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Al though no un doubted oce anic crustal rock com plexes of Penninic af fin ity par tic i pate in the pres ent sur face struc ture of the West ern
Carpathians, in di rect lines of ev i dence sug gest pro lon ga tion of the South Penninic–Vahic oce anic tract into the an cient Carpathians. The
sed i men tary re cord of both the syn-rift and syn-orogenic clastic de pos its re veal their or i gin be tween the outer Tatric (Austroalpine) and
the in ner Oravic (Mid dle Penninic) mar gins. The rift ing re gime is ex em pli fied by the nor mal fault-re lated scarp brec cias of the Ju ras sic
Borinka Unit in the Malé Karpaty Mts., which are char ac ter ized by lo cal, grad u ally de nuded source ar eas. Two other re gions pro vide ex -
am ples of a contractional re gime, both re lated to short en ing and clo sure of the Vahic oce anic do main. The Belice Unit in the Považský
Inovec Mts. in cludes Up per Ju ras sic–Lower Cre ta ceous eupelagic, mostly si li ceous de pos its and a thick en ing-up wards Senonian se -
quence of turbiditic sand stones, con glom er ates and cha otic brec cias. It is in ferred that this suc ces sion rep re sents the sed i men tary cover
of oce anic crust ap proach ing a trench, its in cor po ra tion in the accretionary com plex and fi nally underthrusting be low the outer Tatric
mar gin. In the Oravic units of the Pieniny Klippen Belt, deep-ma rine con glom er ate/brec cia bod ies with olistoliths in di cate col li sion-re -
lated thrust stack ing that started from the Maastrichtian (Gregorianka Brec cia of the Sub-Pieniny Unit) and ter mi nated with the Lower
Eocene Milpoš Brec cia in the Šariš Unit. In ad di tion, a ten ta tive re cy cling scheme of “ex otic” clastic ma te rial from mid-Cre ta ceous con -
glom er ates of the Klape Unit to var i ous Klippen Belt units is out lined. This ma te rial is con sid ered to be un re lated to the Vahic oce anic
realm and its clo sure, and likely rep re sents ero sional prod ucts of more dis tant orogenic zones.
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INTRODUCTION

The east ern most sur face ex po sures of the South Penninic
Ocean (Ligurian–Piemont, “Al pine Tethys”, or “Al pine At lan -
tic” – see Missoni and Gawlick, 2011), oc cur in the Ybbsitz
Klippen Zone and prob a bly also in the Rechnitz–KØszeg win -
dow at the east ern ex trem ity of the East ern Alps, just at the
mar gin of the Pannonian Ba sin (Ratschbacher et al., 1990,
2004; Dunkl and Demény, 1997). There, how ever, dis tin guish -
ing be tween the South and North Penninic branches is geo log i -
cally ir rel e vant since these zones merge east of the Enga dine
win dow (e.g., Schmid et al., 2004, 2008). On the other hand,
the north east ward con tin u a tion of the South Penninic units to
the West ern Carpathians is a mat ter of con tro versy. The evo lu -
tion and com po si tion of pre-Ce no zoic units of the East ern Alps

and West ern Carpathians show close re la tion ships and are
com monly ranged to the same Austroalpine tec tonic sys tem
(e.g., Trümpy, 1988; Schmid et al., 2008; Froitzheim et al.,
2008), which is first of all char ac ter ized by the pre-Gosauian
(pre-Senonian) nappe struc ture. Ac cord ingly, the north ern
Austroalpine mar gin of the Alps and Carpathians should in -
volve units ex hib it ing sim i lar at trib utes, in clud ing as so ci a tions
with the South Penninic oce anic com plexes. In deed, com par i -
son of the Lower Austroalpine and the north ern Tatric units
sub stan ti ated their mu tual cor re la tion (Häusler et al., 1993;
Plašienka, 1995a and ref er ences therein). Many anal o gies were
found in the gen eral evo lu tion ary trend of these zones, as well
as in nu mer ous par tic u lar rock com plexes or struc tures. Still,
some doubts have re mained, since the true oce anic Penninic
units, in clud ing the Ju ras sic ophiolite com plexes, do not par tic -
i pate in the sur face struc ture of the West ern Carpathians (e.g.,



Rakús and Hók, 2005). The rea son clearly lies in the di ver gent
pat terns of Ce no zoic evo lu tion of the Alps and Carpathians; the 
for mer be ing gov erned by a strong con ti nent/con ti nent col li -
sion and sub se quent up lift and ero sion reach ing moun tain roots 
com posed of the Penninic units (e.g., the Tauern win dow;
Fig. 1), while the lat ter ex pe ri enced mostly back-arc ex ten sion
and only soft col li sion that was not ca pa ble of sub stan tial up lift
and ex hu ma tion of deeply bur ied Penninic com plexes. This
con cept was ap plied to in ter pre ta tion of deep seis mic re flec tion 
lines and grav ity mod els of the West ern Carpathians (Tomek,
1993; Bielik et al., 2004) de pict ing the South Penninic su ture as 
a flatly ly ing re flec tive chan nel un der ly ing the Tatric thick-
 skinned thrust sheet at mid-crustal lev els. Fol low ing the Al pine 
model, any sur face units sus pected as rem nants of the South
Penninic accretionary com plexes should be lo cated along
zones at the con tact of the north ern Austroalpine (Tatric in the
Carpathians) mar gin with the Pieniny Klippen Belt, which is
com monly in ter preted as a relic of a con ti nen tal frag ment in a
Mid dle Penninic po si tion (e.g., Plašienka, 2003; Jurewicz,
2005; Froitzheim et al., 2008).

The aim of the pres ent con tri bu tion is to re view current in -
for ma tion about the li thol ogy, stra tig ra phy, struc tural and
palaeogeographic po si tion of coarse-grained deposits, that are
pre sum ably re lated to the open ing and clos ing of an oce anic
do main lo cated be yond the north ern Tatric mar gin in the Cen -
tral West ern Carpathians (CWC). We re ly  on mass-trans port
de pos its con tain ing coarse-grained ma te rial, since their source
ar eas are more eas ily rec og niz able or at least de fin able; thus,
they are very use ful mark ers for palaeogeographic and palaeo -
tectonic re con struc tions. In stead of in ter nal sed i men tary struc -
tures and trans port mech a nisms, we fo cus  on the com po si tion
and prov e nance of coarse ma te rial, in ferred depositional en vi -
ron ment, age re la tions and, if pos si ble, on ba sin ar chi tec ture
and evo lu tion. At the same time, an at tempt is pre sented to clas -

sify em pir i cally dif fer ences be tween ma rine mass-flows re lated 
to extensional vs. contractional tec tonic re gimes and set tings.

MASS-TRANSPORT DEPOSITS AS VESTIGES
OF ANCIENT PLATE MARGINS

Ac tively de formed plate bound aries, in clud ing rift zones,
trench-arc sys tems and prograding collisional belts, are sites of
top o graphic ir reg u lar i ties with steep slopes and short dis tances
be tween the moun tain ous ar eas and neigh bour ing deep sed i -
men tary bas ins. In this sit u a tion, both en dog e nous (high up lift
rates, seis mic ity) and ex og e nous (ex ces sive rain fall and ero sion 
rates) con trib ute to the rapid pro duc tion of clastic ma te rial that
is quickly trans ported to ac cu mu late in ad join ing de pres sions.
As a re sult, the ero sional prod ucts and en su ing deposits are of -
ten coarse-grained and poorly sorted. With lack of intervening
en vi ron ments, this ma te rial can be di rectly trans ported from the 
fault-con trolled es carp ments to bor der ing bas ins by some grav -
i ta tion ally driven mass-trans port mech a nism. There fore as so ci -
a tions and com po si tion of coarse-grained de pos its pro vide
unique in for ma tion about the struc ture and evo lu tion of a par -
tic u lar orogenic zone. In the case of a lon ger river trans port, the
coarse clas sic ma te rial be comes rounded and en riched in re sis -
tant rocks, but still of fers data on the struc ture and ex hu ma tion
his tory of the source ar eas, in clud ing those com pletely de -
stroyed or bur ied dur ing the sub se quent tec tonic evo lu tion.

Mass-trans port (mass-flow, mass-wast ing) de pos its are
con sid ered here as stratiform bod ies of mostly coarse-grained
sediments emplaced by some grav ity-driven mech a nism and
in ter ca lated with more fine-grained deep-ma rine clastic or pe -
lagic deposits. They in clude clast- or ma trix-sup ported (block-
 in-ma trix), con glom er ate-dom i nated units var i ously named as
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Fig. 1. Tec tonic sketch map of the East ern Alps and West ern Carpathians show ing lo ca tion 
of the Lower Austroalpine–Infratatric el e ments in re la tion to the South Penninic units



olistostromes, megabreccias, de bris flows or debrites, peb bly
mudstones, tilloid con glom er ates, simmictites, diamictites,
mixtites, scarp brec cias, cliff brec cias, sub ma rine slumps,
slides, rock falls or av a lanches, sed i men tary or grav i ta tional
mélanges, dis or ga nized, mixed to cha otic com plexes, argille
scagliose and argille brecciate, tectonosedimentary brec cias,
wildflysch and bro ken for ma tions. Some of these terms have a
purely de scrip tive mean ing, while oth ers are used as ge netic
ex pres sions re fer ring to a par tic u lar type of trans port and em -
place ment mech a nism or der i va tion pro cess. The com mon fea -
ture of all these sed i ments is that they were emplaced “en
masse” dur ing sud den, com monly tec toni cally in duced events.
Other typ i cal at trib utes are their poor in ter nal or ga ni za tion or
even cha otic struc ture, var i ous size of the ex tra-basinal clastic
ma te rial rang ing from microclasts to mega-olistoliths and
areally re stricted, lens-shaped ap pear ance in sed i men tary suc -
ces sions. It is as sumed that they were usu ally ini ti ated by some
tec tonic (earth quakes, tsu na mis), or cli ma tic events (strong
storms and floods) caus ing fail ure of slope in sta bil i ties. The
downslope mov ing masses may have been trans ported by var i -
ous mech a nisms (block slid ing, grain flows, de bris slumps, de -
bris flows, and mudflows to high-den sity tur bid ity cur rents)
through sub ma rine chan nels, or as sheet-like slump bod ies to a
prox i mal po si tion within the sed i men tary basin. 

Since mass-trans port de pos its are pref er a bly ac cu mu lated in
tec toni cally ac tive en vi ron ments, their orig i nal sed i men tary
struc tures are of ten over printed by sub se quent de for ma tion.
Some times the share of the sed i men tary and tec tonic fab ric is
hard to dis tin guish and such mixed rocks are com monly des ig -
nated as mélanges. Some au thors have at tempted to dis tin guish
the mélanges as tec tonic units bounded by shear zones in con -
trast to olistostromes as strati graphic units with depositional con -
tacts (e.g., Hsü, 1974; Wang, 1981; Dimitrijević et al., 2003).
How ever, most other au thors use the term mélange in an es sen -
tially de scrip tive mean ing for any rock for ma tion with a block-
 in-ma trix fab ric and sug gest the dis tinc tion of var i ous ge netic
types of mélanges by ad jec tives such as tec tonic, sed i men tary, or 
diapiric (e.g., Sil ver and Beutner, 1980; Fes ta et al., 2010a, b). 

Mass-trans port de pos its may oc cur in var i ous sit u a tions
and tec tonic re gimes. Gen er ally, they are re lated to ac tive tec -
tonic set tings pro duc ing high-en ergy re lief that is prone to
near-sur face dis in te gra tion and mass move ments in duced by
some trig ger ing mech a nism, com monly by seis mic events. In
extensional, rift -re lated near-shore sit u a tions, lithified or
semi-lithified, pre-rift rock com plexes are dis in te grated by re -
peated brit tle frac tur ing and seis mic shak ing to pro duce large
masses of in co her ent ma te rial that even tu ally sud denly moves
downslope to the ad ja cent rift ba sin. The contractional set tings
of mass-flows are more di verse and in clude lo ca tions such as
trench de pres sions or foredeeps, pig gy back bas ins in accre -
tionary wedges and fold-thrust belts, and fronts of in di vid ual
thin- or thick-skinned thrust sheets. The source ar eas are usu -
ally ex humed, eroded and even tu ally de stroyed more rap idly in 
compressional cir cum stances than in extensional. As a re sult
the as so ci ated coarse-grained de pos its are more di verse in
struc ture and com po si tion and of ten con tain ma te rial that is
con sid ered as “ex otic”, i.e. de rived from pres ently un rec og -
nized ar eas or units. An other com mon fea ture of con trac -
tion-re lated mass-flow deposits is re cur rent re cy cling of clastic

ma te rial from older de pos its that were al ready in volved in
thrust ing and sub se quently ex posed to ero sion. 

Coarse-grained, ma rine syn-tec tonic de pos its have been de -
scribed from many extensional set tings in the world. For in -
stance, olistostromes re lated to a pas sive mar gin and later to an
accretionary wedge set tings oc cur ring in con tin u ous sec tions
were char ac ter ized by Liu and Einsele (1996) from the Ti betan
Himalaya. Syn-rift de pos its were de scribed from the De vo nian
com plexes of the Variscan belt (Füchtbauer and Rich ter, 1983)
and of the Ural Mts. (Kopteva, 1981). A par tic u larly rich lit er a -
ture is re lated to the open ing of the South Penninic (Ligu -
rian–Piemont) Ocean – e.g., Fin ger (1978), Dumont (1988),
Eberli (1988), Froitzheim (1988), Häusler (1988), Bernoulli et
al. (1993) and Marroni et al. (2002).

Subduction and col li sion-re lated olistostromes can be vir tu -
ally found in all Phanerozoic orogenic belts, ex am ples come
e.g., from the Variscan belts of the Tien-Shan (Fedorov, 1987),
Ibe ria (Maas and van Ginkel, 1983), West ern Eu rope (Behr et
al., 1982; Franke and Engel, 1986), the East ern Alps and West -
ern Carpathians (Ebner et al., 2008). Ju ras sic Neotethyan
olistostromes and mélanges re lated to clo sure of the Meliata
and Vardar oce anic zones have also been ex ten sively de scribed 
(Kovács, 1988; Kozur, 1991; Gawlick et al., 1999; Dimitrijević 
et al., 2003; Frisch and Gawlick, 2003; Kövér et al., 2009;
Kovács et al., 2010; Haas et al., 2010; Missoni and Gawlick,
2011). Cre ta ceous to Paleogene syn- orogenic de pos its in the
East ern Alps have been de scribed by au thors in clud ing Frisch
et al. (1987), Decker et al. (1987), Faupl et al. (1987), Pober and 
Faupl (1988), Faupl and Wagreich (1992), Kurz et al. (1998),
Wagreich (2001, 2003) and Ortner (2003). Fur ther re gional
case stud ies come e.g., from the Eocene com plexes of the Cau -
ca sus (Leonov, 1975) and Ca rib bean (Heubeck, 1992). In ad di -
tion to the works cited later in this pa per, an ex ten sive dataset
con cern ing the olisto stromes and olistoliths of var i ous ages and 
tec tonic set tings oc cur ring in the Ex ter nal West ern Carpathians 
(the Flysch Belt and the Pieniny Klippen Belt) was sum ma rized 
by Ciesz kowski et al. (2009).

How ever, the mass-wast ing de pos its that are most wide -
spread onland prob a bly oc cur in the Apennines, where they
have been stud ied in de tail dur ing the last half-cen tury and
where sev eral widely used terms have been coined (olisto -
strome, argille scagliose). The ref er ence list from this area
would be very long, but cer tainly it should con tain the mile -
stone pa pers by Abbate et al. (1970), Elter and Trevisan (1973), 
Naylor (1981) and Pini (1999).

For re cent com pre hen sive re views of lit er a ture sources, ter -
mi nol ogy, as so ci a tions and pro cesses re lated to mass-trans port
de pos its, or mélanges in gen eral, the reader is rec om mended es -
pe cially to pa pers by Mutti et al. (2009), Camerlenghi and Pini
(2009), Fes ta et al. (2010a, b), Vannucchi and Bettelli (2010)
and Pini et al. (2012), and to the ref er ences quoted therein. 

GEOLOGICAL SETTING

In the East ern Alps, the tran si tion from the Penninic Ocean
to the Austroalpine mar gin is par tic u larly well-ex posed and
stud ied in the Swiss East ern Alps, where it is rep re sented by the 
Platta–Arosa Zone and Lower Austroalpine Err–Bernina
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nappes, re spec tively (see e.g., Schmid et al., 2004 and ref er -
ences therein). In the Aus trian Alps fur ther east, the Penninic
oce anic units are ex posed in large tec tonic win dows ex humed
from be neath the Austroalpine com plexes – the Enga dine,
Tauern, and Rechnitz-Köszeg win dows from the west to east.
In the West ern Carpathians, the South Penninic el e ments have
largely dis ap peared from the sur face, but sev eral units clearly
cor re la tive with the Lower Austroalpine sys tem are still pres ent 
(Infratatric in Fig. 1). Thus, tak ing into ac count the struc ture
and evo lu tion of the prin ci pal West ern Carpathian tec tonic
units in re la tion to their Al pine coun ter parts, it be comes clear
that any ves tiges of the South Penninic oce anic do mains should 
be searched for in ar eas north of the outer Austroalpine mar gin
and along the Cen tral/Ex ter nal Carpa thian bound ary, i.e. gen -
er ally along the Pieniny Klippen Belt (PKB) and its south ern
ad join ing zones (e.g., Plašienka, 1995a, 1999; Plašienka et al.,
1995, 1997; Froitzheim et al., 2008). 

In this pa per, I de scribe briefly the geo log i cal struc ture of
four par tic u lar ar eas, which pos sess a geo log i cal re cord of
open ing and/or clo sure of a pre sumed oce anic tract that cre ated
an eastwards pro lon ga tion of the Al pine At lan tic: the Malé
Karpaty Mts., the Považský Inovec Mts., the Klape Unit in the
Mid dle Váh Val ley and Oravic units in the Pieniny sec tor of the 
PKB in east ern Slovakia (Fig. 2).

The CWC–Austroalpine (or Slovakocarpathian; Plašienka
in Froitzheim et al., 2008) tec tonic sys tem em braces three ma -
jor crustal-scale thrust sheets that in volve the pre-Al pine crys -
tal line base ment and its lo cally Penn syl va nian to Perm ian, but
mainly Me so zoic sed i men tary cover – the Gemeric, Veporic
and Tatric superunits from south to north and from top to bot -
tom. These three base ment-in volved thrust sheets are over rid -
den by three décollement cover nappe sys tems – the Fatric,
Hronic and Silicic superunits (e.g., Andrusov, 1968). The tec -
tonic as sem bly of these three main CWC superunits was com -
pleted dur ing the Cre ta ceous, ba si cally be fore the Senonian.
Be sides the Tatricum, only fron tal el e ments of the Fatric, and in 
part also the Hronic Nappe sys tems reach the north ern
Austroalpine mar gin of the CWC. Due to its po si tion and spe -
cial com po si tion, the out er most and low er most par tial Tatric
el e ment was dis tin guished as the so-called Infratatricum
(Plašienka et al., 1997), which crops out in the Malé Karpaty
Mts. (Borinka Unit), in the Považský Inovec Mts. (Inovec
Nappe) and in the Malá Fatra Mts. (Kozol Unit; cf. Figs. 1
and 2). In par tic u lar, the first two units bear ves tiges of rift ing
events re lated to open ing of the Ju ras sic oce anic realms and
will be char ac ter ized be low.

In gen eral, the Tatric and Fatric Me so zoic suc ces sions can
be sub di vided ac cord ing to their re la tion ships to the main tec -
tonic pro cesses. The pre-rift (pre-Ju ras sic) strata con sist of
Perm ian–Lower Tri as sic con ti nen tal siliciclastic de pos its,
Mid dle Tri as sic car bon ate plat form and Up per Tri as sic con ti -
nen tal-la goonal clastic and evaporitic de pos its of the Keuper
fa cies and are ter mi nated by Rhaetian shal low-ma rine car bon -
ates. The Lower Ju ras sic syn-rift strata con tain ma rine neritic
and hemipelagic de pos its with vari able con tents of terrigenous
and biogenic de tri tus and are fol lowed by post-rift, Mid dle Ju -
ras sic to Lower Cre ta ceous hemipelagic to eupelagic strata de -
pos ited partly be low the CCD (Fig. 3). How ever, do mains
along the north ern Tatric mar gin bear sig na tures of long-term

extensional tec tonic pro cesses with sev eral rift ing pulses, es pe -
cially those lo cated in the vi cin ity of the North Tatric Ridge re -
con structed in the wes tern most Carpathian area. The Devín and 
Orešany bas ins may serve as ex am ples (see be low). Sed i men -
tary suc ces sions of both the Tatric and Fatric super units are ter -
mi nated by the Albian–Cenomanian syn-orogenic, deep-ma -
rine terrigenous clastic “flysch” de pos its (Poruba For ma tion;
e.g., Jablonský, 1978), in clud ing con glom er ates with “ex otic”
peb ble ma te rial (Mišík et al., 1981). 

The rather hy po thet i cal pro lon ga tion of the South Penninic
oce anic units into the West ern Carpathians was des ig nated as
the Vahicum by Maheľ (1981). Orig i nally he re garded the
so-called Periklippen Zone in west ern Slovakia, and es pe cially
the thick prisms of mid-Cre ta ceous con glom er atic flysch of the
Klape Unit as his Vahicum (Maheľ, 1980, 1981). Later on,
other units were in cluded within the South Penninic–Vahic tec -
tonic sys tem – the Belice Unit in the Považský Inovec Mts.
(Plašienka, 1995a, b, c) and the Iňačovce–Krichevo Unit
known from bore holes reach ing the sub stra tum of the Trans -
carpathian De pres sion in east ern Slovakia (Soták et al., 1993a,
1994). The for mer is de scribed in a more de tail here; the lat ter
con sists of low-grade, Bündnerschiefer-type metasedimentary
com plexes of Me so zoic to Eocene age and slabs of ser pen tin ite.

The Pieniny Klippen Belt (PKB) is a nar row (merely sev -
eral km), but lengthy (up to 600 km) zone char ac ter ized by an
in tri cate in ter nal struc ture. It sep a rates the Ex ter nal West ern
Carpathians (“Flysch Belt”, North Penninic units, Paleo -
gene/Neo gene accretionary com plex over rid ing the North Eu -
ro pean Plat form) from the CWC (CWC–Austroalpine units,
Cre ta ceous base ment/cover nappe stack), and in volves Ju ras sic 
to Paleogene de pos its of very vari able li thol ogy. Over more
than a cen tury of de tailed re search, these have been sub di vided
into nu mer ous lithostratigraphic and tec tonic units of dis tant
prov e nance, hence wit ness ing ex ces sive short en ing and sub se -
quent dis persal within this re stricted zone. The PKB is there -
fore of ten con sid ered as a su ture, in spite of a lack of ophiolite
com plexes. In many places, the PKB is formed by iso lated
blocks of “klippen” (re sis tant Mid dle Ju ras sic to Lower Cre ta -
ceous lime stones) em bed ded in the “klippen man tle” (soft
Lower Ju ras sic and Up per Cre ta ceous to Paleogene shales,
marls and flysch de pos its). Con se quently, the PKB has fre -
quently been char ac ter ized as a tec tonic megabreccia, a méla -
nge, and even as a huge cha otic sed i men tary body – an olisto -
strome (Nemčok, 1980). How ever, the pe cu liar “block-in-ma -
trix” struc ture of the PKB ap pears to be mostly the re sult of in -
tense tec tonic dis in te gra tion due to thrust stack ing, imbrication
and su per im posed transpressional and transtensional move -
ments. 

Con cern ing its com po si tion, the most dis tinc tive fea ture of
the PKB is the om ni pres ence of units char ac ter is tic of it, which
were de rived from an in de pend ent palaeogeographic zone of
pre sum ably Mid dle Penninic po si tion, called the Oravicum
(Maheľ, 1986). This in cludes the ridge-re lated Czorsztyn and
basinal Pieniny (Kysuca) suc ces sions in par tic u lar, but var i ous
“tran si tional” suc ces sions are pres ent as well (e.g., Birken -
majer, 1977, 1986). The Oravic units only in clude de tached Ju -
ras sic to Lower Eocene strata evolv ing from early Lower Ju ras -
sic terrigenous syn-rift clastic de pos its (akin to the Gresten
Fm.) and fol lowed by late Early to early Mid dle Ju ras sic
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hemipelagic dysoxic de pos its (fleckenmergel fa cies, black
shales). Con sid er able change oc curred dur ing the Bajocian –
the Czorsztyn Ridge orig i nated by a strong rift ing event, which
is char ac ter ized by rapid shallowing up to emer gence in di cated
by sud den terrigenous in put to form sandy-crinoidal lime stones 
(Fig. 4). The Bathonian stage shows post-rift sub si dence and
de po si tion of ammonitico rosso red nod u lar lime stones
(Czorsztyn Lime stone For ma tion; e.g., Wierzbowski et al.,
1999) un til the Tithonian, when shal low ma rine biogenic sed i -
men ta tion re turned and lo cally per sisted un til the Hauterivian.

This os cil la tion in sub si dence was as cribed to sev eral rift ing
pulses re lated to the open ing and breakup of the South Penninic 
(Bathonian) and North Penninic (Early Cre ta ceous) oce anic
realms (Plašienka, 2003). Then, the Czorsztyn Suc ces sion re -
cords emer gence and karstification dur ing the Barremian and
Aptian (Aubrecht et al., 2006). The fi nal sub si dence from the
Albian on wards gave rise to red pe lagic marlstones of the
couches rouges fa cies (e.g., Mišík, 1994) and ter mi nated by
syn-orogenic flysch de pos its at the end of the Cre ta ceous
(Fig. 4). On the other hand, the con tem po ra ne ous Kysu -
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Fig. 3. Sim pli fied Ju ras sic–Cre ta ceous lithostratigraphy of se lected Austroalpine/Slovakocarpathian (Tatric and Fatric) suc ces sions



ca–Pieniny Suc ces sion ex hib its con tin u ous deep-ma rine pe -
lagic sed i men ta tion through out the Ju ras sic and Early Cre ta -
ceous, which ter mi nates with Late Turonian to Early Campa -
nian flysch clastic de pos its with bod ies of ex otic con glom er ate
(cf. Marschalko, 1986 and ref er ences therein).  

The Oravic units are sandwiched be tween the un der ly ing
Magura and Biele Karpaty units (North Penninic) and over rid -
den by the fron tal Cen tral Carpathian (Austroalpine) cover
nappes (Fatricum – e.g., the Drietoma–Klape and Manín units). 
The lat ter orig i nated dur ing the Turonian and were fi nally
emplaced far north be yond the Austroalpine/Piemont (Vahic)
pas sive mar gin to form a “false” accretionary com plex in a
South Penninic po si tion (Plašienka, 1995a, b, c), along with
their over step ping syn-subduction Senonian to Lower Eocene
sed i men tary cover (Gosau Group s.l. – Salaj and Be gan, 1983;
Wagreich and Marschalko, 1995; Salaj, 2006). 

SYN-RIFT COMPLEXES

Ju ras sic (up to Lower Cre ta ceous in places) coarse-grained
clastic sed i men tary suc ces sions re lated to open ing of the
South ern Penninic oce anic do mains can be traced all along the
north ern Austroalpine mar gin from East ern Swit zer land to

west ern Slovakia. They com monly oc cur in strongly de formed
and var i ously meta mor phosed units, which are gen er ally af fil i -
ated to the Lower Austroalpine thrust sys tem and/or to the Up -
per Penninic nappes (e.g., Tollmann, 1977; Trümpy, 1980,
1988; Schmid et al., 2008; Froitzheim et al., 2008). Con se -
quently, many fea tures of their orig i nal sed i men tary char ac ter -
is tics have been oblit er ated and it is of ten dif fi cult to date these
sed i ments biostratigraphically, as well as to re con struct the en -
vi ron ments and ge om e try of the sed i men tary bod ies and the
gen eral ba sin ar chi tec ture (cf. Œl¹czka et al., 2011). Nev er the -
less, these de pos its share nu mer ous mu tu ally com mon char ac -
ter is tics con cern ing the com po si tion of the clastic ma te rial,
types of as so ci ated de posit and in ferred tim ing and ge netic as -
pects of their or i gin. 

In the Lower Austroalpine units of the East ern Alps, Ju ras -
sic syn-rift brec cias have been de scribed in de tail from East ern
Swit zer land (the Samedan Zone; Fin ger, 1978; Trümpy, 1980;
Handy, 1996), or the Aus trian Tarntaler Berge and Radstädter
Tauern Mts. (Tollmann, 1977; Häusler, 1988) at the NW and
NE mar gin of the Penninic Tauern win dow, re spec tively
(Fig. 1). From the north ern frame of the Tauern win dow, sim i -
lar brec cias were de scribed also from the Up per Penninic
nappes, which rep re sent the dis tal con ti nen tal mar gin and/or
the pe riph eral oce anic realm (Prey, 1977; Œl¹czka et al., 2011).
Extraclastic brec cias with Tri as sic car bon ate clasts also oc cur
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Fig. 4. Ju ras sic to Paleogene lithostratigraphy of prin ci pal Penninic units of the West ern Carpathians

For ex pla na tions see Fig ure 3



in the up per most Penninic units of the Rechnitz-Köszeg win -
dow (Mostler and Pahr, 1981). How ever, the age and ge netic
as pects of these brec cias are un clear where  they were strongly
de formed and meta mor phosed (cf. Ślączka et al., 2011), in
which they might have been mixed with youn ger syn-orogenic
brec cias of Up per Cre ta ceous age. Nev er the less, the Lower
Austroalpine suc ces sions re mained in paraautochthonous po si -
tion with re spect to their base ment in places, where they clearly
con tain ma te rial de rived from the im me di ate sub stra tum or
from neigh bour ing com plexes. Be cause of this and of their lo -
cally ob serv able ba sin ar chi tec ture, these brec cias have com -
monly been in ter preted as “scarp brec cias” de pos ited in the vi -
cin ity of ac tive extensional faults gen er ated by rift ing of the
South Penninic Ocean, usu ally within asym met ri cal half -
grabens flank ing the pas sive Austroalpine vs. Penninic mar -
gins (Eberli, 1988; Froitzheim and Eberli, 1990). 

In the CWC, Ju ras sic to Lower Cre ta ceous syn-rift coarse
clastic de pos its have mostly been de scribed from the North ern
Tatric (Infratatric) units of the Malé Karpaty and Považský
Inovec Mts. (Fig. 2). The Borinka, Orešany and Devín suc ces -
sions will serve as ex am ples from the for mer moun tains; the

lat ter are rep re sented by the Humienec Suc ces sion. Their in -
ferred palaeogeographic re la tion ships are de picted in Fig ure 5.

BORINKA UNIT

The south ern and cen tral parts of the Malé Karpaty Mts. are
built of sev eral su per im posed base ment/cover allochthonous
units af fil i ated to the Tatric superunit (Plašienka et al., 1991).
The low er most struc tural po si tion of this Tatric Nappe stack is
oc cu pied by the Borinka Unit. It crops out on the NW slopes of
the Malé Karpaty Mts. (Fig. 2), in a tec tonic half-win dow from
be low the large, base ment-in volved Bratislava Nappe . It forms 
the larg est “blue spot” to be seen on gen eral geo log i cal maps of
the Slovakian West ern Carpathians, which sug gests a sig nif i -
cant amount of Ju ras sic strata pres ent there (al to gether more
than 1 km thick), in con trast to the other parts of the West ern
Carpathians. 

The sed i men tary infill of the Ju ras sic Borinka Ba sin ex hib its
a no tice ably asym met ri cal ar range ment of prox i mal and dis tal
de pos its that are com posed mostly of terrigenous clastic de pos its
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Fig. 5. Block di a gram il lus trat ing the palaegeographic re la tion ships of lithostratigraphic suc ces sions po si tioned along 
the north ern Tatric con ti nen tal mar gin fac ing the Váh Ocean to the NW and the Tatric Šiprúň Ba sin to the SE

(in pres ent co or di nates); ap prox i mately the Late Ju ras sic sit u a tion



(Fig. 3). Dur ing the mid-Early Ju ras sic (Sinemur ian–Pliensba -
chian), mas sive lime stones (Ballenstein Lime stone Mem ber)
show ing ev i dence of redeposition, olisto stromatic bod ies of
extraclastic car bon ate brec cias and gi ant olistoliths of Tri as sic
car bon ate (Fig. 6A–C), as well as bio clastic lime stones and
quartzitic sand stones (Prepadlé For ma tion, at least 300 m thick)
were de pos ited in the SE mar ginal po si tion (Plašienka, 1987;
Plašienka in Polák, 2012). Si mul ta neously, the cen tral and NW
parts of the ba sin were filled with mixed car bon ate-siliciclastic
turbidites and hemipelagic spot ted marlstones (Korenec Fm., up
to 800 m thick). The terrigenous in put ceased in the ax ial part of
the halfgraben by the Late Lias, when anoxic black shales were
laid down (Toar cian–Batho nian? Marianka For ma tion, more
than 300 m thick; Fig. 6F). The partly co eval and over ly ing
Slepý For ma tion (Mid dle–Up per Ju ras sic, more than 200 m
thick) con sists of calcitur bidites con tain ing shal low-wa ter
biodetritus (Fig. 6G). Con tem po ra ne ously with the Marianka
and Slepý for ma tions, huge masses of coarse- grained scarp brec -
cias (Somár Fm., some 500 m thick; Fig. 6E) ac cu mu lated in the
prox i mal SE part of the ba sin, just above the Prepadlé For ma -
tion. The clastic ma te rial of the Somár mixtitic brec cias is dom i -
nated by base ment rocks (Pa leo zoic phyllites, am phi bo lites and
gran ites) with nu mer ous olistoliths of Tri as sic quartz ite and car -
bon ate. The mar ginal parts of brec cia aprons are clast-sup ported
and lo cally to tally ma trix-free, while more dis tal, fron tal parts of
brec cia bod ies reach ing the halfgraben axis are lime mud-sup -
ported and oc ca sion ally di luted to high-den sity tur bid ity cur rent
de pos its. These prox i mal dis or ga nized sed i ments were de pos -
ited as de bris av a lanches and mass-flows de rived from
fault-con trolled lin ear sources lo cated to the SE, while the
Korenec turbidites were most prob a bly fed by a river that
drained a wide dry land (see the model re con struc tion in Fig. 7).
By con trast, calciturbidites oc cur ring in the Marianka and Slepý
for ma tions are al most free of siliciclastic ma te rial and were
likely de rived from the gen tler NW coun ter slope of the ba sin.
Based on these fea tures, the Borinka Ba sin is re con structed as an
elon gated tilted halfgraben some 10–15 km wide with a steep,
nor mal-fault es carp ment on its SE side. This Early to Mid dle Ju -
ras sic fault sep a rated the ba sin from a con ti nen tal ridge (North
Tatric Ridge; Plašienka, 1995a), which was tem po rarily ex posed 
to subaerial ero sion. Dur ing Late Cre ta ceous short en ing, the
Borinka Unit was overthrust by the Tatric Bratislava base ment
nappe, thus the source ridge was hid den be low and does not crop 
out at the sur face at pres ent. The overthrust plane is ac com pa nied 
by a duc tile shear zone with top-to-the-NW ki ne matic in di ca tors
(Plašienka, 1990; Fig. 6D, E).

By its im mense thick ness and dom i nance of un sorted,
coarse-grained, deep-ma rine clastic deposits, the Ju ras sic
Borinka Suc ces sion has no equiv a lents in the en tire Carpa -
thians. How ever, its close anal o gies can be found in cover suc -
ces sions of the Lower Austroalpine nappes of the East ern Alps, 
where sim i lar Ju ras sic scarp brec cias are in ter preted as de rived
from mar ginal nor mal faults that flanked the open ing South
Penninic Ocean to the S (see Häusler, 1988; Häusler et al.,
1993; Ślączka et al., 2011 and ref er ences therein). Such a po si -
tion fits well also the Carpathian sit u a tion, de spite no un dis pu -
ta ble Penninic oce anic el e ments being found at the sur face. The 
long (some 30 Ma), though ep i sodic, ac tiv ity of the SE mar -
ginal fault of the Borinka halfgraben al lows for its in ter pre ta -

tion as a mas ter break-away fault that sep a rated the lower (SE)
and up per (NW) plates of an asym met rical rift zone, which was
ac tive un til the fi nal break-up of the South Penninic oce anic
tract that oc curred fur ther to the NW in the late Mid dle Ju ras sic
(Plašienka, 2003).

DEVÍN SUCCESSION

The Devín Suc ces sion is ex posed at the west ern ex trem ity
of the Carpathians near Bratislava. It forms the sed i men tary
cover of the Tatric Bratislava Nappe front, which overthrusts
the Borinka Unit. It con tains pre-rift Up per Perm ian and Lower 
Tri as sic clastics and Mid dle Tri as sic car bon ates. The un even
ero sional, pos si bly also karstified sur face of the lat ter is cov -
ered by up per Lower–lower Mid dle Ju ras sic car bon ate brec cias 
(the Pleš Brec cia; Michalík et al., 1993; Michalík and Vlčko,
2011) con tain ing lo cal ma te rial de rived from the un der ly ing
car bon ates. The brec cias are mostly sup ported by the limy ma -
trix that fills also Nep tu nian dykes in the Tri as sic sub stra tum. In 
places, in situ break-apart of lithified Tri as sic car bon ate frag -
ments in jected by un con sol i dated Ju ras sic lime mud can be ob -
served (Fig. 6H). We in fer that these struc tures re sulted from
rift ing-re lated seis mic events on a sub sid ing car bon ate shelf.
The un sta ble shelf edges might have even tu ally col lapsed to
form rock slides and de bris flows that trans ported coarse car -
bon ate clastic ma te rial to ad ja cent nor mal fault-con trolled bas -
ins of the Borinka halfgraben type (Fig. 5). 

Other Me so zoic cover suc ces sions of the Bratislava Nappe
are pres ent in a small area, in di cat ing abrupt lat eral fa cial
changes due to the rug ged syn-rift mor phol ogy of the area
(Fig. 5). The Kuchyňa Suc ces sion is char ac ter ized by deep
syn-rift de nu da tion and de po si tion of Mid dle Ju ras sic strata di -
rectly on the pre-Al pine crys tal line base ment fol lowed by a rapid 
deep en ing. How ever, nu mer ous allodapic clastic lime stones in -
di cate the prox i mal po si tion of the Kuchyňa Ba sin (Plašienka et
al., 1991; Michalík et al., 1993) with re spect to the ad ja cent
Kadlubok Suc ces sion de pos ited on a sub ma rine high. This is
char ac ter ized by the ex tremely con densed Ju ras sic–Lower Cre -
ta ceous suc ces sion with nu mer ous hi a tuses, Nep tu nian dykes
and syn-sed i men tary brec cias (Michalík et al., 1994).

OREŠANY UNIT

An other Tatric cover suc ces sion, the Orešany Unit, sub -
autochthonous with re spect to the Bratislava Nappe, is ex posed
in the NE part of the Malé Karpaty Mts. (Fig. 2). It also shows
deep ero sion of pre-rift strata and rapid Mid dle Ju ras sic sub si -
dence with an up to 300 m thick calcarenite se quence de pos ited
in three coars en ing-up wards cy cles (Slepý Fm.; Plašienka et
al., 1991; Fig. 3). Nu mer ous allodaps oc curred here also dur ing
the Late Ju ras sic and Early Cre ta ceous. The Barremian–Aptian
Solírov Fm. is of spe cial im por tance, since it con tains rese -
dimented allodapic sandy-crinoidal lime stones and olisto -
strome bod ies car ry ing olistoliths sev eral metres across of
pre-rift com plex rocks (Jablonský et al., 1993). Sud den in put of 
terrigenous ma te rial at this time in di cates ei ther re newed rift -
ing, or the first signs of con trac tion along the north ern Tatric
mar gin (Solírov Phase – see be low).
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Fig. 6. Photo-ta ble of syn-rift sed i ments of the Borinka (pho tos A–G) and Devín (photo H) suc ces sions (Malé Karpaty Mts.)

A – mega-olistolith of Tri as sic car bon ates with ru ins of the Pajštún cas tle above the Borinka vil lage; B – Lower Ju ras sic extraclastic
clast-sup ported car bon ate brec cias, the host rock of the Pajštún olistolith; C – ma trix-sup ported extraclastic car bon ate brec cias, Prepadlé Val -
ley near Borinka; D – de formed s-clast of Tri as sic do lo mite in di cat ing top-to-the-NW thrust di rec tion of the Tatric Bratislava Nappe over rid -
ing the Borinka Unit, the same lo cal ity as photo C; E – polymictic clast-sup ported brec cias of the Somár Fm. (Mid dle Ju ras sic of the Borinka
Unit), the rounded clast in the cen tre is a more re sis tant am phi bo lite frag ment sur rounded by strongly sheared phyllite clastic ma te rial form ing 
a “pseudomatrix”, Prepadlé Val ley; F – black cal car e ous shales with a calciturbidite bed, Marianka Fm. (Toarcian) of the Borinka Unit, for -
mer quarry for roof ing slates in Marianka vil lage; G – calcarenites of the Slepý Fm. (Mid dle–Up per Ju ras sic of the Borinka Unit), Turecký
vrch mil i tary area; H – in situ frag men ta tion of the Tri as sic car bon ate sub stra tum with fis sures in jected by Ju ras sic lime mud, Devín Suc ces -
sion of the Tatric Bratislava Nappe, Devínska Kobyla Hill near Bratislava



HUMIENEC SUCCESSION

In the Považský Inovec Mts., the out er most Tatric mar gin is 
rep re sented by the com pound Humienec Suc ces sion. Its com -
po si tion is re con structed from sec ond ary oc cur rences only,
since it does not oc cur at the pres ent-day sur face. Frag ments up
to the mega-olistolith size oc cur in the Senonian brec cias of the
Belice Unit (Fig. 8). In ad di tion to olistoliths of base ment
micaschist, Perm ian to Lower Tri as sic clastic rocks and Mid dle 
Tri as sic car bon ates, the brec cias con tain blocks of Lower to
Mid dle Ju ras sic biodetrital lime stone with sub stan tial terri -
genous, psamitic to psephitic siliciclastic ad mix ture (Plašienka
et al., 1994; see also Putiš et al., 2006, 2008). Olistoliths of
Calpionella lime stones with an gu lar frag ments of base ment
micaschists are unique to the area. Al to gether, the Humienec
Suc ces sion in di cates de po si tion in an extensional tec tonic set -
ting in the vi cin ity of a long-term ac tive fault es carp ment.

In gen eral, the Tatric and Fatric suc ces sions lo cated in ter -
nally of the north ern Tatric mar gin ex hibit a gen er ally uni form
evo lu tion with one prin ci pal rift ing event dur ing the ear li est Ju -
ras sic fol lowed by con tin u ous, but fad ing post-rift sub si dence
un til the be gin ning of the Late Cre ta ceous. The Tatric–Fatric
sed i men tary area con sists of two wide basinal do mains – the
Tatric Šiprúň Ba sin and the Fatric Zliechov Ba sin, sep a rated by 
the South Tatric Ridge, rep re sented for in stance by the High

Tatra swell-type suc ces sions (e.g., Lefeld et al., 1985;
Wieczorek, 2000; Figs. 3 and 5). Dis tri bu tion of mar ginal and
slope fa cies within the Zliechov Ba sin has been in ter preted in
terms of transtensional, pull-apart open ing (Michalík, 2007).
Its par tial in ver sion started dur ing the Aptian, but coars en ing-
and thick en ing-up wards syn-orogenic sed i men ta tion com -
menced later dur ing the Albian and per sisted for some 10 Ma
un til the Cenomanian (Fig. 3). Deep-ma rine terrigenous clastic  
de pos its (Poruba Fm.) typ i cally con tain bod ies of exotics-bear -
ing con glom er ates (Mišík et al., 1981). Dur ing the Turonian,
the at ten u ated con ti nen tal crust of the Zliechov Ba sin was
underthrust be low the Veporic base ment sheet prograding from 
the hin ter land, the Zliechov and other Fatric sed i men tary suc -
ces sions were de tached and thrust over the fore land Tatric ar eas 
as the Krížna and re lated cover nappes (Prokešová et al., 2012
and ref er ences therein). 

CZORSZTYN SUCCESSION

In con trast to the CWC units, the Ju ras sic to Cre ta ceous
sed i men tary suc ces sions de pos ited on the Oravic–Czorsztyn
Ridge and in its prox im ity re cord a com plex sub si dence his tory
(Plašienka, 2003). The com par a tively deep-wa ter Li as -
sic–Aale nian se quence was re placed by ex tremely shal low-wa -
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Fig. 7. Model of two evo lu tion ary stages of the Borinka halfgraben 

The Early Ju ras sic sit u a tion re flects the sym met ric rift ing mode (Zliechov Phase), the Late Ju ras sic halfgraben
tilt ing oc curred dur ing asym met ric rift ing and breakup of the Vahic oce anic zone to the NW (Krasín Phase)
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Fig. 8. Lithostratigraphic col umn and field pho tos of rep re sen ta tive for ma tions 
of the Belice Unit, Považský Inovec Mts. 



ter crinoidal and sandy lime stones dur ing the Bajocian (Aubre -
cht and Sýkora, 1998; Fig. 4). By the end of the Bajocian, these
sand banks col lapsed and ex pe ri enced Late Ju ras sic sub si dence
to bathyal depths. How ever, parts of the Czorsztyn Ridge re -
mained in a very shal low po si tion, in di cated by the pres ence of
Up per Ju ras sic plat form lime stones (Mišík, 1979; how ever,
pres ently this reefal fa cies has been re in ter preted by Schlögl et
al., 2009, as be ing most prob a bly of Bajocian age). The Mid dle
Ju ras sic el e va tion of the Czorsztyn Ridge is in di cated by re -
mark able shallowing and de vel op ment of syn-sed i men tary
brec cias (Krasín Brec cia; Mišík et al., 1994a; Aubrecht et al.,
1997; Aubrecht and Szulc, 2006; Krobicki, 2009). The brec -
cias are com posed of only slightly older ma te rial of sandy-
 crinoidal lime stone and were in ter preted as scarp brec cias de -
pos ited at the feet of ac tive nor mal fault es carp ments. They
bear signs of fresh wa ter ce men ta tion point ing to emer gence of
parts of the ridge above the sea level (Aubrecht et al., 1997),
along with siliciclastic terrigenous ad mix ture. Co eval, allo -
dapic crinoidal lime stones (Samášky Fm., Aubrecht and
Ožvoldová, 1994) were de pos ited in slope en vi ron ments
(Niedzica/Pruské Suc ces sion; Fig. 4).

Dur ing the Early Cre ta ceous, the ridge was el e vated again, as 
in di cated by shal low-wa ter de pos its and signs of emer gence.
This sec ond up lift event of the Czorsztyn Ridge is man i fested
through shallowing of sed i men tary suc ces sions, syn-rift de bris
flow de pos its and car bon ate scarp brec cias (Walentowa Brec cia; 
Birkenmajer, 1977; Krobicki et al., 2010). The up lift cul mi nated
with emer gence, karstification, ero sion and non-de po si tion dur -
ing the Barremian and Aptian (Aubrecht et al., 2006). Si mul ta -
neously, the allodapic Horná Lysá Lime stone and Hauterivian
turbidites ac cu mu lated in the basinal Kysuca Suc ces sion (Mišík
et al., 1994b; Aubrecht, 1994). The pe cu liar Nižná Suc ces sion
oc cur ring in the Orava sec tor of the PKB has lithostratigraphic
units mostly sim i lar to the Kysuca Suc ces sion, but it con tains
also Urgon-type plat form lime stones (Niž ná Lime stone;
Scheibner, 1967) un der lain by ero sional brec cias (Tvrdošín
Brec cia Mem ber; Józsa and Aubrecht, 2008; Fig. 4). 

RIFTING PHASES

The se ries of rift ing stages re lated to open ing of the
Penninic oceans in the Carpathians has been in ter preted by
Plašienka (2003) – cf. Fig ure 13. The old est, Early Ju ras sic
Zliechov Phase (“Palaeo-Kimmerian”) af fected ex ten sive ar -
eas of the north ern pas sive mar gin of Tethys, i.e. all fu ture
Austroalpine–Slovakocarpathian and Penninic ar eas. In place
of a rather uni form Tri as sic car bon ate plat form a new sys tem of 
bas ins and ridges de vel oped. Rift ing cre ated wide Ju ras sic
basinal ar eas (Magura, Kysuca–Pieniny, Šiprúň, Zliechov) and 
nar row intra-basinal swells (North Tatric and South Tatric
ridges; Fig. 5). The basinal suc ces sions re tained com plete and
mostly un dis turbed pre-rift se quences fol lowed by only thin
Lower Li assic, syn-rift terrigenous ma rine clastic de pos its.
These bas ins were al ready sub sid ing dur ing Early Ju ras sic
times and quickly ac quired hemipelagic and, dur ing the Mid -
dle–Late Ju ras sic, eupelagic de pos its that ac cu mu lated partly
be low the CCD (radiolarites). The large ar eal ex tent in di cates
that this ini tial rift ing was of the sym met ric “wide rift” type

(e.g., Buck, 1991), gen er ated by nearly ho mo ge neous litho -
spheric stretch ing and crustal thin ning. 

The ini tial rift ing phase was fol lowed by the weaker up per
Li assic Devín Phase, dur ing which ad di tional crustal at ten u a -
tion and extensional block tilt ing oc curred. Nor mal fault ac tiv -
ity and deep ero sion of up lifted footwall blocks oc curred aro -
und the North Tatric Ridge area in par tic u lar (Fig. 7). It is note -
wor thy that the prom i nent Czorsztyn Ridge did not yet ex ist,
and the Czorsztyn do main was part of a wide basinal area in -
clud ing the neigh bour ing Kysuca–Pieniny and Magura bas ins.

The Mid dle Ju ras sic rift ing of the Krasín Phase (“Meso-
 Kimmerian”) took place in a more re stricted area around the fu -
ture break-up zone of the South Penninic–Vahic Ocean. An
asym met ri cal rift ing mode is in di cated by the con trast ing sub si -
dence his to ries of the mar gins of the rift zone (Plašienka, 2003). 
The lower, Slovakocarpathian (Tatric) plate mar gin ac quired a
nar row rift shoul der and the break-away sys tem of tilted half -
grabens was filled with thick aprons of scarp brec cia (Fig. 7),
while the dis tal, broad up per-plate mar gin (Czorsztyn Ridge)
was el e vated dur ing the Early Bajocian (e.g., Krobicki and
Wierzbowski, 2004; Krobicki, 2009; Schlögl et al., 2009; Fig.
4). The sub se quent lat est Bajocian hi a tus on the Czorsztyn
Ridge cor re sponds to an oce anic break-up dis cor dance fol -
lowed by a pro nounced ther mal sub si dence stage dur ing the
Bathonian–Late Ju ras sic. 

The Czorsztyn Suc ces sion re cords a sec ond, dis tinct up lift
event dur ing the Early Cre ta ceous, named the Walentowa
Phase (cor re spond ing to “Neo-Kimmerian” move ments). This
was in ter preted as a con se quence of an ad di tional phase of
asym met rical lithospheric rift ing, which ul ti mately led to the
open ing of the Magura Ocean on the north ern side of the
Czorsztyn Ridge (Plašienka, 2003). The ridge pre served its up -
per plate po si tion; there fore it again ex pe ri enced syn-rift ther -
mal up lift. Fol low ing the model of a pas sive mar gin af fected by 
sev eral extensional de tach ment sys tems (Lis ter et al., 1986), the 
Czorsztyn Ridge is in ter preted as a mar ginal pla teau or rib bon
con ti nent. How ever, low er most Cre ta ceous stratiform brec cia
bod ies oc cur also in var i ous Cen tral Carpathian units, e.g. in the 
Humienec Suc ces sion men tioned above or in the Fatric Krížna
Nappe (Nozdrovice Brec cia; Michalík et al., 1996), which
points to the large ex tent of this rift ing phase.

The above-char ac ter ized extensional tec tonic phases were
fol lowed by an ad di tional dis tinct tec tonic event dur ing the
Barremian–Early Albian, des ig nated the Solírov Phase. This is
in di cated by the growth of the Urgonian car bon ate plat form on
the for mer South Tatric Ridge and in re stricted Oravic ar eas
(Nižná Suc ces sion), by tec toni cally driven resedimentation
events around the North Tatric Ridge (calciturbiditic Solírov
Fm.), and by the up lift, ero sion and karstification of the Oravic
Czorsztyn Ridge, as well as by re stricted al ka line ba saltic vol -
ca nism (Figs. 3 and 4; cf. Fig. 13). 

A se quence of rift ing events equiv a lent to that de scribed
above was re con structed for large ar eas of the Eu ro pean,
Austroalpine and South Al pine shelves of the Al pine
Tethys/At lan tic (e.g., Lemoine et al., 1986; Froitzheim and
Eberli, 1990; Bernoulli et al., 1993; Froitzheim and Mana -
tschal, 1996; Claudel and Dumont, 1999). Li assic sym met ri cal
rift ing was suc ceeded by Mid dle Ju ras sic sim ple shear ex ten -
sion and break-up of the Ligurian–Piemont Ocean, which pro -
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duced also ther mal up lift of the broad, up per plate Brian -
çonnais rift shoul der. Fi nally, the sep a ra tion of the Brian -
çonnais rib bon con ti nent from the Eu ro pean mar gin and
break-up of the North Penninic (Valais) Ocean oc curred prob a -
bly in the Early Cre ta ceous (Frisch, 1979; Florineth and
Froitzheim, 1994; Stampfli, 1994). Open ing of both the South
and North Penninic oce anic branches was as cribed to the east -
wards prop a ga tion of the Cen tral At lan tic and the North At lan -
tic and Bay of Biscay rift sys tems, re spec tively (Frisch, 1981;
Lemoine and Trümpy, 1987; Stampfli, 1994, 1996). The Cre ta -
ceous North Penninic rift sys tem (Valais Ocean) partly re-rifted 
the Ju ras sic South Penninic Ocean (Liati et al., 2005).

Rift ing of the Penninic oceans was es sen tially non-vol ca -
nic. For in stance, Manatschal and Bernoulli (1999) and
Manatschal and Münterer (2009) char ac ter ized the magma-
 poor ocean/con ti nent tran si tion of this type as a com plex as so -
ci a tion of sub con ti nen tal man tle ex humed along low-an gle de -
tach ment faults, frag ments of con ti nen tal base ment (exten -
sional allochthons), tectono-sed i men tary brec cias, post-rift de -
pos its and var i ous ba sic vol ca nic rocks rang ing from
MORB-type to al ka line. Evo lu tion of such mar gins pro gressed
from a non-vol ca nic asym met rical rift ing stage to breakup ac -
com pa nied and fol lowed by mafic magmatism. Al ka line mag -
mas were emplaced later dur ing a post-breakup stage. 

This scheme ap plies also for the Carpathians, de spite true
ophiolites not be ing ex posed at the sur face. Ac cord ing to Spišiak 
et al. (2011 and ref er ences therein), the al ka line ba saltic vol ca -
nism was wide spread in time and space, though vol u met ri cally
re stricted to sub ma rine lavas, mostly hyalobasanites, and dykes
or small sills. This vol ca nism was ini ti ated dur ing the Berriasian
around 145–140 Ma ago (new data by Reháková et al., 2011;
Madzin et al., 2011) and oc curred through out the Cre ta ceous
with the main phase clus ter ing at around 125–100 Ma, i.e. dur -
ing the Aptian to Albian. The small amounts of ef fu sive vol ca nic 
ma te rial, low de gree of its dif fer en ti a tion and crustal con tam i na -
tion, as well as the prim i tive geo chem i cal char ac ter is tics point
rather a rapid as cent of tiny por tions of man tle melts that pierced
an over ly ing litho sphere at ten u ated by pre ced ing and co eval rift -
ing events. The al ka line ba saltic vol ca nism oc curred on pas sive
con ti nen tal mar gins of the Penninic rifts (dis tal Eu ro pean
Silesian mar gin, Oravic Czorsztyn con ti nen tal rib bon, ex tended
Austroalpine mar gin) and gen er ally post dated the main rift ing
phases, hence it ap pears to be the prod uct, not the cause, of rift -
ing (Spišiak et al., 2011). 

SYN-OROGENIC SUCCESSIONS

Syn-orogenic clastic sed i men tary suc ces sions re lated to
compressional tec tonic re gimes ter mi nate sed i men ta tion in the
suc ces sions of in verted bas ins. In the course of on go ing de for -
ma tion, they were of ten de stroyed shortly af ter or i gin and their
ma te rial can be re cy cled sev eral times. Syn-orogenic brec -
cias/con glom er ates are very vari able in their com po si tion and
gen e sis and con tain de tri tal ma te rial de rived ei ther from wide
orogenic zones char ac ter ized by a com plex geo log i cal struc -
ture, or from de stroyed fronts of lo cal thrust sheets. 

BELICE UNIT

Dur ing the Late Ju ras sic and Cre ta ceous, the north ern
Tatric (Infratatric) mar gin faced the South Penninic oce anic
realm named the Váh Ocean in the Carpathians (Maheľ, 1981).
Orig i nally, Maheľ as signed, to his Vahicum, first of all the
thick prisms of “ex otic” con glom er ate of the Klape Unit in the
Mid dle Váh Val ley. How ever, it was in ferred later by Plašienka 
et al. (1994, 1995) and Plašienka (1995a, b, c, 1999) that the
Belice Unit of the Považský Inovec Mts. rep re sents the only de -
fin able Vahic el e ment in the pres ent sur face struc ture of the
Carpathians. The Belice Unit crops out in the north ern and
south ern most part of the Považský Inovec Mts., thanks to an
antiformal thrust stack and extensional ex hu ma tion dur ing
Mio cene for ma tion of the Dan ube Ba sin, re spec tively.

The Belice Unit is com posed of two main for ma tions (Figs. 4 
and 8). The Lazy For ma tion (Plašienka et al., 1994) is sev eral
tens of metres thick, com pris ing a strongly imbricated eupe lagic
suc ces sion of red, well-bed ded Oxfordian–Tithonian radiolarite
and green ish silicite with scarce in ter ca la tions of white
Calpionella-bear ing lime stone, and dark grey si li ceous slate of
Early Cre ta ceous, up to Aptian–Albian age (closely re sem bling
the Ligurian “Palombini shales” of the West ern Alps and
Apennines). There oc cur also Turonian var ie gated marl stones of
couches-rouges type (see also Putiš et al., 2006, 2008). 

The Horné Belice For ma tion is a Senonian se quence of
deep-ma rine flysch clastics de pos its hun dreds of metres thick.
The lower, Coniacian–Santonian part con sists of thinly bed ded
dis tal cal car e ous turbidites and thick-bed ded sand stones with
lenses of polymictic con glom er ate de pos ited in the mid dle and
outer parts of the sub ma rine turbidite fan (Plašienka et al.,
1994). Two main types of peb bles have been ob served in the
con glom er ates, not in clud ing intraclasts. Over 90% of the peb -
ble ma te rial is formed of well-rounded, al most ex clu sively car -
bon ate clasts – Mid dle Tri as sic dolomites and lime stones, Up -
per Tri as sic la goonal lime stones, lime stones of the Fatra
(Kössen) For ma tion, Li assic bioclastic lime stones, Up per Ju -
ras sic and Lower Cre ta ceous pe lagic lime stones, Urgonian
lime stones and rare peb bles of vol ca nic rock and granitoid
(Fig. 8). The sec ond group in cludes scarce larger, an gu lar frag -
ments of rock clearly de rived from the over rid ing Inovec
Nappe: mica-schists, Permoscythian clastic rocks and Li assic
sandy crinoidal lime stones. Large an gu lar clasts of green
amyg da loid al ba salt may rep re sent a third type of source area. 

The up per, Campanian to pos si bly Lower Maastrichtian, se -
quence com prises pur ple-red marly shales, green ish-grey cal car -
e ous sand stones and olistolith-bear ing cha otic brec cia bod ies
com posed dom i nantly of ma te rial of the over ly ing Infratatric
Inovec Nappe – base ment mica-schists, frag ments of Permo -
scythian clastic rocks, blocks and olistoliths of Tri as sic car bon -
ate, Ju ras sic sandy biodetritic or nod u lar lime stones and Lower
Cre ta ceous pe lagic lime stones with mica-schist frag ments
(Humienec Suc ces sion, see above; Fig. 8). These de pos its rep re -
sent typ i cal prox i mal turbidites with brec cia de bris flows de pos -
ited along a slope hinge (Marschalko in Plašienka et al., 1994).
There are also clasts, olistoliths and tec tonic slices formed of
mafic vol ca nic rocks – within-plate amyg da loid al bas alts (cf.
Soták et al., 1993b) – which were pos si bly de rived from a de -
stroyed seamount of the subducted Vahic oce anic crust. An other
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in ter pre ta tion sug gest a Perm ian age for them and der i va tion
from the Inovec Nappe (Putiš et al., 2006, 2008).

It is sup posed that the Belice Suc ces sion is a de tached sed i -
men tary cover of the Vahic (South Penninic) oce anic crust that
was subducted south wards be neath the north ern Tatric edge.
Al ter na tively, it was de pos ited on a dis tal pas sive con ti nen tal
mar gin (Putiš et al., 2006, 2008). How ever, geo chem i cal pat -
terns in the red pe lagic shales as so ci ated with Up per Ju ras sic
rib bon radiolarites in di cate their or i gin by de com po si tion of
ba saltic protolith and thus their de po si tion in the prox im ity of a
mid-oce anic ridge is in ferred.

The on set of short en ing of the Belice Ba sin and subduction
of the Vahic litho sphere was her alded by start of flysch sed i men -
ta tion dur ing the Coniacian. Senonian clastic rocks of the Horné
Belice For ma tion were de pos ited in a trench ba sin in front of the
con ver gent Tatric mar gin and were later scraped off their
underthrust sub stra tum and piled up in an accretionary com plex.
The con ver gence set ting is also in di cated by the in creas ing share
of clastic ma te rial in coarse-grained strata, ma te rial which was
un doubt edly de rived from the Tatric com plexes of the Inovec
Nappe pres ently tec toni cally over ly ing the Belice Unit (Fig. 9). 

In gen eral, the Belice Unit re cords a sed i men tary gra da tion
from Up per Ju ras sic abys sal pe lagic de pos its up to coars en -
ing-up wards Up per Cre ta ceous syn-orogenic clastics. In this re -
spect, it has no sur face an a logues in the West ern Carpathians. By 

their cha otic na ture and pres ence of olistoliths of var i ous prov e -
nance, in clud ing rock of the Austroalpine (Infratatric) mar gin,
the Senonian strata of the Belice Unit are sim i lar to the olisto -
strome/mélange units oc cur ring in zones around the Up per
Penninic–Austroalpine bound ary in the East ern Alps. These
zones in clude e.g., the Platta Nappe and Arosa Zone (Dietrich,
1970; Weissert and Bernoulli, 1985), the “Tauern Flysch” and
Matrei Zone (Frisch et al., 1987), part of the Klammkalkzone
(Ślączka et al., 2011), or the Ybbsitz Klippen Belt (Decker,
1990; Homayoun and Faupl, 1992; Schnabel, 1992). Hence, al -
though the Penninic–Vahic af fil i a tion of the Belice Unit and the
pres ence of any such el e ments in the Carpathians were ques -
tioned by some au thors (Rakús and Hók, 2005; Ivanička and
Kohút, 2011), we still re gard pro lon ga tion of the South Penninic
oce anic zone into the Carpathians as in ev i ta ble for geodynamic
rea sons. Con cur rently we be lieve that the sed i men tary re cord of
both the Mid dle Ju ras sic syn-rift clastic de pos its and Up per Cre -
ta ceous syn-orogenic com plexes in zones along the CWC–PKB
con tact zones pro vide in di rect pos i tive ev i dence for the ex is tence 
of such an an cient oce anic tract.

KLAPE UNIT 

In the west ern part of the PKB, in the Mid dle Váh Val ley
(Púchov sec tor; Fig. 2), the Klape Unit – a large and puz zling
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Fig. 9. Ten ta tive re con struc tion of the con ver gence zone be tween the Cen tral West ern Carpathian (Austroalpine)
fron tal units and the Oravic do main dur ing the lat est Cre ta ceous in west ern Slovakia



PKB el e ment – crops out. At pres ent, it is po si tioned be tween
the over rid ing Manín Unit and un der ly ing Oravic units of the
“Klippen Belt sensu stricto” (Fig. 9). The Klape Unit is com -
posed of prisms some thou sand metres thick of mostly prox i -
mal flysch to wildflysch suc ces sions, in clud ing cha otic boul der 
beds and mega-olistoliths (Marschalko, 1986). Ow ing to its po -
si tion along the in ner PKB side (the so-called Periklippen
Zone), Maheľ (1980, 1981) con sid ered the “Klape Flysch” as
the main el e ment of his Vahicum. Ac cord ingly, the Klape
Flysch should rep re sent an el e ment of the South Penninic
accretionary com plexes of even larger di men sions than those
oc cur ring in the Alps. How ever, this in ter pre ta tion is not con -
sis tent with the age and com po si tion of “ex otic” con glom er -
ates, which are the most con spic u ous el e ment of the Klape Unit 
(cf. Plašienka, 1995a, b). 

The ex otic, so-called Upohlav con glom er ates (Andrusov,
1938) oc cur at two strati graphic lev els: Albian–Lower Ceno -
manian and Coniacian–Santonian, and are sep a rated by the
Up per Cenomanian–Turonian shallowing-up wards se quence
of mas sive sand stones with tempestites and oys ter banks
(Orlové Fm.; Fig. 3). The con glom er ates have an ex cep tion ally
var ie gated com po si tion with nu mer ous rock types (Fig. 10A,
B), which were stud ied and de scribed in de tail by Mišík et al.
(1977, 1991), Mišík and Sýkora (1981), Marschalko (1986),
Mišík and Marschalko (1988), Birkenmajer (1988), Birken -
majer et al. (1990), Faryad and Schreyer (1996) and Mišík and
Reháková (2004). Be sides many com mon rock types, the most
no tice able ex otic ma te rial com prises basinal Tri as sic lime -
stones, Up per Ju ras sic plat form lime stones, Urgonian lime -
stones with ser pen tin ite clasts, Perm ian A-type gran ites with
Lower Cre ta ceous FT cool ing ages (Uher and Pushkarev,
1994; Kissová et al., 2005), large amounts of ba saltic and
calc-al ka line volcanics of un cer tain age (Perm ian, Late Ju ras -
sic?), Up per Ju ras sic glaucophanites (Dal Piaz et al., 1995),
pre vail ing Cr-spi nels in heavy min eral spec tra (Jablonský et al., 
2001) and so on. To ex plain the source of these ex otic clasts,
which do not oc cur in pri mary po si tion in the PKB and neigh -
bour ing zones at all, the con cept of a tem po rary Cre ta ceous
“ex otic ridge”, “Klape ridge”, “Pieniny (ul tra-Pieninic) cor dil -
lera”, or “Andrusov ridge” was de vel oped de cades ago (e.g.,
Birkenmajer, 1988). 

With the ad vent of the plate tec tonic the ory, this ex otic
ridge has been in ter preted as a compressional tec tonic struc ture 
in an ac tive mar gin set ting – imbricated slices of obducted oce -
anic ma te rial or subduction mélange tem po rarily out cropping
along the outer struc tural high of an accretionary palaeoprism
(Mišík, 1979), a subduction com plex ex humed in the rear part
of the South Penninic–Vahic accretionary wedge (Maheľ,
1989), or a mag matic is land arc (Birkenmajer, 1988). Ex otic
peb ble ma te rial would in di cate Tri as sic open ing of the cor re -
spond ing oce anic ba sin and its Late Ju ras sic–Early Cre ta ceous
clos ing (e.g., Birkenmajer, 1988; his “Ocean X”; Dal Piaz et
al., 1995). How ever, this con cept is in con sis tent with the geo -
log i cal re cord of all other PKB and neigh bour ing units, where
no such events can be doc u mented or even in di cated. On the
other hand, these events surely oc curred in the south ern West -
ern Carpathian zones, where they were as so ci ated with the
open ing and clos ing of the Neotethyan Meliata Ocean. 

How ever, the prob lem re mained as how this ma te rial could
have been trans ported through wide CWC zones with rug ged
mor phol ogy, to be de pos ited in the neigh bour hood of the PKB
zones, where an extensional tec tonic re gime ob vi ously op er -
ated dur ing the whole Ju ras sic–Early Cre ta ceous in ter val.
There fore Plašienka (1995b) pro posed a so lu tion, which con -
sid ers the Klape Unit to be de rived from the Fatric Zliechov Ba -
sin, which ad joined the Meliatic collisional stack in mid-Cre ta -
ceous times and re ceived ex otic ma te rial from it (Kissová et al.,
2005). Dur ing the Turonian, the Klape Unit as a part of the
Krížna Nappe sys tem slid far to the north to oc cupy a po si tion
in the neigh bour hood of the later PKB (Plašienka and
Prokešová, 1996; Prokešová et al., 2012) and was then in cor -
po rated into its struc ture. The Lower Senonian con glom er ates,
with sim i lar com po si tion to the Albian ex otic flysch, would
con tain, at least partly, re cy cled ma te rial. If this was cor rect, the 
Klape Unit and its ex otic con glom er ates re cord im por tant tec -
tonic events of com pletely dif fer ent tec tonic zones of the
Carpathians that have noth ing in com mon with events oc cur -
ring in wide zones along the pres ent PKB – hence they cre ate a
kind of “false” accretionary com plex (Plašienka, 1995b).

ORAVIC SUCCESSIONS 

The Oravic units of the PKB were de rived from the north -
ern flanks of the South Penninic–Vahic oce anic do main, there -
fore their short en ing and nappe stack ing com menced af ter di -
min ish ing of the oce anic litho sphere be tween the Oravic con ti -
nen tal rib bon and the ac tive Slovakocarpathian mar gin. The
stack ing pro gressed from the dis tal pas sive mar gin (Pieniny
Unit) to the Czorsztyn Ridge ar eas (Sub-Pieniny Unit) and fi -
nally to its north ern slopes fac ing the North Penninic (Magura)
oce anic realm. This stack ing suc ces sion is well re corded by
coarse-grained syn-orogenic de pos its, par tic u larly in the East -
ern Slovakian PKB branch. There, three prin ci pal Oravic units
have been dis tin guished from top to bot tom – the Pieniny
Nappe, the Sub-Pieniny Nappe and the Šariš Unit. While the
first two are ubiq ui tous across the whole PKB and were rec og -
nized al ready by Uhlig (1907), the Šariš Unit has been de fined
only re cently (Plašienka and Mikuš, 2010; Plašienka, 2012;
Plašienka et al., 2012).

The Pieniny Nappe in cludes basinal suc ces sions (Pieniny
sensu stricto, Kysuca–Branisko, Nižná) rang ing from Lower
Ju ras sic to Up per Cre ta ceous. The Pieniny-type suc ces sions are 
ter mi nated by the Up per Cre ta ceous, coars en ing- and thick en -
ing-up wards syn-orogenic se quence of Turonian dis tal
turbidites (Snežnica Fm.) pass ing into Coniacian–Santonian
thick-bed ded sand stones with con glom er ate bod ies (Sromowce 
Fm.). The con glom er ates may be re garded as “ex otic” – they
mostly con tain ma te rial of sim i lar com po si tion to those de -
scribed above as the Klape Flysch (Fig. 10B, C).

In the Sub-Pieniny Unit, the youn gest strata of the
Czorsztyn-type suc ces sions are the Up per Senonian cal car e ous
sand stones (Jarmuta Fm.) over lain by olistostrome brec cias
(Gregorianka Brec cia; Nemčok et al., 1989; re de fined by
Plašienka and Mikuš, 2010). These brec cias only con tain ma te -
rial de rived from the higher Pieniny Nappe (mostly maiolica-
 type lime stones; Fig. 10D). In the Orava re gion, anal o gous
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Maastrichtian brec cia de pos its com posed pre dom i nantly of
ma te rial de rived from the mid-Cre ta ceous marly units of the
Kysuca–Pieniny suc ces sions, were de scribed as olistostromes
gen er ated by dis in te gra tion of ad vanc ing nappe fronts
(Záskalie Brec cia; Andrusov, 1938; Marschalko et al., 1979;
Baková and Soták, 2000).

The Šariš Unit was for merly con sid ered to be a part of the
“klippen man tle” (e.g., Stráník, 1965). It con sists of var ied Up -
per Ju ras sic to Up per Cre ta ceous pe lagic de pos its fol lowed by
Maastrichtian–Lower Eocene, deep ma rine, pe lagic (var ie -
gated shales) and clastic (turbidite, mass-flow) de pos its. The
lat ter are known as the Jarmuta and/or Proč Fm. and in volve
also cha otic olistostrome bod ies (Milpoš Brec cia; Fig. 10E, F)
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Fig. 10. Photo-ta ble of syn-orogenic con glom er ates from the PKB

A – Albian ex otic con glom er ates of the Klape Unit, Stupné vil lage in the Mid dle Váh Val ley; B – Santonian ex otic con glom er ates (Sromowce 
Fm.) of the Pieniny Unit, Oravský Podzámok vil lage in the Orava re gion; C – peb bly mudstone (Sromowce Fm.) of the Pieniny Unit,
Zemianska Dedina vil lage in the Orava re gion (cf. Starek et al., 2010); D – Maastrichtian Gregorianka Brec cia of the Sub-Pieniny Unit,
Jarabina vil lage in east ern Slovakia; E – Lower Eocene Milpoš Brec cia of the Šariš Unit com posed solely of clasts of the Mid dle Ju ras sic
crinoidal lime stones, Litmanová vil lage in east ern Slovakia; F – Lower Eocene Milpoš Brec cia of the Šariš Unit com posed of an gu lar clasts of 
var i ous rocks de rived from the PKB Oravic units mixed with well-rounded re cy cled ex otic peb bles, Kyjov vil lage in east ern Slovakia



with large olistoliths dom i nantly de rived from the over ly ing
Sub-Pieniny Nappe. Pre vi ously, these were mostly con sid ered
as tec tonic klippen. How ever, their sed i men tary char ac ter was
rec og nized by Nemčok (Nemčok, 1980; Nemčok et al., 1989).
The over rid ing Czorsztyn-type units form a sys tem of
imbricated thrust sheets. In the course of thrust ing, their dis in -
te grated fronts were trans formed into pre cur sory olistostromes
in serted within and above the Proč Flysch, thus in di cate close
sed i men tary and tec tonic re la tion ships be tween the Šariš and
over ly ing units (Fig. 11; Plašienka et al., 2012). 

Al though the Šariš Unit, or at least some for ma tions typ i cal
for it, can be found in many parts of the PKB, cor re la tion of
these frag ments along the PKB strike meets dif fi cul ties due to
lo cally very dif fer ent in ter pre ta tion of their po si tion. In the Pol -
ish Pieniny Mts., the Šariš Unit would cor re spond to the
Grajcarek Unit (Birkenmajer, 1970, 1986), as well as to the
Hulina and Złatna units dis tin guished by Sikora (1971, 1974),
as far as their lithological com po si tion is con cerned. How ever,
the tec tonic in ter pre ta tion of both au thors dif fers con sid er ably
from our views. Nev er the less, more re cently Jurewicz (1997,
2005), Oszczypko et al. (2010), and Oszczypko and
Oszczypko-Clowes (2010) pro posed the low er most struc tural
po si tion of the Grajcarek Unit, as an in ner part of the Magura
Ba sin, with re spect to other PKB units. This view would en able 
cor re la tion of the Grajcarek and Šariš units di rectly (see also
Plašienka et al., 2012). In east ern most Slovakia, the Proč For -

ma tion (de fined orig i nally by Leško, 1960), as the most char ac -
ter is tic mem ber of the Šariš Unit, has also been af fil i ated to the
in ner most Magura Zone, hence in a lower tec tonic po si tion
with re spect to the PKB (Potfaj in Žec, 1997).

In the Orava re gion, a suc ces sion anal o gous to the Šariš
Unit oc curs in the sur round ings of Zázrivá vil lage (Soták and
Plašienka, unpubl.), which was for merly in part cor re lated with
the Cre ta ceous Pupov Beds (Andrusov, 1938). In the Mid dle
Váh Val ley, the Maastrichtian cal car e ous sand stones are com -
monly af fil i ated to the Jarmuta For ma tion as a ter mi nal mem ber 
of the Czorsztyn-type suc ces sions (Mello, 2011). How ever, our 
own in spec tion re vealed that at least in the Vršatec area strata
anal o gous to the Jarmuta–Proč For ma tions were par tially
mapped as the Javorina Beds of the Biele Karpaty Unit (Vlára
Suc ces sion; Potfaj, 1993; Fig. 4). The lat ter unit is usu ally con -
sid ered as a con stit u ent of the Magura Nappe group, but con -
sid er ing its close struc tural re la tion ship with the PKB, tec tonic
style (Hrouda et al., 2009), the age range (Cre ta ceous–Lower
Eocene), gen eral lithostratigraphic suc ces sion and prev a lence
of cal car e ous sand stones in Maastrichtian to Lower Eocene
syn-orogenic deep-ma rine clastic de pos its, it rather rep re sents
an in de pend ent tec tonic el e ment (Potfaj in Bezák, 2004) cor re -
spond ing to some ex tent to our Šariš Unit. More over, Picha et
al. (2006) dis tin guished the so-called Kopanice fa cies here,
which ac cord ing to them closely re sem bles the Proč-type suc -
ces sions of east ern Slovakia. Con se quently, we in fer that the
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Fig. 11. Block-di a gram il lus trat ing stack ing of Oravic units and po si tion of the Proč Fm. 
in the east ern Slovakian Klippen Belt

a – con glom er ates of the Sromowce Fm., b – Gregorianka Brec cia, c – Milpoš Brec cia;
for other ex pla na tion see the text



Šariš–Grajcarek–Hulina–Kopanice Unit is also a ubiq ui tous
and in te gral PKB el e ment, as are the Sub-Pieniny and Pieniny
nappes.

MULTIPLE RECYCLING OF THE “EXOTIC” MATERIAL

The is sue of ex otic ma te rial in the Cre ta ceous and Paleo -
gene con glom er ates of the PKB and ad join ing zones has been
ex ten sively de bated for de cades in the Carpathian lit er a ture.
The gen er ally ac cepted idea of ex otic cor dil lera (a “cryp tic
ridge”) on the in ner side of the PKB and ad ja cent to the outer
CWC mar gin was re jected by Plašienka (1995b) for the rea son
that the palaeotectonic and struc tural evo lu tion of the outer
Tatric mar gin is in to tal con tra dic tion to what is re corded by the 
peb ble ma te rial in these con glom er ates. On the other hand, the
ex otic ma te rial largely mir rors those rock com plexes and
events which oc cur in the vi cin ity of the Meliatic units in the in -
ner Carpathian zones. How ever, there was seem ingly no means 
trans porting this ma te rial through the bas ins and ridges of the
CWC as far as the zones ad ja cent to the PKB. A ten ta tive
model, which as sumes de po si tion of the Klape Flysch in the
Fatric Zliechov Ba sin and its Up per Turonian tec tonic trans port 
in front of other Fatric Nappes (Manín-Belá, Drietoma, Krížna; 
Plašienka, 1995b, 1997; Kissová et al., 2005) was crit i cized
e.g., by Mišík (1996) and Rakús and Marschalko (1997). The
lat ter au thors pro posed an al ter na tive idea of a large-scale lat -
eral sinistral move ment be tween the “south ern” source ar eas
and the pres ent oc cur rences of ex otic clasts in the west ern PKB
branch. How ever, struc tural ar gu ments for such move ments
have not yet been pre sented. 

The ex otic ma te rial first ap pears in large amounts in the Up -
per Albian–Cenomanian con glom er ates of the Klape Unit and,
si mul ta neously, in the anal o gous con glom er ates of the Fatric and 
Tatric Poruba For ma tion (Mišík et al., 1981; see Figs. 3 and 13).
It was in ferred that these ex otic clasts were de rived from moun -
tain ous ar eas in the south ern Austroalpine zones, which were
up lifted fol low ing the Late Ju ras sic col li sion due to clo sure of
the Meliata Ocean (Plašienka, 1995b, 1997; Kissová et al.,
2005). Al ter na tively, part of the ex otic clasts (ophiolites, high-
 pres sure meta mor phic, Tri as sic deep- wa ter strata) might have
been de rived from Ju ras sic mélange units re lated to the Neo -
tethyan su ture in these zones (e.g., Missoni and Gawlick, 2011)
and mixed with ma te rial de rived from ex hum ing base ment units
un der ly ing the allochthonous mélanges in mid-Cre ta ceous
times. Then ba si cally the same peb ble ma te rial can be found in
the Coniacian–Santonian con glom er ates of the Sro mowce For -
ma tion of the Oravic Pieniny Unit and then, in de creas ing
amounts, also in the Maastrichtian Jarmuta For ma tion and the
Paleogene Proč For ma tion of the PKB (Figs. 4 and 10A, B, F).
Ex otic peb bles have been re ported also from the Seno -
nian–Eocene con glom er ates of the Gosau Group in west ern
Slovakia. Hence the prob lem of the ex otic peb ble ma te rial does
not con cern only the pri mary source area, but also its re peated
pres ence in units within the PKB in a time span cov er ing ca.
60 Ma. There are sev eral pos si bil i ties as to how to solve this
prob lem. The clas si cal view as sumes a long-lived ex otic ridge
and its com plete dis ap pear ance later (e.g., Andrusov, 1968;
Birken majer, 1988), its lat eral shift and an eastwards younging

of ex otic con glom er ates along the PKB (e.g., Rakús and
Marschalko, 1997; the Neopienidic cor dil lera of Mišík et al.,
1991), or its grad ual out ward dis place ment to feed still more ex -
ter nal and youn ger bas ins (e.g., Potfaj, 1998). The lat ter opin ion
is also sup ported by the pres ent au thor – how ever, in a mod i fied
form. In stead of dis place ment of the orig i nal source cor dil lera,
mul ti ple re cy cling of the same ex otic ma te rial to the still youn ger 
con glom er ates is fa voured. A ten ta tive model of how the re cy -
cling could have oc curred is out lined in Fig ure 12. 

Ex otic peb bles are un ex cep tion ally com posed of per fectly
rounded hard rocks that could sus tain resedimentation with out
sub stan tial changes in com po si tion and can be found un al tered
also in Mio cene con glom er ates (Mišík, 1986) and Qua ter nary
grav els. Con cern ing the Cre ta ceous con glom er ates, Mar -
schalko (1986) orig i nally ar gued against the resedimentation of 
peb bles from older to youn ger de pos its. How ever, Marschalko
and Rakús (1997) later ana lysed the pos si bil ity of re cy cling ex -
otic clasts within three mega cy cles (Albian–Cenomanian,
Conia cian–Santonian and Maastrichtian–Ilerdian) and in di -
cated that es pe cially the olistostromes of the sec ond cy cle may
have orig i nated by dis in te gra tion of the Cen tral Carpathian
Nappe fronts, i.e. in clud ing also the peb ble ma te rial. Ac cord ing 
to ob ser va tions from east ern Slovakia, the still youn ger con -
glom er ates (Milpoš Brec cia) con tain both an gu lar car bon ate
ma te rial de rived un doubt edly from the Oravic suc ces sions, and 
well-rounded siliciclastic ex otic ma te rial (Nemčok et al., 1989;
Plašienka et al., 2012; Fig. 10F). In this case resedimentation of
the rounded ma te rial from the Sromowce con glom er ates and
their mix ture with lo cal, short-dis tance trans ported ma te rial ap -
pears to be the only vi a ble ex pla na tion (Fig. 11). 

SHORTENING PHASES 

Af ter clo sure of the Neotethyan Meliata–Hallstatt Ocean,
the West ern Carpathian orogenic wedge grew in ter mit tently
from the Late Ju ras sic on wards. The course of the wedge
growth was de scribed by Plašienka (2002; in Froitzheim et al.,
2008) as fol lows (Fig. 13). Shortly af ter the Solírov Phase, in
the Mid dle Albian, syn-orogenic, coars en ing-up wards flysch
sed i men ta tion com menced in the Fatric and Tatric do mains
(Poruba Fm. and Klape Flysch). The mid-Cre ta ceous flysch se -
quences and their pre cur sory car bon ate olistostromes
(Vlkolínec Brec cia; Jablonský and Marschalko, 1992) are in -
ter preted to re flect the de vel op ment of an underthrusting zone
be tween the Fatric and North Veporic zones dur ing the
Benkovo Phase (cor re spond ing to the “Aus trian Phase” of
older au thors). This stage ends with an em place ment event of
ex ten sive Fatric and Hronic cover nappe sys tems over rid ing the 
Tatric sub stra tum dur ing the Late Turonian (Donovaly Phase,
pre-Gosauian or “Med i ter ra nean”). The fron tal Fatric el e ments
(Klape, Drietoma, Manín) slid be yond the north ern Tatric mar -
gin in places where they over rode the in ter nal Vahic zones. 

Af ter di min ish ing of the Fatric Zliechov Ba sin, the
compressional stresses were trans mit ted to wards the front of
the rigid Tatric plate, where an underthrusting zone of the
Vahic oce anic litho sphere was set up dur ing the Coniacian
(Selec Phase, or “Subhercynian”). The subduction pro cess con -
tin ued un til the Maastrichtian-Paleocene bound ary, when the

Jurassic syn-rift and Cretaceous syn-orogenic, coarse-grained deposits related to opening and closure of the Vahic (South Penninic) Ocean... 619



620 Dušan Plašienka

Fig. 12. Hy po thet i cal re cy cling scheme of exotics in the PKB

Four prin ci pal stages of the re cy cling pro cess are dis tin guished; A – pri mary ero sion and trans port of the ex otic terrigenous ma te rial to wards
the Fatric Zliechov Ba sin (Poruba Fm., Klape Flysch; af ter Kissová et al., 2005); B – first re cy cling phase with resedimentation of ex otic
clasts from the Klape Flysch into Vahic Belice and Oravic Pieniny bas ins in front, and into piggy-back Gosau bas ins on top of the Klape
“false” accretionary wedge; C – sec ond re cy cling phase with re stricted resedimentation, mostly into piggy-back Gosau bas ins and partly into
the fron tal Jarmuta Ba sin of the later Sub-Pieniny Unit; D – third re cy cling phase, in creas ing resedimentation from the Pieniny Unit into the
fron tal Proè Ba sin (Milpoš Brec cia), but wan ing resedimentation into in verted Gosau bas ins; clastic for ma tions are stip pled, pre-ex ist ing sed -
i men tary suc ces sions are shown grey, ac tively de pos ited clastics-dom i nated for ma tions are blank



col li sion of the wedge tip with the Oravic rib bon con ti nent gen -
er ated a strong con trac tion event within the wedge (Jarmuta
Phase, widely known as “Laramian”). Sub se quently, fron tal
de tach ment and stack ing of Oravic units oc curred, while their
base ment (Czorsztyn Ridge) were underthrust south wards be -
neath the wedge tip and then, dur ing the early Paleogene, this
underplated the Tatric base ment thrust sheet and the over ly ing
Cre ta ceous nappe stack of the CWC. Underplating of the
Oravic base ment caused thick en ing of the collisional zone,
whereby the overthickened crust col lapsed by the Mid dle
Eocene and the Cen tral Carpathian (Podhale) Paleogene Ba sin
(CCPB) was formed (Súľov Phase – more-or-less “Illyr ian” in
for mer ter mi nol ogy). The CCPB largely sealed the PKB struc -
tures and the whole Vahic su ture, but later events still partly
mod i fied the over all ar chi tec ture of the su ture zone. These in -
clude the Oligocene–Early Mio cene for ward growth of the Ex -
ter nal Carpathian accretionary wedge due to subduction of the
North Penninic–Magura Ocean (Flysch Belt; e.g., Oszczypko,
1992; Winkler and Ślączka, 1994; Picha et al., 2006; Oszczy -
pko and Oszczypko-Clowes, 2009) – this would be the
Beskydy Phase (“Pyr e nean” to “Savian” move ments). Man i -

fes ta tions of this stage as backthrusts on the in ner side of the ax -
ial zone of the wedge, partly south of the PKB, are rec og nized
as the Kamenica Phase (e.g., Plašienka et al., 1998; Marko et
al., 2005; Picha et al., 2006).

The evo lu tion ary tec tonic scheme out lined in Fig ure 13
clearly doc u ments the progradational trend of de vel op ment of
the West ern Carpathian orogenic wedge dur ing the Cre ta ceous. 
Be ing gov erned by lithospheric-scale plate tec tonic pro cesses,
the short en ing of the Slovakocarpathian con ti nen tal base ment
units and subduction of the Penninic oce anic do mains with in -
ter ven ing Oravic con ti nen tal frag ment in di cate grad ual out -
ward mi gra tion. This po lar ity is ex pressed by younging of the
prin ci pal short en ing events from mid-Cre ta ceous times in the
intra-Slovakocarpathian realms (pre-Gosauian Benkovo and
sub se quent Donovaly Phases), through Late Cre ta ceous elim i -
na tion of the Vahic oce anic zone (Selec Phase) fol lowed by the
col li sion-re lated stack ing of de tached Oravic suc ces sions dur -
ing the Early Paleogene (Jarmuta Phase), and fi nally by sub -
duction of the North Penninic–Magura Ocean and de vel op -
ment of the Ex ter nal West ern Carpathians (Flysch Belt) accre -
tionary wedge dur ing the Eocene through Early Mio cene
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Fig. 13. Syn op tic sum mary of syn-rift and syn-orogenic events in the outer Austroalpine and in ner Penninic zones of the West ern Carpathians

Note that the scheme does not rep re sent a sec tion, but in te grates data from zones all along the Cen tral/Ex ter nal West ern Carpathian bound ary;
BHB – Borinka-Humienec Ba sin, BK – Biele Karpaty, BY – Bystrica, KR – Krynica, MBV – Manín-Belá-Vysoká, VB – Veľký Bok zones,

WP – within-plate bas alts; po si tions of im por tant clastic sed i men tary for ma tions and brec cia mem bers men tioned in the text are shown in boxes



(Beskydy Phase). How ever, as seen from the scheme, the
Donovaly event in fringes this rule in the Vahic do main, since it
pre dates the main subduction phase of the Váh Ocean (Fig. 13). 
This can be ex plained by the struc tural char ac ter of the
Donovaly Phase as a su per fi cial em place ment event of the
Fatric cover nappes that slid into basinal ar eas be yond the
north ern Tatric mar gin, i.e. they be came an alien el e ment of the
sub se quently de vel oped Vahic accretionary com plex. That is
the rea son why the Coniacian–Santonian con glom er ates of the
Pieniny and Belice units as a whole do not re cord the elim i na -
tion of the Vahic oce anic zone – it was “too early”, since the
subduction had prob a bly only com menced at that time. By con -
trast, the ex otic peb ble ma te rial cor rob o rates the view as sum -
ing its resedimentation from the mid-Cre ta ceous Klape Flysch
com plexes.

DISCUSSION – DISTINCTION BETWEEN SYN-RIFT
AND SYN-OROGENIC COARSE CLASTICS

Based on my ob ser va tions from the West ern Carpathians, I
de duce some em pir i cal con clu sions con cern ing the dif fer ences
be tween coarse-grained clastic de pos its, pre dom i nantly ma -
rine, re lated to the rift ing and, in con trast, to the sub duc tion/col -
li sion pro cesses of the South Penninic–Vahic oce anic do main
and its sur round ings. I rely on the over all gov ern ing tec tonic re -
gimes, not con sid er ing such other im por tant con trol ling fac tors
as sea level changes, subaerial vs. sub ma rine der i va tion of the
clastic ma te rial, cli mate and weath er ing con di tions, or phys i cal
types of trans port and de po si tion mech a nisms. How ever, the
dif fer ences are some times sub tle, while the extensional vs.
compressional set ting is some times not well es tab lished (e.g.,
the Solírov Phase men tioned above). Con se quently, no sin gle
fea ture can be taken as a de ci sive one for the dis tinc tion.

The prin ci pal dis tinc tive at trib utes of the two types of
mass-trans fer de pos its may be briefly sum ma rized as fol lows
(Ta ble 1). The ex ten sion-re lated syn-rift brec cias were ex clu -
sively fed by lo cal, nor mal fault-re lated sources and their com -
po si tion re flects on go ing de nu da tion of the source area. Lin ear
sources with short trans port, apron-type sheet bod ies inter -
fingering basinward with hemipelagites and/or turbidites are
their other com mon signs. De po si tion might have cov ered a
con sid er able time span (tens of Ma); on con di tion that rift ing
oc curred in sev eral pulses. In par tic u lar, the long-last ing rift ing
pro cess was bounded to zones ad ja cent to the break-away fault
zones of asym met ric rift struc tures (Borinka and Humienec
suc ces sions). The wide sym met ri cal rifts were gen er ally for -
med by a sin gle short-time event (Zliechov and Šiprúň bas ins).
In con tin u ous sed i men tary suc ces sions, the syn-rift clastic de -
pos its over lie the pre-rift, of ten deeply eroded sub stra tum and
are over lain by deep en ing post-rift, mostly pe lagic units. Thus
their base is ero sional, usu ally via an gu lar un con formity and
the gen eral trend is deep en ing-, thin ning- and fin ing-up wards.

In con trast, the con trac tion-re lated mass-flow de pos its usu -
ally ex hibit a dis tinct coars en ing- and thick en ing-up wards
trend, i.e. grad ual tran si tion from deep-ma rine strata to dis tal
and then prox i mal turbidites, and fi nally to mar ginal cha otic
de pos its. Two ba sic types should be dis tin guished – a short-
 trans port type sup plied by un sorted lo cal ma te rial eroded from

the over rid ing thrust sheet, in places sup ple mented to a var i ous
de gree by a re cy cled, well-rounded peb bles (Belice and Oravic
units). Un der spe cial tec tonic cir cum stances, the re cy cled ma -
te rial can even dom i nate (Kysuca–Pieniny suc ces sions). Sim i -
lar char ac ter is tics ap ply also for the pig gy back growth bas ins of 
the Gosau type. Tectonosedimentary brec cias carry large
olistoliths and are closely re lated to slide bod ies de tached from
the over rid ing nappe fronts. De po si tion sel dom ex ceeded a few 
Ma; there fore the sed i men tary age may nar rowly con strain the
tim ing of re lated thrust ing events.

The long-trans port type con glom er ates were sourced by
wide orogenic zones with a high-en ergy re lief and a com plex
nappe struc ture, and were de pos ited in fore land- foredeep-trench
bas ins (Poruba Fm., Klape Flysch). Ow ing to in ter mit tent river
and shelf en vi ron ments, the clastic ma te rial is well-rounded and
sorted by re sis tance, but still end lessly vari able and of ten “ex -
otic”. De po si tion of con glom er ates and peb bly mudstones oc -
curred in channelized prox i mal zones of prograding sub ma rine
turbiditic fans. Sol i tary slide blocks – olistoliths (Klape and
Kostolec Klippen) seem to be un re lated to the con glom er ates,
but were emplaced dur ing the ini tial stages of syn-orogenic sed i -
men ta tion. In the case study pre sented here, though, the
Klape-type con glom er ates are con sid ered as not di rectly linked
with the clos ing of the Penninic–Vahic oce anic do main.

CONCLUSIONS

The zones along the Ex ter nal/Cen tral West ern Carpathian
bound ary, i.e. be tween the Flysch Belt and the north ern Tatric
mar gin, in volve units of var i ous and lo cally dis tant prov e nance
and ex hibit signs of ex ten sive crustal short en ing: thus, char ac ter -
is tics of a for mer plate bound ary. In the in ter pre ta tion pre sented
here, the short en ing re sulted from di min ish ing of an oce anic do -
main cor re lated with the South Penninic (Ligu rian–Piemont)
Ocean of the Alps. It has been given the name Váh Ocean
(Vahicum) in the Carpathian lit er a ture. Ac cord ing to the sed i -
men tary re cord pre sented, the Vahic oce anic zone opened by
pas sive con ti nen tal rift ing in sev eral phases dur ing the Ju ras sic,
and closed by Late Cre ta ceous subduction and sub se quent
Maastrichtian col li sion of the lower plate Oravic rib bon con ti -
nent (Czorsztyn Ridge) with the up per plate of the Tatric
(Austroalpine–Slovakocarpathian) mar gin (Fig. 13). Both the
rift ing and col li sion pro cesses are re corded in clastic strata,
among them no tice ably coarse-grained de pos its that com prise
the main ob ject of this over view study. I have pre sented the most
sig nif i cant ex am ples of both the rift ing-re lated and syn-orogenic
con glom er ates/brec cias of var i ous units that are in ter preted as
ves tiges of open ing and clo sure of the Váh Ocean.

The extensional re gime is ex em pli fied by the nor mal
fault-re lated scarp brec cias of the Ju ras sic Borinka Unit in the
Malé Karpaty Mts. These were de pos ited in a halfgraben flank -
ing the Tatric con ti nen tal mar gin against the Vahic Ocean.
Brec cias form up to 100 m thick, sheet-like bod ies com pos ing
basinwards thin ning aprons with ex posed cu mu la tive thick ness 
ex ceed ing 500 m. Near the halfgraben axis the brec cia bod ies
interfinger with basinal hemipelagic or sandy turbidite-dom i -
nated de pos its. The clastic ma te rial is un sorted and al ways an -
gu lar, olistoliths reach ing 100 m in di am e ter. The clast com po -

622 Dušan Plašienka



si tion re veals grad ual ero sion of lo cal source ar eas from pre-rift 
Tri as sic car bon ates and quartzites (Lower Ju ras sic brec cias) to
base ment rocks (Mid dle to Up per Ju ras sic brec cias). The lin ear 
sources – fault es carp ments were ac tive for at least 30 Ma, dur -
ing which two or three ma jor rift pulses may be doc u mented.
The Ju ras sic–Early Cre ta ceous rift ing pro cesses are fur ther
dem on strated by areally re stricted cases of scarp brec cias en -
tirely de stroyed by later compressional events at the Infratatric
mar gin (re con structed Humienec Suc ces sion), and by the brec -
cias oc cur ring on the other side of the ocean in the Oravic
Sub-Pieniny Unit of the PKB (Czorsztyn Suc ces sion). The lat -
ter are in ter preted as con nected with the breakup of its bound -
ing South Penninic–Vahic (Bajocian Krasín Brec cia) and
North Penninic–Magura oceans (Lower Cre ta ceous Walen -
towa and Tvrdošín brec cias). 

Syn-orogenic sed i men tary units re lated to compressional
tec tonic re gimes ter mi nate the sed i men tary suc ces sions of in -
verted bas ins. In the course of on go ing de for ma tion, they were
of ten de stroyed shortly af ter or i gin and their ma te rial could be
re cy cled sev eral times. Syn-orogenic brec cias/con glom er ates
con tain a va ri ety of ma te rial de rived ei ther from wide orogenic
zones char ac ter ized by a com plex geo log i cal struc ture (long
trans port), or from lo cal sources of ad vanc ing thrust fronts ap -
proach ing the foredeep de pres sions (short trans port). The con -
trac tion-re lated con glom er ates and mass-flow de pos its usu ally
ex hibit a coars en ing- and thick en ing-up wards trend. De po si -
tion of the short-trans port sed i ments sel dom ex ceeded a
few Ma, maybe less, thus their strati graphic age can nar rowly
con strain tim ing of re lated thrust ing events.

Two ar eas pro vide ex am ples of contractional set tings, both
re lated to short en ing and clo sure of the Penninic–Vahic oce -
anic do main. The Belice Unit in the Považský Inovec Mts. in -
cludes Up per Ju ras sic–Lower Cre ta ceous eupelagic, mostly si -
li ceous strata and a thick en ing-up wards Senonian se quence of
turbiditic sand stones, con glom er ates and cha otic brec cias com -
posed of ma te rial de rived from the over rid ing Infratatric Inovec 
base ment/cover nappe. It is in ferred that this suc ces sion rep re -
sents the sed i men tary cover of an oce anic crust ap proach ing the 
trench po si tion, its offscraping and in cor po ra tion into the
accretionary com plex, and fi nally underthrusting be low the
outer Tatric (Infratatric) mar gin.

The ma rine brec cia/con glom er ate bod ies with olistoliths in
the PKB formed in re sponse to the col li sion-re lated thrust
stack ing of the Oravic units and their com po si tion di rectly re -
flects the li thol ogy of the over rid ing thrust sheets. Thrust ing
started dur ing the Maastrichtian and is re corded by the
Gregorianka Brec cia in the Sub-Pieniny Unit, which con tain
ma te rial de rived from the over rid ing Pieniny Nappe. Af ter that, 
the Sub-Pieniny Unit was de tached from its base ment sub stra -
tum and was thrust over the fron tal Jarmuta–Proč Ba sin of the
later Šariš Unit. Thrust ing be gan dur ing the Paleocene and was
ter mi nated by the Lower Eocene, be ing re corded by the Milpoš
Brec cia com posed of very var ie gated ma te rial – pre dom i nantly
car bon ates de rived from the Sub-Pieniny Unit, but also from
the Pieniny Unit. Nu mer ous “klippen” of the PKB rest within
these brec cias and hence they are in fact olistoliths – a fea ture
of ten over looked un til now. The lo cally fre quent ex otic
siliciclastic ma te rial in brec cias is well-rounded and it is in -
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T a  b l e  1

Com par i son of main char ac ter is tics of the mass-flow de pos its in extensional and compressional set tings

Tec tonic re gime Ex ten sion
Com pres sion

Short trans port Long trans port

Set ting extensional; con ti nen tal rift zones 
to pas sive mar gins

thrust ing/contractional; thrust sheet
 or glid ing nappe fronts

fore lands of ac tively de form ing
orogenic zones

Po si tion

Ba sin type

foots of nor mal fault scarps 

ma rine, of ten halfgrabens

fronts of ad vanc ing nappes

deep-ma rine foredeep/trench
prox i mal parts of turbidite fans

deep-ma rine fore land and foredeep

Source/de posit sep a ra tion nor mal to strike-slip fault thrust fault foredeep- or trench-arc gap

Pnumprovenance lo cal footwall sources lo cal hangingwall sources dis tant, of ten un iden ti fied sources

Ma te rial an gu lar, un sorted, clast-sup ported
(mixtites)

mostly an gu lar, poorly sorted, 

mostly clast-sup ported
rounded, well-sorted, fre quently 

ma trix-sup ported

Sources 

Der i va tion

lin ear sources 

footwall ero sion and de nu da tion

lin ear to point sources frag men ta tion
and ero sion of the over rid ing

 thrust sheet 

sourced from large ar eas

ero sion of moun tain ous re lief 

Re cy cling ab sent fre quent, even mul ti ple ab sent or rare

Sed i men tary forms sheet-like bod ies – aprons ir reg u lar bod ies – slumps, chan nel
fill ings, aprons

chan nel fills, boul der beds, 
peb bly mudstones

As so ci a tions

prox i mal zones: shal low-ma rine 
bio- or siliciclastic sed i ments;

dis tal zones: hemipelagites and/or
turbidites

deep-ma rine hemipelagites, fine- 
to coarse-grained sandy turbidites 

and fluxoturbidites

deep-ma rine (hemi)pelagites, 
fine- to coarse-grained sandy

turbidites 

Bound aries
base an gu lar un con formity

top grad ual fin ing-up ward

base coars en ing-up ward

top tec tonic thrust fault 

base coars en ing-up ward

top tec tonic or ero sional

De mise post-rift sub si dence or in ver sion burial un der over rid ing sheet in ver sion, in volve ment in thrust ing 

Du ra tion tens of Ma (if sev eral rift 
phases oc curred)

a few Ma, maybe even less (sin gle
thrust event, glid ing nappes) orogenic phase (10–15 Ma)

Ter mi nol ogy syn-rift – tectonosedimentary brec cia,
scarp brec cia

syn-orogenic – wildflysch,  pre cur -
sory olistostromes

syn-orogenic or shortly pre-orogenic 
– con glom er atic flysch



ferred that it is re cy cled from the Coniacian–Santonian con -
glom er ates of the Pieniny Unit. 

The long-trans port syn-orogenic ex otic con glom er ates,
which are so fre quent in the PKB, most prob a bly do not re flect
events that oc curred in their pres ent places of oc cur rence. They
are in ter preted to have been de pos ited dur ing the Al -
bian–Cenomanian, orig i nally in the Fatric Zliechov Ba sin in
the prox im ity of the Veporic–Gemeric–Meliatic–Silicic colli -
sional orogenic belt in the south ern Carpathian zones. Dur ing
the Late Turonian the con glom er ates, as con stit u ents of the
Klape Flysch, slid in front of other Fatric nappes be yond the
north ern Tatric mar gin. There they have over lain the south ern
Vahic zones to cre ate a “false” accretionary wedge, from which 
the ex otic ma te rial was re cy cled to youn ger Senonian to
Paleogene con glom er ates of var i ous PKB units.
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