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The High-Tatric suc ces sion of the Tatra Moun tains rep re sents the Tatricum do main of the Cen tral West ern Carpathians,
which in the Ju ras sic was lo cated on the south ern mar gin of the in cip i ent and ex pand ing Vahic Ocean – a branch of West ern
Tethys. This  pa per de scribes the var i ous depositional con se quences of extensional tec tonic ac tiv ity as it im pacted on sed i -
men ta tion in the High-Tatric suc ces sion of the Tatra Mountainsduring the Early and Mid dle Ju ras sic. Ev i dence of such im -
pacts on depositional style and fa cies de vel op ment are pres ent within the Dudziniec, Smolegowa and Krupianka for ma tions,
in all the High-Tatric tec tonic units. These im pacts also in clude ero sional sur faces and sed i men tary gaps sep a rat ing par tic u -
lar for ma tions, com monly as so ci ated with mi nor an gu lar un con formi ties. The Lower Ju ras sic, pre-Bajocian, Dudziniec For -
ma tion of the Kominy Tylkowe (autochthonous) Unit is de vel oped in mixed car bon ate-clastic fa cies. The oc cur rence and
pro por tion of sand-dom i nated and car bon ate-dom i nated fa cies, as well as their thick ness dif fer ences, were con trolled by
syndepositional tilt-block tec ton ics, tak ing place both in depositional and in neigh bour ing source ar eas. The Smolegowa and
Krupianka for ma tions (Bajocian–Bathonian) oc cur in all High-Tatric tec tonic units, but in the Czerwone Wierchy and Giewont 
units they are rep re sented mainly by lat er ally dis con tin u ous bod ies of crinoidal lime stone of very lim ited thick ness. The pres -
er va tion of these de pos its only in some ar eas, as well as their thick ness re duc tions, are ef fects of dif fer en ti ated sub si dence
and up lift of iso lated blocks tak ing place in an extensional re gime. More over, the Krupianka For ma tion abounds in con -
densed fa cies with ferruginous crusts and stromatolites – a fea ture char ac ter is tic of rap idly drown ing ocean mar gins. De pos -
its of the Dudziniec, Smolegowa and Krupianka for ma tions are also pre served as infills of ex ten sive sys tems of nep tu nian
dykes pen e trat ing mainly the Tri as sic sub strate, which is yet an other clas sic symp tom of synsedimentary ex ten sion. The
dom i nant in flu ence of tec ton ics on sed i men tary de vel op ment ceased with the on set of de po si tion of the Raptawicka Turnia
For ma tion in the Callovian.

Key words: Cen tral West ern Carpathians, Vahic Ocean, Ju ras sic, High-Tatric se ries, synsedimentary tec ton ics.

INTRODUCTION

Dur ing the Early and Mid dle Ju ras sic, the Tatricum palaeo -
geo graphi cal do main con sti tuted a part of the Cen tral West ern
Carpathian (CWC) block (e.g., Michalík, 1993, 1994; Jurewicz,
2005; Plašienka, 2012, 2018). Tatricum oc cu pied the north ern
part of the block di rectly neigh bour ing a newly de vel op ing
branch of the West ern Tethys. In its Al pine sec tor this branch is
re ferred to as the Piedmont-Ligurian Ocean (e.g., Lemoine et
al., 1986; Dumont et al., 1996; Decarlis, et al., 2017), Al pine
Tethys (e.g., Masini et al., 2013; Roda et al., 2019), Al pine-
Med i ter ra nean Tethys (e.g., Bernoulli and Jenkyns, 2009), and
South Penninic Ocean (Frisch, 1979; McCann, 2008;
Plašienka, 2012, 2018). In the Carpathian sec tor, terms such
as: Pieniny Ba sin (e.g., Birkenmajer, 1986; Golonka and
Krobicki, 2004); Vahic Ocean or Vahicum (e.g., Plašienka,
1995; Wieczorek, 2000, 2001; Jach and Reháková, 2019),
Magura Ocean (e.g., Oszczypko et al., 2015) or the Pieniny

Klippen Ba sin (Lewandowski et al., 2005) are in use as lo cal
equiv a lents. In the pres ent pa per this oce anic ba sin is re ferred
to as the Vahic Ocean (in a more nar row, Carpathian sense) or
the Al pine-Med i ter ra nean Tethys (in a broader, re gional
sense). Par tic u larly im por tant events, con sti tut ing turn ing
points in the evo lu tion of the south ern pas sive mar gin of the
Vahic Ocean, took place in the Ju ras sic and are reg is tered in
the sed i men tary suc ces sions of the Tatricum do main (Dumont
et al., 1996; Wieczorek, 2001).

In palaeo geo graphi cal re con struc tions of the Ju ras sic
West ern Tethys realm, the Al pine-Med i ter ra nean Tethys in its
Vahic (Carpathian) sec tor is drawn as a nar row oce anic ba sin
with pas sive mar gins sep a rat ing the Cen tral Carpathian Block
from the Eu ro pean Plat form (Fig. 1; Thierry and Bar rier, 2000a,
b), al though Lewandowski, et al. (2005) pre sented ar gu ments
that it must have at tained a sub stan tial width. Dur ing that time,
breakup and dis in te gra tion of ex ten sive shal low ar eas oc cu pied 
by car bon ate and siliciclastic shelves took place. This re sulted
in the de vel op ment of elon gate and nar row bas ins, ini tially with
a thinned con ti nen tal crust and fi nally of an oce anic char ac ter
(Bernoulli and Jenkyns, 2009), lim ited by nor mal faults and sep -
a rated by el e vated ar eas act ing as pe lagic swells and plat forms
or subaerially ex posed land (Bernoulli and Jenkyns, 1974;
Santantonio, 1994). The Vahic Ocean is one such prom i nent
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ba sin (Plašienka, 2018). Its his tory is of ten di vided into a num -
ber of phases (Wieczorek, 1989; Plašienka, 1995, 2012;
Plašienka and Soták, 2015) rep re sent ing dif fer ent stages of
oce anic de vel op ment – pre-rift (Perm ian to Tri as sic), syn-rift
(Ju ras sic) and post-rift or syn-orogenic (Cre ta ceous to
Paleogene). Three main rift ing phases are rec og nized in the
Ju ras sic of the West ern Carpathians: the Zliechov, Devin and
Krasin phases (Plašienka, 2003; Froizheim et al., 2008).

Sev eral gen eral re con struc tions of the palaeoposition of the 
Cen tral West ern Carpathians and ad ja cent ar eas, and of their
re la tion to the Alps, have been pre sented, based on com pi la -
tions of large amounts of re gional data (e.g., Plašienka et al.,
1997; Kozur and Mock, 1997; Csontos and Vörös, 2004;
Golonka and Krobicki, 2004; Froitzheim et al., 2008). How ever,
as noted by Plašienka (2018), lo cal sed i men tary phe nom ena,
pre served only in par tic u lar lo cal suc ces sions, can shed much
light on large-scale geotectonic and orogenic pro cesses. This
pa per de scribes such data from the Ju ras sic suc ces sions rep -
re sent ing the Tatricum do main in the High Tatra Moun tains. It
sum ma rizes data, ideas  and re con struc tions con cern ing the in -
flu ence of tec tonic phe nom ena on de po si tion in the High-Tatric
suc ces sion dur ing the Early and Mid dle Ju ras sic. Apart from fa -
cies anal y sis, par tic u lar at ten tion was paid to phe nom ena such
as strati graphic gaps and un con formity sur faces, nep tu nian
dykes, con densed ho ri zons and terrigenous ad mix tures in car -
bon ate fa cies. All these data are dis cussed in terms of dif fer -
ences in the de vel op ment and com plete ness of the Lower and
Mid dle Ju ras sic suc ces sion within the Tatricum of the Tatra
Moun tains (i.e. dif fer ences be tween par tic u lar tec tonic units),
as well as in terms of com par i son with neigh bour ing do mains.

REGIONAL GEOLOGICAL SETTING

In the Ju ras sic, the Cen tral West ern Carpathian block was
lo cated be tween the in cip i ent and ex pand ing Vahic Ocean in
the north (north-west) and the main Meliata-Vardar branch of
the Tethys Ocean in the south (south-east). It con sti tuted a rel a -
tively el e vated area that was sur rounded by deeper bas ins
(Fig. 1; Thierry and Bar rier, 2000a, b). The block be came partly
emer gent dur ing some in ter vals of the Ju ras sic, but mainly it
was a place a of a di verse car bon ate and clastic ma rine de po si -
tion (Uchman, 2014a). The main palaeo geo graphi cal units rep -
re sent ing var i ous parts of the Cen tral Carpathian area are the
Tatricum, Fatricum and Hronicum tectono-fa cies do mains
(Andrusov et al., 1973; Kotañski, 1979). The Tatricum do main
oc cu pied the north ern most part of the Cen tral Carpathian block, 
di rectly neigh bour ing the Vahic Ocean to the north. Di rectly
south of Tatricum was the Fatricum do main, gen er ally rep re -
sent ing the cen tral part of the block, and far ther south the
Hronicum do main, which sloped to wards the main branch of the 
Ju ras sic Tethys – the Meliata-Vardar Ocean.

Each tectono-fa cies do main is char ac ter ized by its own sed -
i men tary suc ces sion and its de pos its are to day ex posed in a
num ber of ar eas be long ing to sep a rate tec tonic units – Tatric,
Fatric and Hronic. All three units are pres ent in the Tatra Moun -
tains, as well as in sev eral other core mas sifs of the Cen tral
West ern Carpathians (Kotañski, 1979; Vozár and Káèer, 1996). 
The de pos its of the Tatric Unit are pres ent on the slopes of the
Malé Karpaty, Považský Inovec, Malá Fatra, Ve¾ká Fatrá, Nízke 
Tatry and other moun tains ar eas, form ing their sed i men tary
cover. This cover (in the Tatra Moun tains and else where) is of -
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Fig. 1. Palaeogeographic map of the Carpathian part of the Tethyan realm at the Early/Mid dle
Ju ras sic bound ary (sim pli fied af ter Thierry and Bar rier, 2000a, b)
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ten tra di tion ally di vided into autochthonous and allochthonous
units (e.g., Kotañski, 1979; £uczyñski, 2002; Uchman, 2014a).
In the autochthonous units, the sed i men tary cover is usu ally in
di rect con tact with its crys tal line base ment, whereas the
allochthonous units are de vel oped as nappes tec toni cally trans -
ported from the south. The term “autochthonous”, how ever, has 
to be treated only in terms of the re la tion of the sed i men tary
cover to its di rect crys tal line base ment and not in a
palaeogeographic sense, as the crys tal line rocks of the Cen tral
West ern Carpathians are also in cor po rated into tec toni cally
trans ported units (e.g., Michalík, 1994).

In the Tatra Moun tains, which are the north ern most core
mas sif of the Cen tral West ern Carpathians, lo cated on the Pol -
ish-Slo vak bound ary (Fig. 2A), the Permo-Me so zoic sed i men -
tary cover is pre served on the north ern slopes of the mas sif
(Fig. 2B). Tra di tion ally it is di vided into the High-Tatric and
Sub-Tatric suc ces sions or se ries (Kotañski, 1959a, 1961;
Rabowski, 1959; Lefeld et al., 1985). The Sub-Tatric suc ces -
sion, ex posed in the lower parts of the moun tains, is rep re -
sented by two tec tonic units (nappes) cor re spond ing to two of
the CWC tectono-fa cies do mains: the Krížna nappe (Lower
Sub-Tatric) rep re sent ing Fatricum, and the Choè nappe (Up per
Sub-Tatric) rep re sent ing Hronicum. Pre vi ously a third
Sub-Tatric Unit, the Strážov nappe, was dis tin guished in the
Tatra Moun tains (e.g., Kotañski, 1973), but later this term was
aban doned and its de pos its were in cor po rated into the Choè
Unit (Michalík and GaŸdzicki, 1980; Iwanow and Wieczorek,
1987). The Tatricum tectono-fa cies do main is rep re sented by
the High-Tatric suc ces sion, which is pre served in both
autochthonous and allochthonous po si tions in re la tion to the
crys tal line base ment.

The High-Tatric suc ces sion be longs to three main tec tonic
units (Fig. 2C): the autochthonous Kominy Tylkowe Unit, and
the allochthonous Giewont and Czerwone Wierchy units (or
nappes). Ex po sures of Ju ras sic rocks oc cur in all three units,
form ing three roughly par al lel lat i tu di nal bands (Fig. 3). The
Kominy Tylkowe Unit is fur ther di vided into the autochthonous
unit sensu stricto, with the sed i men tary rocks be ing undetached 
and ly ing in their orig i nal po si tion in re la tion to the crys tal line
core of the Tatra Moun tains, and parautochthonous units, in
which the sed i men tary rocks were de tached, but prob a bly
moved only on mi nor dis tances (e.g., the Rzêdy pod
Ciemniakiem area; Fig. 3A). The allochthonous units are de -
tached from their base ment and overthrust north wards (e.g.,
Jurewicz, 2012), with the Giewont Unit un der go ing the lon gest
trans port and thus palaeogeographically rep re sent ing ar eas lo -
cated far thest to the south.

In the Tatra Moun tains (Fig. 4), the Ju ras sic de pos its of the
High-Tatric suc ces sion (Lefeld et al., 1985) are rep re sented by
four for ma tions: Dudziniec, Smolegowa, Krupianka and
Raptawicka Turnia. The oc cur rence, de vel op ment and thick -
ness of par tic u lar for ma tions var ies be tween par tic u lar units of
the High-Tatric suc ces sion (£uczyñski, 2002). Some of the
units (in clud ing the Smolegowa and the Krupianka for ma tions,
to gether form ing the Dunajec Group) were in cor po rated into the 
lithostratigraphic di vi sion of the Tatra Moun tains in the scheme
ear lier pro posed for the Pieniny Klippen Belt (Birkenmajer,
1977), which has had con tro ver sial con se quences (Wieczorek,
1988; £uczyñski, 2000).
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Fig. 2. Struc tural map of the Tatra Mas sif

A – geo graphic lo ca tion of the Tatra Moun tains; B – main tec tonic units of the Tatra Mas sif; C – struc tural di vi sion of the High-Tatric Unit
in the Pol ish sec tor of the West ern Tatra Moun tains (af ter Bac-Moszaszwili et al., 1979, sim pli fied)
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INFLUENCE OF SYNDEPOSITIONAL TECTONICS
ON THE DEVELOPMENT OF THE HIGH-TATRIC

LOWER AND MIDDLE JURASSIC

Early and Mid dle Ju ras sic de po si tion in the Tatricum do -
main took place un der the strong in flu ence of synsedimentary
tec ton ics. An extensional re gime, con nected mainly with rift ing
in the neigh bour ing open ing Vahic Ocean, pre vailed dur ing the
whole Ju ras sic (e.g., Plašienka, 1995, 2012, 2018; Jurewicz,
2005). The im pact of this re gime is var i ously reg is tered
through out all the sed i men tary suc ces sions of the High-Tatric
suc ces sion; how ever, it in cluded dis tinct cul mi na tions, con sid -
ered as turn ing points in the area’s sed i men tary de vel op ment
(e.g., Dumont et al., 1996; Wieczorek, 2000, 2001; Plašienka,
2003). The in flu ence of syndepositional extensional tec ton ics is 
var i ously dem on strated and re flected in dif fer ent parts of the
High-Tatric Unit. In ter nal dif fer en ti a tion of the unit in terms of
com plete ness of the sed i men tary suc ces sion has long been
rec og nized. Kotañski (1961) dis tin guished a num ber of
High-Tatric sed i men tary units, based mainly on the char ac ter of 
the Tri as sic/Ju ras sic con tact and thick ness dif fer ences.

The pic ture pro vided, due to im pre cise strati graphi cal data
and be cause of the scat tered ex po sures, in ev i ta bly suf fers from 
cor re la tion prob lems, both be tween par tic u lar sec tions and with 
other Carpathian palaeogeographic re gions. The extensional
tec tonic re gime gov erned fa cies de vel op ment dur ing the Ju ras -
sic also in ar eas ad ja cent to the Cen tral Carpathian Block, such
as the Fatricum do main, rep re sented by the Lower Sub-Tatric
(Krížna) suc ces sion (e.g., Jach, 2005; Jach et al., 2012, 2014,
2017, 2019; Jach and Reháková, 2019), and the Hronicum do -
main rep re sented by the Up per Sub-Tatric Choè suc ces sion
(e.g., Uchman, 1993, 2014b).

The symp toms and ef fects of tec tonic im pacts on Ju ras sic
sed i men ta tion in the High-Tatric Unit are re corded through:

– fa cies de vel op ment and dis tri bu tion, and par tic u larly the
oc cur rence and pat tern of high-en ergy de pos its;

– the quan tity, char ac ter and com po si tion of clastic
terrigenous ad mix tures in the car bon ate de pos its;

– thick ness dif fer ences of par tic u lar strati graphic units and 
lithofacies;

– strati graphic gaps and stratigraphically con densed ho ri -
zons;

– var i ously de vel oped un con formity sur faces;

– the oc cur rence, dis tri bu tion and de vel op men tal his tory
of nep tu nian dykes.

All these as pects are dis cussed in terms of their in ter nal
vari abil ity within the Tatricum do main of the Tatra Moun tains
and as re gards dif fer ences be tween par tic u lar tec tonic units.
Where suf fi cient avail abil ity of data per mits, the emerg ing pic -
ture is also com pared with the Ju ras sic of neigh bour ing do -
mains.

TRIASSIC/JURASSIC TRANSITION

In the Tatra Moun tains, the Tri as sic/Ju ras sic tran si tion is
marked by dis tinct dif fer ences be tween the sed i men tary suc -
ces sions of the High-Tatric and Sub-Tatric suc ces sions. Dur ing 
most of the Tri as sic, de po si tion fol lowed roughly the same
course in the Tatricum and Fatricum do mains of the Tatra
Moun tains (see e.g., Uchman, 2014a), whereas to wards its
end, in the Rhaetian, this pic ture started to change. From this
point on, and through most of the Ju ras sic, Tatricum rep re -
sented the gen er ally more shal low part of the Cen tral
Carpathian area as com pared with Fatricum and Hronicum.

This dif fer en ti a tion co in cided with the on set of the syn-rift stage
of de vel op ment of the Vahic Ocean (e.g., Wieczorek, 1989;
Plašienka, 1995, 2012; Feinst-Burkhardt et al., 2008; Plašienka 
and Soták, 2015).

The lat est Tri as sic (Rhaetian) is rep re sented by the
Tomanowa For ma tion in the High-Tatric suc ces sion and by the
Fatra For ma tion in the Lower Sub-Tatric suc ces sion (Fig. 4;
Uchman, 2014a). The Fatra For ma tion is de vel oped mainly as
shal low wa ter fossiliferous lime stones and marly shales de pos -
ited near to el e vated land ar eas (Michalík et al., 2007, 2013;
GaŸdzicki, 2014a). Sed i men ta tion in the Fatricum do main
(Zliechov Ba sin) was con tin u ous in ma rine fa cies across the Tri -
as sic/Ju ras sic bound ary (GaŸdzicki, 1983). The High-Tatric
Tomanowa For ma tion is in turn de vel oped mainly as sand -
stones and mudstones with some in ter ca la tions of organogenic
and oolitic lime stone with abun dant plant re mains and
terrigenous ma te rial (Radwañski, 1968; Michalík et al., 1988;
Jaglarz et al., 2014). De po si tion in the Tatricum do main took
place in a mor pho log i cally di verse land area, which was pe ri od i -
cally sub ject to mi nor ma rine transressions (Michalík, 1980).

Both the dif fer ences in depositional style be tween Tatricum
and Fatricum, and the top o graphic di ver sity within Tatricum,
were tec toni cally in duced and as so ci ated with the be gin ning of
rift ing in the Carpathian sec tion of the Al pine-Med i ter ra nean
Tethys (see e.g., Michalík, 1993, 1994). Af ter Rhaetian trans -
gres sion in the Zliechov Ba sin (Fatricum), which is re corded in
the fa cies de vel op ment of the Fatra For ma tion, the Tatricum
do main started to func tion as a rel a tively el e vated area sur -
rounded by deeper bas ins (Fig. 5) to both south (Zliechov Ba -
sin) and north (Pieniny Ba sin). In the Sub-Tatric suc ces sion, de -
po si tion was gen er ally con tin u ous across the Tri as sic/Ju ras sic
bound ary (Michalík et al., 2007, 2013), and the Fatra For ma tion
is over lain by the Lower Ju ras sic Kopieniec For ma tion
(“Gresten Beds”) de vel oped mainly as shales and quarzitic
sand stones, with a diachronous lower bound ary (GaŸdzicki,
1975, 2014b; GaŸdzicki and Iwanow, 1976).

Fol low ing de po si tion of the Tomanowa For ma tion, those
parts of the Tatricum do main in the Tatra Moun tains rep re -
sented by the allochthonous units were el e vated and eroded,
which re sulted in the oc cur rence of a ma jor strati graphic gap in
the Czerwone Wierchy and Giewont units, em brac ing the en tire
Up per Tri as sic and Lower Ju ras sic. It is im pos si ble to tell the
pre cise timespan dur ing which the ero sion of the Tri as sic se -
quences took place, and thus to de ter mine whether de po si tion
of the Rhaetian (and parts of the Lower Ju ras sic) was in deed
lim ited only to the autochthonous unit. It is gen er ally agreed that 
the main phase of subaerial ero sion took place in the lat est Tri -
as sic, and was fol lowed by ep i sodes of ma rine ero sion in the
Early Ju ras sic (Uchman, 2014a). A break in de po si tion and up -
lift of the allochthonous suc ces sion al ready in the Rhaetian is in -
di cated by the lack of up per most Tri as sic clasts in the
terrigenous ad mix ture within the Mid dle Ju ras sic de pos its,
which in this area rest with a strati graphic gap on the Tri as sic
(£uczyñski, 1999; Jezierska and £uczyñski, 2016).

The ero sion of the Tri as sic se quences reached dif fer ent
strati graphi cal lev els in par tic u lar sec tions, in di cat ing tilt ing of
the eroded blocks. This is most ev i dent in the Kominy Tylkowe
Unit, in which the Lower Ju ras sic Dudziniec For ma tion rests on
var i ous parts of the Tri as sic suc ces sion (Kotañski, 1959a, b;
Bac-Moszaszwili et al., 1979; Dumont et al., 1996). The suc ces -
sion is con tin u ous across the Tri as sic/Ju ras sic bound ary prob a -
bly only in the Chocho³owska Val ley re gion (Fig. 3; Radwañski,
1968; Wójcik, 1981). The dif fer ences in sed i men tary de vel op -
ment be tween the autochthonous Kominy Tylkowe Unit, with
de po si tion of the Rhaetian Tomanowa For ma tion, and the prob -

6 Piotr £uczyñski / Geo log i cal Quar terly, 2021, 65: 16

https://gq.pgi.gov.pl/article/view/7834
https://gq.pgi.gov.pl/article/view/23248
https://gq.pgi.gov.pl/article/view/8709


a bly up lifted and eroded allochthonous Czerwone Wierchy and
Giewont units, marks the be gin ning of a new palaeogeographic
sit u a tion within the Tatricum do main, which pre vailed dur ing
most of the Ju ras sic. The allochthonous units, palaeogeo -
graphically rep re sent ing ar eas lo cated on the south ern side of
the do main, be gan to func tion as an iso lated up lifted block (or a
num ber of blocks) sur rounded by deeper ar eas to the north and
south (Fig. 5).

In the Smytnia Val ley, be ing an ex ten sion of the Koœcieliska
Val ley (Fig. 3), the top of the Norian lime stones, which are the
youn gest Tri as sic de pos its in the sec tion, is cor roded and
abraded, and a palaeocliff struc ture with large boul ders at its
foot is pre served (Radwañski, 1959a). The Norian is over lain by 
the Lower Ju ras sic car bon ate-clastic Dudziniec For ma tion,
which in di cates emer gence of the area, fol lowed by a sub se -
quent trans gres sion (Radwañski, 1959b). The boul ders are
cov ered by bor ings of the polychaete Potamilla, within which
Rhaetian sed i ments are pre served (Radwañski, 1959a). This
in di cates that de po si tion of the Rhaetian Tomanowa For ma tion
prob a bly took place at least across most of the autochthonous
unit, in clud ing the Koœcieliska Val ley re gion. In Smytnia, the
whole Rhaetian (~65 m) has been re moved (Kotañski, 1959a,
b; Radwañski, 1968), and the thick ness of the Norian has been
re duced from ~130 to 30 m (Radwañski, 1959a). Ero sion of the
Norian lime stones is in di cated by the lack of Potamilla bor ings
on the tops of the lay ers, and their lim i ta tion only to boul ders.
The Kopieniec Starorobociañski and Bobrowiec sec tions in the
Chocho³owska Val ley, with con tin u ous ma rine de po si tion at that 
time, are lo cated at a dis tance of just 4–5 km from the Smytnia
Val ley, and this re la tion has not changed mark edly since the
Tri as sic. This shows the mag ni tude of the up lift of the
Koœcieliska Val ley re gion in the east in re la tion to the
Chocho³owska Val ley re gion in the west, due to syndepositional 
fault ing (at least more than 100 m). Such fault ing ac tiv ity, and
the sim i lar gen eral re la tion of the two re gions, pre vailed through 
the Early Ju ras sic.

The top of the Norian lime stones in the Smytnia Val ley,
close to the cliff struc tures, is cut by clastic dykes and veins
filled by Early Ju ras sic ma te rial (Radwañski, 1959a). The de vel -
op ment of the voids took place af ter the de po si tion of the
Rhaetian shales (ab sent from the voids) and af ter lithification of
the host Norian lime stones, but prior to the de po si tion of the
Dudziniec For ma tion. This was the first of many ep i sodes of the 
de vel op ment of sed i men tary dykes in the High-Tatric suc ces -
sion dur ing the Ju ras sic (£uczyñski, 2001a; £uczyñski and
Jezierska, 2018). The dykes cut ting the Norian are filled mainly
by sandy lime stones and sand stones iden ti cal to the over ly ing
de pos its. How ever in some places, par tic u larly in their more re -
mote parts, the dykes are filled by fine dolomitic marls. The for -
ma tion of such infills may re sult from a sieve ef fect in the veins,
al though Radwañski (1959a) in ter preted them as al lu vial res i -
dues of dis solved Norian host rocks, trans ported in sus pen sion
and reprecipitated within the voids. Dis so lu tion of subaerially
ex posed car bon ate se quences might have taken place di rectly
in the vi cin ity of the dykes within the autochthonous unit, but
also could have oc curred in the up lifted allochthonous units, the 
dis solved ma te rial be ing washed down to the Kominy Tylkowe
Unit area of ma rine de po si tion.

TIME OF DEPOSITION OF THE DUDZINIEC FORMATION
(HETTANGIAN–AALENIAN)

The Dudziniec For ma tion oc curs only in the Kominy
Tylkowe Unit, in which it rests on var i ous Tri as sic strata, pre -
dom i nantly the Rhaetian (Rabowski, 1959; Kotañski, 1959a;
Radwañski, 1959a; Dumont et al., 1996). It is de vel oped in
mixed sandy-car bon ate de pos its, rep re sented by a wide range
of fa cies, from sand stones to crinoidal lime stones. In de tail
these de pos its have been de scribed by Horwitz and Rabowski
(1922), Siemiradzki (1923), Rabowski (1954, 1959),
Radwañski (1959b), Wójcik (1959, 1981) and Jezierska et al.
(2016). Sev eral mem bers and beds are dis tin guished within the 
for ma tion (Lefeld et al., 1985). Its to tal thick ness var ies greatly,
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and reaches over 500 m in the Chocho³owska Val ley in the
west ern part of the unit (Fig. 3; Wójcik, 1981; Lefeld et al.,
1985), but does not ex ceed ten or so metres in its east ern part
(east of the Koœcieliska Val ley), in the Kraków Gorge (Fig. 3;
Jezierska et al., 2016) and in parautochthonous folds in the
Rzêdy pod Ciemniakiem area (Fig. 3). How ever, in the lat ter lo -
ca tions the thick ness of the for ma tion is prob a bly tec toni cally
re duced. The Dudziniec For ma tion oc curs also as in fill ings of
sed i men tary dykes pen e trat ing the Tri as sic sub strate
(Radwañski, 1959a), as well as host ing nep tu nian dykes it self
(£uczyñski and Jezierska, 2018).

The ex act chronostratigraphy of the Dudziniec For ma tion
re mains un clear. Orig i nally, based on scarce and mainly poorly
pre served bel em nite and brachi o pod fau nas, Horwitz and
Rabowski (1922) de ter mined the age of these de pos its as
Hettangian (Sinemurian?) through Bathonian. Based on the
pre sumed Bajocian age of the over ly ing Smolegowa For ma -
tion, doc u mented mainly in the Pieniny Klippen Belt
(Birkenmajer, 1977), the up per limit of the for ma tion is sup -
posed to be of Aalenian age.

The on set of de po si tion of the Dudziniec For ma tion took
place in a Tatricum do main al ready char ac ter ized by pro -
nounced top o graphic va ri ety. The base of the for ma tion lies un -
con form ably and erosively on the Tri as sic (Jezierska and
£uczyñski, 2016). The allochthonous Giewont and Czerwone
Wierchy units prob a bly re mained el e vated through the whole
Early Ju ras sic and acted as source ar eas for the car bon ate
lithoclastic com po nents of the Dudziniec For ma tion that was
de pos ited on the autochthonous unit (Rabowski, 1959;
Kotañski, 1961; £uczyñski, 2002). No Early Ju ras sic de pos its
have been re corded from the High-Tatric allochthonous units.
In in di vid ual ex po sures, in the terrigenous com po nent of Mid dle 
Ju ras sic crinoidal lime stones (the Smolegowa For ma tion in the
Ciemniak sec tion of the parautochthonous area of the Kominy
Tylkowe Unit, and the Krupianka For ma tion in the Ma³a
Œwistówka sec tion in the Czerwone Wierchy Unit; Fig. 3) clasts
of sand stone and sandy lime stone lithologically re sem bling the
Dudziniec For ma tion have been re ported (Szulczewski, 1963b;
£uczyñski, 1999). Such an oc cur rence could sug gest that the
area of de po si tion of the car bon ate-sandy de pos its of the
Dudziniec For ma tion in the Tatra Moun tains was not lim ited
only to the autochthonous unit; this pos si bil ity had been noted
by Passendorfer (1934) and Kotañski (1961), but still lacks con -
fir ma tion.

Fur ther more, the area of the pres ent-day autochthonous
unit was not uni form, but em braced sub merged parts with ma -
rine de po si tion across the Tri as sic/Ju ras sic bound ary in the
west (Chocho³owska Val ley re gion), and ar eas ex posed,
eroded and abraded prior to the Early Ju ras sic trans gres sion in
the east (Koœcieliska Val ley re gion). This di vi sion of the Kominy
Tylkowe Unit into a deeper area on the west and a shal lower
area on the east pre vailed dur ing the whole Early Ju ras sic and
is re flected by prom i nent lat eral thick ness vari a tions in the
Dudziniec For ma tion (Wójcik, 1981; Lefeld et al., 1985,
Jezierska et al., 2016).

The in flu ence of syndepositional tec tonic ac tiv ity on the de -
vel op ment of the Dudziniec For ma tion unit has long been rec -
og nized. Z. Wójcik (1959) and K. Wójcik (1981) stud ied its de -
pos its in the Chocho³owska Val ley re gion, and di vided their
sed i men tary his tory into a num ber of cy cles. An ide al ized com -
plete cy cle is com posed of fa cies rang ing from quartzitic sand -
stones, through mixed sed i ments con sist ing mainly of quartz,
peloids and cri noids, to crinoidal lime stones com monly with
sponge spicules (spiculites, pre vi ously named as spongiolites).
These au thors at trib uted the or i gin of the cy cles to a var ied bot -
tom mor phol ogy, caused by pe ri odic up lift of some ar eas. The

up lifted blocks were eroded, which re sulted in an in crease  in
sup ply of clastic ma te rial into the ba sin and in sed i men ta tion of
sandy fa cies. Crinoidal fa cies were in turn de pos ited at times of
tec tonic sta bil ity. Three main ep i sodes of tec toni cally in duced
sandy de po si tion  were rec og nized, sep a rated by calm pe ri ods
of mainly crinoidal sed i men ta tion, al though their ex act tim ing re -
mains un known.

The con trol of re cur rent ep i sodes of syndepositional tec -
tonic ac tiv ity on de po si tion is in di cated also by the fa cies dis tri -
bu tion within the Dudziniec For ma tion in sec tions ex posed in
the Koœcieliska Val ley (Jezierska et al., 2016). This area rep re -
sents set tings lo cated closer to the el e vated source ar eas, re -
flected by smaller thick nesses, a greater con tri bu tion of de tri -
tal-sandy fa cies and their lower petrographic ma tu rity, as com -
pared with the Chocho³owska re gion. The high-en ergy fa cies
are rep re sented by a wide lithological range in clud ing hy brid
lime stones, sandy-peb bly lime stones and hy brid crinoidal lime -
stones (Jezierska et al., 2016), all char ac ter ized by poor sort -
ing. The com po si tion of clasts which, apart from quartz grains
and car bon ate lithoclasts, are rep re sented also by a sub stan tial
amount of al ka line feld spars, points to a var ied source area and
mul ti ple sources.

Con trol of the sed i men tary de vel op ment dur ing the Early
Ju ras sic in the High-Tatric area  by syndepositional block fault -
ing in an extensional re gime is in di cated also by the oc cur rence
of nep tu nian dykes (Fig. 6). In the Koœcieliska Val ley, the sand -
stones and sandy con glom er atic lime stones in the lower part of
the Dudziniec For ma tion host nep tu nian dykes filled by
calcilutites, calcarenites and cal car e ous sand stones (£uczyñski 
and Jezierska, 2018). The de vel op ment of fis sures took place
in mul ti ple stages, with the same struc tures open ing sev eral
times, as in di cated by their com plex ar chi tec ture, the oc cur -
rence of in ter nal brec cias and the ar range ment of the in fill ing
sed i ments. Var i ous types of infill came from mul ti ple sources.
The de pos its in fill ing the nep tu nian dykes lack any fauna that
would al low their age de ter mi na tion. How ever, their ab sence
from the up per parts of the sec tions of the Dudziniec For ma tion, 
and the re sem blance of some of the infills to char ac ter is tic sed i -
ments of the nor mal  suc ces sion of the for ma tion in the area , in -
di cates that the dykes are most prob a bly of Sinemurian to
Pliensbachian age (£uczyñski and Jezierska, 2018).

In the Early Ju ras sic, af ter the dif fer en ti a tion of the Tatricum
and Fatricum do mains, the two units un der went dif fer ent sed i -
men tary his to ries, al though in both cases marked by
syndepositional tec tonic in sta bil ity. The Krížna suc ces sion is
con tin u ous across the Tri as sic/Ju ras sic bound ary (Fig. 4), and
the Rhaetian Fatra For ma tion passes up wards into the
Hettangian–Synemurian(?) Kopieniec For ma tion with a
diachronous lower bound ary (GaŸdzicki, 1975, 1983, 2014b;
GaŸdzicki and Iwanow, 1976; GaŸdzicki et al., 1979), rep re -
sent ing shal low shelf set tings. In the east ern part of the Tatra
Moun tains, it is over lain by shal low ma rine quartzitic lime stones
of the Koperszady (Med’odoly) Sand stone For ma tion (Lefeld et
al., 1985; Popio³ek et al., 2010; Uchman et al., 2014a) with its
lower part re ferred to as the Baboš Quartz ite Mem ber (Iwanow,
1973; Popio³ek et al., 2010). The prov e nance of quartz grains in 
these fa cies is not un equiv o cally de ter mined, and may be as so -
ci ated with mag matic and meta mor phic rocks; how ever, most
prob a bly they un der went a mul ti stage his tory and are de rived
from ero sion of Tri as sic clastic de pos its from ex posed parts of
Tatricum or Hronicum (Turnau-Morawska, 1953, 1955;
Popio³ek et al., 2010). Once again, this un der lines the top o -
graphic di ver sity within the Cen tral Carpathian area dur ing the
early stages of the Early Ju ras sic.

The higher part of Lower Ju ras sic suc ces sion of Fatricum is
rep re sented by spot ted lime stones and marls of the So³tysia
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Marlstone For ma tion (Lefeld et al., 1985;
Uchman et al., 2014b) – an equiv a lent of the Al -
pine Fleckenmergel fa cies (Wieczorek, 1995).
Ini tially sed i men ta tion was more uni fied and rep -
re sented mainly by deep wa ter fa cies then, not
later than the Pliensbachian, the Krížna Ba sin
be came di vided into horsts and grabens by
syndepositional block fault ing. These events
may be si mul ta neous and re lated to the ep i -
sodes of fault ing in the High-Tatric do main re -
corded by fa cies changes and the oc cur rence of
nep tu nian dykes, al though the ex act cor re la tion
of par tic u lar events is not cur rently pos si ble.
Since the Pliensbachian, the horsts be came
places of vari able sed i men ta tion of spe cific fa -
cies, that dif fered from the Fleckenmergel va ri -
ety pre vail ing in deeper ar eas. These de pos its
be long to the Huciska Lime stone For ma tion
(Lefeld et al., 1985; Jach, 2014). Their dif fer en ti -
a tion and sed i men tary his tory are yet fur ther re -
flec tions of the pre vail ing in flu ence of
syndepositional extensional tec ton ics on sed i -
men ta tion and ba sin mor phol ogy dur ing the
Early Ju ras sic and the Early/Mid dle Ju ras sic
tran si tion on the Cen tral Carpathian Block. The
suc ces sion starts with spiculites (Jach, 2002)
which, due to shallowing of some ar eas, were re -
placed by crinoidal lime stones de pos ited in the
vi cin ity of crinoidal mead ows (G³uchowski, 1987) 
and in ter preted as tempestites (Jach, 2005). A
spec tac u lar fa cies ex am ple of the Huciska Lime -
stone For ma tion, the de po si tion of which was re -
lated to syndepositional tec tonic ac tiv ity, is the
Up per Toarcian man ga nese layer with
stromatolites that out crops be tween the
Chocho³owska and Lejowa Val leys. Based on
char ac ter is tic their fau nal and min er al og i cal fea -
tures, these de pos its are in ter preted as re lated
to sub ma rine hy dro ther mal vents as so ci ated
with faults and fis sures (Jach and Dudek, 2005).
They are over lain by con densed Ammonitico
Rosso-type red nod u lar lime stones de pos ited on 
a sub ma rine swell(s) (Wieczorek, 1983;
Gradziñski et al., 2004). Wieczorek (2001) con -
sid ered these con densed ho ri zons as one of the
“turn ing points” in the pas sive mar gin evo lu tion.

Ju ras sic de pos its of the Hronicum do main
are pre served in the Choè (Up per Sub-Tatric)
Unit of the Tatra Moun tains only spo rad i cally (Fig. 4; Uchman,
2014b). The Ju ras sic is al most en tirely rep re sented by the var i -
ously de vel oped Sinemurian to Pliensbachian lime stones of the 
Miêtusia For ma tion, rest ing di rectly on the Tri as sic (Uchman
and Tchoumatchenco, 1994). Their for ma tion is in ter preted to
have been con trolled by syndepositional tilt ing of fault-bounded
blocks, the ro ta tion of which lead to emer gence and ero sion of
Tri as sic rocks (Uchman, 1993). Ba ha mian-type shal low wa ter
trop i cal car bon ates are typ i cal of the Lower Ju ras sic of the
West ern Tethys (Rychliñski et al., 2018). The youn gest de pos -
its of the Up per Sub-Tatric Unit com prise red bioclastic lime -
stones, most prob a bly of Aalenian age (Uchman, 1988, 2014a).

All these fea tures in di cate that, dur ing the Early Ju ras sic,
extensional syndepositional tec ton ics con nected with open ing
of the Vahic Ocean con trolled de po si tion in all palaeo geo -
graphi cal do mains rep re sented in the Tatra Moun tains.

THE TIME OF DEPOSITION OF THE SMOLEGOWA FORMATION
(BAJOCIAN?)

The Smolegowa For ma tion is uni formly de vel oped across
the High-Tatric suc ces sion. In all units it is rep re sented by light
grey to pink, coarse-grained crinoidal lime stones with a mi nor
ad mix ture of Tri as sic lithoclasts and quartz grains (Lefeld et al.,
1985; £uczyñski, 2002, 2014a). Tra di tion ally, these de pos its
have been termed “white Dogger crinoidal lime stones” by Uhlig
(1897) and “white Bajocian crinoidal lime stones” by Horwitz and 
Rabowski (1922), Andrusov (1958, 1959), Rabowski (1959)
and Kotañski (1959a, 1961). A Bajocian age has been de ter -
mined by Horwitz and Rabowski (1922) based on their brachi o -
pod fauna.

Ju ras sic crinoidal lime stones are a com mon fa cies in the
Ju ras sic of var i ous Tethyan bas ins (Jenkyns, 1971). Sim i larly
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Fig. 6. Ide al ized spa tial re la tions be tween Ju ras sic lithosomes and
nep tu nian dykes in the Kominy Tylkowe Unit 
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de vel oped de pos its (though reach ing much greater thick -
nesses and yield ing ammonites) are pres ent also in the Pieniny
re gion. The Smolegowa For ma tion is one of the strati graphi cal
units in cor po rated into the High-Tatric lithostratigraphic di vi sion
in a scheme ear lier de vised for the Pieniny Klippen Belt
(Birkenmajer, 1977). In the Pieniny, its ex act age lim its within
the Bajocian have been pre cisely de ter mined (Wierzbowski et
al., 1999; Krobicki and Wierzbowski, 2004), though these re -
sults can not be eas ily trans posed into the Tatric suc ces sions.

The Smolegowa For ma tion is de vel oped as mas sive lime -
stones, with faint bed ding ob served only in parts of the Kominy
Tylkowe Unit (Rzêdy pod Ciemniakiem and Chocho³owska Val -
ley; Fig. 3), in which it at tains its max i mum thick ness of up to
30 m (Kotañski 1959a). In parts of the autochthonous unit (Dol -
ina Chocho³owska, W¹wóz Kraków), the Smolegowa lime -
stones oc cur in a con tin u ous suc ces sion of the Dudziniec For -
ma tion (Wójcik, 1981; Lefeld et al., 1985; £uczyñski, 1999). In
the Giewont and Czerwone Wierchy units, the for ma tion is pre -
served only in places as lat er ally dis con tin u ous len tic u lar bod -

ies of max i mum thick ness not ex ceed ing a
few metres (Fig. 7; £uczyñski, 2002). In
these units, the Bajocian rests di rectly on
var i ous Tri as sic strata with a small an gu lar
un con formity, best vis i ble in the Giewont Unit 
and re ferred to as a paraconformity
(Jezierska and £uczyñski, 2016).

The de pos its of the Smolegowa For ma -
tion are com posed al most pure encrinites
com posed solely of recrystallized cri noids,
com monly with pre served orig i nal pen tag o -
nal or cir cu lar shapes of in di vid ual os si cles
(£uczyñski, 2002), only lo cally ac com pa nied
by brachi o pod de bris. The high tax o nomic
di ver sity, mass oc cur rence and pres er va tion
state of the cri noid ma te rial of the
Smolegowa lime stones all point to fa vour -
able con di tions for the de vel op ment of
crinoidal mead ows (G³uchowski, 1986,
1987) and for in situ de po si tion in their di rect
vi cin ity. At Rzêdy pod Ciemniakiem (Fig. 3),
the for ma tion starts with a basal con glom er -
atic layer rich in ferruginous (he ma tite)
encrustations, and large (di am e ter ex ceed -
ing 1 cm) ferruginous clasts and nod ules
(Jezierska and £uczyñski, 2016). Such a
phe nom e non, pres ent also in the Lower
Sub-Tatric suc ces sion (Jach et al., 2014), in -
di cates breaks in de po si tion and de vel op -
ment of omis sion sur faces pre ced ing the de -
po si tion of encrinites. Sim i lar lay ers at the
base of the Smolegowa For ma tion oc cur
also in many suc ces sions in the Pieniny
Klippen Belt (Krobicki and Wierzbowski,
2004; Krobicki, 2019), and are in ter preted as 
re lated to the de vel op ment of the Czorsztyn
Ridge.

Apart from the con glom er atic layer de -
scribed above, the encrinites of the
Smolegowa For ma tion con tain only a sparse 
ad mix ture of terrigenous ma te rial
(£uczyñski, 1999, 2002; Jezierska and
£uczyñski, 2016). This is com posed of car -
bon ate lithoclasts (lime stones and
dolomites), quartz grains and ferruginous
clasts, in var i ous amounts and pro por tions,
oc cur ring in all High-Tatric tec tonic units. All

the com po nents can be iden ti fied as com ing from lo cal sources
and de rived from var i ous clastic and car bon ate parts of the Tri -
as sic se quences of the High-Tatric suc ces sion. The extraclast
con tent ranges be tween 1% in the Czerwone Wierchy Unit and
3.7% in the Kominy Tylkowe Unit (£uczyñski, 1999).

The white and pink coarse-grained crinoidal lime stones
iden ti fied as the Smolegowa For ma tion oc cur also in nu mer ous
nep tu nian dykes pen e trat ing the Tri as sic lime stones in all three
High-Tatric tec tonic units (Fig. 8; £uczyñski 2001). In the
Kominy Tylkowe Unit (Raptawicka Turnia sec tion), to a very lim -
ited ex tent they are found also in the top most part of the
Dudziniec For ma tion. The dykes filled with the Smolegowa For -
ma tion are usu ally char ac ter ized by sharp-edged, clean walls
(de void of any encrustations, ce men ta tion and traces of cor ro -
sion), which points to the main role of me chan i cal pro cesses in
their or i gin. They are most com mon in the Czerwone Wierchy
Unit, oc cur ring in many ar eas, in which this for ma tion is ab sent
in the nor mal strati graphic col umn (e.g., Ni¿nia Œwistówka in the 
Ma³a £¹ka Val ley; Fig. 3). This is an other in di ca tion that the
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and nep tu nian dykes in the Czerwone Wierchy and Giewont units
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area of de po si tion of the Smolegowa lime stones was larger
than their pres ent dis tri bu tion, and that the len tic u lar shape of
most of the lithosomes is an ero sional phe nom e non. On the
other hand, if the High-Tatric allochthonous units are in ter -
preted to be the source ar eas of the terrigenous ad mix ture pres -
ent in the crinoidal lime stones, at least some parts of the area
must have re mained up lifted dur ing some pe ri ods of their de po -
si tion.

Com pi la tion of these ob ser va tions leads to a rel a tively com -
pli cated re gional palaeo geo graphi cal pic ture of the High-Tatric
area dur ing the Bajocian, which how ever due to lack of pre cise
strati graphi cal ev i dence can not be more closely con strained in

time (Fig. 9). The Bajocian trans gres sion, which most prob a bly
flooded the whole High-Tatric area, was pre ceded by ro ta tion of 
sub strate blocks, as is in di cated by a paraconformable con tact
of the Smolegowa For ma tion with the un der ly ing de pos its, most 
clearly vis i ble in the Giewont Unit. An other pe riod(s) of tec tonic
in sta bil ity is marked by the for ma tion of nep tu nian dykes. The
for ma tion of extensional fis sures took place in the Tri as sic solid
sub strate un der the cover of re cently de pos ited loose crinoidal
de pos its, which were in jected into them at the mo ment of their
open ing (£uczyñski, 2001a; see Winterer et al., 1991). For ma -
tion of the nep tu nian dykes was as so ci ated with the ac tiv ity of
syndepositional extensional faults, re spon si ble for the dif fer en -
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Fig. 8. Dis tri bu tion of var i ous types of nep tu nian dykes filled with Ju ras sic de pos its pen e trat ing Tri as sic and Lower Ju ras sic
host rocks (A) and lo ca tion of the host rocks in par tic u lar units of the High-Tatric succession (B)



ti a tion of the ba sin’s to pog ra phy dur ing de po si tion and for the
lat eral thick ness vari a tions in the Smolegowa crinoidal lime -
stones.

The stra tig ra phy and sedimentology of the Mid dle to Up per
Ju ras sic of the Lower Sub-Tatric (Krížna) Unit has been sum ma -
rized by Jach et al. (2014) and by Jach and Reháková (2019),
who re ferred to the Fatricum do main at that time as a pull-apart
ba sin with a thinned con ti nen tal crust, em pha siz ing the in flu ence
of tec tonic ac tiv ity on its sed i men tary his tory. In the Bajocian,
sed i men ta tion dif fered be tween the east ern and west ern parts of
the area (Jach and Uchman, 2014). In the west (ex po sures in the 
West ern Tatra Moun tains) the dis con tin u ous suc ces sion rep re -
sents el e vated horst ar eas (Uchman, 2014a) and is rep re sented
by shal low wa ter crinoidal and Bositra lime stones (Jach, 2007).
In the east (Kopy So³tysie re gion and Bielskie Tatry), the fa cies
are char ac ter is tic of deeper basinal set tings and are de vel oped
as spot ted lime stones and marls of the So³tysie Marlstone For -
ma tion (Fleckenmergel fa cies), the de po si tion of which con tin -
ued across the Lower/Mid dle Ju ras sic bound ary (Lefeld et al.,
1985; Uchman, 2014a). From this time on, due to grad ual deep -
en ing of the whole area, and be cause of ces sa tion of
syndepositional tec tonic ac tiv ity, the de po si tion be came more
uni fied across the Krížna Unit (Jach and Reháková, 2019). This
deep en ing and fa cies uni fi ca tion pre cedes sim i lar pro cesses (al -
though dif fer ently ex pressed) in the High-Tatric Unit.

The strati graphic col umn of the Up per Sub-Tatric Unit lacks
Ju ras sic de pos its youn ger than Aalenian (Lefeld et al., 1985;
Uchman, 2014a).

THE TIME OF DEPOSITION OF THE KRUPIANKA FORMATION
(BATHONIAN)

The in ter val with most pro found ev i dence of the vari able in -
flu ence of syndepositional tec tonic ac tiv ity on the depositional
de vel op ment of the High-Tatric suc ces sion is the timespan be -
tween the de po si tion of the Smolegowa For ma tion encrinites
and the on set of de po si tion of the Raptawicka Turnia pe lagic
lime stones. In the sed i men tary re cord this is rep re sented by the 
Krupianka For ma tion. Tra di tion ally its de pos its have been re -
ferred to as “red Dogger crinoidal lime stones” by Uhlig (1897)
and as “red Bathonian crinoidal lime stones” by Horwitz and
Rabowski (1922), Passendorfer (1936, 1938), Rabowski
(1959), Kotañski (1961) and Szulczewski (1963a, 1968). Based 
on the rich ammonite fauna from Wielka Œwistówka in the
Czerwone Wierchy Unit (“Œwistówka Passendorfera” sec tion –
* in Fig. 3), they have been stratigraphically as signed to the
Mid dle Bathonian Hecticoceras retrocostatum Zone
(Passendorfer, 1936, 1938). Their Mid dle Bathonian age has
also been stated by Galácz and Matyja (1999), though again
based on ma te rial from the same lo cal ity. On this ba sis, a
Bathonian age has been as cribed to the whole Krupianka For -
ma tion oc cur ring in the High-Tatric suc ces sion (Lefeld et al.,
1985). Tak ing into ac count the lack of any pre cise strati graphi -
cal data from other lo ca tions, this as sump tion may be weakly
based. More over, the Krupianka For ma tion is a unit in cor po -
rated into the High-Tatric scheme for the Pieniny Klippen Belt,
where it is de vel oped as red crinoidal lime stones at tain ing a
sub stan tial thick ness (Birkenmajer, 1977). Much data sug gests 
that the age of the Krupianka for ma tion in the Pieniny area is
not Bathonian, as pre vi ously pos tu lated, but rather falls into the
Up per Bajocian (Wierzbowski et al., 1999; Krobicki and
Wierzbowski, 2004; Segit et al., 2015; Ivanova et al., 2019).
This makes a syn chro nous Bathonian age for all the sep a rate
ex po sures of the Krupianka For ma tion in dif fer ent tec tonic units 
of the High-Tatric suc ces sion even more doubt ful. None the -

less, in the pres ent pa per, the for ma tion is treated as rep re sent -
ing the Bathonian.

As in the case of the Smolegowa For ma tion encrinites, par -
tic u larly in the allochthonous units, the Krupianka Lime stones
usu ally oc cur as lat er ally dis con tin u ous bod ies with a vari able
but very lim ited thick ness, only rarely ex ceed ing one metre
(£uczyñski, 2002; Jezierska and £uczyñski, 2016). This small
thick ness is partly an ef fect of in tense chem i cal com pac tion of
the de pos its dur ing their late diagenesis (£uczyñski, 2001b).
How ever, un like in the case of the Bajocian lime stones, the len -
tic u lar shape of the lithosomes, at least in some of the ex po -
sures, can be in ter preted as a depositional struc ture of fos sil
“sub ma rine dunes” (e.g., Mišík, 1964; Jenkyns, 1971). In other
places, how ever, the char ac ter is tic shape prob a bly re sulted
from dif fer en tial ero sion that left the Krupianka Lime stones pre -
served only in palaeodepressions.

The un con formity at the base of the Krupianka For ma tion
shows great vari abil ity (Jezierska and £uczyñski, 2016), mainly
due to the spa tial dis con ti nu ity of both the Smolegowa and the
Krupianka lime stones (Fig. 7) and due also to the oc cur rence of
the Dudziniec For ma tion only in the autochthonous unit. There -
fore, in var i ous ar eas, the Bathonian rests di rectly on the Tri as -
sic (all three tec tonic units; e.g. the W¹wóz Kraków –
autochthonous unit, the Wielka Œwistówka–Czerwone Wierchy
Unit, and the Zawrat Kasprowy–Giewont Unit), on the
Dudziniec For ma tion (only the autochthonous unit; e.g. W¹wóz
Kraków 1), or on the Smolegowa For ma tion (two tec tonic units;
e.g. the Rzêdy pod Ciemniakiem – autochthonous unit, and the
Giewont – Giewont Unit). In all cases the con tact shows an ero -
sional char ac ter, em pha sized by the len tic u lar shapes of the
lithosomes, and in many places the Bathonian de pos its fill lo cal
de pres sions.

The dif fer en ti a tion of the High-Tatric area in the Bathonian,
caused by syndepositional fault ac tiv ity, is re flected by fa cies
dif fer ences be tween par tic u lar tec tonic units. In the Giewont
Unit, the Krupianka For ma tion is rep re sented by red crinoidal
lime stones (Lefeld, 1957; Sieciarz, 1963; £uczyñski, 2002), in
the Czerwone Wierchy Unit mainly by con densed ferruginous
de pos its com monly with stromatolites and oc ca sion ally with an
abun dant ammonite and bel em nite fauna (Grochocka-Reæko,
1963; Kostiukow, 1963; Szulczewski, 1963b; £uczyñski, 2002),
whereas in the Kominy Tylkowe Unit in most ex po sures it is de -
vel oped as (sty lo)nod u lar lime stones (£uczyñski, 2002). All
three lithofacies have been sub jected to strong pres sure dis so -
lu tion and chem i cal com pac tion (£uczyñski, 2001b), the in ten -
sity and char ac ter of which dif fered be tween dif fer ent tec tonic
units. Al though the pres ent fa cies dif fer ences are ac cen tu ated
by late diagenesis, all the va ri et ies are char ac ter ized by a red
col our and the oc cur rence of cri noids. Their pres ent-day de vel -
op ment is partly an ef fect of these pro cesses, with the crinoidal
lime stones be ing the least al tered, and thus their
pre-compactional dif fer ences were less ev i dent than they are
to day.

The Krupianka Lime stones of the Giewont Unit and par tic u -
larly of the Czerwone Wierchy Unit in clude abun dant ev i dence
of in ter nal breaks in de po si tion, such as ero sional sur faces and
con densed ho ri zons (Lefeld, 1957; Grochocka-Reæko, 1963;
Kostiukow, 1963; Szulczewski, 1963b; £uczyñski, 2002;
Jezierska and £uczyñski, 2016). For ex am ple, in the Wrótka
Pass sec tion of the Giewont Unit (Fig. 3), a con densed bel em -
nite- and cri noid-rich de posit is trun cated by an intraformational
flat abra sion sur face (£uczyñski, 1999). The char ac ter of the
sur face, that evenly cuts the sed i ment and the bel em nite ros tra, 
in di cates abra sion of com pletely lithified de pos its, which in turn
in di cates that the non-depositional and/or ero sional ep i sodes
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were long-last ing. In a num ber of ar eas (e.g., Giewont, Ma³a
Œwistówka, Wielka Œwistówka; Fig. 3) stromatolite ho ri zons oc -
cur, mark ing con den sa tion ep i sodes (Szulczewski, 1963a, b,
1968; £uczyñski, 1999, 2002). More over, in the Œwistówka
Pasendorfera sec tion in Wielka Œwistówka, the stromatolite ho -
ri zon is over lain by a con densed layer rich in ammonites. The
oc cur rence of such con densed ho ri zons at cer tain lev els of the
sed i men tary suc ces sions is of ten con sid ered to rep re sent cru -
cial turn ing points in the depositional de vel op ment on pas sive
mar gins of var i ous Tethyan bas ins (Dumont et al., 1996;
Wieczorek, 2001).

The Krupianka Lime stones in all their lithological va ri et ies
con tain a fairly rich terrigenous ad mix ture (£uczyñski, 2002;
Jezierska and £uczyñski, 2016). It is much more abun dant and
coarser than in the Smolegowa encrinites, which in di cates that
the ero sion was more in tense, and the source ar eas were
closer. The ad mix ture is com posed of lime stone and do lo mite
lithoclasts, which can be iden ti fied as de rived from the
High-Tatric Tri as sic, quartz grains prob a bly com ing mainly from 
ero sion of the Dudziniec For ma tion in the Kominy Tylkowe Unit, 
and ferruginous clasts in di cat ing intraformational ero sion and
re work ing. Re flect ing dif fer ences in the main source ar eas, the
com po si tion of the clastic ad mix ture dif fers be tween dif fer ent
tec tonic units (Jezierska and £uczyñski, 2016). As com pared
with the en tire High-Tatric Bathonian, the quartz grains are pro -
por tion ally more abun dant in the autochthonous unit (di rect vi -
cin ity of the car bon ate-clastic Lower Ju ras sic de pos its),
whereas ferruginous clasts are es pe cially com mon in the
Czerwone Wierchy Unit (area of most prom i nent ev i dence of
con den sa tion and/or non-de po si tion). In the Giewont Unit, the
com po si tion of the terrigenous ad mix ture is very sim i lar to that
cal cu lated for the whole High-Tatric suc ces sion.

The re con struc tion of the palaeogeographic and
palaeotectonic his tory of the High-Tatric area dur ing the
Bathonian is too  a great ex tent based also on the anal y sis of
nep tu nian dykes filled with de pos its of the Krupianka For ma -
tion. As noted above, the Krupianka lime stones are pre served
only spo rad i cally in the nor mal strati graphic col umn, both lat er -
ally and in ver ti cal sec tions. In such an in com plete re cord, char -
ac ter is tic of times of frag men ta tion of car bon ate plat forms dur -
ing rift ing, the study of un con formi ties and nep tu nian dykes can
shed light on the pro cesses that took place in the in ter vals hid -
den in the gaps (Clari et al., 1995; Ma rino and Santantonio,
2010). Com monly the infills of dykes are the only pre served de -
pos its rep re sent ing par tic u lar ep i sodes of an area’s de vel op -
ment, yield ing unique in for ma tion (e.g., Lehner, 1991; Winterer
and Sarti, 1994; Aubrecht and Kozur, 1995; Schlögl et al., 2009; 
Aubrecht and Schlögl, 2011; Wendt, 2017).

Dykes with var i ously de vel oped de pos its as so ci ated with
the Krupianka For ma tion are pres ent in all the High-Tatric tec -
tonic units (£uczyñski, 2001a). Sys tems of in ter con nected
dykes and sills are hosted mainly by the Mid dle Tri as sic car bon -
ates and in the Kominy Tylkowe Unit; they oc ca sion ally pen e -
trate also the top most part of the Dudziniec For ma tion. To this
group be long fis sures and voids con tain ing red crinoidal lime -
stones, but also ex ten sive sys tems of struc tures filled with very
fine red, unfossiliferous car bon ate silt – the “rot pelit”. The or i gin 
of the lat ter is not en tirely clear, how ever, most prob a bly these
are the fin est frac tions of the Krupianka Lime stones that pen e -
trated deep into the voids and were de pleted from coarser frac -
tions due to the sieve ef fect. Such an in ter pre ta tion is sug -
gested by the shapes and di men sions of the very thin in ter con -
nected net works of thin fis sures pen e trat ing deep into the un -
der ly ing Tri as sic strata. In the Czerwone Wierchy Unit, struc -
tures filled with red micrite oc cur >150 m be low the base of the
Ju ras sic (£uczyñski, 1999). Of ten they are de vel oped as sills

run ning along bed ding planes within the Tri as sic (Anisian) lime -
stones and dolomites (Fig. 8), and pass lat er ally into fis sures
filled with cal cite ce ment (pre sum ably in those parts of the fis -
sures which the sed i ment did not reach) or fade away as pres -
sure so lu tion struc tures, such as dis so lu tion seams (£uczyñski,
2001a, b; see also Mišík, 1998).

In some lo cal i ties the dykes as so ci ated with the Krupianka
For ma tion are in ter con nected with dykes filled with Smolegowa
crinoidal lime stones, which points to re peated open ing of the
same fis sures. Re cur rent open ing of the void sys tems and
move ment within them, as so ci ated with re peated frac tur ing of
the brit tle sub strate due to ep i sodic tec tonic in sta bil ity, is in di -
cated also by the oc cur rence of in ter nal brec cias (Fig. 8). Nests
of such brec cias oc cur in places that are par tic u larly densely cut 
by con sec u tive sys tems of dykes filled with var i ous de pos its. All 
this marks ep i sodes of in tense sub strate frac tur ing as so ci ated
with extensional tec tonic move ments tak ing place in the
Tatricum do main. At least two such pro found ep i sodes took
place – af ter the de po si tion of the Smolegowa lime stones and
dur ing the de po si tion of the Krupianka lime stones.

In con trast to the dykes filled with the de pos its of the
Smolegowa For ma tion, the dykes as so ci ated with the
Krupianka lime stones are of ten char ac ter ized by smooth walls
de void of sharp edges, which sug gests an im por tant role of dis -
so lu tion pro cesses in their for ma tion. How ever, more pro longed 
subaerial ex po si tion seems un likely, as is in di cated by the sta -
ble ox y gen and car bon iso topes of de pos its that infill them. The
d13C val ues are be tween 3.2 and 3.3‰, and the d18O is around
–2‰ for both the Smolegowa and the Krupianka lime stones fill -
ing the dykes (for de tailed data see £uczyñski, 1999, 2001a).
These re sults fall within the range char ac ter is tic of ma rine wa -
ters of nor mal tem per a ture and sa lin ity (e.g., Gruszczyñski,
1998; Kasting et al., 2006; Prokoph et al., 2008). This in di cates
good com mu ni ca tion be tween the dykes and the sea bot tom at
the time when they were be ing filled with de pos its.

On the other hand, other in fill ings of the fis sures, such as
red micrite (car bon ate silt) and var i ous kinds of palisadic,
radiaxial and blocky cal cite ce ments, are de pleted in d18O
(rang ing be tween –2.5 and –8‰) in re la tion to other Mid dle Ju -
ras sic nep tu nian dykes de scribed from other re gions (e.g.,
Winterer et al., 1991; Winterer and Sarti, 1994; Mišík et al.,
1994; Wall and Jenkyns, 2004). This may re sult from three
co-oc cur ring pro cesses. Firstly, the fine car bon ate silt and cal -
cite ce ments oc cupy the more re mote parts of the ex ten sive
sys tems of fis sures deeply pen e trat ing the sub strate, that could
have been sub jected to cir cu la tion of hy dro ther mal wa ters
(Hsü, 1983; Matyszkiewicz et al., 2016). In this case, the
strongly neg a tive d18O val ues of the ce ments would in di cate el -
e vated tem per a tures of their pre cip i ta tion. Sec ondly, de ple tion
of the heavy ox y gen iso tope can be an ef fect of late diagenesis,
par tic u larly of pres sure dis so lu tion that took place mainly along
hor i zon tal planes. This is sup ported by the strongly neg a tive
d18O re sults (–12‰) ob tained for the res i due of dis so lu tion
seams into which the sills lat er ally pass. Thirdly, the timespan
rep re sented by the dykes de scribed (Bajocian/Bathonian
bound ary in ter val) is co eval with the most pro found iso to pic ex -
cur sion in the Ju ras sic (Gruszczyñski, 1998; O’Dogherty et al.,
2006), char ac ter ized by par tic u larly low d13C and d18O val ues.
The dis tinctly pos i tive d13C val ues of red silts and cal cite ce -
ments (be tween 2.4 and 2.9‰) ex cludes their speleothem and
karstic or i gin.

The base of the Krupianka For ma tion is an ero sional un con -
formity in all High-Tatric tec tonic units (Jezierska and
£uczyñski, 2016), re gard less of the un der ly ing de pos its (Tri as -
sic, Dudziniec or Smolegowa For ma tions). Re moval of the
Bajocian crinoidal lime stones from large parts of the Tatricum
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do main is in di cated by the oc cur rence of nep tu nian dykes filled
with the Smolegowa For ma tion in ar eas that lack the Bajocian
in the nor mal strati graphic col umn. Most prob a bly, the whole
High-Tatric area be came subaerially ex posed and sub jected to
ero sion, which reached var i ous lev els. Some parts of the
High-Tatric area re mained emer gent also af ter the fol low ing on -
set of de po si tion and be came sources of the terrigenous ad mix -
ture pres ent in the Krupianka lime stones (Fig. 9). Dur ing the en -
tire time of sed i men ta tion of the Krupianka For ma tion, the
High-Tatric area acted as a con stantly chang ing patch work of
el e vated and sub merged ar eas. Pe ri ods of de po si tion were in -
ter rupted by ep i sodes of intraformational ero sion, in di cated by
in ter nal ero sional sur faces, and also by the oc cur rence of re -
worked intraformational ferruginous clasts (£uczyñski, 2002).
Re cur rent tec tonic in sta bil ity led also to the for ma tion of nep tu -
nian dykes and in ter nal brec cias, some of which are com posed
of mul ti ple gen er a tions of sed i ments and ce ments. The oc cur -
rence of nep tu nian dykes filled with sed i ments as so ci ated with
the Krupianka For ma tion also in those ar eas in which the
Bathonian is miss ing in the nor mal strati graphic col umn is yet
an other symp tom of the in ter twin ing of ep i sodes of ero sion and
de po si tion. The top o graphic dif fer en ti a tion of the area is re -
flected also by the re place ment of uni formly de vel oped crinoidal 
lime stones of the Smolegowa For ma tion by di verse fa cies of
the Krupianka For ma tion.

The in ter nal palaeogeographic pic ture of the High-Tatric
do main dur ing the de po si tion of the Krupianka For ma tion,
emerg ing from the fa cies dis tri bu tion, com plete ness of the sec -
tions and oc cur rence of nep tu nian dykes, is very com pli cated.
Lack of pre cise stra tig ra phy hin ders the pos si bil ity of ac cu rate
cor re la tion of the sec tions, and thus of putt ing all the phe nom -
ena into proper strati graphi cal or der. None the less, the sed i -
men tary re cord of the times be tween the end of de po si tion of
the Smolegowa lime stones and prior to the on set of de po si tion

of the Raptawicka Turnia lime stones pro vides plen ti ful ev i -
dence of in tense extensional tec tonic ac tiv ity on the south ern
side of the Vahic Ocean oc cu pied by the Tatricum do main.

In the Lower Sub-Tatric Unit, the over all deep en ing pulse,
which started in the Bajocian, con tin ued dur ing the Bathonian,
when it be came more dis tinct  and uni form. A va ri ety of dif fer ent
fa cies as cribed to var i ous set tings of a di verse palaeotopo -
graphic en vi ron ment (see above) was re placed by spot ted and
nod u lar lime stones fol lowed by radiolarites (Jach, 2007; Jach
and Uchman, 2014; Jach and Reháková, 2019). The radiolarite
sed i men ta tion of the Sokolica and Czajakowa for ma tions
(sensu Lefeld et al., 1985) and of the Ždiar For ma tion (sensu
Polák et al., 1998), start ing in the Bathonian and last ing un til the 
Up per Kimmeridgian (Jach et al., 2012; Jach and Reháková,
2019), was uni form across the whole Zliechov Ba sin (Krížna
Unit). These fa cies mark the ces sa tion of the syndepositional
tec tonic ac tiv ity in the area. Both these pro cesses (deep en ing
and fa cies uni fi ca tion) pre ceded sim i lar phe nom ena tak ing
place in the Tatricum do main, in which they started prob a bly not 
ear lier than in the Callovian.

MIDDLE JURASSIC PERIOD OF DEPOSITION 
OF THE RAPTAWICKA TURNIA FORMATION (CALLOVIAN)

The var i ously de vel oped de pos its of the Krupianka For ma -
tion are trun cated by a prom i nent un con formity sur face in all
High-Tatric tec tonic units (£uczyñski, 2002; Jezierska and
£uczyñski, 2016). The for ma tion’s dis con tin u ous char ac ter of
pres er va tion, which in some ar eas is lim ited only to infills of nep -
tu nian dykes, points to a break in de po si tion and/or ero sion fol -
low ing the sed i men ta tion of red crinoidal, ferruginous and nod u -
lar lime stones across the whole area. Af ter that ep i sode, the
Tatricum do main was sub jected to rapid drown ing, which is re -
flected by a dis tinct fa cies con trast with the over ly ing de pos its of 
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Fig. 10. Time and space dis tri bu tion of tec toni cally in duced phe nom ena and fea tures re corded in the High-Tatric Ju ras sic 
of the Tatra Mountains



the Raptawicka Turnia For ma tion. The con tact of the
Raptawicka Turnia for ma tion with the un der ly ing de pos its has
been in ter preted as a drown ing un con formity (Jezierska and
£uczyñski, 2016; cf.: Ma rino and Santantonio, 2010; Godet,
2013).

The Callovian through Hauterivian Raptawicka Turnia For -
ma tion, with a thick ness of ~100 m, is gen er ally uni formly de vel -
oped across the whole High-Tatric area (Lefeld et al., 1985;
Uchman, 2014a), build ing many of the prom i nent moun tain
mas sifs, par tic u larly in the West ern Tatra Moun tains
(Bac-Moszaszwili et al., 1979; £uczyñski, 2014b; £uczyñski
and Jezierska, 2017). Most of the for ma tion is rep re sented by
mas sive or faintly bed ded grey pelitic lime stones with peloids
and pseudo-oo lites (Lefeld et al., 1985). Sed i men ta tion of thick
se quences of this for ma tion was pos si ble due to a con sid er able 
in crease in ac com mo da tion space due to a global sea-level
rise. Its low er most part is de vel oped as wavy-bed ded green ish
de pos its con sist ing of lime stone beds interbedded with
clayey-marly lay ers, with scarce coarser terrigenous ma te rial
(£uczyñski, 2002), and with a Callovian ammonite fauna
(Horwitz and Rabowski, 1922; Passendorfer, 1936, 1938). This
part of the for ma tion, al though pres ent in all High-Tatric units, is
miss ing at some lo cal i ties (£uczyñski, 2002; Jezierska and
£uczyñski, 2016). In the Kominy Tylkowe Unit (both in its
autochthonous and parautochthonous parts), a Czorsztyn
Lime stone Mem ber has been dis tin guished in the lower part of
the for ma tion (Lefeld et al., 1985). It is de vel oped as pink nod u -
lar lime stones (Kotañski, 1961; Szulczewski, 1965), re sem bling 
the stylonodular va ri ety of the Krupianka For ma tion in the same 
area. This unit has been adopted from the Pieniny Klippen Belt
lithostratigraphic scheme, in which the Czorsztyn Lime stones
oc cur in the rank of a for ma tion (Birkenmajer, 1977). The ex act
age of the Czorsztyn Mem ber re mains un cer tain, but is con sid -
ered to be Up per Callovian to Lower Oxfordian (Lefeld et al.,
1985). This, how ever, no lon ger cor re sponds to the age of the
Czorsztyn lime stones in the Pieniny area, the de po si tion of
which started al ready in the Bajocian (Wierzbowski et al., 1999;
Krobicki and Wierzbowski, 2004; Segit et al. 2015). In those
sec tions, in which the bot tom wavy-bed ded lime stone and
marly part of the Raptawicka Turnia For ma tion is miss ing
(Kotañski, 1961; £uczyñski, 2002), it is very dif fi cult to dis tin -
guish the Czorsztyn lime stones from the nod u lar va ri ety of the
Krupianka For ma tion.

A sig nif i cant in flu ence of syndepositional extensional tec -
ton ics on the sed i men tary and fa cies de vel op ment of the
High-Tatric area, so char ac ter is tic of the ear lier phases, had
ceased al to gether with the on set of the de po si tion of the
Raptawicka Turnia For ma tion (£uczyñski, 2002, 2014b;
Fig. 10). Ac ces sory amounts of terrigenous clasts pres ent in
the low er most (Callovian?) wavy-bed ded part of the for ma tion
sug gests the pres ence of some mi nor lo cal source ar eas in her -
ited af ter the Bathonian in ter val of top o graph i cal dif fer en ti a tion,
which were el e vated and eroded. Stratigraphically higher, these 
fa cies are re placed by thick, mas sive pe lagic lime stones re -
flect ing burial of the Mid dle Ju ras sic palaeorelief.

In the Callovian, and gen er ally also later through out the
Late Ju ras sic, the Tatricum do main, al though marked by pe -
lagic open-ma rine de po si tion, re mained a rel a tively el e vated
area as com pared with the do mains lo cated north and south
(Fig. 10). In both the Zliechov Ba sin, rep re sented by the Lower
Sub-Tatric Unit, and in the Pieniny Ba sin (part of the Vahic
Ocean) rep re sented by the Pieniny Klippen Belt suc ces sions,
deep-wa ter sed i men ta tion of mainly radiolarites pre vailed (Jach 
and Reháková, 2019; B¹k and B¹k, 2019).

SUMMARY

The en tire depositional his tory re cord of the Tatricum do -
main dur ing the Ju ras sic can be de scribed and in ter preted in
terms of the in flu ence of var i ous ef fects of tec tonic ac tiv ity on
sed i men ta tion, fa cies de vel op ment and pres er va tion of the de -
pos its. Three main ar eas can be dis tin guished within the
High-Tatric suc ces sion (Fig. 10), char ac ter ized by dif fer ent oc -
cur rences and in ten si ties of synsedimentary tec tonic phe nom -
ena, par tic u larly in the Mid dle Ju ras sic (1) the autochthonous
suc ces sion of the Kominy Tylkowe Unit, (2) the parauto -
chtonous suc ces sion of the Kominy Tylkowe Unit, and (3) the
Czerwone Wierchy and Giewont units.

The re cord of in flu ence of syndepositional tec ton ics on the
sed i men tary re cord falls into sev eral cat e go ries (Fig. 10). One
of the most prom i nent is the oc cur rence of nep tu nian dykes,
which are pres ent in all three ar eas stud ied, and which host de -
pos its rang ing from the Early Ju ras sic (prob a bly Sinemurian or
Pliensbachian) to the Bathonian. The sec ond broad cat e gory
are the var i ous ex pres sions of synsedimentary block tec ton ics,
such as block tilt ing dem on strated by an gu lar un con formi ties,
ev i dence of sub ma rine and subaerial ero sion, and rapid lat eral
thick ness changes. Also these symp toms are pres ent with var i -
ous in ten si ties in all the ar eas stud ied, com menc ing mainly in
the Bajocian and the Bathonian of the parautochtonous suc ces -
sions and the  Czerwone Wierchy and Giewont units. The third
cat e gory is the oc cur rence of sub stan tial amounts of
terrigenous ad mix ture com posed of clasts of lo cal or i gin, in di -
cat ing the prox im ity of el e vated source ar eas. Such ad mix tures
are most abun dant in the Dudziniec For ma tion of the
autochthonous suc ces sion, and in the Krupianka For ma tion.
And fi nally, the fourth cat e gory com prises var i ous symp toms of
non-de po si tion or con den sa tion, such as ferruginous crusts,
stromatolites, cephalopod lime stones, etc., par tic u larly com -
mon in the Bathonian of the foldic units and also in the Bajocian
of the parautochtonous suc ces sion.

All these man i fes ta tions of Ju ras sic syndepositional
extensional tec tonic ac tiv ity in the High-Tatric suc ces sion of the
Tatra Moun tains cor re spond well to the broader pic ture of the
evo lu tion of the Vahic Ocean’s south ern mar gin dur ing the Ju -
ras sic, based on com pi la tions of re gional data. The main three
pos tu lated rift ing phases that took place in the Ju ras sic of the
West ern Carpathians – the Zliechov, Devin and Krasin phases
(Plašienka, 2003; Froizheim et al., 2008) – can also be rec og -
nized in the ma te rial stud ied. Most pro foundly de vel oped are
the ef fects of the Bajocian/Bathonian Krasin phase, which cor -
re sponds to the time of de po si tion of the Smolegowa and
Krupianka for ma tions, and is re flected by a whole va ri ety of sed -
i men tary and ero sional phe nom ena (Fig. 10). More dif fi cult is
the rec og ni tion of the Zliechov and Devin phases (re spec tively
Hettangian–Sinemurian and Toarcian); that is due to the im pre -
cise in ter nal stra tig ra phy of the Dudziniec For ma tion, but these
prob a bly can be linked to the ep i sodes of nep tu nian dyke for -
ma tion and/or in creased in put of terrigenous ma te rial into the
ba sin.

The his tory out lined of the south ern rim of the Vahic Ocean
gen er ally fol lows the same path as in the Al pine sec tor of the Al -
pine-Med i ter ra nean Tethys. How ever, the ex act re la tion be -
tween the Al pine and Carpathian Me so zoic oce anic realms is
still a mat ter of long-last ing con tro versy (cf. Mahe¾, 1981;
Froitzheim et al., 2008; Plašienka, 2012), and ex act cor re la tion
is hin dered by a lack of pre cise dat ing of some cru cial events
and phe nom ena. Nev er the less, no ta ble an a logues in the suc -
ces sions, and par tic u larly in the po si tions of ero sional events

16 Piotr £uczyñski / Geo log i cal Quar terly, 2021, 65: 16

https://gq.pgi.gov.pl/article/view/23248
https://gq.pgi.gov.pl/article/view/23248
https://gq.pgi.gov.pl/article/view/23248


and as so ci ated strati graphic gaps, can be found be tween the
Cen tral West ern Carpathians and the North ern Cal car e ous
Alps of the Austroalpine Do main (e.g., Mandl, 2000; Gawlick et
al., 2009), as well as with the French West ern Alps of Dauphiné
(Dumont et al., 1996). Some what sur pris ingly, the clos est an a -
logue in terms of sed i men tary de vel op ment of the High-Tatric
suc ces sion, with sim i lar Bathonian fa cies with stromatolites,
can be found in the Villany Moun tains of south ern Hun gary
(Radwañski and Szulczewski, 1966; Géczy and Galácz, 1998).
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