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This study fo cuses on the var ie gated ho ri zon of the Farony Shales oc cur ring in the lower part of the Maastrich -
tian– Paleocene Ropianka For ma tion in the Magura Nappe (Outer West ern Carpathians). It con sists of a shale suc ces sion
with sub or di nate thin-bed ded sand stones, char ac ter ized by the oc cur rence of red shale laminae and beds. Our anal y ses of
its lat eral ex tent and stra tig ra phy have con strained its spa tial dis tri bu tion and the tim ing of sed i men ta tion. The pres ence of
Maastrichtian var ie gated shales within the Magura Nappe in the Pol ish and Slo vak parts of the Orava re gion is doc u mented,
sig nif i cantly ex tend ing their pre vi ously known dis tri bu tion, for merly re stricted to the Gorce Mts. The age of the Farony Shales 
is as signed to the Lower Maastrichtian, based mainly on the co-oc cur rence of ag glu ti nated foraminiferal acme as sem blages, 
in clud ing Caudammina gigantea (Geroch), Caudammina ovula (Grzybowski), Caudammina excelsa (Dyl¹¿anka), and the
Saccammina–Placentammina as sem blage. This var ie gated shale suc ces sion is for mally dis tin guished herein as the Farony
Var ie gated Shale Mem ber within the Ropianka For ma tion. Its def i ni tion, in clud ing the el e ments re quired by the rules for es -
tab lish ing new lithostratigraphic units, is given in this pa per.
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INTRODUCTION

The Magura Nappe is the larg est Outer Carpathian unit,
com posed of de pos its orig i nat ing within the west ern part of the
Tethys Ocean. It is built of Up per Cre ta ceous–Neo gene
intra-basinal de pos its of the Magura Ba sin (e.g., Golonka et al.,
2005, 2019; Œl¹czka et al., 2006; Oszczypko et al., 2015; Hók et 
al., 2019). Within it, tectonofacies units are dis tin guished. The
lithostratigraphic con tent of each sub unit dis plays a cer tain in di -
vid u al ity re sult ing from dif fer ences in sed i men tary his tory linked
to the en vi ron ment of de po si tion in par tic u lar ba sin parts. These 
sub units are char ac ter ized lithofacially and di vided tec toni cally.
Among them, the Bystrica Sub unit is dis tin guished. Lithostrati -
graphical study of this area has a long tra di tion, be gin ning in the
sec ond half of the 19th cen tury (e.g., Paul, 1868; Uhlig, 1888;
Œwidziñski, 1953; Ksi¹¿kiewicz, 1958, 1966; Sikora and ¯ytko,
1960; Andrusov, 1965; Koszarski et al., 1974; Oszczypko,

1979, 1991; Birkenmajer and Oszczypko, 1989; Golonka and
Waœkowska-Oliwa, 2007; Uchman and Cieszkowski, 2008;
Teïak et al., 2016a, b; Szczêch and Waœkowska, 2023). The
for mal lithostratigraphy of the Cre ta ceous–Paleogene de pos its
of the Bystrica Sub unit was de vel oped in Po land mainly by
Oszczypko (1991; Oszczypko et al., 2005; see also Ciesz -
kowski and Uchman, 2008; Cieszkowski et al., 2015), while in
Slovakia it was pro posed by Teïák et al. (2017). These two
schemes are not fully com pat i ble with each other.

The Ropianka Beds, orig i nally de scribed by Paul (1869) in
the Ropianka area south of Dukla within the Magura Nappe,
were sub se quently ex tended to the East ern Carpathians (Paul
and Tietze, 1877). An other name used in ter change ably for
these strata is the Inoceramian Beds, pro posed by Uhlig
(1894). The term “Ropianka Beds” was ap plied as a for mal
name in the Skole Nappe by Kotlarczyk (1978), and in the
Magura Nappe by Oszczypko et al. (2005). The pres ent study
and the for mal iza tion of the var ie gated de pos its re fer to the
strata of the Ropianka For ma tion lo cated in the Magura Nappe.
The Ropianka For ma tion, dat ing to the Maastrich tian–Pa -
leocene, is one of the thick est suc ces sions and reaches more
than 400 m in the Magura Nappe (Oszczypko et al., 2005;
Teïák et al., 2016b). It is built gen er ally of thin- and me -
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dium-bed ded mus co vite-bear ing sand stones interbedded with
mudstones; al though this unit shows con sid er able vari abil ity in
the Orava re gion, thick-bed ded mus co vite sand stones pre vail
(Teïák et al., 2016b). In the Ropianka Fm., de pos its char ac ter -
ized by var ie gated shales oc cur. Part of them form an isochro -
nous ho ri zon that was iden ti fied on the north ern slopes of the
Gorce Mts. (Cieszkowski et al., 1998; Szczêch et al., 2016;
Waœkowska and Szczêch, 2023). Cur rent stud ies in di cate that
their min i mum ex tent within the Magura Nappe is much greater
and spans the Gorce re gion; they con sti tute a com pact, dis tin -
guish able and mappable unit, which qual i fies them to be des ig -
nated as a sep a rate lithostratigraphic unit of mem ber rank. This
is con sis tent with the rules of the In ter na tional and Pol ish Strati -
graphic Codes (Murphy and Sal va dor, 1999; Racki et al.,
2006), that a for mal unit should re flect sig nif i cant, supraregional 
stages in the evo lu tion of the litho sphere.

This study pro vides ad di tional new data con cern ing the
Farony Var ie gated Shales re gard ing their oc cur rence and bio -
stratigraphic doc u men ta tion, in or der to char ac ter ize these de -
pos its and to es tab lish a new lithostratigraphic unit, to sup ple -
ment the lithostratigraphic scheme of the Bystrica Sub unit in the 
Magura Nappe.

STUDY AREA

The study area ex tends from the Gorce Mts. in the east,
through the south ern slopes of Mt. Babia Góra/hora to Mt.
Pilsko in the west, onto Pol ish and Slo vak ter ri to ries (Figs. 1–3). 
It en com passes the cen tral part of the Magura Nappe, a re -
gional tec tonic unit of the Outer Carpathians (Fig. 1;
Ksi¹¿kiewicz, 1977; Golonka et al., 2005, 2019; Œl¹czka et al.,
2006). To the south, the Magura Nappe is tec toni cally bor dered
by the Pieniny Klippen Belt, and to wards the north, it is thrust
over the more ex ter nal Outer Carpathian nappes (e.g.,
Ksi¹¿kiewicz, 1977; Golonka et al., 2005, 2006; Œl¹czka et al.,
2006). Five tectonofacies sub units are dis tin guished within it;

from the north, these are the Siary, Raèa, Bystrica, Krynica and
Biele Karpaty sub units (e.g., Koszarski et al., 1974; Hók et al.,
2019). The study area is lo cated in the Bystrica Sub unit (Fig. 1).
It is built of flysch rocks de pos ited from the Albian up to the
Oligocene within the Magura Ba sin (Cieszkowski et al., 2015;
Szczêch et al., 2016; Teïák et al., 2019). Our re search fo cuses
on the Farony Var ie gated Shales (sensu Waœkowska and
Szczêch, 2023), part of the Ropianka For ma tion, within the
lower part of the lithostratigraphic pro file of the Magura Nappe
(Oszczypko et al., 2005; Teïák et al., 2016b, 2017).

METHODS

To iden tify the de pos its of the Farony Shales, de tailed geo -
log i cal maps of Po land and Slovakia at a scale of 1:50,000 were 
ana lysed and, in se lected ar eas, clas si cal field work was car ried
out us ing geo log i cal map ping meth ods. Dur ing the field stud ies, 
data were col lected re gard ing the form, po si tion and li thol ogy,
and rock sam ples were taken for dat ing.

The biostratigraphic anal y ses were based on ag glu ti nated
foraminifera. Foraminiferal fos sils were ex tracted from half-ki lo -
gram mudstone sam ples. Un der lab o ra tory con di tions, the
mudstones were re peat edly sub jected to heat ing and cool ing in
an aque ous so lu tion of so dium sul phate to dis in te grate them.
Next, they were washed through sieves with a fi nal mesh size of 
68 µm to re move very fine clastic frac tions. The res i due was
dried, af ter which bioclasts were hand-picked. The microfossils
were dom i nated by tests of ag glu ti nated foraminifera; rare
radiolarian spec i mens were also pres ent, and spo radic fish oto -
liths. Biostratigraphic anal y sis was based on the Olszewska
(1997) and Waœkowska (2021) zonations, sup ple mented by
known taxon ranges. Micropalaeontological prep a ra tion and
mi cro scopic anal y ses (us ing a Nikon VL 100POL bin oc u lar mi -
cro scope) were car ried out at the De part ment of Gen eral Ge ol -
ogy and Geotourism, Fac ulty of Ge ol ogy, Geo phys ics and En vi -
ron men tal Pro tec tion, AGH Uni ver sity of Krakow. Part of the
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Fig. 1. Area with Farony Var ie gated Shales ex po sures (map af ter Lexa et al., 2000, Cieszkowski et al., 2017, mod i fied)
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Fig. 2. Lo ca tion of the Farony Mem ber on the geo log i cal map of the Orava re gion

A – south ern slopes of Pilsko (af ter Teïák et al., 2016a, mod i fied); B – south ern slopes of Babia hora (af ter Teïák et al.,

2016a; Kudlik, 2005, mod i fied). PL – units ac cord ing to Oszczypko et al. (2005); SK – units ac cord ing to Teïák et al. (2016b)
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Fig. 3. Li thol ogy of Farony Shale Mem ber and sur round ing de pos its – field doc u men ta tion 
from Orava re gion

A – Szczawina-type sand stone; B – thin ner beds of Szczawina-type sand stones in ter ca lated with sand stones
with slumps struc tures and shales (49.507174°N; 19.360711°E); C – var ie gated shales with thin beds of lam i -
nated sand stone (49.490199°N; 19.330932°E); D – tec toni cally de formed green ish sand stone and red shales
(49.516893°N; 19.266745°E); E – var ie gated shales with thin lam i nated sand stone and siltstone beds
(49.487994°N; 19.275165°E); F – var ie gated shales with thin ner beds of lam i nated sand stone (49.490199°N;
19.330932°E); G – mas sive var ie gated shales (49.487534°N; 19.267493°E); H – var ie gated shales with thin
lam i nated sand stone beds (49.483566°N; 19.276319°E); I – folded grey shales with thin lam i nated sand stone
beds (49.487534°N; 19.267493°E)



tax o nomic iden ti fi ca tion and pho to graphic doc u men ta tion was
per formed (us ing a FEI QUANTA 200 FEG scan ning mi cro -
scope) at the Scan ning Mi cros copy Lab o ra tory of the AGH Fac -
ulty of Ge ol ogy and Geo phys ics. The foraminiferal spec i mens
are de pos ited at the Eu ro pean Micropaleontological Ref er ence
Center of the Micropress Eu rope Micropaleontological Foun da -
tion. For mal iza tion was pre pared in ac cor dance with the guide -
lines set out in the Pol ish Strati graphic Code (Alexandrowicz et
al., 1975; Racki et al., 2006).

FARONY SHALES IN THE ORAVA REGION –
CHARACTERISTICS

POSITION AND LITHOLOGY 

The lithostratigraphic pro file of the Bystrica Sub unit of the
Magura Nappe in the Orava re gion in cludes flysch de pos its
rang ing from the Up per Cre ta ceous to the Oligocene (Teïák et
al., 2016a, b). It be gins with the Ropianka Fm. (Maastrich -
tian–Paleocene), fol lowed by the Beloveža For ma tion and the
Zlín For ma tion (Teïák et al., 2016a, b), the last of these be ing
the equiv a lent – in Pol ish ter mi nol ogy – of the Bystrica and
Magura for ma tions (Fig. 2). Three lithofacies are dis tin guished
within the Ropianka For ma tion sensu Teïák et al. (2016b, 2017)
in the Orava Re gion (Pilsko and Babia hora Mts.): (1)
Szczawina-type sand stones (Fig. 4A, B), (2) var ie gated
thin-bed ded flysch (Fig. 4C–H), and (3) thin- to me dium-bed ded 
non-var ie gated flysch (Fig. 4I). The Farony Shales suc ces sion
oc curs in the lower part of the Ropianka For ma tion, which con -
sti tutes the lithostratigraphic equiv a lent of the Ropianka and
Szczawina for ma tions in Pol ish ter mi nol ogy (see dis cus sion).

The Farony Var ie gated Shales are thin-bed ded, clay -
stone/mudstone-dom i nated (shale-dom i nated) de pos its
(Figs. 4 and 5). The claystones and mudstones are red, green,
grey and dark-grey, non-cal car e ous, and con tain fine mus co -
vite. They are interbedded with green to grey, lam i nated,
fine-grained, and thin-bed ded quartzitic sand stones (mainly Tbc

Bouma in ter vals) up to 20 cm thick, con tain ing mus co vite
(Fig. 4C–H). Thin beds of glauconitic fine-grained sand stone
oc cur also. The thick ness of the Farony Shales reaches
5–20 m. In the Orava Re gion, they typ i cally oc cur within
thick-bed ded Szczawina-type sand stones. These sand stones
are mus co vite-rich, green ish-grey, mas sive, and form beds
30–250 cm thick; they are me dium- and fine-grained, rarely
coarse-grained, and lo cally they are con glom er atic and con tain
shale flakes 2–3(5) mm in size (Figs. 4A, B and 5). The sand -
stone suc ces sion di rectly un der ly ing the Farony Shales usu ally
com prises thin ner beds. Lo cally, within the Farony Shales, thin-
and me dium-bed ded sand stone-shale pack ets are in ter ca lated. 
Within them, the sand stones are grey and muscovitic, with fine
bioglyphs on the bot tom sur faces. They are in ter ca lated with
grey and green ish-grey shales.

DISTRIBUTION

The Farony Shales within the lower part of the Ropianka
For ma tion form a belt strik ing E-W, more or less par al lel to the
thrust over the Raèa Sub unit. It stretches from the area of
Lipnica Ma³a on the south ern slopes of Mt. Babia Góra in Po -
land in the east, through the ter ri tory of Slovakia, to the
Novoï’–Soblówka area on the Pol ish/Slo vak bor der in the west
(Figs. 1 and 2). The belt-like out crop, ex tend ing across the

Orava re gion for 40 km, is dis con tin u ous, lo cally dis ap pear ing
as a re sult of sedimentological and tec tonic re duc tion. Good ex -
po sures of the var ie gated Farony Shales can be seen in the
Bystrá stream in Oravská Polhora, the Veselianka stream in
Oravské Veselé, and on the east ern slopes of Mt. Kôò
(998 m a.s.l.).

AGE AND BIOSTRATIGRAPHY

In to tal, 12 sam ples were col lected from the Farony Shales
at 5 lo cal i ties in the Orava Re gion (Ap pen dix 1; Figs. 2, 5–7):

– six sam ples (nos. K1 to K6) from the Kiczory sec tion, lo -
cated in the Zwiotkowski stream (49.544528° N,
19.576722° E), Po land;

– one sam ple (no. PS1) from the Oravská Polhora sec -
tion, lo cated in the Bystrá stream (49.544500° N,
19.503056° E) in Slovakia;

– three sam ples (nos. F1156A, PS3, and PS3A) from
Oravské Veselé, lo cated in the Veselianka stream
(49.50361° N, 19.36255° E) in Slovakia;

– one sam ple (no. 11/F1/56/c) from Sihelné, lo cated in the 
Sihelniansky stream (49.513975° N, 19.399302° E) in
Slovakia;

– one sam ple (no. SR) from the lo cal ity in Oravské Veselé, 
in the Hlboký stream (49.494400° N, 19.351330° E) in
Slovakia.

GENERAL CHARACTERISTICS OF THE FORAMINIFERAL ASSEMBLAGES

The sam ples are dom i nated by as sem blages of mod er ate
or low tax o nomic di ver sity; high di ver sity oc curs in only two
sam ples, K1 and F1156A (Ap pen dix 1; Figs. 5–7). Small spec i -
mens oc cur ring in the fine frac tions are abun dant. Sam ples with 
higher tax o nomic di ver sity con tain a greater pro por tion of larger 
forms. The pres er va tion state of the microfossils is vari able; in
most sam ples, the foraminifera are si lici fied. In gen eral, the
foraminiferal as sem blages in the sam ples are tax o nom i cally
sim i lar.

Frag ments of tu bu lar foraminifera of Nothia- and Bathy -
siphon-type dom i nate. In sam ples with in creased tax o nomic di -
ver sity, Psammosiphonella oc curs abun dantly (Ap pen dix 1;
Fig. 5). In ad di tion, foraminifera of the Recurvoides group and
the Paratrochammininoides–Trochamminoides group are pres -
ent and com mon. The biostratigraphically im por tant Caudam -
mina oc curs ubiq ui tously. Among the spe cies iden ti fied,
Rzehakina inclusa (Grzybowski) has the short est strati graphic
range. It is an in dex spe cies for a range zone span ning the up -
per Campanian to the Maastrichtian/Paleocene bound ary
(Olszewska, 1997). It oc curs in sam ples from the Kiczory lo cal -
ity (sam ples K1 and K4) and the Oravské Veselé lo cal ity (sam -
ple SR; Ap pen dix 1; Fig. 6). Sam ples from the Kiczory, SR, and
F1156 lo cal i ties show the pres ence of a Caudammina acme
(sensu Waœkowska, 2021), rep re sented by the fol low ing forms:

Caudammina ovula (Grzybowski). In mudstones from the
Kiczory and Oravské Veselé lo cal i ties, sam ples SR, 1156A and 
K2-K6 con tain 11.5%, 16.5% and 7.5–18.5%, re spec tively of C. 
ovula ex clud ing tu bu lar forms.

Caudammina excelsa (Dyl¹¿anka). Sam ple K1 con tains
25% C. excelsa ex clud ing tu bu lar forms, while SR con tains
23.5%.

Caudammina gigantea (Geroch). Samples K3–K5 con tain
7.5–18.5% C. gigantea ex clud ing tu bu lar forms and  SR 7%
(Ap pen dix 1; Fig. 6).
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Fig. 4. Lithological logs of the Farony Mem ber – ex am ple

 A – Mútòanka River sec tion (west ern part of the ex po sure belt; 49.483566°N; 19.276319°E); B – Rabka Zaryte sec tion
(east ern part of the ex po sure belt; 49.620833°N;19.977777°E)
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Fig. 5. SEM im ages of ag glu ti nated foraminifera from the Orawa Farony Shale Mem ber

A – Nothia ex celsa (Grzybowski) frag ment (sam ple (s.) F1156A); B – Nothia ex celsa (Grzybowski) frag ment (s. K1); C – Nothia latissima
(Grzybowski) frag ment (s. SR); D – Nothia robusta (Grzybowski) frag ment (s. SR); E – Tu bu lar form frag ment (s. K1); F – Bathysiphon sp. (s.
K1); G – Psammosiphonella cylindrica (Glaessner) frag ment (s. K1); H – Psammosiphonella cylindrica (Glaessner) frag ment (s. SR); I –
Psammosiphonella cy lin dri ca (Glaessner) frag ment (s. K5); J – Rhizammina sp. frag ment (s. K1); K – Rhabdammina sp. frag ment (s. K1); L – 
Psammosphaera sp. (s. K1); M – Saccammina grzybowskii (Schu bert) (s. K3); N – Saccammina grzybowskii (Schu bert) (s. K4); O –
Placentammina pla centa (Grzybowski) (s. K1); P – Placentammina pla centa (Grzybowski) (s. K6); Q – Ammodiscus ex. gr. peruvianus Berry
(s. K4); R – Ammodiscus peruvianus Berry (s. F1156A); S – Ammodiscus glabratus Cushman et Jarvis (s. K5); T – Ammodiscus cre ta ceous
(Reuss) (s. PS3A); U – “Ammodiscus” pennyi Cushman et Jarvis (s. K1); V – Annectina sp. (s. SR); W – Annectina grzybowskii (Jurkiewicz)
(s. K1); X – Annectina grzybowskii (Jurkiewicz) (s. K1); Y – Glomospira glomerata Grzybowski (s. K6); Z – Agathamminoides sp. (s. K1); AA – 
Glomospira glomerata Grzybowski (big sized) (s. K6); AB – Glomospira sp. (s. K1); AC – Glomospira irregularis (Grzybowski) (s. K1)
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Fig. 6. SEM-im ages of ag glu ti nated foraminifera from the Farony Shale Mem ber

A – Arenoturrispirillina waskowskae Hikmahtiar et Kaminski (sam ple (s.) K1); B – Glomospira sp. (s. K1); C – Glomospira irregularis
(Grzybowski) (s. K3); D – Glomospira charoides (Jones et Parker) (s. K1); E – Glomospira charoides (Jones et Parker) (s. K1); F – Rzehakina 
inclusa (Grzybowski) (s. SR); G – Rzehakina inclusa (Grzybowski) (s. K4); H – Hyperammina sp. frag ment (s. K1); I – Hyperammina sp. frag -
ment (s. PS3A); J – Caudammina gigantea (Geroch) frag ment (s. K3); K – Caudammina gigantea (Geroch) frag ment (s. K2); L –
Caudammina gigantea (Geroch) frag ment (s. F1156A); M – Caudammina ovula (Grzybowski) frag ment (s. K5); N – Caudammina ovula
(Grzybowski) frag ment (s. F1156A); O – Caudammina ovula (Grzybowski) frag ment (s. K3); P – Caudammina ovula (Grzybowski) frag ment
(s. K2); Q – Caudammina cf. ovuloides (Grzybowski) frag ment (s. K6); R – Caudammina cf. ovuloides (Grzybowski) frag ment (s. K3); S –
Caudammina excelsa (Dyl¹¿anka) frag ment (s. K1); T – Caudammina excelsa (Dyl¹¿anka) frag ment (s. K3); U – Caudammina excelsa
(Dyl¹¿anka) frag ment (s. SR); W – Caudammina excelsa (Dyl¹¿anka) frag ment (s. SR); X – Subreophax sp. frag ment (s. K1); Y –
Subreophax sp. frag ment (s. PS3A); Z – Lagenamina sp. (s. K1); AA – Subreophax pseudoscalaris (Sam uel) (s. K1); AB – Subreophax cf.
aduncus (Brady) frag ment (s. K3); AC – Subreophax aduncus (Brady) frag ment (s. K2)



Mateusz Szczêch et al. / Geo log i cal Quar terly, 2026, 70, 17 9

Fig. 7. SEM-im ages of ag glu ti nated foraminifera from the Farony Shale Mem ber

A – Subreophax sp. frag ment (sam ple (s.) K1); B – Reophax du plex Grzybowski (s. K1); C – Reophax du plex Grzybowski (s. K1); D –
Paratrochamminoides gorayskii (Grzybowski) (s. K1); E – Paratrochamminoides subcoronatus (Grzybowski) (s. K4); F –
Paratrochamminoides acervulatus (Grzybowski) (s. K3); G – Paratrochamminoides heteromorphus (Grzybowski) (s. K1); H –
Trochamminoides variolarius (Grzybowski) (s. K5); I – Conglophragmium cf. ir reg u laris (White) (s. K4); J – Praesphaerammina gerochii
Hanzlikova (s. K3); K – Ammosphaeroidina pseudopauciloculata (Myatlyuk) (s. SR); L – Haplophragmoides kirki Wickenden (s. K1); M –
Haplophragmoides kirki Wickenden (s. K5); N – Haplophragmoides kirki Wickenden (s. K5); O – Haplophragmoides sp. (s. K3); P –
Haplophragmoides sp. (s. K5); Q – Recurvoides anormis Myatlyuk (s. K5); R – Recurvoides anormis Myatlyuk (s. K5); S – Recurvoides sp.
(s. F1156A); T – Recurvoides sp. (s. K2); U – Recurvoides cf. nu cle o lus (Grzybowski) (s. K1); V – Spiroplectammina cf. navarroana
Cushman (s. K2); W – Karrerulina sp. (s. F1156A); X – Karrerulina horrida (Mjatliuk) (s. K2); Y – Karrerulina conversa (Grzybowski) (s. K5); Z 
– Karrerulina horrida (Mjatliuk) (s. K5)



BIOSTRATIGRAPHY

The foraminiferal as sem blages of the Orava Farony Shales
are dom i nated by deep-wa ter ag glu ti nated forms that are
mostly cos mo pol i tan and of low biostratigraphic sig nif i cance.
Rzehakina inclusa (Grzybowski) is the taxon with the short est
strati graphic range and pro vides un equiv o cal ev i dence for an
up per Campanian–Maastrichtian age (cf. Morgiel and Olszew -
ska, 1981; Malata and Oszczypko, 1996; Olszewska, 1997;
Cieszkowski et al., 2007; Waœkowska et al., 2019).

Tak ing into ac count tax o nomic acmes, a lower Maastric -
htian age is in ferred for the de pos its from the Kiczory and
Oravské Veselé lo cal i ties. In the Outer Carpathians, the co-oc -
cur rence of Caudammina gigantea (Geroch) and Caudammina
excelsa (Dyl¹¿anka) acmes has been doc u mented in the lower
Maastrichtian. All sam ples from the Kiczory lo cal ity show the
pres ence of the Saccammina–Placentammina acme (up to
22% ex clud ing tu bu lar forms; Ap pen dix 1; Fig. 5), which is re -
corded from the up per most Campanian to the Danian, thus en -
com pass ing the age in ter val in ques tion.

For the re main ing lo cal i ties, the age in ter val could not be
con strained as pre cisely and in cludes the up per most Campan -
ian–Maastrichtian/Paleocene for lo cal ity F1156, whereas for
the other sites, it is broadly in di cated as Campanian–Paleocene 
or Campanian/Paleogene.

SEDIMENTARY ENVIRONMENT AND PALAEOGEOGRAPHY

Dur ing the Campanian–Maastrichtian, the Magura Ba sin
reached depths of ~2–3.5 km (Poprawa et al., 2002). At that
time, the Outer West ern Carpathian bas ins re mained un der the
in flu ence of in creased tec tonic ac tiv ity and a rel a tively pro -
longed sea-level fall. These con di tions in flu enced an en hanced
sup ply of clastic ma te rial into the ba sin and con trib uted to the
fa cies het er o ge ne ity of the de pos its, in clud ing the sand -
stone-rich Szczawina Mem ber and the Ropianka For ma tion.
The oc cur rence here of the shale-dom i nated Farony Var ie -
gated Shales is a re sult of a re duc tion in the sed i men ta tion rate
in the early Maastrichtian and a tem po rarily lim ited sup ply of
sandy ma te rial to the Bystrica Zone. The de po si tion of a var ie -
gated shale suc ces sion, de spite fluc tu a tions in clastic sup ply,
took place within a sed i men tary re gime which ex tended across
the cen tral part of the Magura Ba sin in the Late Cre ta ceous.
The Szczawina-type sand stones in di cate sed i ment trans port
from the S and SE, as doc u mented in the Pilsko and Babia
Góra ar eas by Ry³ko (1992) and later by Teïák et al. (2019).
This palaeocurrent di rec tion is op po site to that of the depo -
sitional sys tems along the ex ter nal mar gin of the Magura Ba sin
(Soláò, Jaworzynka, and Mutne for ma tions) and dif fers from
that of the lithologically sim i lar but youn ger Magura-type Kýèera 
sand stones, which show an east–west trans port di rec tion
(Teïák et al., 2019; Waœkowska et al., 2021).

The intrabasinal Szczawina Ridge, lo cated in the cen tral
part of the Magura Ba sin and in ter preted as the source area of
the Szczawina-type sand stones, was com posed pre dom i nantly 
of mag matic and meta mor phic rocks (Oszczypko and Salata,
2005; Teïák et al., 2016b, 2019; Teïák, 2022). Oszczypko and
Salata (2005) also sug gested the pres ence of a small lo cal
intrabasinal ridge sup ply ing Szczawina-type clastic ma te rial,
pos si bly lo cated along the bound ary be tween the Krynica and
Bystrica units. Based on geo log i cal map ping and palaeocurrent 
mea sure ments of the Szczawina-type sand stones (Sikora and
¯ytko, 1960; Gucik et al., 1962; Ksi¹¿kiewicz, 1966; Ry³ko,
1992; Teïák et al., 2016b), at least four sub ma rine fans have

been iden ti fied across the Bystrica and Raèa units (Ksi¹¿ kie -
wicz, 1966; Ry³ko, 1992; Oszczypko and Salata, 2005; Teïák et 
al., 2019).

DISCUSSION

Field anal y ses con ducted in the Pol ish and Slo vak parts of
the Orava re gion re vealed the pres ence of a var ie gated shale
suc ces sion within the lower part of the Ropianka For ma tion of
the Bystrica Sub unit (Figs. 1, 2 and 4). This suc ces sion cor re -
sponds in terms of lithological de vel op ment, lithostratigraphic
po si tion and age to the Farony Var ie gated Shales dis tin guished 
by Waœkowska and Szczêch (2023) in the Gorce re gion (Fig. 8). 
In de scrip tions of the Ropianka For ma tion, there are ref er ences 
to the oc cur rence of red shales at var i ous strati graphic lev els
(Cieszkowski et al., 1998). Among these, the Farony Var ie -
gated Shales show sta bil ity, sig nif i cant thick ness, and lat eral
con ti nu ity (Fig. 8). New data in di cate that, along side the Gorce
Mts., where a belt of var ie gated shales was doc u mented be -
tween Szczawa and Rabka Zaryte (Waœkowska and Szczêch,
2023), they also oc cur in more west ern parts of the Bystrica
Zone in the Orava re gion, form ing a strip be tween Lipnica Ma³a
in the east and Soblówka in the west (Figs. 1–3). In to tal, the
var ie gated shales belt stretches over a dis tance of 100 km, with
an out crop gap ~30 km in length be tween Rabka Zaryte and
Lipnica Wielka. The thick ness of these de pos its is rel a tively
con sis tent; in the Gorce Mts., it usu ally amounts to sev eral tens
of metres. Sim i lar thick nesses oc cur in the Orava re gion, al -
though in some places their thick ness de creases to <10 m.

The Farony Var ie gated Shale ho ri zon ex tends from the
Gorce re gion in the east, where it oc curs within me dium- and
thin-bed ded sandy-shaly de pos its, which west wards, in Orava,
are lat er ally re placed by thick-bed ded sandy de pos its (Fig. 8).
The strati graphic po si tion of the Farony Var ie gated Shales in
the Outer Carpathians is sta ble. Dat ing by micropalaeonto -
logical meth ods in di cates the lower Maastrichtian; less pre cise
dat ing in di cates the up per Campanian–lower Maastrichtian in -
ter val (Waœkowska and Szczêch, 2023). They form a level
within the Ropianka fa cies which shows lat eral vari abil ity from
east to west, and it is de fined dif fer ently in Pol ish and Slo vak
lithostratigraphic clas si fi ca tions. These de pos its were de -
scribed in older lit er a ture as the Ropianka Beds or Inoceramus
Beds (e.g., Ksi¹¿kiewicz, 1971; Burtan et al., 1978a, b; Paul
and Ry³ko, 1986, 1987; Paul et al., 2021, 2022a, b). In the
Gorce area, they show clear lat eral dif fer en ti a tion and a dis -
tinctly bi par tite de vel op ment. On that ba sis, Oszczypko et al.
(2005) dis tin guished two for ma tions: the Szczawina For ma tion
(Maastrichtian) and the Ropianka For ma tion (Maastrich -
tian–Paleocene). The Szczawina For ma tion con sists of grey,
mus co vite-rich, thick-bed ded sand stones, com monly amal -
gam ated, fine- to coarse-grained with rare con glom er ates. The
sand stones are typ i cally mas sive with lami na tions in their up per 
parts. Above them, de pos its of the Ropianka For ma tion oc cur,
which are built of me dium- and thin-bed ded sand stone-shale
de pos its. The sand stones are steel-grey, mus co vite-rich,
fine-grained, graded, with par al lel, wavy, and con vo lute lam i na -
tion with trace fos sils at bed bases. They are in ter ca lated with
grey and green ish shales, with nu mer ous trace fos sils. Grey or
yel low ish-grey marly shales are less com mon. From the Pol ish
sec tor of the Orava and fur ther west wards, the Ropianka fa cies
is rep re sented by de pos its dom i nated by green ish-grey,
thick-bed ded sand stones rang ing from the Maastrichtian to the
Paleocene (Sikora and ¯ytko, 1960; Ksi¹¿kiewicz, 1966, 1971;
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Teïák et al., 2016b, 2017). These de pos its were dis tin guished
as the Ropianka For ma tion by Teïák et al. (2016b, 2017) but re -
fer to the Szczawina For ma tion sensu Oszczypko et al. (2005).

The Farony Shales were orig i nally re garded as a lo cal cor -
re la tive unit within the Up per Cre ta ceous de pos its of the
Ropianka For ma tion of the Bystrica Sub unit of the Magura
Nappe, on the north ern slopes of the Gorce Moun tains, in the
area of Szczawa and Lubomierz (Cieszkowski et al., 1998;
Szczêch et al., 2016). Sub se quent de tailed stud ies in Gorce
cor rob o rated a broader dis tri bu tion of these de pos its along the
en tire north ern mar gin of the Gorce Mts., from Rabka to
Szczawa (Waœkowska and Szczêch, 2023). How ever, as doc u -
mented above, this unit is con sid er ably more wide spread and
also oc curs in the Orava re gion, on the south ern slopes of the
Pilsko and Babia Góra Mts., be tween Kiczora and Novoï. Field
ob ser va tions have shown that these de pos its dis play very sim i -
lar lithological char ac ter is tics both in the Orava re gion and in the 
Gorce Mts. More over, the struc ture and the tax o nomic com po -
si tion of the foraminiferal as sem blages of the Farony Shales
from the Orava re gion cor re spond well with foraminiferal as -
sem blages noted from the Gorce Mts. (Waœkowska and
Szczêch, 2023). The sim i lar ity in cludes the oc cur rence of the
Saccammina–Placentammina acme and the Caudammina
acme, with the spe cies Caudammina gigantea (Geroch) and

Caudammina ovula (Grzybowski). Ad di tion ally, a Caudammina
excelsa (Dyl¹¿anka) acme was also re corded in the Orava area 
(cf. Waœkowska and Szczêch, 2023, and the dis cus sion
therein). The acmes of deep-wa ter ag glu ti nated foraminifera
en able strati graphic cor re la tion of sub-CCD de pos its through -
out the west ern Tethys and even with the Indo-Pa cific re gion
(Kuhnt et al., 1992; Kaminski et al., 2024; Flores et al., 2026),
in di cat ing de po si tion un der sim i lar en vi ron men tal con di tions
and com pa ra ble eco log i cal set tings.

The lower Maastrichtian age de ter mined for the var ie gated
shales from Orava cor re sponds well with the age of the Farony
Shales rec og nized in the Gorce Mts. This shale suc ces sion
con tains foraminiferal as sem blages with co-oc cur ring Rzeha -
kina inclusa (Grzybowski) and the Caudammina acme, in clud -
ing Caudammina gigantea (Geroch) – Caudammina ovula
(Grzybowski), as well as the Saccammina grzybowskii Schu -
bert – Placentammina pla centa (Grzybowski) acme (Ap pen -
dix 1). These biostratigraphic de ter mi na tions, to gether with
other re sults based on fau nal lists re ported from the Ropianka
Fm, do not ex clude an up per Campanian age for the Ropianka
For ma tion in the Raèa Zone and, con se quently, for the Farony
Shales (Waœkowska and Szczêch, 2023). In the light of the new 
data, how ever, an up per Campanian age is not con firmed.
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Fig. 8. Lithostratigraphic cor re la tion of the Ropianka For ma tion in the Gorce-Orawa re gion 
(Ksi¹¿kiewicz, 1971; Szczêch et al., 2016, mod i fied)

PL – units ac cord ing to Oszczypko et al. (2005); SK – units ac cord ing to Teïák et al. (2016b, 2017)
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For mal iza tion car ries sig nif i cant prac ti cal value by uni fy ing
ter mi nol ogy and thereby sup port ing, inter alia, geo log i cal map -
ping and re lated ac tiv i ties. Codes of stra tig ra phy as sume the
pres ence of lower-rank units within a for ma tion, and such units
in clude this mem ber. Ac cord ing to es tab lished rules, its des ig -
na tion is jus ti fied when lithological vari abil ity oc curs within a for -
ma tion (Alexandrowicz et al., 1975; Murphy and Sal va dor,
1999; Racki et al., 2006). In the lithostratigraphic scheme, the
Ropianka For ma tion in the Bystrica Sub unit (Slovakia) has
been dis tin guished as an in de pend ent unit. It is char ac ter ized
by a dom i nance of me dium- to thin-bed ded sand stones
interbedded with grey muddy shales, with the in clu sion of a
thick-bed ded sand stone unit of the Szczawina Mem ber (Teïák
et al., 2017), which in some places com pletely re place thin- and
me dium-bed ded sand stone-shale de pos its (Teïák et al.,
2016a). In the east ern part of the Bystrica Sub unit, the de pos its
of the Szczawina Mem ber ac cord ing the di vi sion of Oszczypko
et al. (2005) con sti tute a sep a rate for ma tion oc cur ring be low
the Ropianka For ma tion.

The Farony Var ie gated Shales, dom i nated by green and
red mudstones with rare and very thin sand stone interbeds,
clearly dis tin guish them selves from the sur round ing sand -
stone-rich Ropianka-type de pos its (Fig. 4). These de pos its
meet the cri te ria to be dis tin guished as a sep a rate unit within
the Ropianka For ma tion. In ad di tion to their lithological dis tinc -
tive ness, they are char ac ter ized by clear bound aries, in ter nal
co her ence, sig nif i cant thick ness rang ing from sev eral metres in 
the Gorce Mts., to sev eral tens of metres in the Orava re gion,
and lat eral con ti nu ity, al though strati graphic rules do not im -
pose fixed stan dards re gard ing the ex tent or thick ness of a
mem ber. These fea tures jus tify the in tro duc tion of a new
lithostratigraphic unit with the rank of a mem ber, en com pass ing 
var ie gated de pos its dom i nated by mudstones within the grey,
me dium- and thin-bed ded de pos its of the Ropianka For ma tion.
This new unit is im por tant for cor re la tion, par tic u larly in field -
work. The var ie gated de pos its act as marker ho ri zons within the 
sur round ing units, due to the pres ence of dis tinc tive red shales,
whose oc cur rence at out crop is also vis i ble through the col our
of the weath er ing cover. They con sti tute im por tant cor re la tion
lev els that serve as strati graphic ref er ence ho ri zons and key
mark ers in geo log i cal map ping. Var ie gated de pos its are not
com mon in the Outer Carpathians. Within the Bystrica sub unit,
apart from the Farony Shales, there are few de pos its con tain ing 
red mudstones; these in clude the Cenomanian–Turonian
Malinowa and Paleocene–Lower Eocene £abowa for ma tions,
as well as the Mid dle–Up per Eocene Mniszek Mem ber within
the Magura For ma tion (Oszczypko, 1991; Oszczypko et al.,
2005).

FARONY VARIEGATED SHALE MEMBER – 
A NEW LITHOSTRATIGRAPHIC UNIT

His tory: The var ie gated shales oc cur ring within the Up per
Cre ta ceous de pos its of the Magura Nappe were rec og nized by
Marek Cieszkowski dur ing geo log i cal map ping in the Szczawa
and Lubomierz re gions in the 1990s (Cieszkowski et al., 1998).
The des ig na tion “Farony red/var ie gated shales” was usu ally
used by him in for mally in per sonal com mu ni ca tions, func tion ing 
as a work ing name to dis tin guish these de pos its. Sub se quently, 
this unit was marked on the geo log i cal map of the Gorce re gion
(Cieszkowski et al., 1998; Cieszkowski, 2006) and then on the
lithostratigraphic log of the Bystrica Sub unit (Cieszkowski and
Uchman, 2008). The term “Farony Shale Mem ber” was used
with out for mal iza tion by Cieszkowski et al. (2015) and sub se -
quently by Szczêch et al. (2016) in de scrib ing the gen eral

lithostratigraphical char ac ter is tics of the Gorce Mts. Sub se -
quent re search con ducted by Cieszkowski, Szczêch, and
Waœkowska (Szczêch et al., 2016; Waœkowska and Szczêch,
2023) al lowed de ter mi na tion of its age as Campanian–Ma -
astrich tian, traced its ex tent over a dis tance of 30 km, and es -
tab lished its use as a re gional cor re la tion ho ri zon (Waœkowska
and Szczêch, 2023). The de pos its at the lo cal i ties de scribed by
Waœkowska and Szczêch (2023) as the Farony Shale Mem ber
were clas si fied on the De tailed Geo log i cal Map of Po land
(1:50,000) as var ie gated shales within the Cre ta ceous de pos its
of the Ropianka For ma tion (for merly Inoceramus Beds;
Ksi¹¿kiewicz, 1971; Burtan et al., 2021; Paul et al., 2021). On
the north ern slopes of the Gorce Mts., in Rabka-Zaryte, they
were partly er ro ne ously clas si fied as the much older
Turonian–Cenomanian Malinowa For ma tion (Paul et al.,
2022a, b). The wide dis tri bu tion of these de pos its was doc u -
mented as in ter ca la tions in the Ropianka For ma tion on the De -
tailed Geo log i cal Map of Slovakia (1:50,000) by Teïák et al.
(2016a, b) in the Orava re gion. Ini tially, the Szczawa sec tion lo -
cated in the G³êbieniec stream was pro posed as a type sec tion
for this unit (Cieszkowski et al., 1998; Szczêch et al., 2016). The 
orig i nal ex po sures in which Cieszkowski first de scribed the
Farony Shales are cur rently in ac ces si ble (Szczech et al., 2016). 
This re sults from burial of the bed rock by al lu vial de pos its and
slope wash (diluvial ma te rial), a con se quence of lo cal river
chan nel reg u la tion and the par tial re in force ment of its bed.
More com pre hen sive stud ies con nected with the li thol ogy, age,
strati graphic po si tion, thick ness, and ex tent of the Farony
Shales were con ducted in 2020–2025.

Name: The Farony Var ie gated Shale Mem ber, or in short,
the Farony Mem ber; Pol ish names: ogniwo pstrych ³upków z
Faronów, ogniwo faroñskie; Slo vak name: faronské vrstvy. The
geo graph ical seg ment of the name, Farony, de rives from the
Farony ham let, which en com passes the G³êbieniec val ley in the 
vil lage of Szczawa, the lo ca tion where these de pos its were first
de scribed. The name is used fol low ing Marek Cieszkowski, who 
first coined the term, in tro duced it into in for mal lithostratigraphy, 
and ini ti ated the study of these de pos its.

Type sec tion: Out crop in the Kamienicki Creek, Rzeki
ham let, Lubomierz vil lage (49.592889° N, 20.235167° E).

Ref er ence sec tions: Ref er ence sec tion 1: Out crop on the
left bank of the Bystrý potok stream, north of Mútne vil lage
(49.487994° N, 19.275165° E).

Ref er ence sec tion 2: Out crop in the Ratulowiec Creek,
Bo¿ki ham let of the Lubomierz vil lage (49.614629° N,
20.170706° E).

Bound aries: Both the lower and up per bound aries of the
Farony Shale Mem ber are sharp and clearly marked by the
pres ence of red shales. This unit is sit u ated in the lower part of
the Ropianka For ma tion. There is no sig nif i cant lat eral
lithological vari a tion within the unit it self; how ever, the li thol ogy
of the en clos ing de pos its changes mark edly lat er ally. In the
east ern sec tor, en com pass ing the Gorce Mts., this suc ces sion
oc curs within thin- to me dium-bed ded sand stone–shale de pos -
its of the Ropianka For ma tion. In the Orava re gion, de pos its of
the Farony Mem ber oc cur within the thick-bed ded Szczawina
sand stones and lo cally within thin- to me dium-bed ded sand -
stone–shale se quences. In thick-bed ded sec tions, di rectly be -
low the Farony Mem ber, a pro nounced de crease in the thick -
ness of sand stone beds is ob served, from 1–2.5 m down to sev -
eral tens of centi metres. In the Orava re gion, above the Farony
Mem ber, thick-bed ded sand stones are ob served.

Thick ness: The Farony Shale Mem ber thick ness is 5–20 m 
re gard less of the lo cal ity.
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Dom i nant li thol ogy: The Farony Shale Mem ber con sists
of var ie gated, pre dom i nantly red and green ish, claystone and
mudstone de pos its. The red de pos its are dom i nant or con sti -
tute about half of the sec tion. The thick ness of in di vid ual red
shale beds ranges from a few centi metres to >10 cm. The green 
in ter vals are thin ner, rang ing from a few milli metres to a few
centi metres. These shales are hard, si lici fied, and frac ture into
sharp-edged, an gu lar blocks and frag ments.

Within the shale suc ces sion, sin gle lay ers of fine-grained,
thin-bed ded sand stone oc cur. In the up per part of the pro file,
sev eral-decimetre-thick turbidite pack ages are pres ent, com -
posed of par al lel-lam i nated, fine-grained, grey, thin-bed ded
sand stones al ter nat ing with green shale interbeds. Spo rad i -
cally, me dium-bed ded, mus co vite-rich sand stone lay ers are
ob served.

Age: Lower Maastrichtian based on ag glu ti nated foramini -
fera (in ter val of the co-oc cur rence of Caudammina gigantea
(Geroch), Caudammina ovula (Grzybowski), Caudammina
excelsa (Dyl¹¿anka), Saccammina–Placentammina acmes
and Rzehakina inclusa (Grzybowski)).

Dis tri bu tion: The Farony Var ie gated Shale Mem ber is lat -
er ally ex ten sive, oc cur ring as a belt of east–west ori en ta tion,
with a length cor re spond ing to that of other lithostratigraphic
units, po si tioned more or less par al lel to the thrust of the
Bystrica Sub unit onto the Raèa Sub unit. The unit oc curs within
the lower part of the Ropianka For ma tion in the Gorce Mts., and 
the Orava re gion, form ing a strip be tween the vil lages of
M³yñczyska and Soblówka.

CONCLUSIONS

In the Orava re gion, within the lower part of the sand -
stone-rich Ropianka For ma tion, a ho ri zon rang ing from a few to
about ten metres in thick ness, dom i nated by shales (in clud ing
var ie gated shales), has been iden ti fied. In terms of its lithostrati -

graphic po si tion in the Bystrica Sub unit of the Magura Nappe, li -
thol ogy, foraminiferal con tent, and age, it cor re sponds to the
Farony Var ie gated Shale Mem ber of the Gorce Mts. and con sti -
tutes their pro lon ga tion. The re gional ex tent of the Farony Var -
ie gated Shale Mem ber has been doc u mented; their out crop ex -
tends over a 100 km dis tance from Novoï to M³yñ czyska, which
sig nif i cantly ex pands their known geo graphic range.

The age of the Farony Var ie gated Shale at Orava has been
re fined us ing foraminiferal biostratigraphy. The tim ing of their
sed i men ta tion has been de ter mined as early Ma astri chtian,
based on the co-oc cur rence of Rzehakina inclusa (Grzybowski) 
and acmes of Caudammina gigantea (Geroch), Caudammina
ovula (Grzybowski), Caudammina excelsa (Dyl¹¿anka), and
Saccammina–Placentammina.

The lower Maastrichtian var ie gated shales have been for -
mally de fined as the Farony Var ie gated Shale Mem ber within
the Ropianka For ma tion, and their lithostratigraphic char ac ter -
is tics have been pro vided. These de pos its show clear
lithological dis tinc tive ness, sig nif i cant thick ness, and re gional
ex tent, mak ing them a char ac ter is tic and eas ily dis tin guish able
unit within the Ropianka For ma tion, lat er ally per sis tent through -
out the Gorce Mts. and the Orava re gion.
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