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The lithological char ac ter is tics and age anal y sis of the var ie gated Farony Shale are pre sented for the first time. The Farony
Shale oc curs in the Lubomierz and Rabka ar eas in the Bystrica Sub unit. It is lo cated within me dium- and thin-bed ded sandy
dom i nated turbidites of the Campanian–Paleocene Ropianka For ma tion. It is com prised of red shales lam i nated or
interlayered with strongly bioturbated green shales. Ex po sures of the Farony Shale are ob served along a dis tance of ~25 km, 
in the form of a nar row belt. The age of the var ie gated de pos its is es ti mated based on ag glu ti nated foraminifera to late
Campanian–ear li est Maastrichtian. Their de po si tion was as so ci ated with low-en ergy con di tions and a tem po rary lim i ta tion of 
the sup ply of sandy ma te rial to the in ner part of the Magura Ba sin. 
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INTRODUCTION

The Magura Nappe con tains mostly deep-wa ter de pos its
that orig i nated in the Carpathian part of the Tethys Ocean. That
de pos its are pre dom i nated by turbidites and gen er ally are built
by sand stone or sand stone-shale de pos its. Within the sed i -
men tary log of the Magura Nappe, a few com plexes of var ie -
gated shales are dis tin guished. These com plexes stand out in
the Magura Nappe lithostratigraphic pro file be cause of the
char ac ter is tic col our and pre dom i nance of shales. They con tain 
a sig nif i cant amount of red, muddy and clayey shales. The var -
ie gated shales were de pos ited in deep-wa ter con di tions with a
share of sus pen sion. They orig i nated dur ing pe ri ods of lim ited
de liv ery of clastic ma te rial to the sed i men tary ba sin and de pos -
ited in well-ox y gen ated en vi ron ments (e.g., Leszczyñski and
Uchman, 1991; Waœkowska-Oliwa, 2000; Wetzel and Uchman, 
2018). In the Carpathian sed i men tary ba sin, dom i nated by
turbiditic sed i men ta tion, these con di tions were not fre quent. 

The spec i fic ity of the var ie gated shales makes them im por -
tant ref er ences in Carpathian lithostratigraphy. In the Magura
Nappe, two in ter vals of var ie gated sed i men ta tion are im por tant: 
Turonian–Coniacian when the Malinowa For ma tion was
formed, and late Paleocene–mid dle Eocene when the £abowa
For ma tion orig i nated (e.g., Œl¹czka et al., 2006; Golonka and
Waœkowska-Oliwa, 2007; Oszczypko and Oszczypko- Clo wes,
2009; Oszczypko et al., 2015; Golonka et al., 2019). Apart from

these, there are few other ex am ples which are ref er ences within 
par tic u lar zones of the Magura Nappe. In the Bystrica Zone, in
ad di tion to the Malinowa and £abowa for ma tions, var ie gated
shales are part of Santonian olistostrome de pos its an oc cur in
the Porêba Górna For ma tion (Burtan et al., 1978; Cieszkowski
et al., 1998), and in an Eocene level within the Mniszek Mem ber 
(Oszczypko et al., 2005, 2015). The next level be longs to the
Up per Cre ta ceous–Paleocene Ropianka For ma tion. This unit
was dis cov ered by the late Marek Cieszkowski, who ini ti ated re -
search on these de pos its. The aim of the re search pre sented in
this pa per is to es tab lish the range, litho stratigraphic po si tion,
and age of this var ie gated shale com plex, ten ta tively called the
Farony shale af ter per sonal com mu ni ca tion with Marek
Cieszkowski and notes pub lished by him (Cieszko wski et al.,
1998, 2015).

GEOLOGICAL SETTING

Geo log i cal field work was con ducted in the Outer Carpa -
thians on the Magura Nappe area. The Outer Carpathians orig i -
nated in the Mio cene as a re sult of the clos ing of the Tethys
Ocean. They pres ent typ i cal externides and have a nappe
struc ture. In the Pol ish west ern sec tor of the Outer Carpathians, 
the Magura Nappe is the in ner most unit. From the south, it is
tec toni cally bor dered by the Pieniny Klippen Belt, lo cated on the 
Outer and In ner Carpathians bound ary. From the north, the
Magura Nappe con tacts with the Silesian Nappe and
Fore-Magura Unites, and lo cally with the Subsilesian Nappe. It
is thrusted over these nappes (Ksi¹¿kiewicz, 1977; Golonka et
al., 2005, 2020; Œl¹czka et al., 2006; Fig. 1). 

The Magura Nappe is com prised of deep-see de pos its that
orig i nated within the Outer Carpathian bas ins, which func tioned 
in the west ern part of Tethys. The lithological con tent of the
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Magura Nappe cor re sponds to the sed i men tary area of the
Magura Do main re lated with Al pine Tethys (e.g., Œl¹czka et al.,
2006; Oszczypko, 2006; Golonka et al., 2013, 2019 and ref er -
ences therein). A large part of this do main was oc cu pied by the
Magura Ba sin, which ex isted from the Ju ras sic up to the Mio -
cene times. The lithological units tec toni cally in cluded within the 
Magura Nappe cor re spond to de pos its that formed in the
Magura Ba sin. Dif fer ences in the lithological in ven tory and the
in ter nal struc ture al low the Magura Nappe to be sub di vided into
four tec tonic-fa cies units. In or der from the north to south, these 
are the Siary, Raèa, Bystrica and Krynica sub units (af ter
Koszarski et al., 1974). The Bystrica Sub unit, in the study area,
builds the north ern slopes of the Gorce Moun tains. It con tains
de pos its of Albian to Oligocene? age (Fig. 2). The Cre ta ceous
and Paleocene units were for ma lised by Oszczypko et al.
(2005) and the Paleogene by Oszczypko (1992). 

STUDY AREA 

Geo log i cal anal y ses were car ried out on the Bystrica Sub -
unit of the Magura Nappe. The re search area is lo cated in the
south ern part of the Magura Nappe, 3 km north from the bor der
with the more south ern Krynica Sub unit (Figs. 1 and 3), and is
sit u ated be tween Rabka Zaryte and Szczawa, 20 km north of
Nowy Targ. Ac cord ing to geo graph ical di vi sion, this area be -
longs to the Gorce Moun tains (Solon et al., 2018). The Albian to 
the Oligocene? rock of the Bystrica Sub unit in that area in clude
the Ropianka For ma tion (Burtan et al., 1976, 1978; Cieszko -
wski et al., 1998; Szczêch et al., 2016), which is the sub ject of
the cur rent re search. The out crops form a belt 100–500 m wide, 
sit u ated par al lel to the main thrust lines (Fig. 3). The com plex of
var ie gated de pos its oc curs in the lower part of that for ma tion.
Its out crops are ex posed dis con tin u ously over a dis tance of
25 km. De tailed ob ser va tions of the lithological in ven tory and
age anal y sis were car ried out on out crops lo cated in the
Lubomierz and Rabka Zaryte area (Figs. 1 and 3).

METHODS

The study area was cov ered by the car to graphic, lithological 
and strati graphic study. The car to graphic work con sisted of de -
tailed geo log i cal map ping with the ap pli ca tion of high-res o lu tion
dig i tal el e va tion model anal y ses (Szczêch and Cieszkowski,
2021; Kania and Szczêch, 2023). A de tailed study of the var ie -
gated de pos its was con ducted on the ex po sures men tioned
above and in cluded geo log i cal de scrip tions, li thol ogy iden ti fi ca -
tion, ob ser va tion of bound ary se quences, sed i men tary log ging,
field doc u men ta tion, and sam pling for age pur poses. 

The age of the var ie gated de pos its was es tab lished us ing
foraminiferal biostratigraphy. For this pur pose, 17 rock sam ples
were col lected from four sec tions (Rabka Zaryte, Rabka,
Lubomierz -Kamienica, Lubomierz-Mszanka; Fig. 3). Sam ples
were taken from both red and green shales. The 0.5 kg por tion
of the mudstone was pro cessed us ing stan dard micro -
palaeonto logical pro ce dures. The first stage was mac er a tion by 
mul ti ple heat ing and cool ing of the sam ple in a Glau ber’s salt
so lu tion (Na2SO4). In the next stage, the mac er ated sam ple
was washed over 68 mm sieves and the res i due was dried in an
elec tric dryer at a tem per a ture of 60°C. Fos sils have been sep a -
rated by hand from the ob tained res i due. Tests of ag glu ti nated
foraminifera and sin gle fish teeth were found among the clastic
grains. A group of foraminiferal tests from each sam ple is
treated as a foraminiferal as sem blage.

The state of microfossil pres er va tion is poor, fos sils are si -
lici fied and partly pyritized. Many of them are in de ter mi nate ow -
ing to sili ci fi ca tion and sed i ment stick ing on the foraminifer
tests. There are many bro ken tests, mostly tu bu lar and uniserial 
forms are pre served as frag ments. Foraminifera were iden ti fied
taxonomicaly at the rank of spe cies or ge nus, and the re sults of
the de ter mi na tions are pre sented in Ta ble 1. A Nikon VL
100POL bin oc u lar mi cro scope equipped with a Nikon Dig i tal
Sight DS-Fi1 cam era and an FEI QUANTA 200 FEG scan ning
mi cro scope were used for the tax o nomic ex am i na tion. Ob ser -
va tions and doc u men ta tion of foraminiferal as sem blages were
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Fig. 1. Geo log i cal sketch map of the Pol ish sec tor of the Outer Carpathians (af ter Cieszkowski et al., 2017)
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con ducted at the De part ment of Gen eral Ge ol ogy and Geo -
tourism and at the Scan ning Mi cros copy Lab o ra tory of the Fac -
ulty of Ge ol ogy, Geo phys ics and En vi ron ment Pro tec tion AGH.
The micropalaeontological ma te rial will be housed in the au -
thor’s col lec tion (A.W.) at the Eu ro pean Micropalaeonto logical
Ref er ence Cen tre of the Micropress Eu rope Micro paleonto -
logical Foun da tion (Kraków, al. Mickiewicza 30).

LITHOLOGY 

The lithostratigraphic log of the Bystrica Sub unit in the
Lubomierz area has a thick ness of 2.5 km and con tains a full
se quence of de pos its from Albian up to Oligocene age (Fig. 2).
In the mid dle part of the log, a 350 m thick Ropianka For ma tion
oc curs (Fig. 2). It con sists of sand stone-dom i nated turbidites.
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Fig. 3. Geo log i cal map of the re search area (af ter Cieszkowski et al., 1998, mod i fied)
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T a  b l e  1

Tax o nomic list of foraminifera from the Farony Shale

Sec tion
Lubomierz-
Mszanka

(1)
Lubomierz-Kamienica (2) (3) Rabka Zaryte (4)

Sam ple No.
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5
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Ammodiscus cretaceus (Reuss) 1 2 1

Ammodiscus peruvianus Berry 2 1

Ammodiscus sp. 1 1

Ammosphaeroidina pseudopauciloculata (Mjatliuk) 6 5 5

Arthrodendron spp. (cham bers) 20 20 4

Buzasina pacifica (Krasheninnikov) 1

Caudammina excelsa (Dyl¹¿anka) (cham bers) 12 8 2

Caudammina gigantea Geroch (cham bers) 25

Caudammina ovuloides (Grzybowski) (cham bers) 1

Caudammina ovulum (Grzybowski) (cham bers) 3 2 27 3

Conglophragmium irregularis (White) 9

Glomospira charoides (Jones et Parker) 1 1 1 5

Glomospira diffundens Cushman et Renz 1

Glomospira gordialis (Jones et Parker) 3 2 1 10

Glomospira sp. 1 1 1

Haplophragmoides walteri  (Grzybowski) 1 1

Hormosina cf. velascoensis? (Cushman) (cham ber) 1

Hyperammina sp. 1

Kalamopsis grzybowskii (Dyl¹¿anka) (frag ments) 4

Karrerulina conversa (Grzybowski) 1

Karrerulina horrida (Grzybowski) 5

Karrerulina sp. 4 2 4

Nothia and Batysiphon div. sp. [mainly N. excelsa

(Grzybowski)] (frag ments)
440 874 510 486 640 924 1660 48 260 520 864 280 390 720 696 1220 472

Nothia latissima (Grzybowski) (frag ments) 10 4 8 15

Nothia robusta (Grzybowski) (frag ments) 22 78 6 214 10

Paratrochamminoides acervulatus (Grzybowski) 4 2

Paratrochamminoides contortus (Grzybowski) 1 28 2 10

Paratrochamminoides coronatus (Brady) 2

Paratrochamminoides deflexiformis (Noth) 3 2

Paratrochamminoides mitratus (Grzybowski) 3 3

Paratrochamminoides multilobus (Dyl¹¿anka) 1

Paratrochamminoides olszewskii (Grzybowski) 2 1

Paratrochamminoides div. sp. 4 19 6 3 10 2

Psammosiphonella, Rhizammina and Rhabdammina
div. sp. [mainly P. cylindrica (Glaessner),
Psammosiphonella discreta (Brady)] (frag ments)

16 16 25 30 32 28 32

Placentammina pla centa (Grzybowski) 1 48 3 8

Placentammina pla centa (Grzybowski) var. giagantea 3 61 4 2 10 1

Psammosphaera irregularis (Grzybowski) 14

Recurvoides div. sp. 4 7 3 4 9 36 8 21 4

Reophax du plex Grzybowski (frag ment) 1

Rzehakina inclusa (Grzybowski) 1

Rzehakina sp. 1

Saccammina grzybowskii (Schu bert) 6 42 6 2

Subreophax scalaris (Grzybowski) 7 6

Subreophax pseudoscalaris (Sam uel) (frag ments) 3 2

Trochammina umiatensis Tappan 5

Trochamminoides subcoronatus (Brady) 4 2

Trochamminoides cf. pro teus (Karrer) 1

Trochamminoides variolarius (Grzybowski) 5 2



The sand stones are predominatly me dium- and thin-bed ded;
thick-bed ded sand stones oc cur rarely (Fig. 4A). They are
quartzitic, fine-grained, and less fre quently me dium-grained,
usu ally with nor mal grain gra da tion. Char ac ter is tic for the sand -
stones is lam i na tion – wavy and con vo lute lam i na tion is com -
mon, par al lel lam i na tion oc curs in fre quently, mas sive lay ers
are sub or di nate. On the bot tom of the sand stone lay ers, nu mer -
ous trace fos sils are pres ent. The sand stones are grey when
fresh. Weath ered sur faces take a grey ish-brown colouration. In
their com po si tion quartz is dom i nant, also mica is pres ent, mica 
con cen tra tions are ob served on the sur faces of the lay ers and
along the in ter nal laminae. Be tween the sand stone lay ers,
there are muddy shales. Their interbeds are usu ally a few centi -
metres thick. They are grey or green ish, with nu mer ous trace
fos sils. In the lower part of the Ropianka For ma tion, the sev eral
metre thick pack age pre dom i nated by var ie gated shales oc -
curs. It is in for mally called the var ie gated Farony Shale, af ter
Farony ham let, where these de pos its were first no ticed (e.g.,
Cieszkowski et al., 1998). The up per most 100 m (Fig. 2) of the
Ropianka For ma tion con tains nu mer ous marly shales and it is
in for mally called as the G³êbieniec Shale (Uchman and
Cieszko wski, 2008; Szczêch et al., 2016). 

The age of the Ropianka For ma tion was es tab lished based
on the su per po si tion and ad di tion ally con firmed by biostrati -
graphy. Oszczypko et al. (2005) in di cated a Campa nian/Maastri -
chtian–Paleocene age for it.

The Farony Shale is sit u ated a sev eral metres above the
bot tom of the Ropianka For ma tion. It con sists of var ie gated de -
pos its, dom i nated by shales, about a dozen metres thick. The
shales are muddy and bioturbated (Fig. 4B–D). They are si lici -
fied, hard, and dur ing break ing they dis in te grate into sharp-
 edged frag ments. The var ie gated shales con sist of al ter nat ing
red, green, and green ish-grey muddy shales. In gen eral, the red 
shales are dom i nant; it forms 3 to 10 cm thick lay ers. Green and 
green ish-grey shales oc cur as thin and very thin in ter ca la tions
from milli metres to sin gle centi metres. The bound ary lay ers are
equal and par al lel, or wavy. In par tic u lar, the up per bound ary of
the lay ers is un even, de formed by bioturbation struc tures.
Green shales also form con tin u ous and dis con tin u ous laminae
with the char ac ter of elon gated lenses. In the Farony Shale,
there are in ter vals of sev eral tens of centi metres thick built only
of red mudstones, and sev eral centi metres thick built only of
green mudstones, or com plexes of ~1 m thick where the pro -
por tion of red and green mudstones is com pa ra ble. The up per -
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A B

C D

Fig. 4. De pos its of the Ropianka Fm. 

A – thin- and me dium-bed ded sand stone-shale flysch of the Ropianka Fm. (Lubomierz Rzyki); B – var ie gated
shales of the Farony Shale (Rabka Zaryte); C, D – var ie gated shales of the Farony Shale (Lubomierz Rzyki)

https://journals.agh.edu.pl/geotour/article/view/2558/1736


most part of the Farony Shale is rep re sented by the >1 m thick
green shales, al most with out red in ter ca la tions. Fre quent
bioturbation struc tures oc cur in the mudstones. They are most
nu mer ous and par tic u larly pro nounced in the green shales.
Rare very thin-bed ded and fine-grained sand stone lay ers oc cur 
within the shales. The dis con tin u ous and con tin u ous sandy
laminae with blurred bound aries oc cur in the green shales. In
the mid dle part of the Farony Shale, a 1 m thick in ter ca la tion of
grey mudstone with rare very thin-bed ded and very fine and
fine-grained par al lel lam i nated sand stones oc curs. 

Both bound aries, bot tom and up per, of the Farony Shale
are sharp. The un der ly ing and over ly ing de pos its have a sim i lar 
char ac ter. They are grey shales, with rare very thin-bed ded
parallelly lam i nated fine-grained grey sand stones. In the under -
laying de pos its, the num ber and thick ness of sandy in ter ca la -
tions de crease up sec tion, to wards the var ie gated de pos its.
Sin gle cross-lam i nated sand stones are pres ent in the above-ly -
ing de pos its. The tran si tion to the typ i cal Ropianka-type, me -
dium- and thin-bed ded turbiditic de pos its is grad ual. 

PALAEONTOLOGICAL STUDY

MATERIAL

Each sam ple con tains foraminiferal tests. Most of fora mini -
feral as sem blages are not nu mer ous. The to tal num ber of spec i -
mens var ies from 175 up to 1878 spec i mens per 0.5 kg of
mudstone sam ple (Ta ble 1). Only ag glu ti nated, cos mo pol i tan
forms are pres ent. The tax o nomic di ver sity ranges from 1 to >30
spe cies (Ta ble 1). Larger-size foraminifera spec i mens and
higher tax o nomic di ver sity is ob served in the green shale sam -
ples. In sam ples from red shales mainly bro ken tu bu lar forms are 
pres ent. Most spec i mens rep re sent frag ments of tu bu lar forms of 
the ge nus Nothia. Other tu bu lar forms such as Rhabdammina
and Psammosiphonella oc cur in smaller amo unts. Fur ther more,
nu mer ous are sin gle-cham bered fora minifera e.g., Saccammina
and Placentammina, the uniserial multi chambered forms Cau -
dammina, Arthrodendron, and multi chamberd Paratro chammi -
no ides and Recurvoides (Figs. 5–7). 

AGE ANALYSIS

A pos i tive biostratigraphical re cord is ob tained from sam -
ples Raba 176 taken from an un named stream lo cated west of
Polczakówka ski slope in Rabka Zaryte, and 21/FAR-2/20
taken from Lubomierz-Kamienica (Fig. 3). Sam ple Raba 176
con tains Rzehakina inclusa (Grzybowski) (Ta ble 1 and Fig. 6
F:1, 2), the in dex spe cies in dic a tive for Rzehakina inclusa zone
sensu Olszewska (1997), which ranges from the up per
Campanian up to the Maastrichtian/Paleocene bound ary. Apart 
from tu bu lar forms, the most nu mer ous and char ac ter is tic spec -
i mens in that sam ple are Caudamminas (Ta ble 1). They are
rep re sented mainly by Caudammina gigantea Geroch,
Caudammina ovulum (Grzybowski) (Fig. 6M, N) and sin gle
Caudammina excelsa (Dyl¹¿anka). The share of Caudammina
spec i mens, ex clud ing tu bu lar foraminifera, con sti tutes >70%,
in clud ing Cau dammina ovulum (Grzybowski) to talled 36.5%
and Cau damina gigantea Geroch amount ing to 34%. Those
val ues are typ i cal for acme as sem blages. The Caudammina
giga ntea Geroch acme in the Outer Carpathians is dated to the
up per most Santonian–low er most Maastrichtian and Cau -
dammina ovulum (Grzybowski) acme to the Campanian -
-Danian (Waœkowska et al., 2019; Waœko wska, 2021). The co-

 oc cur rence of Caudammina gigantea Geroch and Cau -
dammina ovulum (Grzybo wski) acme as sem blages to gether
with Rzehakina inclusa (Grzybowski) points to a late Cam -
panian -ear li est Maastri chtian age for the Farony Shale. Such
as sem blage is typ i cal for the lower part of the Rzehakina
inclusa foraminiferal zone sensu Olszewska (1997). 

The sam ple 21/FAR-2/20 in cludes the most di ver si fied fora -
miniferal as sem blage within the stud ied ma te rial. Its char ac ter -
is tic fea ture is the nu mer ous oc cur rences of Pla cen tammina,
Saccammina and Paratrochamminoides div sp. (Ta ble 1 and
Fig. 5). The to tal amount of Placentammina pla centa (Grzybo -
wski) and Saccammina grzybowskii (Schu bert), ex clud ing tu bu -
lar sam ples, is 47%. Such an amount is typ i cal for an acme. In
the Outer Carpathians, the Placentammina- Saccam mina acme 
ranges from the Up per Campanian up to the Danian (Waœko -
wska, 2021). Placentammina pla centa (Grzybo wski) com prises 
a group of spec i mens which were ten ta tively di vided into two
types: 

– smaller, ~0.3–0.6 mm in di am e ter with a dis tinct short neck
(44% of all Placentammina) and 

– larger, reach ing 0.8 mm and more in di am e ter [Placen -
tammina pla centa (Grzybowski) var. gigantea] (56% of all
Placentammina) (Ta ble 1 and Fig. 5). 
Larger Placentammina pla centa (Grzybowski) fea tures the

Carpathian Placen tammina - Saccammina acme as sem blages
(Waœkowska, 2021). In other Cre ta ceous and Paleogene as -
sem blages, usu ally the first type (smaller spec i mens) of
Placentammina pla centa (Grzybowski) oc curs. Placentammina 
pla centa (Grzybo wski) var. gigantea is also a com po nent of the
other stud ied as sem blages from the Farony Shale that are
rather poor in foraminiferal spec i mens (sam ples 20/FAR-1/20,
22/FAR-3/20, 24/FAR-5/20, 25/FAR-6/20, Raba 176, Ta ble 1),
sourced from 3 out of 4 sam pled lo cal i ties (Ta ble 1). It can be a
pre rog a tive to be long to the same fa cies. In the sam ple,
21/FAR-2/20 Cau dammina excelsa (Dyl¹¿anka) is pres ent,
which is an other fea ture of the Placentammina-Saccammina
acme (Waœkowska et al., 2018; Waœkowska, 2021).  

Sim i lar fea tures, in terms of an in crease in the num ber of
Saccammina-Placentammina, and the pres ence of Cau -
dammina excelsa (Dyl¹¿anka), oc cur in the sam ple 25/FAR -
-6/20. With a large prob a bil ity, it cor re sponds to the Sacca -
mmina - Placentammina acme as sem blage. Glomospira diffun -
dens Cushman and Renz and Trochammina umiatensis
Tappan also were found in this sam ple (Fig. 6). These spe cies
in di cate a Maastrichtian–Danian age. 

Tak ing into ac count the above, the Caudammina gigantea
acme-Caudammina ovulum acme as sem blage with Rzehakina
inclusa (Grzybowski) as well as the Saccammina- Placen -
tammina acme as sem blage with Placentammina pla centa
(Grzy bo wski) var. gigantea and Caudammina excelsa (Dyl¹¿a -
nka) were found in the Farony Shale. The age of the Farony
shale is in di cated as late Campanian–ear li est Maastri chtian and
it cor re sponds to the lower part of the Rzehakina inclusa Zone.  

DISCUSSION

In the Bystrica Sub unit in the Lubomierz area, within the
Ropianka For ma tion, there is a sev eral metre-thick com pact
pack age of var ie gated shales, dom i nated by red mudstone. It is
clearly dif fer ent from the typ i cal de pos its of the Ropianka For -
ma tion, which are grey-green col oured, thin- and me dium-bed -
ded sandy dom i nated turbidites. The var ie gated pack age has
an ex ten sive lat eral range of 20 km. These de pos its were pre vi -
ously marked in geo log i cal maps. On the Rabka sheet of De -
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tailed Geo log i cal Map of Po land (Paul and Ry³ko, 1986, 1987)
and in its new edi tion (Paul et al., 2022), the Farony Shale was
in cluded in the Malinowa Shale For ma tion of the Turonian-
 Cenomanian? age. Burtan et al. (1978), on the Mszana Górna
sheet, marked the Farony Shale as an in ter ca la tion of var ie -
gated shales in the Ropianka For ma tion. Their af fil i a tion within
the Ropianka For ma tion was in di cated on the geo log i cal map of 
the Gorce re gion (Cieszkowski et al., 1998, 2015; Cieszkowski,

2006; Uchman and Cieszkowski 2008; Szczêch et al., 2016)
and on the lithostratigraphical log of the Bystrica Sub unit in the
Gorce Moun tains (Oszczypko et al., 2005; Uchman and
Cieszkowski, 2008). Un til now, they have not been ex ten sively
char ac ter ized, other than mark ing the ba sic li thol ogy and pro -
pos ing a name which was sug gested by Cieszkowski et al.
(2015) and Szczêch et al. (2016). The pres ent field stud ies in di -
cated that the Farony Shale is a dis tinc tive pack age, clearly vis i -
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A – Bathysiphon sp. (sam ple – s. Raba 176); B – Nothia latissima (Grzybowski) (s. 21/FAR-2/20); C – Nothia latissima (Grzybowski) (s. Raba
176); D – Rhabdammina/Psammosiphonella sp. (s. 21/FAR-2/20); E – Nothia excelsa (Grzybowski) with at tached form (s. 21/FAR-2/20); F –
Psammosiphonella cylindrica (Glaessner) (s. Raba 176); G – Rhizammina sp. (s. Raba 176); H – Rhabdammina/Psammosiphonella sp.
(Grzybowski) (s. 25/FAR-6/20); I – Psammosiphonella discreta (Brady) (s. 55/RZ9/19); J – Hyperammina sp. (s. 25/FAR-6/20); K, L –
Psammosphaera irregularis (Grzybowski) (s. 21/FAR-2/20); M, N – Placentammina pla centa (Grzybowski) var. gigantea (s. 21/FAR-2/20); O
– Placentammina pla centa (Grzybowski) (s. 21/FAR-2/20); P – Placentammina pla centa (Grzybowski) (s. 25/FAR-6/20); Q – Saccammina

grzybowskii (Schu bert) (s. 21/FAR-2/20); R – Saccammina grzybowskii (Schu bert) (s. 25/FAR-6/20)
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ble by its pe cu liar li thol ogy, dis tin guish able car to graphi cally,
com pact, and has dis tinct bound aries, so it can be re garded as
an dis tinct lithostratigraphic unit. These de pos its can be used
as a cor re la tion level in the Gorce Moun tains.

The ques tion of the age of the lower bound ary of the
Ropianka For ma tion re mains in the Gorce Moun tains. In for mal
de scrip tion, a Maastrichtian age was re ported (Oszczypko et
al., 2005). The age of the Farony Shale, which is sit u ated in the
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21/FAR-2/20); D – Glomospira charoides (Jones et Parker) (s. 25/FAR-6/20); E – Rzehakina sp. (s. 21/FAR-2/20); F (1, 2) – Rzehakina
inclusa (Grzybowski) (s. Raba 176); G – Arthrodendron sp. (s. 25/FAR-6/20); H – Arthrodendron sp. (s. 21/FAR-2/20); I – Arthrodendron sp.
(s. 25/FAR-6/20); J–L – Caudammina gigantea (Geroch) (s. Raba 176); M, N – Caudammina ovulum (Grzybowski) (s. Raba 176); P–R –
Caudammina excelsa (Dyl¹¿anka) (s. 25/FAR-6/20)
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A – Paratrochamminoides/Conglophragmium sp. (s. 22/FAR-3/20); B – Paratrochamminoides mitratus (Grzybowski) (s. 21/FAR-2/20); C –
Paratrochamminoides acervulatus (Grzybowski) (s. 21/FAR-2/20); D – Paratrochamminoides sp. (s. 21/FAR-2/20); E, F – Trochamminoides
subcoronatus (Grzybowski) (s. 21/FAR-2/20); G – Trochamminoides cf. variolarius (Grzybowski) (s. 25/FAR-6/20); H – Conglophragmium
deformis (Grzybowski) (s. 25/FAR-6/20); I – Trochamminoides variolarius (Grzybowski) (s. 21/FAR-2/20); J – Haplophragmoides walteri
(Grzybowski) (s. 25/FAR-6/20); K – Ammosphaeroidina pseudopauciloculata (Mjatliuk) (s. 21/FAR-2/20); L – Buzasina pacifica
(Krasheninnikov) (s. Raba 176); M – Recurvoides cf. anormis Mjatliuk (s. 21/FAR-2/20); N – Recurvoides cf. nu cle o lus (Grzybowski) (s.
21/FAR-2/20); O – Recurvoides sp. (s. 25/FAR-6/20); P – Recurvoides sp. (s. 21/FAR-2/20); Q – Recurvoides walteri (Grzybowski) (s.
21/FAR-2/20); R – Recurvoides sp. (s. 21/FAR-2/20); S – Karrerulina conversa (Grzybowski) (s. 21/FAR-2/20); T – Trochammina umiatensis
Tappan (s. 25/FAR-6/20)



lower part of this for ma tion (Fig. 2), was es ti mated as late
Campanian to ear li est Maastrichtian. We won dered whether we 
could rule out the Campanian age, but data anal y sis in the pa -
per by Oszczypko et al. (2005) in di cates that, in prin ci ple, we
can not. De scribed in this pa per foraminiferal sam ples taken
from the lower part of the Ropianka For ma tion, there are no
clear in di ca tors that would con strain a Maastrichian age. As -
sem blages with abun dant Placentammina pla centa (Grzybo -
wski), con tain ing Caudammina ovulum (Grzybowski) and Cau -
dammina gigantea Geroch be gin in the up per Campanian.
Biostratigraphical in ter pre ta tion are dif fer ent in ter pre ta tions in
the ta bles than in the text (Oszczypko et al., 2005). We have
taken into ac count su per po si tion and the age of the Szczawina
For ma tion, di rectly un der ly ing the Ropianka For ma tion, and we
have not found any un am big u ous Maastrichtian age mark ers.
Ac cord ing to the micropalaeontological data pre sented in this
study, as well as in the Oszczypko et al. (2005) pa per, we can -
not ex clude late Campanian age for the lower part of the
Ropianka For ma tion. 

The foraminiferal as sem blages of the Farony Shale cor re -
spond to the as sem blages from the Cre ta ceous part of the
Ropianka and Jaworzynka for ma tions of the Magura Nappe.
As sem blages with nu mer ous Caudammina gigantea (acme as -
sem blages) were no ticed ear lier by Blaicher (1958), Sikora and
¯ytko (1960), Bieda et al. (1963), Jednorowska (1966, 1975),
Geroch et al. (1967), Malata (1981, 2002), Malata and Oszczy -
pko (1996), Oszczypko et al. (1990, 2005), Stráník et al. (2000), 
Waœkowska (2021), Waœkowska et al. (2021), in creased num -
bers of Caudammina ovulum (Grzybowski) with nu mer ous
Caudammina gigantea Geroch were de scribed by Sikora and
¯ytko (1960), Malata (1981) and Oszczypko et al. (2005), and
Saccammina-Placentammina rich as sem blages were no ticed
by Jednorowska (1968) and Waœkowska et al. (2018, 2021).
The spe cies found in the Farony Shale are truly cos mo pol i tan,
and as seen in a re cent study of DWAF from an IODP site in the
Tas man Sea (Kaminski et al., 2021). The sim i lar ity is marked at
the lev els: tax o nomic com po si tion and biofacies. 

Gen er ally, the foraminiferal as sem blages pre served in the
Farony Shale are char ac ter ized by low tax o nom i cal di ver sity
and a low num ber of spec i mens (Ta ble 1). There is a dis pro por -
tion be tween the red and green shales. In red shales ex clu -
sively sparse and un dif fer en ti ated as sem blages are ob served.
In green shales the abun dance and tax o nomic di ver sity is
higher. Only the ag glu ti nated cos mo pol i tan spe cies are pres -
ent, and formed as so ci a tions that are not com plex. Most of the
spec i mens rep re sent prim i tive long-rang ing foraminifera, gen -
er at ing a very sim ple test con sist ing of one or few cham bers in a 
sim ple ar range ment. These types of as sem blages in deep wa -
ter con di tions are re lated to an en vi ron ment not very fa vour able 
for the de vel op ment of foraminifera. En vi ron men tal lim i ta tions
in flu enced the struc ture of the as sem blage. Foraminifera de vel -
oped mostly on the sed i ment sur face as ev i denced by the oc -
cur rence of al most ex clu sively epifaunal taxa. They are rep re -
sented by mo bile and nonmobile forms and erect sta bile forms.
The most com mon spec i mens are tu bu lar frag ments of Nothia,
which is a creep ing form (Geroch and Kaminski, 1992). Its eco -
log i cal re quire ments are ex tremely low, es pe cially in re la tion to
ox y gen a tion. Ac cord ing to Bubik (2019), the num ber of Nothia
spec i mens (tu bu lar test frag ments) does not re flect the true
num ber of or gan isms, which is sig nif i cantly (sev eral hun dred

times) lower. In the as sem blages with in creased tax o nom i cal
di ver sity, abun dant mo bile epifauna oc curs with the most nu -
mer ous Placentammina, Saccammina and Paratro chammino -
ides. Infauna, when it oc curs, is rep re sented mainly by Recu -
rvo ides, which is a ge nus of high eco log i cal tol er ance, and other 
infaunal forms oc cur only oc ca sion ally. There was an ep i sodic
im prove ment in con di tions as seen by oc ca sional more com -
plex and nu mer ous as sem blages. 

The Caudammina gigantea-ovulum acme and the
Saccammina- Placentammina acme as sem blages de vel oped in 
par al lel in the Magura Ba sin. They have a dif fer ent struc ture
and de vel oped un der the in flu ence of dif fer ent en vi ron men tal
fac tors. The Saccammina-Placentammina acme oc curs in grey
mudstones with in creased TOC val ues (0.4–0.5% TOC)
(Waœko wska et al., 2018; Waœkowska, 2021). Larger-sized
foraminifera that oc cur in this acme usu ally oc cur in low-en ergy
en vi ron ments with a sig nif i cant de liv ery of or ganic mat ter. The
Caudammina gigantea acme pre fers car bon ate-poor en vi ron -
ments with low terrigenous de tri tal in put (Kuhnt et al., 1992).
This is sue is poorly un der stood.

CONCLUSIONS

Var ie gated de pos its, known as the Farony Shale, oc cur
within the Ropianka For ma tion of the Bystrica Sub unit in the
Magura Nappe in the Rabka-Lubomierz area. They are rep re -
sented by red shales lam i nated with green shales, com posed of 
mudstones. The com plex of var ie gated shales is sev eral me -
tres thick and its ex tend over a dis tance of 25 km. It stands out
dis tinctly within the thin-me dium turbidites of the Ropianka For -
ma tion.  

The foraminiferal as sem blages of the Farony Shale rep re -
sent two dif fer ent ben thic foraminiferal  biofacies: Caudammina
gigantea-ovulum acme and Saccammina-Placentammina
acme as sem blages. A com bined biostratigraphy of acmes and
in di vid ual taxa ranges in di cate a late Campanian–ear li est
Maastrichtian age (the lower part of the Rzehakina inclusa
foraminiferal zone).  

The Farony Shale was de pos ited dur ing a break in the
sandy and muddy turbidite sed i men ta tion of the Ropianka For -
ma tion. Dur ing the pe riod of a lim ited sup ply of sandy ma te rial
to the cen tral part of the Magura Ba sin, fa vour able con di tions
were cre ated for the de po si tion of low-en ergy muddy sed i -
ments. This sed i men ta tion oc curred un der con di tions of good
ox y gen a tion in the bot tom of the ba sin. 
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