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Gedl (2012) ques tion the va lid ity of our cor re la tion of the
geo chem i cal bound ary be tween the Albian/Cenomanian and
Turonian deposits from the Grajcarek thrust-sheets of the
Pieniny Klippen Belt (PKB), with that be tween sim i lar deposits 
from the Pol ish Outer Carpathians. This bound ary de ter mines
the ap pear ance of the Turonian red shales, known as the Cre ta -
ceous Oce anic Red Beds (CORB). They oc cur in all suc ces -
sions of the Outer Carpathians and Grajcarek thrust-sheets of
the PKB. In car bon ate suc ces sions of the PKB, the red marls of
the Jaworki For ma tion are the equiv a lent of the CORB. 

In the Outer Carpathians, red shales (CORB-type) are un -
der lain by Cenomanian de pos its, rep re sented by mangani -
ferous black shales, radiolarian green shales and, lo cally, by
radiolarites of the Barnasiówka and Do³he for ma tions (B¹k et
al., 2001; Kotlarczyk, 1979). Be low the CORB there are
spongiolites and the Gaize beds, the flysch de pos its of the
Lhoty Fm. as well as dark bi tu mi nous shales of the Veøovice
and Spas For ma tions lain (Albian–Aptian). In the Grajcarek
thrust-sheets of the PKB, the red shales of the Malinowa For -
ma tion (Turonian) are un der lain by manganiferous black
shales, green radiolarian shales and, lo cally, by radiolarites and
spot ted lime stones of the Cenomanian Key Ho ri zon (CKH).
The CKH is un der lain by up to 10 m of light grey, mas sive,
marly shales with in ter ca la tions of si der it ic lime stone and py -
rite con cre tions of the Opaleniec For ma tion (Albian–Ceno -

manian). There are also dark grey, marly shales with a few thin
in ter ca la tions of micaceous sand stones from the up per most part 
of the Szlachtowa For ma tion (Aptian–Albian).

The age of the Szlachtowa and Opaleniec for ma tions, ei ther 
Ju ras sic or Cre ta ceous, is the sub ject of a long-last ing (over 50
years) con tro versy. De bate was re kin dled fol low ing a pub li ca -
tion by Oszczypko et al. (2004), which pro vided new geo log i -
cal and palaeontological ev i dence sug gest ing a Cre ta ceous age
for the above-men tioned for ma tions in the same PKB sec tions
in Po land and Slovakia. Sub se quently, sev eral pub li ca tions ap -
peared in re sponse to our ar gu ments, not least from sup port ers
of a Ju ras sic age for these for ma tions (e.g., Birkenmajer and
Gedl, 2004; Birkenmajer et al., 2008). A cul mi na tion of these
dis putes is found in the dis cus sions in cluded in Przegl¹d
Geologiczny (Gedl, 2008a–c; Oszczypko et al., 2008a, b). A
fur ther pub li ca tion in sup port of a Ju ras sic age has now been
for warded by Gedl (2012).

Pre vi ous dis cus sions have shown that both par ties have, to
a large ex tent, ex hausted their ar gu ments and their views re -
main un changed. In such cir cum stances, fresh, com pel ling ev i -
dence from an in te gra tion of geological, palaeontological,
sedimentological and geo chem i cal data are re quired to en able
fur ther progress in this field of re search. Our aim here was to
trace the changes in the geo chem i cal pro file of the Szlachtowa,
Opaleniec and Malinowa for ma tions (see Wójcik-Tabol and



Oszczypko, 2010, 2012). The re sults of this re search were used 
for com par i son with sim i lar de pos its of the more ex ter nal
nappes of the Pol ish Outer Carpathians. 

GEOCHEMISTRY

A group of ma jor and trace el e ments was stud ied in the
Grajcarek thrust-sheets. Due to the lithological sim i lar ity be -
tween these se quences and oth ers from the Tethys Ocean, geo -
chem i cal in di ca tors (V/V+Ni and U/Th ra tios; con cen tra tions
of Mo, Cu, Zn, Ni, Co and rel a tive to the con tents of S and or -
ganic mat ter) were ap plied to de ter mine a cor re la tion be tween
them. In sum, the Szlachtowa and Opaleniec for ma tions ap -
peared sim i lar to the Verovice and Lhoty for ma tions from the
Outer Carpathians and to the Kapuœnica Fm. from the PKB.
These are con sid ered as a re cord of an Early Cre ta ceous event
of wide-spread ox y gen de fi ciency (OAE 1). The Cenomanian
Radiolarian Shales re sem ble the Barnasiówka Fm. and
Magierowa Mbr that rep re sent the CKH in the Outer
Carpathians and PKB. There fore, an in ter pre ta tion of these as
the Cenomanian-Turonian anoxic de pos its that re sulted from
OAE 2 is rea son able. The tran si tion of or ganic-rich de pos its to
red marls, the fa cies of the CORB, re flects a global change in
de po si tion in volv ing a rise in ox y gen con tent, a drop in or ganic
pro duc tiv ity, cli mate cool ing and so on (Wójcik-Tabol and
Oszczypko, 2010). 

The main aim of Wójcik-Tabol and Oszczypko (2012) is to
demomnstrate the chem i cal pat tern through this sed i men tary
suc ces sion. The ab so lute con tents of ma jor and most trace el e -
ments are not re li able for age es ti ma tion. The ex pec ta tion that
the amounts of re dox-sen si tive el e ments (e.g., V, Ni, Cr as pro -
posed by Gedl, 2012) re main in de pend ent, fol low ing syn- and
post-depositional pro cesses. There fore Wójcik-Tabol and
Oszczypko (2012) showed trends, e.g., the en rich ment/de ple -
tion of par tic u lar el e ments and inter-el e men tal re la tions rep re -
sented by Pearson cor re la tion co ef fi cients (r). In this way, the
Hulina Fm. ap pears sim i lar to other Cenomanian Radiolarian
Shales due to the ex haus tion of LILE (Large Ion Lithophile
Trace El e ments) and HFSE (High Field Strength El e ments),
rel a tive to the un der ly ing de pos its and re gard less of the vari a -
tion in ab so lute con tents of el e ments in sam ples from var i ous
ex po sures. There fore, the sug ges tion that the in ter pre ta tion of
the Hulina Fm. geo chem is try is dis crep ant does not hold and
can not be con firmed. 

How ever, the clay min eral com po si tion in the Szlachtowa
and Opaleniec for ma tions is not un usual as re gards Carpathian
strata, though it is not true that clay min eral as sem blages re -
main in vari ant in turbiditic de pos its (e.g,. Gucwa and Œl¹czka,
1984; Dziubiñska, 2010). In illitisation, kaolinite is rel a tively
re sis tant and its trans for ma tion  into illite trig gers a neg a tive
feed back. More com mon in fine-grained de pos its is the
illitisation of smectite, that in creases as diagenesis progresses.
Note, Wójcik-Tabol and Oszczypko (2012, p. 177) wrote
about compositional, and not ther mal ma tu rity! 

The sup posed con tro versy over the anoxity of the
Szlachtowa and Opaleniec for ma tions, may eas ily be ex plained 
by their com par i son to other de pos its in which an oxia is  gen er -
ally ac cepted. In deed, the Veøovice For ma tion, about 200 m
thick, is con sid ered as an ex am ple of an anoxic de pos it. How -
ever, thin in ter vals of light col oured, bioturbated strata oc cur
lo cally in this and in di cate brief  dysaerobic events. This sug -
ges tion was sup ported by ichnofossils and dinoflagellate cyst
data (Cieszkowski et al., 2001), or ganic geo chem is try
(Golonka et al., 2008), and sta ble car bon iso topes of or ganic
mat ter (Smaržová and Skupien, 2010).

The doubts voiced by Gedl (1012) are there fore sur pris ing
be cause he in fact dis cusses the Veøovice Fm. More over, sed i -
ments with ichnofabrics oc cur fre quently in Carpathian suc ces -
sions, though, one should add that they are not called
Fleckenmergel fa cies. Wójcik-Tabol and Oszczypko (2012)
wrote about the py rite con cre tions in the spot ted marls of the
Opaleniec Fm. The py rite framboids arise at the re dox bound -
ary (Wilkin et al., 1996), which sep a rates the H2S-bearing wa -
ter from oxic wa ter and  usu ally oc curs be low the sed i ment-wa -
ter interface. There fore, our state ment con cern ing an oxia rep re -
sented within the Szlachtowa and Opaleniec for ma tions re -
mains valid. 

THE LATEST GEOLOGICAL RESULTS

Geo log i cal prog ress has also been made in the Ma³e
Pieniny Mts. in Po land and in the ad ja cent area to the east of
Lubovnanska Verchovina in East ern Slovakia (Oszczypko et
al., 2010; Plašienka and Mikuš, 2010). These stud ies have
showed that within the PKB, and be neath the Pieniny and
Sub-Pieniny s.l. nappes, de pos its of the Grajcarekth rust-sheets
as well as the so-called “Autochthonous Magura Paleogene”
are ex posed in tec tonic win dows. In the east ern sec tor of the
Slo vak PKB, as a coun ter part to the Grajcarek thrust-sheets, the 
Faklovka and Sariš units have been dis tin guished. From these
stud ies, one can in ter pret that the pres ence of the Szlachtowa
For ma tion at the base of the Czorsztyn, Niedzica, Czertezik and
Branisko suc ces sions may well be of tec tonic or i gin as op posed 
to the strati graphic in ter pre ta tion pre vi ously made (Birken -
majer, 1977; Gedl, 2012).

New and im por tant ev i dence of a Cre ta ceous age for the
Szlachtowa and Opaleniec for ma tions has paved the way for
in te grated geo log i cal and palaeontological re search, as al ready
con ducted around of Litmanowa and Jarabina in the PKB of
East ern Slovakia (Plašienka et al., 2012; Plašienka, 2012). This 
research is a di rect ex ten sion of that car ried out within the Ma³e
Pieniny Mts. in Po land and was car ried out a few miles SE of
the Pol ish-Slovakian bor der. This area has al ready been in ves -
ti gated by the bore holes Jar 1 and Jar 2 – hence, the
Sub-Pieniny Nappe, which is 20–40 m thick and rep re sented by 
the Czorsztyn and Niedzica-Czertezik suc ces sions, is flatly
overthrust onto the Sariš (Grajcarek) Unit (Plašienka et al.,
2012). In the Jar 1 bore hole (see Plašienka et al., 2012, figs. 2,
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4, 8), 200 m deep, the Sariš (Grajcarek) Unit is rep re sented by 3 
mod er ately dip ping  thrust sheets. The up per thrust sheet,
which is ap prox i mately 50 m thick, is rep re sented by the
Jarmuta and Malinowa (up per Turonian–Coniacian) for ma -
tions as well as by “black flysch” – shales and micaceous sand -
stones (?Szlachtowa Fm.). The mid dle thrust-sheet, ca. 40 m
thick, is com posed of the Malinowa Fm. (Cenomanian–lower
Turonian) with “black flysch”-black shales and micaceous
sand stone of up per Albian age (?Szlachtowa Fm.). The low er -

most thrust-sheet is com posed of the Malinowa For ma tion
(Turonian–Santonian) and un der lain by up per Albian–lower
Cenomanian dark grey shales (prob a bly the Opaleniec Fm.). 

The re sults of this new geo log i cal re search in the PKB of
East ern Slovakia (Plašienka et al., 2012; Plašienka, 2012)
supports our ear lier (Oszczypko et al., 2004, 2010; Wójcik-
 Tabol and Oszczypko, 2010, 2012) and pres ent opin ions on the
Cre ta ceous age of the Opaleniec and Szlachtowa for ma tions in
the Pol ish and East ern Slovakian sec tor of the PKB.
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