidla sec tions; their sam ples
GU-6, HC-8, ŽV-2; this study, UAZs 6–9, sam ple Dsr96;
Fig. 3). The sharp in crease in d13C val ues re sults in a prom i -
nent pos i tive ex cur sion (num ber 5 in Fig. 15). It is docu-
mented in the up per most part of the green radiolarites, in all
of the curves pre sented, with the ex cep tion of the Up³a-
ziañska Kopa sec tion, and reaches an am pli tude of 2%. In the 
D³uga Val ley sec tion, the val ues ex ceed 3.2‰ at 29 m
(Fig. 3) and in the Filipka Val ley sec tion 3‰ at 71 m (Fig. 7), 
whereas in the Ždiarska Vidla sec tion the ex cur sion reaches a 
value as high as 3.7‰ at the 133 m (Fig. 8). The new
radiolarian data com bined with the data pre sented by Polák
et al. (1998) prove that the pos i tive d13C ex cur sion (num ber 
5 in Fig. 15) can be taken as a re cord of the Late Callovian
event.

The d13C curves pre sented show a re mark able simila-
rity to the Callovian curves from sev eral sec tions of the
West ern Tethyan and the peri-Tethyan bas ins. The d13C
data of skel e tal car bon ate and bulk car bon ate sam ples, pre -
sented by Gruszczyñski (1998; Fig. 16A), show pro nounced 
pos i tive ex cur sions in the Callovian. The same char ac ter is -
tic pat tern is vis i ble in the com pi la tion, pre sented by Jen-
kyns et al. (2002; Fig. 16C). In the South ern Alps sec tion in
It aly, a clear pos i tive ex cur sion was re corded in the lower–
mid dle part of the Callovian, fol lowed by a mi nor pos i tive
peak for the Athleta Zone of the Up per Callovian (Jenkyns,
1996). Sim i lar peaks were rec og nized in the pe lagic de pos -
its in the Umbria-Marche Apennines (Fig. 16B; Bartolini et
al. 1995, 1996, 1999; Morettini et al., 2002). Bartolini et al.
(1995) proved that the pro nounced pos i tive ex cur sion cor re -
sponds to the Mid dle Callovian–Early Oxfordian in ter val
(UAZ 8). The ob served pat tern of the d13C curve from the
sed i ments of the Tatra Moun tains mir rors also the curve
from the lime stones of the west ern Sic ily, which dis play

pos i tive ex cur sions in the Callovian (Cecca et al., 2001). In -
ter est ingly, a sim i lar d13C trend was re corded in the bi valve, 
bel em nite and bulk car bon ates from the Paris Ba sin. It
shows slightly scat tered, but in creased d13C val ues in the
Calloviense–Lamberti zones of the Callovian (Brigaud et
al., 2009). The age of this ma jor Callovian pos i tive d13C ex -
cur sion in the Athleta and Lamberti zones (Up per Callo-
vian), re corded in bel em nite ros tra from the Pol ish Jura Chain,
is con firmed by pre cise ammonite stra tig ra phy (Wierzbowski
et al., 2009).

(6) Above the Late Callovian pos i tive d13C ex cur sion,
the curves in all the sec tions show a steadily de creas ing
trend (num ber 6 in Fig. 15; UAZs 9–11 in sam ple Dsr191 in
Figs 3, 6–8). It is com pa ra ble to the gen eral pat tern, re -
corded in sev eral curves for the West ern Tethyan re gion
(Pisera et al., 1992; Weissert and Mohr, 1996; Cecca et al.,
2001; Padden et al., 2002; Weissert and Erba, 2004;
Coimbra et al., 2009). This de creas ing trend is re garded as
the most char ac ter is tic fea ture of the Late Ju ras sic d13C
curves.

(7) In the de creas ing trend, some d13C fluc tu a tions are
re corded. The most prom i nent of them are in creases in d13C 
val ues, noted in the Up³aziañska Kopa sec tion at 1.7 m (of
3.3‰, Fig. 6) and in the Filipka Val ley sec tion at 74 m (of
3.4‰, Fig. 7). In all these sec tions in creased val ues oc cur in 
the low er most part of the var ie gated radiolarites, which are
dated as Mid dle–Late Oxfordian by means of radiolarian
data (Polák et al., 1998, UAZ 9 in the sam ples GU-10,
GU-11). It is plau si ble that the shift men tioned above (num -
ber 7 in Fig. 15) re flects the Mid dle Oxfordian ex cur sion,
re corded in sev eral d13C curves (e.g., Jenkyns, 1996; Wei-
ssert and Mohr, 1996; Bartolini et al., 1995, 1999; Morettini 
et al., 2002; Padden et al., 2002; Rey and Delgado, 2002;
Wierzbowski, 2002; Pearce et al., 2005; Louis-Schmid et
al., 2007; Rais et al., 2007; Coimbra et al., 2009).

(8) The mi nor pos i tive d13C shift (num ber 8 in Fig. 15),
which cul mi nates at 46 m in the D³uga Val ley sec tion and at
76 m in the Filipka Val ley sec tion, was dated on the ba sis of
cal car e ous dinoflagellates as in the Moluccana Zone of the
Late Kimmeridgian (Figs 3, 7, 8). A sim i lar shift, but with -
out strati graphic con trol, was re corded in the Ždiarska Vidla 
sec tion at 142 m (Fig. 8). An an a logue d13C shift was rec og -
nized in many Tethyan sec tions, for in stance, in the Helvetic 
Nappes of east ern Swit zer land and in the South ern Alps
(Weissert and Mohr, 1996; Cecca et al., 2001; Padden et al,
2002). It was also iden ti fied in the Eudoxus Zone of the
Late Kimmeridgian in the Kimmeridge Clay of Dorset of
the north Eu ro pean ba sin (Fig. 16C; Morgans-Bell et al.,
2001; Jenkyns et al., 2002). It is likely that the ex cur sion
dis cussed is cor re lated with a pos i tive anom aly of the Late
Kimmeridgian in the west ern Palaeo-Pa cific re gion (Kaki-
zaki and Kano, 2014).

Age of the stud ied de pos its

In te grated radiolarian, cal car e ous dinoflagellate, cal-
pionellid and sta ble iso tope stra tig ra phy has shed new light
on the age of the de pos its stud ied and per mits the es tab lish -
ment of a new strati graphic scheme, which is pre sented and
dis cussed below (Fig. 17).
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Pre-radiolarite de pos its
There is a great dif fer ence in the fa cies types of depo-

sits, un der ly ing the radiolarites be tween the West ern Tatra
Mountains and east ern part of the Tatras (the High Tatra and 
Belianske Tatra Moun tains). In the for mer area the de pos its
were laid down on sub ma rine highs, their slopes and in per-
ched bas ins, whereas in the lat ter one a thick lime stone-marl 
basinal suc ces sion was de pos ited (Iwanow, 1973; Lefeld,
1974; Wieczorek, 2001; Jach and Starzec, 2003; Gradziñski 
et al., 2004; Jach, 2005, 2007; Iwañczuk et al., 2013). Fa -
cies changes have been no ticed even over short dis tances,
which in di cate de po si tion in a ba sin with highly vari able to -
pog ra phy (Guzik, 1959; Jach, 2007).

The stra tig ra phy of the lower part of the Mid dle Ju ras -
sic de pos its in the West ern Tatra Moun tains is poorly de -
fined, which re sults from the scar city of in dex fos sils, in -
com plete ness of the sec tions, as well as the com mon oc cur -
rence of con den sa tions and hi a tuses (Jach and Starzec,
2003; Gradziñski et al., 2004). The Bositra-crinoidal lime -
stones stud ied over lie red nod u lar lime stones, which in their 
mid dle part con tain ammonites, di ag nos tic of the Serpenti-
num, Bifrons and Pseudoradiosa zones of the Toarcian
(Myczyñski and Lefeld, 2003; Myczyñski and Jach, 2009).
The Bositra-crinoidal lime stones are con sid ered to be older
than Late Bathonian, since the lime stones dis cussed are di -
rectly fol lowed by spot ted radiolarites of the Late Batho-
nian–Early Callovian (see be low; see also Polák et al.,
1998). More over, the re corded high d13C val ues prob a bly
re fer to the Early Bajocian event (num ber 1 in Fig. 15) and
are lo cated be low the Late Bathonian neg a tive shift (num -
ber 4 in Fig. 15; Fig. 3).

Sed i men tary fea tures in di rectly con firm the above view.
The up per part of the un der ly ing red nod u lar lime stones,
above the lo ca tion of in dex ammonites, dis plays sev eral cha-
racteristic fea tures of con densed de pos its, such as a con cen -
tra tion of microborings in bioclasts as well as the pres ence of
ferruginous macrooncoids, pe lagic stromatolites and glau-
conite (Gradziñski et al., 2004). Thus, it points to a low rate
of sed i men ta tion. More over, the upper bound ary of the red
nod u lar lime stones is an omis sion sur face, which re cords a
break in sed i men ta tion and a strati graphic hi a tus (Jach,
2007). Sim i larly, con cen tra tion of glauconite grains and
films in di cates that the lower part of the Bositra-crinoidal
lime stones also rep re sents con densed de pos its.

The above view cor re sponds well with the broadly recor- 
ded phe nom e non of non-de po si tion dur ing the ear li est Bajo-
cian. It was rec og nized in sev eral Tethyan sec tions (e.g., Mo- 
rettini et al., 2002; Gawlick et al., 2009). The mass oc cur -
rence of Bositra at the top of the fa cies dis cussed also seems
to be sig nif i cant. The wide spread oc cur rence of the Bositra
microfacies is typ i cal of the Bathonian and Callovian pe lagic
de pos its of the West ern Tethys and peri-Tethyan bas ins (e.g., 
Wierzbowski, 1994; Wierzbowski et al., 1999; O’Dogherty
et al., 2006; Navarro et al., 2009; Vörös, 2012). Col lec tively,
all the above facts im plic itly sup port the Bajocian–Bathonian 
age pos tu lated for the lime stones dis cussed.

In the deeper, basinal sec tions of the High Tatra and the
Belianske Tatra Moun tains, the Mid dle Ju ras sic in ter val in -
cludes spot ted lime stones with crinoidal turbidites (Mišík,
1959; Iwanow, 1973; Lefeld et al., 1985). On the ba sis of the

ammonite as sem blage, their age is re garded as Early Bajo-
cian Propinquans Zone–lat est Bajocian and/or ear li est Batho- 
nian (Myczyñski, 2004; Iwañczuk et al., 2013). An Early Ba- 
jocian age is also ev i denced by the oc cur rence of the pos i tive
d13C ex cur sion in the lower part of the spot ted lime stones
and marls (num ber 1 in Fig. 15). The spot ted lime stones rep -
re sent the basinal equiv a lent of the low er most part of the
Bositra-crinoidal lime stones, which are re lated to a sub ma -
rine highs (Fig. 17; see Iwañczuk et al., 2013).

The grey nod u lar lime stones, ly ing be tween the Bajo-
cian spot ted lime stones and marls and youn ger radiolarites
in the High Tatra and Belianske Tatra Moun tains, were first
de scribed by Lefeld (1969). Radiolarian data (the lat est
Bajocian–Early Callovian, UAZs 5–7, sam ple Fp143) from
over ly ing spot ted radiolarites limit the up per bound ary of
the grey nod u lar lime stones to the Early Callovian. Ammo-
nites, in dic a tive of the lat est Bajocian and/or the ear li est
Bathonian, as signed by Myczyñski (2004) and Iwañczuk et
al. (2013) to the cherty lime stones, most prob a bly de rive
from the grey nod u lar lime stones. Car bon iso tope anal y sis
pro vided ad di tional in for ma tion on their age. The d13C curve 
in the grey nod u lar lime stones shows neg a tive and pos i tive
shifts (num ber 2 and 3 in Fig. 15; the Ždiarska Vidla sec tion), 
which prob a bly are re fer able to the lat est Bajocian and the
Early Bathonian. Thus, the grey nod u lar lime stones with
abun dant Bositra shells are the basinal equiv a lent of the up -
per part of the Bositra-crinoidal lime stones.

Age of radiolarites
The low er most radiolarites were as signed by Polák et

al. (1998) to the Late Bathonian–Early Callovian (UAZ 7;
Banie Huciska and G³adkie Up³aziañskie sec tions). A Mid -
dle Bathonian age was also im plied for the low er most part
of the Sokolica Radiolarite For ma tion in the Filipka Val ley
(B¹k, 2001).

The newly ana lysed radio lar ians only con firmed that
the low er most part of the spot ted radiolarites may be assig-
ned to the Up per Bajocian–Lower Callovian (UAZs 5–7).
Ad di tion ally, car bon iso tope anal y ses per mit the de ter mi na -
tion of the Late Bathonian neg a tive d13C shift in their lower
part (num ber 4 in Fig. 15). Only one Lamellaptychus sp.
was found in the spot ted radiolarites in the Grzeœ sec tion in
the West ern Tatra Moun tains, in di cat ing that they are not
older than Bajocian (G¹siorowski, 1959, 1962). Thus, the
spot ted radiolarites are of Late Bathonian–Early Callovian
age, al though a Mid dle Bathonian age can not be ex cluded.

The age of the green radiolarites is es ti mated to span
from the Mid dle Callovian to the Early Oxfordian on the ba -
sis of radio lar ians (UAZ 8; Polák et al., 1998). The pronou-
nced pos i tive d13C ex cur sion (num ber 5 in Fig. 15), iden ti -
fied as Late Callovian and de tected in the up per most part of
green radiolarites, ad di tion ally con firm their age. It is worth
men tion ing that this ex cur sion co in cides with a dis tinct incre- 
ase in radiolarian abun dance and an ex treme car bon ate pro -
duc tion cri sis (Bartolini et al., 1999; Morettini et al., 2002).

A radiolarian as sem blage in dic a tive of the Mid dle Ox-
fordian–Early Kimmeridgian (UAZs 9–10) was de ter mined
in the var ie gated radiolarites (this study; Polák et al., 1998).
The bound ary be tween the var ie gated and red radiolarites
can not be dated pre cisely. Hence, the var ie gated radiolarites 
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can be as signed to the Mid dle Oxfordian–Late Oxfordian or 
Early Kimmeridgian.

The red radiolarites rep re sent the lat est Oxfordian or
Early Kimmeridgian–ear li est Late Kimmeridgian (Jach et
al., 2012; and this study). The radiolarian as sem blage cor re -
sponds to the wide in ter val, rang ing from the Mid dle–Late
Oxfordian to the Early Tithonian (UAZs 9–11), whereas
cal car e ous dinoflagellates from the up per part of the red ra-
diolarites limit their up per range to the Moluccana Zone of
the Late Kimmeridgian (Jach et al., 2012). This is in line
with the opin ion of G¹siorowski (1959, 1962), who as -
signed the red radiolarites to the Late Oxfordian–Early Ki-
mmeridgian (IV and V aptychi ho ri zons sensu G¹siorowski, 
1962; Fig. 17). The pos i tive d13C shift (num ber 8 in Fig. 15) 
in the up per part of the red radiolarites in the Filipka Val ley
and Ždiarska Vidla sec tions (Figs 6, 7) is dated pre cisely by
means of cal car e ous dinoflagellates as be long ing to the Mo- 
luccana Zone of the Late Kimmeridgian.

Post-radiolarite de pos its
Cal car e ous dinoflagellates and car bon iso tope data

(number 8 in Fig. 15) al low es ti ma tion of the on set of sed i -
men ta tion of the red nod u lar lime stones as re fer able to the
Moluccana Zone of the Late Kimmeridgian (D³uga Val ley,
Fig. 3). In ter est ingly, the same ex cur sion in the Filipka Val -
ley sec tion and prob a bly also in the Ždiarska Vidla sec tion
was de tected in the red radiolarites (Figs 7, 8). The dif fer -
ence may be ex plained ei ther by fa cies diachroneity or by
the fact that a part of the curve is miss ing, ow ing to ero sion
or a non-de po si tion hi a tus, at which a part of the Moluccana 
Zone is ab sent. Brec cias iden ti fied in the low er most part of
the red nod u lar lime stones at the Ždiarska Vidla section
tend to confirm the latter possibility.

The red nod u lar lime stones have a diachronous up per
bound ary, which ranges from the Moluccana Zone of the
Late Kimmeridgian to the Malmica Zone of the Early Titho- 
nian (see Jach et al., 2012). In the D³uga Val ley and Lejowa
Val ley sec tions, they interfinger with platy lime stones.
These new strati graphic data cor re spond well with the ap-
tychi data pre sented by G¹siorowski (1959, 1962) from the
Grzeœ sec tion in the West ern Tatra Moun tains. The aptychi
as sem blage, dom i nated by Lamellaptychi from group A, is
in dic a tive of the Late Kimmeridgian–Early Tithonian (ho ri -
zon VI1 sensu G¹siorowski, 1962). The Late Kimmerid-
gian–Early Tithonian age of the red nod u lar lime stones is
also con firmed by the abun dant oc cur rence of the Sacco-
coma and Globochaete microfacies (Borza, 1984; Wierz-
bowski, 1994; Reháková, 2000).

In the sec tions stud ied, platy lime stones range up to the
calpionellid Boneti Subzone (Chitinoidella Zone) of the la-
test Early Tithonian. The abun dant oc cur rence of Sacco-
coma and Globuligerina con firms their Late Kimmeridgian
(Moluccana and Borzai zones)–Early Tithonian age (Pulla–
Malmica zones; Grabowski and Pszczó³kowski, 2006; Jach
et al., 2012; Grabowski et al., 2013).

Re gional dis tri bu tion and age of radiolarites

The data pre sented above on the ba sis of in te grated bio- 
stra tig ra phy and iso tope stra tig ra phy per mit the sed i men ta -

tion of radiolarites in the Tatra Moun tains to be seen as li-
mited to the Late Bathonian–early Late Kimmeridgian. The
above view also is gen er ally con sis tent with the pre vi ous
opin ion on the age of radiolarites in other parts of the Krížna 
Nappe (Mišík, 1999). Radiolarites in sev eral suc ces sions of
the Krížna Nappe (for cor re la tions see Fig. 18) range from
the Late Bathonian or from the Late Callovian to the Early
Kimmeridgian (UAZs 7 or 8–10; Polák and Ondrejíèková,
1993). Sim i larly, radiolarites of the Šiprúò suc ces sion of the 
Tatricum Do main range from the Late Bathonian to the
Early Kimmeridgian (UAZs 8–10; Polák and Ondrejíèková, 
1995). How ever, in the Krížna Nappe of the Tatra Moun -
tains, some radiolarian-bear ing lime stones or thin radiola-
rite in ter ca la tions were laid down as early as in the Bajocian 
(Figs 7, 17, 18; see also Iwañczuk et al., 2013). By anal ogy,
in the Manín Unit, which is con sid ered to be the north ern
part of the Fatricum Do main (Plašienka, 2012), radiolarites
2.5 m thick and sandwiched be tween red nod u lar lime stones 
were dated as Late Bathonian (Rakús and Ožvoldová,
1999).

In ad di tion to the Fatricum, Manín and Tatricum do -
mains, radiolarites were de pos ited in other do mains of the
West ern Carpathians (Mišík, 1999). In the Meliaticum Do -
main, which was a rem nant of the for mer ocean ex ist ing in
Tri as sic and Ju ras sic times, the radiolarites were dated at the 
Ladinian–Norian, and Mid dle Bathonian–Early Oxfordian
(Havrila and Ožvoldová, 1996; Kozur and Mock, 1996;
Kozur et al., 1996; Mock et al., 1998). The Meliata Do main
was the only one unit de vel oped on an oceanic crust.

The Silicicum Do main, the palaeogeographic lo ca tion
of which is con tro ver sial, is the south ern most of them. It
could have been sit u ated on the south ern or north ern mar gin 
of the Meliata Ocean (Plašienka, 1998; Csontos and Vörös,
2004). In the Silicicum Do main, radiolarite sed i men ta tion
per sisted from the Late Bathonian to the Oxfordian (Sýkora
and Ožvoldová, 1996). How ever, the old est known Ju ras sic
radiolarian as sem blage in this do main is of lat est Bajocian–
Early Bathonian age (UAZ 5; Ožvoldová, 1997, 1998).
Sim i larly, in the Hronicum Do main, the palaeogeographic
po si tion of which is slightly enig matic, the on set of radiola-
rite sed i men ta tion took place be tween the Mid dle Bathonian 
and the Early Callovian (Polák and Ožvoldová, 2001).

The Belice Unit of the Považský Inovec Moun tains rep -
re sents the ex po sure of de pos its as signed to the Vahicum
Do main. Radiolarites from this suc ces sion were dated as the 
lower part of the Early Oxfordian to the Kimmeridgian or
even the Tithonian (UAZs 8–10; Ožvoldová, 1990; Pla-
šienka, 2012). Sim i larly, in the deeper-wa ter suc ces sions
(e.g., Pieniny, Branisko and Kysuca suc ces sions) of the Pie- 
niny Klippen Belt, which is a more north erly do main in the
Cen tral Carpathians, con tin u ous radiolarite sed i men ta tion
per sisted from the Mid dle Callovian to the Early Kimmerid-
gian (UAZs 8–10; Birkenmajer, 1977; Widz, 1991; Ožvol-
dová, 1992; Mišík et al., 1994; Birkenmajer and Widz, 1995;
Plašienka and Ožvoldová, 1996; Ožvoldová and Frantová,
1997; Ožvoldová et al., 2000). How ever, some radiolarite
interbeds within the red nod u lar lime stones of the Kysuca
suc ces sion and within the dark, spot ted si li ceous lime stones
and marls (Podzamcze For ma tion, Up per Posidonia Beds in
the older no men cla ture) of the Pieniny suc ces sion, con tain
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radio lar ians in dic a tive of UAZ 7 or older (Late Bathonian–
Early Callovian or older; Ožvoldová, 1992; Ožvoldová, 1988).

In some more shal low-wa ter suc ces sions, that is the
Niedzica and Orava ones, radiolarites were dated as Late
Callovian to Early Kimmeridgian (UAZs 8–10; Ožvoldová,
1979, 1989; Widz, 1991; Birkenmajer and Widz, 1995).
How ever, in the Pruské suc ces sion, which is in ferred to be
sim i lar to the Niedzica suc ces sion, radiolarites of Late Ba-
thonian–Early Kimmeridgian age are doc u mented (UAZs
7–10; Aubrecht and Ožvoldová, 1994). Con versely, in the
Czertezik suc ces sion, the sed i men ta tion of radiolarites com -
menced in the Mid dle Oxfordian (UAZ 9) and ended in the
Early Kimmeridgian (UAZ 10; Ožvoldová et al., 2000).

Aptychi data also ev i dence Oxfordian to Early Kimme-
ridgian radiolarite sed i men ta tion in all the Pieniny Klippen
Belt suc ces sions, with the ex cep tion of the Czorsztyn suc -
ces sion (III–V aptychi ho ri zons sensu G¹siorowski, 1962).
The first aptychi found in the radiolarites of the Niedzica

suc ces sion are in dic a tive of the Late Callovian–Early Ox-
fordian (cor re spond ing to the II aptychi ho ri zon sensu G¹-
siorowski, 1962).

To wards the north, in the Grajcarek Unit, which is the
south ern most part of the Magura Ba sin of the Outer Carpa-
thians, the age of radiolarites was sim i larly con sid ered to be
Mid dle Callovian–Early Oxfordian to Late Oxfordian–
Early Kimmeridgian (UAZs 8–10; Birkenmajer and Widz,
1995).

The above re view leads to the con cept of syn chro nous
on set of radiolarite sed i men ta tion in many do mains of the
Cen tral Carpathians, namely the Si licium, Hronicum and
Fatricum do mains. Sed i men ta tion com menced there in the
Mid dle–Late Bathonian. Thus, it is also syn chro nous with,
or slightly youn ger than the on set of radiolarite sed i men ta -
tion in the West ern Alps (Bill et al., 2001). Radiolarite sed i -
men ta tion strongly de pended upon the palaeotopography of
the sea floor (Baumgartner, 1987, 2013), which in turn re -
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Fig. 18. Age of Ju ras sic radiolarites in the Cen tral and Outer Carpathians (Meliata Do main is ex cluded). Ages are given in terms of the
Uni tary As so ci a tion Zones (UAZ 95) of Baumgartner et al. (1995). Radiolarian as sem blages pub lished be fore 1995 were re-eval u ated ac -
cord ing to this zonation. Source of data: 1, 6, 7 (Widz, 1991; Birkenmajer and Widz, 1995); 2 (Ožvoldová et al., 2000); 3, 4, 12–14
(Ožvoldová and Frantová, 1997, Ožvoldová et al., 2000); 5 (Aubrecht and Ožvoldová, 1994); 8 (Ožvoldová, 1979, 1989); 9 (Ožvoldová,
1988); 10 (Mišík et al., 1994); 11 (Ožvoldová, 1990); 15 (Ožvoldová, 1992); 16 (Mišík et al., 1991); 17 (Polák and Ondrejíèková, 1995);
18 (Plašienka and Ožvoldová, 1996; Plašienka, 2012); 19 (Rakús and Ožvoldová, 1999); 20, 22, 23, 25, 27, 29 (this study); 21, 24, 28
(Polák et al., 1998); 26 (B¹k, 2001); 30–35 (Polák and Ondrejíèková, 1993); 36 (Polák and Ožvoldová, 2001); 37 (Sýkora and Ožvoldová,
1996; Ožvoldová, 1998). The black bars in di cate the age range of radiolarites and grey bars the ages of radiolarite and radiolarian lime -
stone in ter ca la tions.



flected synsedimentary tec tonic ac tiv ity (e.g., Bernoulli and
Jenkyns, 1974). Thus, the dif fer ences in age be tween the
above do mains and the Pieniny Klippen Belt, lo cated to the
north of them (in the pres ent co or di nates) may have re sulted 
from different subsidence rates in these regions.

The Fatricum Do main of the Cen tral West ern Carpa-
thians is con sid ered to be a lat eral equiv a lent of the Mid dle
Austroalpine units of the East ern Alps (e.g., Mišík et al.,
1991; Häusler et al., 1993; Csontos and Vörös, 2004). Al -
though the Ju ras sic palaeogeographic po si tion of the Cen -
tral Carpathian and East ern Al pine do mains is well doc u -
mented, their pre cise cor re la tion may be com pli cated (e.g.,
Häusler et al., 1993; Kozur and Mock, 1996). The Ju ras sic
suc ces sion of the Fatricum Do main (Krížna Nappe) re veals
many anal o gies to the Bajuvaricum units of the North ern
Cal car e ous Alps (see also Plašienka, 1998). This unit is re -
garded as the equiv a lent of the Hronicum Do main, based
mainly on Tri as sic fa cies. How ever, its Ju ras sic fa cies de -
vel op ment shows some strik ing sim i lar i ties to the Fatricum
Do main (Froitzheim et al., 2008; Gawlick et al., 2009). The
sim i lar i ties re late also to the age of the radiolarites. Cherty
lime stones of the Chiemgau se ries, which are lithologically
sim i lar to the Tatra spot ted radiolarites, for the most part are 
of Bathonian–Callovian age. The over ly ing Ruhpolding
Formation, which seems to be the age and lithological equi-
valent of the green, var ie gated and red radiolarites, was laid
down in the Callovian to the Kimmeridgian (Gawlick et al.,
2009).

CON CLU SIONS

1. Radiolarian, cal car e ous dinoflagellate and calpio-
nellid data, com bined with the car bon iso tope re cord, per mit 
cor re la tion of the Bajocian–Lower Tithonian pe lagic depo-
sits of the Krížna Nappe in the Tatra Moun tains (Carpa-
thians, Po land and Slovakia) and es ti ma tion of the stratigra-
phic range of the fa cies dis tin guished.

2. Car bon iso tope curves show pos i tive ex cur sions and 
shifts in the Early Bajocian, Early Bathonian, Late Callo-
vian, Mid dle Oxfordian and Late Kimmeridgian (Molu-
ccana Zone) and neg a tive ones in the lat est Bajocian and
Late Bathonian. The most prom i nent ex cur sion of the Late
Callovian is re corded in highly si li ceous green radiolarites,
which are strongly de pleted in CaCO3.

3. The Mid dle Ju ras sic pre-radiolarite de pos its show
dis tinct fa cies changes. A ba sin suc ces sion is rep re sented by 
Bajocian spot ted lime stones, which are suc ceeded by up per -
most Bajocian–Mid dle Bathonian grey nod u lar lime stones.
Si mul ta neously, con densed Bositra-crinoidal lime stones
were laid down on sub ma rine highs and their slopes.

4. Uni form radiolarite sed i men ta tion started in the Late 
Bathonian or some what ear lier in the lat est Mid dle Batho-
nian, but in ter mit tent sed i men ta tion of radiolarian-bear ing
de pos its is doc u mented in the Late Bajocian. This kind of
sed i men ta tion per sisted to the early Late Kimmeridgian.

5. A re turn to car bon ate sed i men ta tion took place in
the Late Kimmeridgian (Moluccana Zone), when red nod u -
lar lime stones were de pos ited.

6. Car bon stra tig ra phy is a re li able tool for the cor re la -

tion of pe lagic biosiliceous-car bon ate suc ces sions, as was
the case for the pe lagic car bon ate suc ces sions that were ex -
ten sively studied up to now.
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