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Flysch de pos its of the Ropianka For ma tion (Wiar and Leszczyny mem bers; Skole Nappe) at Wola Rafa³owska in clude two
dif fer ent sed i ments that con tain ex otic peb bles, cob bles and boul ders. The first one is a graded con glom er ate that con tains
mostly cob bles of sand stones, gneiss es, Štramberk-type lime stones, vol ca nic rocks, pegmatites and ferruginous siltstones.
The sec ond one is a peb bly mudstone that con tains clasts of sand stones, stone coal, grey mudstones, vol ca nic rocks,
schists, lime stones, marls, black mudstones, con glom er ates, volcaniclastic rocks and quartz grav els that are float ing within
a muddy ma trix. Gen e sis of the con glom er ate is un clear be cause it shows fea tures typ i cal of de bris flows (poorly sorted, ma -
trix- to clast-sup ported, large amount of cob ble to boul der frac tion) as well as high den sity turbiditic cur rents (in dis tinct nor -
mal gra da tion, small amount of co he sive ma te rial, crushed clasts that sug gest in ter ac tion be tween grains dur ing
trans por ta tion and at least partly tur bu lence dur ing flow). The peb bly mudstone rep re sents typ i cal de bris flow de pos its (large
amount of co he sive ma te rial, ma trix-sup ported, poorly sorted, lack of grain gra da tion and trac tion struc tures that sug gest
lam i nar flow). Lime stones oc cur ring in both ex otic-bear ing sed i ments show dif fer ent Up per Ju ras sic–low est Cre ta ceous fa -
cies of a car bon ate plat form, which was in volved in the source area of the Skole Ba sin, along with its base ment. They can be
in ter preted as de pos its of: 1) plat form-mar gin reefs and a plat form slope: a) partly si lici fied coral boundstone, b) mi cro -
bial-coral boundstone, c) si lici fied sponge-mi cro bial boundstone grad ing into peloidal-ooidal grainstone with bioclasts, and
d) strongly si lici fied lime stone with intraclasts and bioclasts; 2) deeper, plat form slope to toe-of-slope area – bioclastic
wackstone; 3) in ner plat form, in clud ing: a) partly si lici fied wackstone with peloids, small intraclasts and bioclasts, and b) mi -
cro bial bindstone. More over, some ex otic clasts are built of Albian–Cenomanian wackstone with abun dant sponge spicules
and plank tonic foraminifers, which are in ter preted as deeper shelf sed i ments. Tak ing into ac count the ge om e try of thrust
sheets from the site of the ex otic-bear ing sed i ments to the edge of the Skole Nappe, along the most prob a ble trans por ta tion
path, in clud ing tec tonic/ero sional re duc tion and dif fer ent vari ants of slope in cli na tion, the dis tance of the mass flows at tained
at least 25–97 km from the shelf edge. 

Key words: exotics, Štramberk-type lime stone, de bris flow, Carpathians.

INTRODUCTION

Ex otic blocks or peb bles are a gen er ally in fre quent but char -
a c ter is tic com po nent of flysch de pos its. They are di rect ev i -
dences of li thol ogy in the source ar eas of these de pos its. Such
in for ma tion is es pe cially im por tant when the source ar eas are
tec toni cally or erosionally de structed, or deeply bur ied un der an 
overthrust orogen, like in the Carpathians. Ex otic blocks and
peb bles from the Ropianka For ma tion (Campanian–Paleo -
cene) in the Skole Nappe, mostly Štramberk-type lime stones,
gneiss es or stone coals have been known for a long time (e.g.,
Uhlig, 1883), some of which are huge olistoliths (Wójcik, 1907).
Their re search is mostly fo cused on the lithological com po si tion 

of the blocks and their age. Much less at ten tion is paid to the
type of de pos its bear ing them and their depositional pro cesses,
mostly be cause such de pos its are poorly ex posed (e.g., Wójcik, 
1907; Bukowy and Geroch, 1957; Bromowicz, 1974; Kotlar -
czyk, 1978, 1988a). There fore, their sedimentological and fa -
cies con text is poorly un der stood. 

In this pa per, sedimentological fea tures and fa cies con text
of ex otic-bear ing sed i ments from the Ropianka For ma tion
(Campanian–Paleocene) of the Skole Nappe in the Wola
Rafa³owska sec tion are pre sented. More over, ex otic ma te rial of 
these de pos its is char ac ter ized, and re sults of mi cro scopic
study of the ex otic lime stones are presented.

GEOLOGICAL SETTING

The Skole Nappe is the most ex ter nal tec tonic unit in the
north ern Carpathians, which con tains Me so zoic de pos its. Their
sed i men ta tion took place in the Skole Ba sin, started in the Early 
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Cre ta ceous and pro longed un til the Mio cene (Fig. 1C;
Kotlarczyk, 1988a, b). The folded and in ter nally thrust de pos its
of the Skole Ba sin were overthrust (as thrust sheets) upon the
Mio cene de pos its of the un folded Carpathian Foredeep and
folded and thrust Mio cene sed i ments of the Stebnik and
Zg³obice units (Ksi¹¿kiewicz, 1972; Kotlarczyk, 1985, 1988a).
Sed i men ta tion in the Skole Nappe started in the Hauterivian
with mostly dark mudstones (Be³win Mudstone and Spas
Shale), which pass into dark green ish shales with radiolarites
(Do³he Radiolarian Shale), rep re sent ing the Cenomanian
(Gucik, 1963). The Turonian changes in tec tonic re gime from
ex ten sion to com pres sion in the Skole Ba sin and its north ern
bor der land ini ti ated the flysch-type sed i men ta tion of the
Ropianka For ma tion. The Ropianka For ma tion, which con tains
the de pos its stud ied, is up to 1.5 km thick and sub di vided into
the Cisowa Mem ber (Turonian–Lower Campanian), Wiar Mem -

ber (Lower Campanian–Lower Maastrichtian), Leszczyny
Mem ber (Lower Maastrichtian–Lower Paleocene) and Wola
Korzeniecka Mem ber (Paleocene) (Kotlarczyk, 1978). Each
mem ber starts with cal car e ous “flysch” fa cies and ends with
“nor mal flysch” fa cies (Kotlarczyk, 1978, 1988a). The up per -
most mem ber sug gests a deep en ing of the Skole Ba sin (Malata 
and Poprawa, 2006) at the tran si tion to the over ly ing Var ie gated 
Shale whose sed i men ta tion took place be neath the CCD
(Rajchel, 1990; Leszczyñski and Uchman, 1991; B¹k et al.,
1997; Barwicz-Piskorz and Rajchel, 2012). 

Cha otic sed i ments are a char ac ter is tic el e ment of the
Ropianka For ma tion. They oc cur al ready in the Cisowa Mem ber
in the “Fuc oid Marl” (Bromowicz, 1974; Kotlarczyk, 1978). In the
Wiar Mem ber, con glom er ates con tain ing ex otic peb bles were re -
ported by Wdowiarz (1949), Bromowicz (1974), Kotlarczyk
(1978) and D¿u³yñski et al. (1979). The Leszczyny Mem ber con -
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Fig. 1. Geo graphic and strati graphic lo ca tion of stud ied area

A – lo ca tion map of the stud ied area in the Skole Nappe; based on Kotlarczyk (1988a) and mod i fi ca tions by Gasiñski and Uchman (2009 and
ref er ences therein); B – lo ca tion of ex otic ma te rial out crops (site 1 and site 2) in Wola Rafa³owska with some in di ca tors of the ori en ta tion of
beds as mea sured in the field; C – strati graphic col umn of the Skole Nappe; based on Kotlarczyk (1988a), Rajchel (1990), Rajchel and
Uchman (1998), Œl¹czka and Kaminski (1998), with fur ther cor rec tions based on fur ther data by Gedl (1999) and Kotlarczyk et al. (2007); the
in ves ti gated in ter val in di cated by �!”; the time scale is af ter Gradstein et al. (2012); TRSh Mb. – Trójca Red Shale Mem ber, VSh – Var ie gated
Shale, ChS Mb. – Chmielnik Striped Sand stone Mem ber 

https://gq.pgi.gov.pl/article/view/7653/pdf_35
https://gq.pgi.gov.pl/article/view/13729/12178


tains the Baculites Marl (Wêgierka Marl) de vel oped as: 1)
olistoliths of light col oured marls, 2) bed ded marls, and 3) sandy
de bris flow sed i ments with blocks of lime stones and marls
(Burzewski, 1966; Kotlarczyk, 1978; Geroch et al., 1979). They
are as so ci ated with con glom er ates con tain ing ex otic ma te rial
and large olistoliths of Tithonian lime stones that oc cur south of
Przemyœl (Wójcik, 1907; Bukowy and Geroch, 1957; Nowak,
1963; Kotlarczyk, 1988a). Maastrichtian peb ble mudstones and
con glom er ates with ex otic ma te ri als are dis tin guished as the
Makówka Slump De bris (Kotlarczyk, 1978, 1988a; D¿u³yñski et
al., 1979; Malata, 2001). Cha otic de pos its are also no ticed in
other for ma tions of the Skole Nappe. Sim i lar, dark col oured sed i -
ments oc cur in the Paleocene Babica Clay (Kropaczek, 1917a,
b; Bukowy, 1957a; Rajchel and Myszko wska, 1998; Szyd³o et al., 
2014). More over, a  200 m thick olistostrome (Popiele Beds) oc -
curs close to the Eocene -Oligocene bound ary (D¿u³yñski and
Kotlarczyk, 1965; D¿u³yñ ski et al., 1979; Kotlarczyk, 1988a;
Szyd³o et al., 2014). Con glom er ates with ex otic ma te rial dis tin -
guished as the Siedliska Con glom er ate are pres ent within the
Lower Oligo cene suc ces sion (Kropaczek, 1917b; Pazdro, 1930;
Ko tlar czyk, 1985, 1988a). In the Lower Mio cene, sub ma rine
slumps oc cur in the Leszczawka Di at o mite (D¿u³yñski et al.,
1979). The cha otic sed i ments are more com mon in the ex ter nal
than in the in ter nal part of the Skole Nappe (Burzewski, 1966;
Bromowicz, 1974; Kotlarczyk, 1978, 1988a), from the fore land
side, which was their source area. 

THE SECTION STUDIED

The stud ied sec tion is lo cated at Wola Rafa³owska, 15 km
SE of Rzeszów (Fig. 1A, B), at two sites. Sed i ments of the first
site (site 1) crop out in a gorge of an un named stream, a trib u -
tary of the Chmielnik Stream (GPS co or di nates: N 49°59�20.0��;
E 22°11’0.93��; ±3 m). The sec ond site (site 2) is lo cated in a
gorge of a sim i lar un named stream to the SE from site 1 (GPS
co or di nates: N 49°59�11.7��; E 22°11�05.4��; ±5 m). The sec tion
be longs to the Husów Thrust Sheet, which is overthrust upon
the Mar ginal Thrust Sheet (the fron tal thrust sheet of the Skole
Nappe) and is overthrust by the Hadle Kañczudzkie-Chmielnik
Thrust Sheet (Wdowiarz, 1949). Judg ing from the map, the
sites oc cupy ap prox i mate the same strati graphic po si tion. 

The lower part of the Ropianka For ma tion sec tion is rep re -
sented by shale-sand stone flysch fa cies (Fig. 2). Thin and me -
dium, rarely thick beds are com posed of turbiditic, cal car e ous
quartz-dom i nated sand stones in the lower part. Some beds dis -
play graded bed ding in the lower part, start ing from coarse
sand stone, lo cally from con glom er atic grains (mainly quartz,
stone coal, clasts of grey mudstones), to siltstone. Carbonised
plant de tri tus is con cen trated in par al lel laminae in the up per
part of the sand stones. Cross-bed ding is much rarer. The lower
bed ding sur face of the beds is sharp, lo cally with flute casts and
bioturbation struc tures. The up per sur face is dif fu sive with a
grad ual tran si tion to grey or blu ish-grey lam i nated sandy
siltstones and grey to brown ish mudstones. The rare thick beds
(av er agely 80 cm) from the lower part of the sec tion are
fine-grained, with in dis tinct graded bed ding. 

Up the sec tion, lay ers of light blu ish marls con tain ing
Chondrites and bioturbational struc tures oc cur fre quently in
sand stone-marl or siltstone/mudstone-marl cou plets. The as -
so ci ated sand stones con tain Thalassinoides and Ophio -
morpha. Cross-bed ding is more com mon in this part of the sec -
tion, and wavy and con vo lute bed ding oc cur not only in the
sand stones, but also in siltstones and sandy mudstones. 

In the mid dle and up per por tion of the lower part of the sec -
tion, a few lay ers of brown shales (var ie gated shale fa cies) oc -

cur, which sug gest lower-en ergy hemipelagic sed i men ta tion. It
is pos si ble that they be long to one of the var ie gated shales con -
sid ered by Kotlarczyk (1978) as chronostratigraphic ho ri zons.
The lower part of the sec tion is 330 m thick.

Up the sec tion, sand stone beds are more fre quent and
coarser, with a smaller pro por tion of me dium and coarse sand
grains. The num ber of thin beds is de creas ing, and the light blu -
ish marls tend to dis ap pear (Fig. 2). Carbonised plant de tri tus,
of ten ac com pa nied with stone coal clasts, oc curs in 2–3 cm
thick lay ers in some beds. In this part of the sec tion,
Thalassinoides and Ophiomorpha are still pres ent. Beds of fine
con glom er ate are more fre quent. In ad di tion to lime stone clasts
(mostly Štramberk-type), they con tain clasts of gneiss es, sand -
stones and vol ca nic rocks. The con glom er atic ma te rial oc curs
also in the lower part of the graded sand stones beds. A thick
con glom er ate bed with ex otic ma te rial (site 1) oc curs in this
(mid dle) part of the sec tion, which is 250–300 m thick. 

In the up per part of the sec tion, beds of grey clayey, silty or
sandy marls (Baculites Marl) start to crop out. Their amount in -
creases up the sec tion and they at tain 100 m in to tal thick ness.
This unit, show ing the same ap pear ance and thick ness, crops
out in the stream to the SE. Therein, de bris flow sed i ments con -
tain ing ex otic ma te rial (site 2) have been found at its base (Fig.
1B). Top part of the sec tion (40 m) is com posed of thin-bed ded
flysch dom i nated by siltstones and mudstones con tain ing one
layer of var ie gated shales. In this part of the sec tion, bio -
turbational struc tures and carbonised plant de tri tus are much
less fre quent. Lithological fea tures and dat ing by foraminifers
sug gest that the lower part and the low est mid dle part of the
sec tion be long to the Wiar Mem ber, while the up per part of the
sec tion be longs to the Leszczyny Mem ber. 

METHODS

Dur ing the field work at site 1, ori en ta tion of the lon ger axis of 
15 of peb bles was mea sured by us ing a geo log i cal com pass.
Con glom er ates from site 1 and site 2 have been sub jected to
grain-size anal y sis. Data were col lected from ex am i na tion of
14 kg sam ples from site 1 and 10 kg sam ples from site 2. The
sam ples were dis in te grated af ter weigh ing. The rocks were
washed with the use of a 0.05 mm sieve to re move clay frac tion. 
Af ter dry ing out, they were weighed again to es ti mate the loss of 
fine ma te rial. The re main ing part of more ce mented ma te rial
was gently crushed in a mor tar. Both sam ples were con ducted
through a col umn of sieves with di am e ters of 0.063, 0.1, 0.25,
0.5, 1, 2, 10, 25 and 40 mm. The ma te rial from each sieve was
weighed and ana lysed un der the Nikon’s SMZ1000 bin oc u lar
mi cro scope to es ti mate con tents of each com po nent. In de -
pend ently of the grain-size anal y sis, petro graphi cally dif fer ent
sam ples were col lected in the field in or der to iden tify com po si -
tion of each con glom er ate. The sam ples were cut and ana lysed
mac ro scop i cally. Some of them were se lected for thin sec tions,
which were ana lysed un der the Nikon’s Eclipse LV100 POL po -
lar iz ing mi cro scope. Spe cial at ten tion was paid to lime stone
clasts which were sub jected to microfacies and strati graphic
anal y ses based on microfossils. 

EXOTIC-BEARING SEDIMENTS

The ex otic-bear ing sed i ments at site 1 oc cur in a thick, tec -
toni cally in clined bed dip ping to the south-west (dip di rec tion and
dip an gle: 210°/45°). Its base is cov ered by de bris (Fig. 3A).
Thick ness of the miss ing, cov ered part is es ti mated to be
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2.5–3.0 m and is based on the field sit u a tion which in cludes dip -
ping of the beds and po si tion of the un der ly ing sed i ment. The ex -
posed part is 3 m thick and con sists of polymictic con glom er ate
dom i nated by (in de scend ing or der) peb bles, cob bles and boul -
ders of sand stones, gneiss es, Štramberk-type lime stones, vol -
ca nic rocks, pegmatites and ferruginous siltstones (Fig. 4). The
grain-size class >40 mm is dom i nant (44.5% by weight), with the
max i mum clast size of 35 cm. The classes of 25–40 and
10–25 mm con sti tute 5.2 and 10.3% by weight, re spec tively, and
are com posed of the same lithologies as the class >40 mm.
Some larger cob bles are crushed, prob a bly dur ing trans por ta tion 
(Fig. 3B). There is an im por tant in crease in grain-size in the class 
2–10 mm (18.2% by weight; Fig. 5). These grains are built mostly 

of well-rounded, white, grey and black quartz (>90% by vol ume),
and ad di tion ally of sand stones, gneiss es, lime stones and vol ca -
nic rocks. Grains of the class 0.063–2.0 mm are dom i nated by
white, grey, black and pink quartz (>90% by vol ume). Round ness 
of quartz grains is de creas ing with de creas ing size of grains.
Small amount of grains >0.5 mm is com posed of glauconite and
mus co vite flakes. The amount of mus co vite in creases with de -
creas ing grain size, max i mally up to 3% (by vol ume) of grains
>0.063 mm. The con glom er ate is poorly sorted and ma trix- to
clast-sup ported. Poorly marked nor mal grad ing of clasts is vis i ble 
in the ex posed part. The ori en ta tion of the lon gest axes of clasts
is mostly 210°. Round ness and de gree of weath er ing of the con -
glom er ate com po nents are di verse and in de pend ent of li thol ogy.
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Fig. 2. Lithological col umns of the Ropianka For ma tion in the Wola Rafa³owska



The ma trix is ce mented with cal car e ous mat ter. Above the con -
glom er ate bed, a sand stone layer is sandwiched in light col oured 
marls, which al to gether are cov ered by a thick sand stone bed.
How ever, 15 m lat er ally away, the marls above the con glom er ate 
con tain one thin ner sand stone bed in the mid dle part and one at

the top. The lat ter is over lain by mudstones (Fig. 2). These lat eral 
fa cies changes show that the top of the con glom er ate was un -
even, where el e va tions were a tem po ral ob sta cle for later
turbidites that smoothed the to pog ra phy by fill ing of de pres sions. 

Sed i ments con tain ing ex otic ma te rial at site 2 are ex posed
on the right slope of the gorge of the stream. Be cause of the
cov ered base and top of the bed, com bined with the cha otic
char ac ter of sed i ments, their dip and to tal thick ness have not
been de ter mined. The thick ness at tains at least 3.0–3.5 m. The
sed i ment con sists of muddy ma trix con tain ing boul ders of ex -
otic rocks up to 30 cm in size. Clasts of vol ca nic rocks, marls,
quartz gravel, black mudstones, schists, sand stones, gneiss es, 
lime stones, volcaniclastic rocks and con glom er ates are float ing 
within clay-rich ma trix. The per cent ages of in di vid ual rock types
in the sec tion of site 2 is shown in Fig ure 4. Grains of size
>40–10 mm con sti tute 30% by weight (Fig. 5). They are rep re -
sented mostly by peb bles and cob bles of rocks men tioned
above. Sim i larly to site 1, there is a sig nif i cant in crease in grains 
of the class 2–10 mm (14% by weight), but quartz is only one of
the com po nents along with schists, vol ca nic rocks, lime stones,
marls, stone coal and mudstones. Among grains of the class
1–2 mm, the amount of quartz rises sig nif i cantly at the ex pense
of the other com po nents, such as some ferruginous siltstones
known from site 1. Mus co vite ac counts for up to 2% of grains
from the class 0.5–1.0 mm. In the grain class 0.25–0.5 mm,
quartz is dom i nant and the above-listed com po nents con sti tute
1–2% by vol ume. Finer grain-size classes are com posed al -
most ex clu sively of quartz with a few per cent of mus co vite.
Grains <0.063 mm con sti tute 40% of the rock by weight. All
clasts are rounded and some have the shape of ventifact. Be -
low the peb bly mudstone, there is a yel low-or ange, fine-to me -
dium-grained sand stone. It con tains clasts of stone coal and
grey mudstones. The sandy and muddy parts are sharply sep a -
rated. It is not ex cluded that the sand stone is a partly ex posed
frag ment of a huge boul der in volved in the peb bly mudstone, or
a frag ment of a bed that is de formed by a peb bly mudstone
mass flow.

LIMESTONE EXOTIC BLOCKS

The lime stones from the ex otic blocks at site 1 be long
mostly to the Up per Ju ras sic–low est Cre ta ceous Štramberk
(Stramberg)-type lime stones known from the Outer Carpa -
thians (see: Dis cus sion). Sur faces of some blocks are cov ered
with im prints of grav els and sand grains. Most of them are more
or less si lici fied. The silification oblit er ates pri mary fab rics, in -
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Fig. 3. Con glom er ates from the Ropianka For ma tion 
at Wola Rafa³owska, site 1 

A – out crop of con glom er ates, site 1 (scale 1 m);
B – sam ple of con glom er ates from site 1

Fig. 4. Quan ti ta tive con tri bu tion of rock types in de pos its from site 1 and site 2



clud ing bioclasts. There fore, iden ti fi ca tion of fos sils and micro -
facies is dif fi cult. Nev er the less, the microfacies point to sev eral
fa cies zones of an up per most Ju ras sic–low est Cre ta ceous car -
bon ate plat form, rarely to youn ger fa cies (Fig. 6). 

Up per Ju ras sic–low est Cre ta ceous lime stones. De -
tailed en vi ron men tal in ter pre ta tion of the de scribed sam ples of

lime stones is dif fi cult, be cause gen er ally the study of ex otic
peb bles only pro vides frag men tary in for ma tion about the area
of de po si tion, spa tial re la tions be tween re de pos ited peb bles
(and microfacies rep re sented by them) are un known, and the
source area is not pre served. More over, microfacies anal y ses
of the stud ied sam ples are ham pered by the sili ci fi ca tion.

The up per most Ju ras sic–low est Cre ta ceous lime stones
can be in ter preted as: 

1 – de pos its of plat form-mar gin reefs and a plat form slope.
They in clude peri-reefal com po nents, and bio clasts typ i -
cal of the in ner plat form, and they are rep re sented by: 

– partly si lici fied coral boundstone, in which space be -
tween cor als is filled by peloidal-bioclastic ma te rial con -
tain ing cal car e ous sponges, gas tro pod shells, few ben -
thic foraminifers (in clud ing Nautiloculina sp.), Crescen -
tiella morronensis (Crescenti), and Globochaete alpina
Lombard (Fig. 7Q) – widely dis trib uted, plank tonic green
alga, and tubes of the poly chaetes: Terebella lapilloides
Münster and ?Mercierella dacica Dragastan; 

– mi cro bial-coral boundstone, which, be sides cor als and
mi cro bial struc tures, con tains sev eral ben thic fora mi -
nifers, such as Paleogaudryina sp., Trocholina sp. (Fig.
7H), and Neotrocholina div. sp., as well as Crescentiella
morronensis (Crescenti), serpulid tubes, frag ments of
cal car e ous green al gae (Dasycladales), and the prob -
lem atic alga Thaumathoporella sp. Cor als are en crusted 
by microfossil Koskinobulina socialis Cherchi et Schro -
eder; 

– si lici fied sponge-mi cro bial boundstone, with rem nants of 
si li ceous sponges, grad ing into peloidal-ooidal grain -
stone with bioclasts. Fos sils of the grainstone are rep re -
sented by cal car e ous sponges, ostracods, ?Mercierella
dacica Dragastan, Crescentiella morronensis (Cres -
centi), cal car e ous dinoflagellates, foraminifers, in clud ing
Rumanolina sp. (Fig. 7I), Glomospirella sp. (Fig. 7B),
Neotrocholina sp. (Fig. 7C), and miliolids;

– strongly si lici fied lime stone with intraclasts and bio clasts. 
Among the bioclasts, cri noid plates, frag ments of cor als,
and cal car e ous green al gae (Dasycladales) are found.
More over, there are also Globochaete alpina Lombard,
a sin gle miliolid foraminifer (Fig. 7E), and Crescentiella
morronensis (Crescenti). Some of intraclasts and
bioclasts were trans ported from shal lower parts of the
plat form;

2 – bioclastic wackstone can rep re sent a slightly deeper,
plat form slope to toe-of-slope area. Fab ric is not ho mo ge -
neous; some poorly iso lated lumps are no tice able, which
can be re lated to bur row ing or some slight re work ing of
partly lithified sed i ment. It con tains sponge spicules, cri -
noid plates, echinoid spines, ostracod valves, and frag -
ments of bi valve shells. Foraminifers are rep re sented by
the ben thic gen era of Pseudomarssonella, in clud ing P. cf. 
dumortieri (Schwager) (Fig. 7A), and frag ments of other
ag glu ti nated foraminifers, as well as cal car e ous Spirillina
sp., Lenticulina sp. (Fig. 7F), a sin gle miliolid, and a sin gle
spec i men of the fam ily Epistominidae (Fig. 7D). Cal car e -
ous dinoflagellates and Globochaete alpina Lombard are
also pres ent;

3 – some exotics that most prob a bly rep re sent microfacies
of the in ner plat form, in clude:

– partly si lici fied wackstone with peloids, small intraclasts
and bioclasts. Ben thic foraminifers are rep re sented by
miliolids, Lenticulina sp., Neotrocholina sp., and frag -
ments of ag glu ti nated foraminifers, in clud ing Proto -
marssonella sp. More over, Crescentiella morronensis
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Fig. 5. Granulometry of de pos its from site 1 and site 2

A – his to gram from site 1; B – his to gram from site 2; 
C – ac cu mu la tion curves from site 1 (red) and site 2 (green)



(Crescenti), rare echinoid spins, Globochaete alpina
Lombard, a sin gle cal car e ous dinoflagellate, and sev -
eral poorly pre served calpionellids are pres ent;

– mi cro bial bindstone with sev eral ben thic foraminifers,
such as Reophax sp., Ophthalmidium sp. (Fig. 7G),
Rumanolina sp., and few nubecularid foraminifers.

More or less pre cise age of the de scribed sam ples can be
es ti mated based on calpionellids, cal car e ous dinoflagellates,
and some other pre vi ously men tioned microfossils. De ter mi na -
tion of foraminiferal spe cies was mostly im pos si ble, be cause of
poor pres er va tion caused by sili ci fi ca tion. How ever, the fora -
miniferal gen era, as well as other fos sils, and microfacies fea -
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Fig. 6. Microfacies of ex otic lime stones from the Up per Ju ras sic–low est Cre ta ceous (A–E) and “mid dle” Cre ta ceous (F)

A – bioclastic wackstone (thin sec tion W. Raf.1); B – si lici fied lime stone with intraclasts and bioclasts (thin sec tion W. Raf.3); C – mi cro -
bial-coral boundstone (cor als – ar rows; thin sec tion 4B); D – mi cro bial bindstone (thin sec tion W. Raf.2); E – partly si lici fied wackstone with
peloids, small intraclasts and bioclasts (thin sec tion 6B); F – bioclastic wackstone with nu mer ous sponge spicules (S) and plank tonic
foraminifers (F) (thin sec tion 5B)
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Fig. 7. Se lected fos sils of ex otic lime stones of the Up per Ju ras sic–low est Cre ta ceous (A–Q) 
and foraminifers from the “mid dle” Cre ta ceous (R–T)

A–I – ben thic foraminifers: A – Pseudomarssonella cf. dumortieri (Schwager) (thin sec tion W. Raf.1); B – Glomospirella sp. (thin sec tion 7B); C – 
Neotrocholina sp. (thin sec tion 7B); D – foraminifer of the fam ily Epistominidae (thin sec tion W. Raf.1); E – miliolid foraminifer (thin sec tion W.
Raf.3); F – Lenticulina sp. (thin sec tion W. Raf.1); G – Ophthalmidium sp. (thin sec tion W. Raf.2); H – Trocholina sp. (thin sec tion 4B); I –
Rumanolina sp. (thin sec tion 7B); J – cyanobacterial en crust ing or gan ism Crescentiella morronensis (Crescenti) (thin sec tion 6B); K, L –
polychaete worms: K – Terebella lapilloides Münster (thin sec tion 3B); L – ?Mercierella dacica Dragastan (thin sec tion 3B); M–O – cal car e ous
dinoflagellates: M – Crustocadosina semiradiata olzae (Nowak) (thin sec tion W. Raf.1); N – Colomisphaera lapidosa (Vogler) (thin sec tion W.
Raf.1); O – Colomisphaera carpathica (Borza) (thin sec tion 6B); P – calpionella Crassicollaria sp. (thin sec tion 6B); Q – al gal zoospores
Globochaete alpina Lombard (crossed polars; thin sec tion 3B); R–T – plank tonic foraminifers: R – Heterohelix cf. reussi (Cushman) (thin sec -
tion 5B); S – Hedbergella delrioensis (Carsey) (thin sec tion 5B); T – Globigerinelloides bentonensis (Mor row) (thin sec tion 5B)



tures of the lime stones, are typ i cal of the up per most Ju ras sic
and low est Cre ta ceous (mostly Tithonian–Berriasian) lime -
stone, mostly the Štramberk-type lime stones, and they are
rem nants of car bon ate plat forms that sur rounded (at least
partly) the Silesian and Skole basins (see: Discussion).

Rare calpionellids oc cur only in one sam ple. They are
poorly pre served; only Crassicollaria sp. (lat est Tithonian–Early 
Berriasian; Fig. 7P) was de ter mi na ble. Sev eral spe cies of cal -
car e ous dinoflagellates were de ter mined: Crustocadosina
semi radiata olzae (Nowak) (Fig. 7M) that ranges from the Early
Berriasian (Nowak, 1966) to the Albian (Reháková, 2000),
Colomisphaera lapidosa (Vogler) (Fig. 7N) which points to the
Oxfordian–Berriasian (Olszewska, 2005), Colomisphaera
tenuis (Nagy) form the Late Tithonian to Early Berriasian
(Reháková, 2000), Colomisphaera carpathica (Borza) (Fig. 7O) 
rang ing from the Late Oxfordian to the Berriasian (Olszewska,
2005), and Crustocadosina semiradiata semiradiata (Wan ner)
– known from the Oxfordian (e.g., Ivanova, 1994) to the Early
Aptian (Reháková, 2000).

Also other microfossils typ i cal of the Up per Ju ras sic–low est
Cre ta ceous lime stones are pres ent. Crescentiella morronensis
(Crescenti) (Fig. 7J) is a com mon Mid dle Ju ras sic–Early Cre ta -
ceous microfossil, re cently in ter preted as nubecularid fora -
minifers incrusted by cyanobacteria (Senowbari-Daryan et al.,
2008). ?Mercierella dacica Dragastan (Fig. 7L) ranges from the
Kimmeridgian to the Berriasian in shal low en vi ron ments of car -
bon ate plat forms (e.g., Mišík et al., 1999). Terebella lapilloides
Münster (Fig. 7K) is typ i cal es pe cially of the Late Ju ras sic, mostly 
in deeper, lower en ergy en vi ron ments, es pe cially around mud
mounds built of si li ceous sponges, whereas in higher-en ergy
con di tions of coral reefs, it in hab ited some pro tected voids (e.g.,
Flügel, 2010; Kaya and Altiner, 2014). Koskinobulina socialis
Cherchi et Schroeder (Mid dle Ju ras sic–Early Cre ta ceous) is an
incertae sedis microfossil, which was an im por tant com po nent of
microencruster frame work of the Up per Ju ras sic and Lower Cre -
ta ceous plat form-mar gin reefs (e.g., Hoffmann et al., 2008;
Schlagintweit and Gawlick, 2008). 

Other lime stones. Be sides the Up per Ju ras sic–low est
Cre ta ceous, other lime stones are rare. They are lim ited to
wackstone with abun dant sponge spicules and plank tonic fora -
minifers (one sam ple; Fig. 6F). The lat ter be longs to the gen era
Heterohelix (Fig. 7R), Hedbergella (Fig. 7S), and Globigeri -
nelloides (Fig. 7T), sug gest ing the Albian–Cenomanian age.
This fa cies can be in ter preted as a deeper shelf de posit.

At site 2, rounded clasts of white lime stone are pres ent, up
to 3.5 x 4.5 x 3 cm in size. They in clude: 1) wackestone with
peloids and un iden ti fied, strongly recrystallised bioclasts,
whose sur face is cov ered with im prints of gravel and coarse
sand grains, 2) mudstone with smooth sur faces and rare cir cu -
lar tun nels, whose di am e ter ranges from 0.5 to 1.5 mm; the lon -
gest frag ment of the tun nel is up to 7 mm long. Pro por tion of the
lime stones is up to sev eral per cent and it de creases with de -
creas ing grain size. The lime stones at site 2 are sim i lar to the
plat form slope and in ner plat form fa cies men tioned above.

Marls and black mudstones. At site 2, small clasts of
marls and black mudstones are pres ent. They con sti tute about
a few per cent of the rocks. Poorly rounded white to light grey
marl peb bles with or ange and brown coat ings up to 5 x 4 x
10 cm in size, with out signs of grain im prints, con tain fora -
minifers, in clud ing Lenticulina, Cibicidoides, Heterohelix,
Globigeri nello ides, and globotruncanids, which sug gest the
Campa nian–Maastri chtian age. They were prob a bly re de pos -
ited from the shelf. More over, peb bles of grey marls are pres -
ent, which eas ily dis in te grate into cubes. The marls con tain
foraminifers of Heterohelix, Globigerinelloides and Nothia and
small clasts of stone coal and ferruginous siltstones. 

Other ex otic com po nents at site 2 are clasts of dark grey to
al most black mudstones. They con tain foraminifers sim i lar to
the men tioned grey marls. 

Quartz gravel. Quartz oc curs at both sites as very well
rounded gravel grains, mostly 0.5–10 mm, ex cep tion ally up to
30 mm in di am e ter. The quartz is white, grey, yel low, pink, red
or black with mat sur faces, mono- or polycrystalline. It is mostly
equant and bladed with rare ob late and prolate shape. Quartz
gravel dom i nates grains >2 mm at site 1 while at site 2 it oc curs
only oc ca sion ally.

Sand stones and mudstones. Clasts of a few types of
sand stone oc cur at both sites. The most abun dant is a cal car e -
ous quartz arenite, which is yel low-or ange pass ing into bronze
on a weath ered sur face, com posed of fine-grained quartz with
ad di tion of mus co vite and li mo nite, and cut by cal cite veins. The 
sand stones are mostly par al lel lam i nated and/or dis play small
scale, low an gle cross bed dings. Higher de gree of diagenesis of 
the sand stone at site 2 can be marked by darker colours and at
least par tial oblit er a tion of sed i men tary struc ture. The sand -
stone clasts of ten pre serve bed ding sur faces, which makes
them blocky in shape but rounded on the edges. Clasts from
site 1 are up to 5 x 15 x 12 cm in size. 

At site 2, four types of sand stones and one type of
mudstone were no ticed: 

– the same cal car e ous quartz arenite as at site 1. At site 2, 
the sizes are smaller and are up to 8 x 5.5 x 6 cm. This
type is most abun dant at site 2;

– grey-green ish sand stone com posed of quartz with ad di -
tion of mus co vite and red feld spar. This is also quartz
arenite with strong dove tail of grains and green col our
prob a bly de rived from chlorites. Clasts are up to 6.5 x 4 x 
2 cm in size and are well-rounded;

– dark grey-green, very fine-grained, with ad di tion of
quartz grains up to 1 mm. More over, it con tains many
black un iden ti fied min er als. Clasts are well-rounded and
up to 4 x 1 x 3 cm in size; 

– quartz wacke built of red rounded quartz, 1–2 mm in
size. Silty ma trix is ce mented with cal car e ous mat ter. Its
clast is 3 x 2.5 x 1 cm in size; 

– clasts of grey mudstones with black bioturbational struc -
tures. The clasts are cu bic in shape and poorly rounded,
1.5 x 2 x 2.5 cm in size.

Ferruginous siltstones. At site 1, there are or ange-yel low
li mo nite-sid er ite siltstones. Their clasts are up to 4.5 x 9 cm in
size. Clasts are an gu lar with sharp edges. They ac count up to a
few per cent of all ex otic ma te rial. Sim i lar ma te rial is pres ent at
site 2, but it oc curs only as an ad di tion to the grain-size classes
be low 2 mm. 

Stone coal. Stone coal oc curs only at site 2. It is poorly
rounded, shiny, with cu bic size up to 1.5 cm. The stone coal is
fresh and its amount is around 1–2%. At site 1, sev eral metres
be neath the con glom er ate bed with ex otic ma te rial, there is an -
other con glom er ate bed crop ping out. It con tains mostly quartz
and ad di tion of cu bic, shiny and mat stone coal, which clasts are 
up to 4 cm in size. In the Ropianka For ma tion, sim i lar clasts of
stone coal are dated as Car bon if er ous (Bukowy, 1957b;
Kotlarczyk and Œliwowa, 1963). 

Gneiss es and pegmatites. Clasts of gneiss es from site 1
are abun dant and blocky in shape with slightly rounded edges.
Smaller clasts dis play usu ally more sharp edges (Fig. 3B). The
gneiss es are fresh to strongly weath ered. They form the larg est
clasts in con glom er ate (up to 35 x 15 x 8 cm in size) at site 1.
The gneiss es are much smaller and rare at site 2. They are dark 
grey-red and con sist of mono- and polycrystalline quartz,
sericitised feld spar, mus co vite, chlorite and zir con. Some of the
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gneiss es show eye-like struc tures (augens). Dif fer ent-look ing
gneiss es have uni form com po si tion that sug gests one protolith
that has un der gone dif fer ent pro cesses in time. 

At site 1, some clasts con sist of coarse crys tals of grey and
white quartz with small in clu sions of red feld spar. Clasts are
poorly rounded and are up to 9 x 6 x 4 cm in size. Their struc ture 
sug gests a vein (peg ma tite) or i gin. 

Vol ca nic rocks. At both out crops there are well-rounded
clasts of vol ca nic rocks rep re sented by yel low, pink, red, pur ple, 
grey and grey-green ish por phyry with white and pink pheno -
crysts of feld spar, am phi bole and quartz, and oc ca sion ally
chlorite. The con glom er ate ma trix from site 1 con tains fine
clasts of vol ca nic rocks, which show pheno crysts of quartz and
opal un der mi cro scope. The clasts are vari ably weath ered and
>40 mm and up to 11 x 2.5 x 5 cm in size. These vol ca nic rocks
can be clas si fied as rhyolites, tra chytes and andesites. One
clast from site 2 dis plays a shape of ventifact. 

An other vol ca nic por phyry rock oc curs only at site 2. It is al -
most black, lo cally green, with pink pheno crysts. More over, a
chloritised basaltoid oc curs at site 2, with very fine crys tals of
yel low-white feld spar within the brown aph a nite groundmass. It
con tains many ir reg u lar pores filled with sec ond ary min er als,
mostly calcite. 

At site 1, vol ca nic clasts con sti tute up to a few per cent of all
ma te rial, but at site 2, they are among the most abun dant rock
types. 

Volcaniclastic rocks. At site 2, there is a sin gle, well-
 rounded clast of a con glom er ate show ing fea tures of volcani -
clastic rock. The con glom er ate is com posed of dark grey clasts, 
lo cally ir reg u lar white feld spar crys tals, black ir reg u lar am phi -
bole crys tals, welded green and yel low-white min er als, and
sharp-edge clasts of red rocks sim i lar to gneiss es from site 1.
All these com po nents are float ing in a pink-vi o let aph a nite
groundmass.

Schists. Meta mor phic rocks oc cur at site 2 and are rep re -
sented by well-rounded quartz mica schists with chlorite, whose 
clasts are up to 6.5 x 2 x 4.5 cm in size. The sec ond type of the
meta mor phic rock con sists of mus co vite and steel-grey, slightly 
green ish chlorite. This rock is a mica schist. The clasts are up to 
2.5 x 4 x 1 cm in size. Both rock types show a strong fo li a tion as -
so ci ated with a di rec tional ori en ta tion of mica flakes. Sim i lar but
smaller clasts oc cur in the con glom er ate at site 2. 

Prob lem atic lithologies. There are also some prob lem atic 
lithologies that are left un re cog nized. At site 1, there are
black-grey to or ange clasts with abun dant mus co vite and some
dark min er als within a very fine groundmass. It seems like they
are very weath ered ig ne ous rocks. Their av er age size is 3 x 3.5
x 3 cm. A rounded clast of a green, eas ily crum bling, very
fine-grained rock with ad di tion of mus co vite is pres ent at site 1.
This ma te rial looks like a very weath ered ig ne ous rock or tuffite.

DISCUSSION

THE EXOTIC-BEARING DEPOSITS

The low con tent of co he sive ma te rial (<10%) in the con glom -
er ate from site 1 (Fig. 5) does not con tra dict the pos si bil ity of de -
bris flow, be cause even this amount may highly in crease the mo -
bil ity of flow (Rodine and John son, 1976; Lowe, 1982). Poorly
sorted sed i ment mixed with wa ter can be eas ily trans ported
(Lowe, 1976). Ex per i men tal data show that an in crease in wa ter
con tent in low co he sive flow re sults in a fur ther travel dis tance
(Marr et al., 2001). Low co he sion re sult ing from the small con tent 

of mud causes eas ier trans por ta tion of coarse ma te rial and leads 
prob a bly to a poorly marked gra da tion of grains (Kuenen, 1965;
Ilstad et al., 2004). Talling et al. (2012) show that four types of
gra da tion could ex ist in debrites, in clud ing: 

– grad ing of out sized clasts; 

– grad ing of the up per most part due to re work ing by over -
ly ing flow; 

– lo cal size seg re ga tion due to dewatering dur ing in situ
con sol i da tion; 

– thin basal lay ers with in verse grad ing due to ki netic siev ing.
The crushed clasts prob a bly re sulted from col li sions, and ad -

di tion ally sup port the ev i dence of low vis cos ity and ma trix
strength of the flow (cf. Hoedemaker, 1973). Mulder and Al ex an -
der (2001) point to a huge in flu ence of par ti cle in ter ac tions in
flows with grain con cen tra tion above 25%. Crush ing of the clasts
dur ing tec tonic trans por ta tion of the thrust is rather im pos si ble
be cause this pro cess should in volve all type of clasts equally and 
should be lo cal ized in zones of tec tonic de for ma tions. Al most ex -
clu sive con tent of ex otic blocks only in the con glom er ate may be
ex plained by the lack of ero sion due to hydroplaning (Harbitz et
al., 2003), but this stands in op po si tion with the pos tu lated low
co he sion (cf. Mohrig et al., 1998). An ex pla na tion of this con tra -
dic tion can come from the pos si ble rip-up clasts that may oc cur
at the base of the bed (not ob served due to cov er ing). It is not ex -
cluded that the semi-lithified clasts may be dis in te grated dur ing
flow and in cor po rated into the ma trix (Haughton et al., 2003),
how ever, any ev i dence of that have not been no ticed. Talling et
al. (2012) pro posed a model where the bound ary be tween co he -
sive and non-co he sive de bris flows are at 20% of co he sive ma te -
rial. Ac cord ing to this model, the con glom er ate from site 1 may
be re ferred to as clean sand debrite. 

Walker (1975) dis tin guished four fa cies of con glom er ates in
turbiditic depositional en vi ron ments. The con glom er ate from
site 1 can be clas si fied as fa cies 2 (graded con glom er ate).
How ever, an in verse grad ing in the low est part of the bed (not
ac ces si ble) is not com pletely ex cluded; if it is pres ent the con -
glom er ate may be as cribed to fa cies 3. Due to ex po sure con di -
tions, there is no cer tainty if the clast ori en ta tion of 210° (par al lel 
to top of the bed) at site 1 co in cides with the di rec tion of trans -
por ta tion. How ever, Bromowicz (1974) showed that the bulk of
sed i ments in the NW part of the Skole Nappe was de rived from
a source area sit u ated to the north and north-west. Prob a bly,
the axes are per pen dic u lar to the flow di rec tion, and this ori en -
ta tion al lows roll ing of clasts (Walker, 1975; Posementier and
Walker, 2006). Many au thors sug gest that gra da tion in con -
glom er ates is not caused by de bris flow but by a high-den sity
turbiditic flow (Walker, 1976; Lowe 1982; Talling et al., 2012). In
high-den sity turbiditic flow, con cen trated ma te rial is trans ported 
near the bot tom and is driven by a more di lute tur bu lent flow
from above (Postma et al., 1988). Lowe (1976, 1982) sug -
gested four co ex ist ing mech a nisms of sup port in such a type of
flow: the fluid tur bu lence, hin dered set tling, ma trix buoy ant lift
and dispersive pres sure. It is not clear if the base of the con -
glom er ate at site 1 shows any sign of R1 (coarse gravel show -
ing trac tion struc tures) or R2 (in versely graded gravel layer) di -
vi sions by Lowe (1982). Lack of a sandy part at the top of the
gravely turbiditic beds may point to a by pass of re main ing sandy 
turbiditic flow af ter de po si tion of R3 (nor mally graded gravel
layer) and pos si ble R1–R2 di vi sions (Lowe, 1982). 

One of the most vis i ble dif fer ences be tween de pos its of site
1 and site 2 is the con tent of mud, which greatly af fect phys i cal
fea tures, such as vis cos ity, yield strength, size of ma trix-sup -
ported clasts  and mix ing rates with am bi ent fluid (Iverson et al.,
2010). The peb bly mudstone from site 2 shows many fea tures
typ i cal of the co he sive de bris flow, fore most the cha otic dis tri bu -
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tion of clasts and their freely float ing in ma trix (ma trix-sup ported 
type), poor sort ing (Lowe, 1982; Shanmugam and Moiola,
1995; Shanmugam et al., 1996) and the oc cur rence of frag ile
clasts of marls and shales (Enos, 1977). The lim ited ex po si tion
of this bed pre vents closer ob ser va tions of pos si ble fea tures,
such as ir reg u lar top or in verse grad ing, which are typ i cal of de -
bris flows (Shanmugam et al., 1996). The very high con tent of
grains <0.063 mm and freely float ing clasts point to a strong co -
he sion, which prob a bly pre vent di lu tion of the head of the flow
and orig i na tion of the tur bid ity cur rent at the top (Ilstad et al.,
2004; Talling et al., 2012). The peb bly mudstone stud ied con -
tains ex otic ma te rial as well as intraformational ma te rial, which
sug gests bot tom ero sion de spite ap pro pri ate com po si tion for
hydroplaning (Harbitz et al., 2003). How ever, both pro cesses
can be ex plained by ero sion dur ing the first phase of flow, and
then hydroplaning due to an in crease in den sity and ve loc ity, or
by ac cu mu la tion of the shales and marls in the source area and
their fur ther in cor po ra tion in the peb bly mud stone flow. The oc -
cur rence of foraminifers from bathymetrically dif fer ent zones in
de pos its of site 2 in di cates that shal low and deep ma te rial was
mixed dur ing trans por ta tion, sim i larly to the sit u a tion in the
Babica Clay (Bukowy, 1957a). Gravel flows of dif fer ent or i gin
can sink in and mix with unlithified muds dur ing flow (Crowell,
1957). Peb bly mudstone from site 2 rep re sents high- to mod er -
ate-strength co he sive debrite DM-2, ac cord ing to the clas si fi ca -
tion by Talling et al. (2012). 

The lit er a ture of fers many re ports about con glom er ates in
the Skole Nappe. Only some of them are sim i lar to these from
sites 1 and 2. The con glom er ate at site 1 is only partly sim i lar to
sed i ments from the vi cin ity of Przemyœl (Wójcik, 1907; Bukowy
and Geroch, 1957; D¿u³yñski et al., 1979), where the cited au -
thors de scribed con glom er ates con tain ing huge cob bles, boul -
ders and olistoliths freely float ing in the muddy or marly ma trix.
The clasts are al most ex clu sively lime stones ac com pa nied by a 
small amount of mag matic and meta mor phic rocks. The
Makówka Slump Beds are fea tured by a lit tle amount of lime -
stones, and mag matic and meta mor phic rocks, but by abun -
dant clasts of mudstones, marls and sand stones (D¿u³yñski et
al., 1979; Kotlarczyk, 1988a; Malata, 2001). Be low the Babica
Clay, there are con glom er ates sim i lar to these at site 1
(Bukowy, 1957a), but the com po si tion of their clasts is lim ited to 
quartz, dif fer ent types of shales, stone coals, lime stones and
por phyry. Clasts in the con glom er ate be low the Babica Clay are 
rounded, graded and ori ented par al lel to the top of beds like at
site 1. Lithologies of crys tal line ex otic peb bles sim i lar to that
from site 1 were men tioned by Skulich (1986). Skulich (1986)
re ported sim i lar con glom er ates, but with abun dant pegmatites,
from “Paleocene beds with exotics”, how ever, it is un clear what
lithostratigraphic units these de pos its rep re sent (?Babica Clay). 
Con glom er ates with ex otic ma te rial sim i lar in com po si tion to
site 1 are rare in the Skole Nappe SE to Rzeszów (Wdowiarz,
1949; Bromowicz, 1974). Typ i cal con glom er ate of the Ropia -
nka For ma tion in this area con tains quartz, schists, stone coal,
and lo cally light col oured lime stones.Their clasts do not ex ceed
sev eral centi metres in size (Wdowiarz, 1949).

The peb bly mudstone from site 2 shows the great est sim i -
lar ity to that in the Babica Clay (Bukowy, 1957a). In both cases,
ex otic ma te rial is mixed with ripped-up clasts that freely float to -
gether in mud-rich ma trix con tain ing a small amount of sand.
Clasts in the Babica Clay reach up to a few metres, while these
from site 2 are no larger than 30 cm. How ever, it is not clear if
the thick sand stone in the lower part of site 2 rep re sents a part
of a large block within the de bris blow or a layer. Bukowy
(1957a) rec og nized di rec tional ori en ta tion of clasts that show
fea ture of trans port from the north. In the peb bly mudstone from 
site 2, such fea ture is un no ticed. Some clasts in the Babica

Clay, such as dolomites or dark Pa leo zoic lime stones are ab -
sent at site 2. This may be a re sult of prog ress in ero sion of the
source area dur ing the Paleocene. At site 2, al most all clasts
are rounded, where the round ness of clasts in the Babica Clay
is di verse even for the clasts of the same li thol ogy (Bukowy,
1957a). In the Babica Clay the ventifact shape is pres ent in
clasts of dif fer ent lithologies (Bukowy, 1957a; Szymakowska,
1961), whereas at site 2 only one clast of this shape was found.
The oc cur rence of volcaniclastic con glom er ates in the stud ied
sed i ments is a new fea ture in the Ropianka For ma tion. Such
lithologies have been found only in the ex otic ma te rial from the
Spas Shale (Veøovice Shale of Skulich, 1986) and Paleocene
units (Skulich, 1986). 

ESTIMATION OF TRANSPORT DISTANCE

In this work the min i mal dis tance of the flow rep re sented by 
the stud ied con glom er ates is de ter mined. The dis tance from
the place of de po si tion to the toe-of-slope was es ti mated by
stretch ing of the two thrust sheet in the area be tween the sites
and the north ern mar gin of the Skole Nappe, i.e. the Mar ginal
Thrust Sheet and the Husów Thrust Sheet, in clud ing es ti ma -
tion of their eroded parts (Fig. 8A). The Husów Thrust Sheet
was stretched only partly (up to the stud ied sites) due to the
un cer tainty in the con tin u a tion of ex otic-bear ing de pos its far -
ther to the south. The mod ern con ti nen tal slopes are in clined
at an an gle rang ing from 1 to 45° (Drake and Burk, 1974;
Davies, 1977), but the pre vail ing val ues of 1–25° are used in
the model pro posed (Fig. 8B) be cause more con fined data
about  the slope inclinationin  the study area are miss ing. The
wa ter depth was es ti mated on the ba sis of the oc cur rence of
back ground cal car e ous shales and marls in the Wola
Rafa³owska sec tion, in ter preted as de pos ited above the cal -
cite com pen sa tion depth and keep ing in mind that the mar -
ginal part of the Skole Ba sin should be shal lower than the cen -
tral part. The cal cite com pen sa tion depth was es ti mated to be
4–4.5 km for the Up per Campa nian–Maastrichtian part of the
Ropianka For ma tion on the ba sis of com par i son to the At lan tic 
dur ing the same time in ter val (Uchman et al., 2006). Malata
and Poprawa (2006) sug gested that the depth of the Skole Ba -
sin had been no greater than 3 km. The model in cludes es ti -
ma tion of the dis tance be tween the source area of de pos its of
the ex otic ma te rial and the hypothetic shelf edge at 200 m of
wa ter depth and with a con stant slope gra di ent within the
range of 1° (Fig. 8B2) and 25° (Fig. 8B1), and the al ter na tive
depths of the ba sin from 2 to 4 km. The au thors are aware that
the slope gra di ent does not need to be con stant, the wa ter
depth was only ap prox i mately de ter mined, and the amount of
rocks eroded af ter for ma tion of thrust sheets is only hy po thet i -
cal. Nev er the less, the re sults can pro vide some es ti ma tion of
the scale of pro cesses in the Skole Ba sin.

The ob tained re sult ranges be tween 22 and 97 km, de pend -
ing on the slope gra di ent (Fig. 8B). A steeper slope and hence
the smaller dis tance (ca. 25 km) is more prob a ble, be cause the
width of the Skole Ba sin is es ti mated at 140 km (G¹ga³a et al.,
2012) and the lo cal i ties stud ied rep re sent the north ern, mar -
ginal part of the ba sin.

The sed i ments stud ied should be able to flow down a sur -
face slop ing at 2°, or even be low 1° (Lewis, 1971; Talling et al.,
2012). Gee et al. (1999 and ref er ences therein) rec og nized de -
bris flow of 5–25 m thick and 25 km wide, which trav elled
700 km, so the es ti mated dis tance of flow for the stud ied sed i -
ments is not ex cep tional in terms of the dis tance. It is pos si ble
that these flows can con tinue far ther to the south. 
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EXOTIC MATERIAL AND ITS PROVENANCE

The ex otic lime stones rep re sent mostly fa cies typ i cal of the
up per most Ju ras sic–low est Cre ta ceous car bon ate plat form
and plat form slope de pos its. They ac cu mu lated north of the
Tethyan deep-wa ter bas ins that de vel oped along the south ern
mar gin of the Eu ro pean shelf dur ing the lat est Ju ras sic (e.g.,
Birkenmajer, 1986; Sãndulescu, 1988) and on the intra-basinal
ridges, fore most on the Silesian Ridge (e.g., Krobicki et al.,
2004 and ref er ence therein). Tec tonic de struc tion and ero sion
of the plat forms caused redeposition of the lime stone ex otic
ma te rial into the bas ins to form debrites con tain ing olistoliths,
boul ders and peb bles. Larger bod ies of lime stones are known
from sev eral klippes in the vi cin ity of Štramberk (Moravia,
Czech Re pub lic) (see e.g., Houša, 1975, 1990; Eliáš and
Eliášová, 1984), where they are re ferred to as a fore reef, reef
edge, in ner reef flat, and back reef zones of di verse reef com -

plex that de vel oped along the Baška El e va tion (Eliášová, 1981;
Eliáš and Eliášová, 1984) within the sub ma rine Subsilesian
Ridge on the north ern mar gin of the Silesian Ba sin. In the vi cin -
ity of Štramberk, the lime stones are dated to the Titho -
nian–Early Berriasian (e.g., Houša, 1990) but their sed i men ta -
tion in other ar eas could pro long un til the Valanginian (Soták,
1989; Soták and Mišík, 1993; Ivanova and Ko³odziej, 2010;
Ko³odziej, 2015). Subduction of the intra-basinal ridges and
slopes of the bas ins caused that the sed i men ta tion ar eas of the
ex otic ma te rial are not ac ces si ble for di rect stud ies. Only the ex -
otic ma te rial within the de pos its fill ing the Carpathian bas ins, in
their more ax ial parts, is their in di rect ev i dence (e.g.,
Ksi¹ ¿kiewicz, 1962; Cieszkowski et al., 2005).

The term “Štramberk-type lime stones” is es pe cially ap plied
to reef fa cies, but also gen er ally to sed i ments of car bon ate plat -
forms (see e.g., Salamon and Trzêsiok, 2015). These ex otic
lime stones are dis trib uted in dif fer ent-scale debrites within
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Fig. 8. Es ti ma tion of trans por ta tion dis tance for con glom er ates from site 1 

A – tec tonic cross-sec tion of the north ern part of the Skole Nappe in the study area; based on data from Wdowiarz (1949), 
Gucik et al. (1980), Woiñski (1994), Dusza et al. (2004), bore holes data from: otworywiertnicze.pgi.gov.pl, in clud ing
Husów 17 (Fik, 1976), Husów 24 (Rak, 1977), Husów 25 (Rak, 1979), Husów 32 (Rak, 1978), Husów 39 (Garbarcik et al.,
1977), 46 (Rak, 1981), Husów 50 (Rak, 1981), Husów 51 (Rak, 1980), Albigowa 5 (Kwolek, 1963), and Albigowa 6 (au thor 
un known, inw. 95467 NAG, Warszawa); the tec tonic struc tures were stretched along the red line; B – min i mal and max i -
mal val ues of the trans por ta tion dis tance ob tained with dif fer ent pa ram e ters of in cli na tion of slope and ba sin depth; model 
of the min i mal (1) and max i mal (2) value of the trans por ta tion dis tance



deep-ma rine flysch clastic se ries from the Early Cre ta ceous to
Oligocene in the Silesian, Subsilesian and Skole nappes (e.g.,
Andrusov, 1959; Nowak, 1963; Morycowa, 1964, 2008; Eliáš,
1970; Burtan et al., 1984; Soták, 1987; Golonka et al., 2003;
Ivanova and Ko³odziej, 2010; Kowal-Kasprzyk, 2014; Ko³odziej, 
2015). The term “Štramberk-type lime stones” is also used for
rocks known from the South Carpathians in Ro ma nia and from
the Bal kan Moun tains in Ser bia (e.g., Sãsãran and Bucur,
2001; Tchoumatchenco et al., 2006), and for car bon ate exotics
from Tur key (Masse et al., 2015). In the Pol ish Outer
Carpathians, the Štramberk-type lime stones are the com mon -
est ex otic lime stones, how ever, cal car e ous rocks of the Pa leo -
zoic, Tri as sic, Oxfordian–Kimmeridgian, as well as youn ger
Cre ta ceous and Paleogene are also no ticed (e.g., Burtan et al.,
1984; Cieszkowski et al., 2005).

Stone coals are abun dant in flysch and as so ci ated sed i -
ments in the Pol ish Flysch Carpathians from the Lower Cre ta -
ceous to the Mid dle Mio cene (Bukowy, 1957b; Kotlarczyk and
Œliwowa, 1963). Size of the coal clasts is vari able and reaches
even a few metres (Bukowy, 1957b). Mar ginal char ac ter of the
Skole Nappe re sulted in the larg est amount of stone coal in its
sed i men tary se ries. The stone coal de rives from the Car bon if -
er ous coal-bear ing sed i ments on the north ern mar gin of
Carpathian bas ins dur ing the Cre ta ceous and Paleogene
(Bukowy, 1957b; Kotlarczyk and Œliwowa, 1963). Dat ing of
spores and pol len proves the Westphalian age of the stone coal 
(Kotlarczyk and Œliwowa, 1963). An as sem blage of spores and
pol len from stone coal in ter me di ate be tween the Up per Silesian 
Coal Ba sin and the Lublin Coal Ba sin in di cates a tran si tional
zone that is to day sit u ated un der the overthrust belt of the
Carpathian nappes (Bukowy, 1957b; Kotlarczyk and Œliwowa,
1963). It is not clear if the tran si tional zone had con nec tions with 
the Up per Silesian Coal Ba sin or the Lublin Coal Ba sin. The
West ern Carpathian bas ins had di verse source ar eas where
coal con tains spores typ i cal of the Up per Silesian Coal Ba sin.
Ero sion of land north of the Skole Ba sin is marked in a grad ual
de crease of the size of stone coal and its round ness up the sec -
tion of the Skole Nappe (Kotlarczyk and Œliwowa, 1963). The
stone coal should not be mis lead ing for lig nite cre ated from or -
ganic mat ter brought to the Skole Ba sin and carbonised dur ing
the Oligocene (Kotlarczyk, 1979). 

The crys tal line rocks, rep re sented by gneiss es, come from
the base ment of the sed i men tary rocks. Wdowiarz (1949) re -
ported that they are rep re sented mostly by gran ites and gneiss -
es. Bromowicz (1974, 1986 and ref er ences therein) rec og nized 
also metaquartzites among fine grains. In the Bircza area,
south-east of the study area, por phy ritic an de site and dacite
clasts have been no ticed (Nowak, 1963).

PALAEOGEOGRAPHIC CONTEXT

In the Ropianka For ma tion of the Skole Nappe, in the ar eas
lo cated south-east of Rzeszów, the sed i ments were trans ported
from the north west ern mar gin of the Skole Ba sin called the
North ern Cor dil lera or Mar ginal Cor dil lera (e.g., Ksi¹¿kie wicz,
1962; Bromowicz, 1974, 1986 and ref er ences therein). The fre -
quency of ex otic peb bles sug gests that the source area oc cu pied 
by the crys tal line rocks was smaller than the area cov ered by
sed i men tary rocks (Bromowicz, 1974, 1986). Al though sed i men -
tary clasts dom i nate in the Skole Ba sin (Bromowicz, 1974,
1986), in clud ing the study area, large ac cu mu la tions of ig ne ous
and meta mor phic rocks are pres ent lo cally. Tour ma line from the
Ropianka For ma tion sand stones, de rived from ig ne ous and me -
dium-grade meta mor phic rocks, and its bi modal round ness sug -
gest a first-cy cle and polycyclic or i gin (Salata, 2014). Changes in
the source area due to ero sion have con se quences in the con -

tent of heavy min er als in flysch sed i ments (Salata and Uchman,
2013). The min eral ra tios change from the Campanian–Maastri -
chtian to the Oligocene and point to a tran si tion from an im ma -
ture pas sive mar gin (Ropianka For ma tion) to a ma ture pas sive
mar gin (Menilite For ma tion). The Skole Nappe shows a de creas -
ing num ber and de creas ing di ver sity of ex otic rocks from the Cre -
ta ceous to the Oligocene (Kotlarczyk and Œliwowa, 1963;
Œl¹czka and Unrug, 1966; Kotlarczyk, 1976). In de pend ently, dur -
ing sed i men ta tion last ing 70 Ma, many fac tors, such as cli ma tic
and rel a tive sea level changes or tec tonic ac tiv ity, af fected the
source area and the ba sin. 

CONCLUSIONS

The graded con glom er ate (site 1) and the peb bly mudstone
(site 2) show dif fer ent struc tures and tex tures, which may re flect
dif fer ences in sed i men tary pro cesses. The peb bly mudstone is a
sed i ment show ing fea tures that de rived from de bris flows (high
amount of ma trix-sup ported, poorly sorted co he sive ma te rial,
lack of grain-size gra da tion and trac tion struc tures that sug gest a
lam i nar flow), whereas the graded con glom er ate shows fea tures
of both de bris flows (poorly sorted, ma trix- to clast-sup ported,
high amount of cob ble to boul der frac tion) and high-den sity
turbiditic cur rents (in dis tinct nor mal gra da tion, small amount of
co he sive ma te rial, crushed clasts that sug gest an in ter ac tion be -
tween grains dur ing trans por ta tion and at least partly tur bu lence
dur ing flow). Nev er the less, the lack of full ex po sure makes some
un cer tainty in in ter pre ta tion of its sed i men tary pro cesses. 

Trans port of both sed i ment types took place from the slope
of the North ern Mar ginal Cor dil lera whose up per part was lo -
cated to the NE at the dis tance of 22–97 km.

The pres ence of the up per most Ju ras sic and low est Cre ta -
ceous lime stones rep re sent ing di verse microfacies typ i cal of
car bon ate plat forms and slopes of plat forms (mostly so-called
Štramberk-type lime stones) among the ex otic ma te rial in the
Ropianka For ma tion, con firms that, dur ing the Late Ju ras sic
and the ear li est Cre ta ceous, shal low-wa ter car bon ate sed i men -
ta tion was widely dis trib uted along the mar gins of the
proto-Silesian Ba sin, which em braced the later differentiated
Skole Basin.

Lithological con tent and con tri bu tion of exotics are dif fer ent
in both sites. Site 1 con tains a large amount of sand stones,
quartz grav els, gneiss es and lime stones with a small ad di tion of 
other meta mor phic rocks, ferruginous siltstones, pegmatites
and vol ca nic rocks. Site 2 con tains (in de creas ing or der) vol ca -
nic rocks, marls, quartz grav els, mudstones, schists, sand -
stones, gneiss es, lime stones, volcaniclastic rocks and stone
coal. These dif fer ences may sug gest two in de pend ent sources
and dif fer ent pro cesses of trans por ta tion (with pos si ble and
with out intrabasinal ero sion). Nev er the less, with out data on
trans port di rec tion of both sed i ment types this is only a spec u la -
tion. A com par i son with other ex otic-bear ing rocks (con glom er -
ates near Przemyœl, the Babica Clay, the Makówka Slump De -
bris) of sim i lar age shows that the petrographic con sti tu tion of
the North ern Mar ginal Cordillera located to the NE was complex 
and varied from W to E.

Ac knowl edge ments. The Jagiellonian Uni ver sity (DS
funds) fi nan cially sup ported the re search. The iden ti fi ca tion of
li thol ogy of the exotics was as sisted by M. Paszkowski (Kraków) 
and D. Salata (Kraków). A.M. Gasiñski (Kraków) helped in de -
ter mi na tion of some foraminifers. J. Janoèko (Košice), J. Soták
(Bratislava) and J. Rajchel (Kraków) pro vided help ful and crit i -
cal re views.
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