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Jurassic unconformities in the High-Tatric succession, Tatra Mountains, Poland
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During the Triassic/Jurassic boundary interval and in the Jurassic, the Triassic carbonate platforms occupying the northern
shelf of the Western Tethys were subjected to disintegration. Record of these processes in the Alpine-Carpathian area is in-
complete and contains a number of stratigraphic gaps. In the High-Tatric succession of the Tatra Mountains (Central West-
ern Carpathians) stratigraphic gaps expressed by unconformity surfaces occur between the Triassic and the Middle
Jurassic. In particular areas, the Triassic is directly overlain by the Dudziniec Formation (Sinemurian—Bajocian), the
Smolegowa Formation (Bajocian), the Krupianka Formation (Bathonian) or the Raptawicka Turnia Formation (Callo-
vian—Hauterivian). The occurrence of Bajocian and Bathonian deposits is limited to isolated lenticular bodies or to infillings of
neptunian dykes penetrating the Triassic. Spatial relations between particular Jurassic lithosomes and the occurrence of
stratigraphic gaps between particular units allow discerning four main unconformities. In the stratigraphical order these are:
base of the Dudziniec Formation (erosional unconformity), base of the Smolegowa Formation (penacordance or para-
conformity), base of the Krupianka Formation (erosional unconformity) and base of the Raptawicka Turnia Formation
(drowning unconformity). Following episodes of erosion modified the previously developed unconformity surfaces, which re-
sulted in complex modern architecture of the Triassic/Jurassic contact, as well as between particular Jurassic formations.
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INTRODUCTION

The Triassic/Jurassic boundary interval and the Jurassic
were times of intense palaeogeographical changes in the Cen-
tral Western Carpathian region. The prevailing extensional re-
gime, related to rifting processes and opening of consecutive
ocean basins, led to intensive tectonic activity in various parts of
the Tethys Ocean. Opening of the Penninic-Vahic Ocean re-
sulted in the separation of the Alpine-Carpathian region from
the stable land of Palaeoeurope (Michalik and Kovac, 1982;
PlasSienka et al., 1997; Csontos and Voros, 2004). Extensive
carbonate platforms located on continental margins were sub-
jected to disintegration and were replaced by systems of iso-
lated fault-bounded blocks. Individual blocks were subjected to
uplift and to differentiated subsidence, leading to a horst-
graben morphology of the sea bottom (Santantonio and Car-
minati, 2011; PlaSienka, 2012). Drowned carbonate platforms
developed on subsiding blocks, on which shallow-water depos-
its were replaced by pelagic sediments. Isolated carbonate plat-
forms formed on elevated areas, on which continuation of shal-
low-water sedimentation took place. The prevailing extensional
regime commonly led to the development of submarine fissures
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filled by marine deposits — neptunian dykes, and to the forma-
tion of internal breccias (Fluchtbauer and Richter, 1983; Blen-
dinger, 1986; PlaSienka, 1995).

Disintegration of Triassic carbonate platforms took place in
many areas located on the northern shelf of the Tethys Ocean.
Numerous records of drowned and isolated carbonate plat-
forms are known i.a. from the Southern Alps (Winterer and
Bossellini, 1981; Blendinger, 1984, 1986) or from the Apenni-
nes (Santantonio, 1993; Cozzi, 2000; Marino and Santantonio,
2010). These examples of disintegrated carbonate platforms,
with their characteristic facies successions and accompanying
tectonic structures, can be used as reference points when ana-
lysing a similar history in different regions.

Sedimentary record of the stratigraphical interval, during
which the disintegration of Triassic carbonate platforms took
place, contains numerous stratigraphic gaps (Clari et al., 1995;
Martire, 1996). Such incomplete record often hinders the recon-
struction of depositional conditions in the studied areas, as well
as correlation of particular profiles. The spatial relation and con-
tact between strata separated by a stratigraphic gap is generally
referred to as “unconformity” or “unconformity surface”. Some
insight into the processes that took place during the times corre-
sponding to these gaps may come from analyses of these un-
conformities. Geometrical relations of the strata contacting
along the unconformity, the outline and morphology of the un-
conformity surface itself, facies contrast of the underlying and
overlying deposits, and the occurrence of erosional forms and
hardgrounds all shed light on the processes that took place in
the interval hidden in the gap (Clari et al., 1995; Marino and
Santantonio, 2010). For example, it can be deduced if the stud-
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ied area was subjected to emersion and erosion in subaerial
conditions, to submarine erosion or faced non-deposition.

Based on the origin of the unconformity surface and geome-
try of the overlying and underlying strata, various types of un-
conformities are discerned, such as angular unconformity,
penacordance or erosional unconformity. Angular uncon-
formity, also referred to as discordance, takes place when the
strata separated by a stratigraphic gap show distinctly different
dips and belong to different tectonic stages (Murphy and Salva-
dor, 1994). When the dip difference is in the range of 1-2°, the
contact is referred to as penacordant (Luczynski, 2002). Usu-
ally, such contact is difficult to be identified in the field, apart
from situations in which it is laterally traced over long distances
and a thinning out of particular layers can be observed. Other-
wise, it is usually identified only by detailed biostratigraphical
analyses. A break in deposition can take place also during
drowning of carbonate platforms, in which case a drowning un-
conformity develops (Schlager and Camber, 1986; Godet,
2013). It is characterized by an abrupt transition from shal-
low-water carbonates to deep-water clastic or carbonate de-
posits. A different relation of strata is represented by an ero-
sional unconformity, in which the strata below and above the
unconformity surface are parallel to each other but separated
by an erosional surface. The stratigraphic gap is in such case
an effect of removal of deposits from elevated areas (Clari et
al., 1995). Long-lasting erosion may lead to removal of the
whole thickness of some deposits in some areas and their pres-
ervation only as isolated lenses (Murphy and Salvador, 1994).
Usually, the deposits resting on the erosional surface contain
clasts from the underlying eroded deposits.

Stratigraphic gaps embracing the times of intense palaeo-
geographical changes on the northern shelf of the Tethys
Ocean are present also in the sedimentary succession of the
Tatra Mountains in Central Western Carpathians (southern Po-
land). Unconformities at the base of the Jurassic and between
particular Jurassic stratigraphical units occur in a number of
tectonic units. So far, only a generalized model of development
of the area in the discussed interval has been presented
(kuczynski, 2002). However, the picture is internally complex,
with particular areas differing in the range of stratigraphic gaps
and in spatial relations between given lithosomes. This paper
presents a more detailed scenario of the development of un-
conformities in the area.

GEOLOGICAL SETTING

The Tatra Mountains are the northernmost area of the
so-called core mountains of the Central Western Carpathians
(Fig. 1A). Sedimentary cover of the Variscan crystalline massif
is composed of Permian to Cretaceous (Turonian) deposits
representing two major successions (or series) — High-Tatric
and Sub-Tatric, which substantially differ in their completeness
and facies development. The High-Tatric succession is gener-
ally characterized by shallow water facies with numerous strati-
graphic gaps. The Sub-Tatric series is stratigraphically more
complete and is composed of deeper facies. The present stud-
ies were carried out in the High-Tatric succession. Andrusov et
al. (1973) introduced a tectonic division of the Central Carpa-
thians, according to which the High-Tatric succession corre-
sponds to the Tatric unit, whereas the Sub-Tatric succession —
to the Fatric and Hronic units.

The High-Tatric succession is exposed in three tectonic
units: Kominy Tylkowe, Czerwone Wierchy and Giewont (Fig.
1B; e.g., Kotanski, 1961). The Kominy Tylkowe Unit (also called

the autochthonous unit) rests directly on the crystalline basement
(e.g., Passendorfer, 1961). The unit embraces also the so-called
parautochthonous folds, in which the sediments have been tec-
tonically moved on minor distances, but palaeogeographically
represent the same region. The Czerwone Wierchy and Giewont
units (also called allochthonous or foldic) have been detached
from their basement and transported northwards over the
autochthonous unit as High-Tatric nappes (e.g., Jurewicz, 2005).
Palaeogeographically, they represent areas situated south of the
autochthonous series. The Sub-Tatric succession is exposed on
the northern slopes of the Tatra Mountains and builds two
Sub-Tatric nappes: Krizna (Lower Sub-Tatric or Fatric) and Cho¢
(Upper Sub-Tatric or Hronic) (e.g., Gazdzicki and Michalik,
1980). Originally, the deposits of the Sub-Tatric succession ac-
cumulated south of the High-Tatric area. The formation and
northward propagation of nappes took place in the Late Creta-
ceous, beneath the sea and under high overburden pressures in
short episodes of movement, separated by periods of tectonic
stability. First, the Cho¢ Nappe was thrust over the Krizna
Nappe, and later the High-Tatric units were thrust beneath the
Sub-Tatric nappes (Jurewicz, 2005, 2012).

The High-Tatric Jurassic is organized into lithostratigraphic
units (Lefeld et al., 1985). The Dudziniec Formation is of Lower
Jurassic and the lowermost part of Middle Jurassic (Aalenian)
age, the Smolegowa and Krupianka formations are respectively
of Bajocian and Bathonian age, and the Raptawicka Turnia For-
mation is of Callovian up to Turonian age (Fig. 2).

The Dudziniec Formation is developed mainly as sandy-
-crinoidal facies (Wojcik, 1981). The detrital material is com-
posed of quartz grains, carbonate lithoclasts and scattered
bioclasts (bivalves, crinoids, brachiopods and belemnites). The
age of the formation, based on belemnite and brachiopod
fauna, has been determined for Sinemurian—Bajocian (Horwitz
and Rabowski, 1922; Lefeld et al., 1985). It is overlain by
crinoidal limestones of the Smolegowa and Krupianka forma-
tions. The names of these formations have been adopted into
the High-Tatric lithostratigraphic scheme from the division
made for the Pieniny Klippen Belt (Birkenmajer, 1977; Lefeld et
al., 1985). The Smolegowa Formation is developed as light grey
and pinkish crinoidal limestones. Based on brachiopod fauna
the age of this formation has been determined as Bajocian
(Horwitz and Rabowski, 1922). The overlying Krupianka For-
mation is represented by red and pink crinoidal limestones,
nodular limestones and ferruginous limestones. Its age, based
on ammonite fauna, has been determined as Bathonian
(Passendorfer, 1935, 1938). The Raptawicka Turnia Formation
starts with Callovian wavy bedded limestones and Oxfordian
nodular and massive limestones, upper passing into thick mas-
sive limestones. The formation yielded Callovian (Horwitz and
Rabowski, 1922) and Kimmeridgian (Passendorfer, 1928)
fauna, and is assumed to represent an interval from the Callo-
vian up to Hauterivian (Lefeld et al., 1985).

The most complete profile of the High-Tatric succession is
exposed in the autochthonous (Kominy Tylkowe) unit, whereas
in the allochthonous units and in the parautochthonous folds it
abounds in stratigraphic gaps, and in most places in the com-
plete lack of Upper Triassic and Lower Jurassic deposits. The
Middle Triassic (Anisian) in these areas is directly overlain by
the Smolegowa, Krupianka or even Raptawicka Turnia forma-
tions. In the Czerwone Wierchy Unit the gaps are best pro-
nounced, but there is no locality in which all these formations
would be present in a single profile. Commonly, the only indica-
tion of deposition of the sediments of particular formations on
the given area is their occurrence in neptunian dykes cutting the
Triassic (Luczynski, 2001a).
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MATERIALS AND METHODS

The exposures, in which the contact between the High-
Tatric Triassic and Jurassic deposits was accessible for stud-
ies, were selected based on the analysis of data published by
Rabowski (1959), Kotanski (1959a) and Bac-Moszaszwili et
al. (1979). Photographical field documentation, available in
works on the geological structure of particular parts of the
High-Tatric area (e.g., Radwanski, 1959; Grochocka-Recko,
1963; Kostiukow, 1963; Szulczewski, 1963), also proved to be
exceptionally useful.

In all three High-Tatric units (Kominy Tylkowe, Czerwone
Wierchy and Giewont) the analysed profiles are arranged along
lines running roughly W—E (Fig. 3). In the autochthonous unit,
the studied profiles are located in the area between the
Koscieliska Valley on the west, through the Wawo6z Krakow
gorge, to the slopes of Ciemniak summit on the east. The work
in this unit concentrated in the parautochthonous folds (Rzedy
pod Ciemniakiem) and in those areas that lack a continuous
thick cover of the Dudziniec Formation (Wawdéz Krakéw gorge).
The unit is represented by five profiles (Fig. 4): Wawoz Krakéw
gorge 1 and 2 (1WK, 2WK) and Rzedy pod Ciemniakiem 1, 2
and 3 (1RZ, 2RZ and 3RZ). In the Czerwone Wierchy Unit the
exposures are located between the Koscieliska Valley on the
west to Niznia Swistéwka in the Mata t.gka Valley on the east.
Eight profiles were analysed in this unit (Fig. 5): Brama Krasze-
wskiego (BK), Mata Swistéwka (MS), Swistowka Passendor-
fera (SP), Wielka Swistéwka 1 and 2 (IWS, 2WS), Kobylarzowy
Zleb 1 and 2 (1KZ, 2KZ) and Niznia Swistéwka (NS). In the
Giewont Unit the exposures are located in the Giewont and
Zawrat Kasprowy massifs. The unit is represented by nine pro-
files (Fig. 6) — six in the Giewont area: in the vicinity of a touristic

trail to the summit (Gst), on Dhugi Giewont (1G, 2G and 3G) and
near the Wrétka Pass (1GW, 2GW), and three in the Zawrat
Kasprowy area (1ZK, 2ZK and 3zK).

The presented profiles embrace the Triassic/Jurassic con-
tact and the Jurassic formations resting on the Triassic. The
age ascriptions in particular profiles were made according to the
lithostratigraphic scheme presented by Lefeld et al. (1985).
However, age determinations of the Jurassic formations of the
High-Tatric series are based only on scarce fauna findings from
single exposures. The formation boundaries are thus most
probably diachronous and do not strictly correspond to chrono-
stratigraphic boundaries. The ascription of particular formations
to certain ages is therefore a simplification, based mainly on
lithological analogies. In the present work, consecutive Jurassic
formations are identified with particular chronostratigraphical
ages: Dudziniec Formation — Sinemurian—Aalenian, Smole-
gowa Formation — Bajocian, Krupianka Formation — Bathonian
and Raptawicka Turnia Formation — Callovian—Hauterivian.
Due to the occurrence of numerous gaps, and therefore to the
incompleteness of the stratigraphical record, the deposits re-
ferred to in various profiles as representing the same formation
do not have to be exact time equivalents.

All the unconformity surfaces between the Triassic and the
Jurassic and between particular Jurassic formations were
traced in the field. Special attention was paid to the relative ge-
ometry of the strata below and over the contact, identification of
erosional structures, occurrence of ferruginous coats and of
neptunian dykes. The range of the stratigraphic gap in the pro-
files was determined by the absence of particular formations as-
cribed to certain ages (see above), and included parts of the
contacting units. For example, if the Anisian is overlain directly
by the Smolegowa Formation (Bajocian), the stratigraphic gap
is referred to as Anisian to Bajocian
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Fig. 2. Lithostratigraphic units of the High-Tatric series (after Uchman, 2014)

Thin sections were made from distinct selected lithologies.
The identified characteristic microfacies were described ac-
cording to Dunham (1962) classification.

For the deposits of the Smolegowa and Krupianka forma-
tions, quantitative analysis of clastic admixture has also been
made. Due to the character of the extraclasts, a routinely used
method of analysing the terrigenous admixture in limestones by
studying the insoluble residue after leaching the rock in acetic
acid could not be directly applied. Along with insoluble quartz
and ferruginous clasts, both formations contain abundant
lithoclasts of soluble limestones and dolomites. Therefore, the
studies were based mainly on the observations of thin sections,
and to some extent also of rocks in the field. The amounts of the
insoluble component obtained from these rocks were used,
however, to compare the amount of quartz grains determined
by the two methods. Knowing the weight percentage of quartz
grains versus the weight of the whole rock sample calculated
from the insoluble residue, and approximating the quantitative
relations between particular types of grains, it was possible to

roughly determine the amounts of other types of lithoclasts. The
identification of clastic admixture provided clues on the possible
source areas.

JURASSIC UNCONFORMITIES OF THE
HIGH-TATRIC AREA — DESCRIPTION

In the High-Tatric series, the Triassic is in various areas
overlain by different Jurassic formations. A complete succes-
sion of Triassic and Jurassic deposits occurs only in the Kominy
Tylkowe Unit (Rabowski, 1959; Kotanski, 1959b). Spatial rela-
tions between particular Jurassic units (Fig. 7) indicate that the
stratigraphic gaps and the corresponding unconformities are an
effect of a number of processes. Four main unconformities
have been identified:

— at the base of the Dudziniec Formation (only in the

autochthonous unit);
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WK — Wawoz Krakow gorge, RZ — Rzedy pod Ciemniakiem, BK — Brama Kraszewskiego, MS — Mata Swistéwka,
SP — Swistéwka Passendorfera, WS — Wielka Swistéwka, KZ — Kobylarzowy Zleb, NS — Niznia Swistéwka,
Gst — Giewont touristic trail, G — Dhugi Giewont, GW — Giewont Wrétka, ZK — Zawrat Kasprowy

oo

S 585 S Do

Q0 000000 0O

Fig. 4. Selected profiles of the autochthonous unit

Raptawicka Turnia Formation
(wavy bedded/massive limestones)

Krupianka Formation
(ferruginous crinoidal limestones)

Smolegowa Formation
(grey and pinkish crinoidal limestones)

Dudziniec Formation
(sandy and crinoidal limestones)

Triassic
(limestones and dolomites)

ferruginous clasts

Point “0” on the vertical scale in all the profiles is the base of the Jurassic,
for other explanations see Figure 3
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Fig. 7. Schematic spatial relation between particular Jurassic formations
in the High-Tatric allochthonous units

T — Triassic, S — Smolegowa Formation (Bajocian), K — Krupianka Formation (Bathonian),
RT — Lower part of Raptawicka Turnia Formation (Callovian—Oxfordian)

DUDZINIEC FORMATION

— at the base of the Smolegowa Formation; AND THE UNCONFORMITY AT ITS BASE

— at the base of the Krupianka Formation;

— at the base of the Raptawicka Turnia Formation.

Moreover, prominent sedimentary discontinuities are pres-
ent also within the Krupianka Formation.

The Dudziniec Formation outcrops only in the autochthonous
unit. Its contact with the Triassic has been studied only in the
western part of the area — in the Wawdéz Krakéw gorge (Fig. 4,
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profile 1WK) and Rzedy pod Ciemniakiem (Fig. 4, profile 1RZ), in
which the formation has a limited thickness and its occurrence is
spatially limited only to isolated exposures (Fig. 8A). The
Dudziniec Formation is developed mainly as faintly bedded
sandy and crinoidal limestones (Wojcik, 1981). In the studied
profiles it is represented by quartz-lithoclast grainstones with cri-
noids (Fig. 9A). The lithoclasts of the sandy limestones are char-
acterized by various fractions in different exposures. In the
Rzedy pod Ciemniakiem they reach a diameter of a few centi-
metres, while in the Wawdz Krakéw gorge the size of the clasts
usually does not exceed 0.5 cm. The formation contains also
intraclasts of sandy and crinoidal limestones coming from re-
working of previously deposited Lower Jurassic sediments. Dif-
ferences in the development of the Lower Jurassic between par-
ticular isolated exposures hinder their precise correlation.

The unconformity between the Triassic and the Jurassic
runs at the base of the Dudziniec Formation. The surface is un-
even and has a clearly erosional character (Fig. 10). In the
scale of particular exposures, the unconformity surface runs
roughly parallel to the bedding in the Triassic, and therefore a
potential penacordant contact cannot be identified.

SMOLEGOWA FORMATION
AND THE UNCONFORMITY AT ITS BASE

The Smolegowa Formation in the Tatra Mountains is devel-
oped as grey, in places pinkish crinoidal limestone with indis-
tinct bedding (Fig. 8B). The rock is composed of recrystallised
crinoids represented mainly by individual ossicles, commonly
with preserved pentagonal or circular shapes, with typical di-
mensions ranging between 0.5 and 1.5 cm, sometimes accom-
panied by longer unseparated columns. In places it contains
also debris of brachiopod shells and a small admixture of
terrigenous material. The formation is uniformly developed in
the whole High-Tatric area. Only in the Rzedy pod Ciemniakiem
region, its bottom part is characterized by the occurrence of rel-
atively large ferruginous clasts and carbonate clasts with ferru-
ginous coats (Fig. 9C), with diameters exceeding 1 cm, which
may indicate breaks in deposition and development of omission
surfaces (comp. Jach et al., 2014). The Smolegowa Formation
is represented mainly by crinoidal grainstones (Fig. 9B), sub-
ordinately also by crinoidal, crinoidal-brachiopod, and crinoidal-
-peloidal packstones and wackestones.

Apart from crinoidal fragments, the deposits contain an ad-
mixture of lithoclasts derived from the High-Tatric Triassic suc-
cession (limestones and dolomites), in places accompanied by
quartz grains, and fragments of bivalves and sponge spicules
(Lefeld et al., 1985). The terrigenous admixture analysis shows
that the extraclast contents in the Smolegowa Formation range
between around 1% in the Czerwone Wierchy Unit up to 3.7%
in the eastern part of the autochthonous unit. Also the clast
composition varies between particular tectonic units (Fig. 11A).
In the autochthonous unit, most common are quartz grains
(40%) accompanied by limestone lithoclasts (35%), whereas in
the Giewont Unit, limestone lithoclasts constitute 60% of the
terrigenous material and the quartz grains only 15%. In the
Czerwone Wierchy Unit the clastic material is composed solely
of limestone lithoclasts.

The unconformity at the base of the Smolegowa Formation
occurs in all three High-Tatric tectonic units. Over the whole
study area it has an erosional character (Fig. 12C), as indicated
e.g., by the occurrence of coarse terrigenous material at the base
of the formation in Rzedy pod Ciemniakiem (Fig. 4, profile 2RZ).
In the scale of particular exposures the contact between the Tri-
assic and the Jurassic runs roughly parallel to the bedding in the
Triassic strata. Only in the Giewont Unit, in which the contact can
be traced in a continuous transect along longer distances, a
penacordant contact could be identified, with consecutively older
Triassic layers westwards underlying the Bajocian (Fig. 13).

The occurrence of Bajocian crinoidal limestones is re-
stricted to isolated lenses (Fig. 7), the thickness of which varies
between a few and several metres. The greatest thickness in
the analysed profiles occurs in the eastern part of the auto-
chthonous unit — in Rzedy pod Ciemniakiem (Figs. 4 and 8),
where it exceeds 15 metres. A roughly similar thickness is re-
corded also in Brama Kraszewskiego (Fig. 5, profile BK) and in
Wyznia Swistéwka in the Mata t.gka Valley (Grochocka-Recko,
1963). These two localities are the only exposures of the
Smolegowa Formation in the Czerwone Wierchy Unit. In the
Giewont Unit, the formation occurs only in small lenses with the
maximum thickness of 1.0-2.5 m. In all three units, in areas
where the Smolegowa Formation is absent in the normal strati-
graphical column, its deposits can be found in neptunian dykes
penetrating the Triassic, as is the case e.g., in the Wawdz
Krakow gorge.

Fig. 8. Jurassic lithosomes in Rzedy pod Ciemniakiem

A — Rzedy pod Ciemniakiem 1 (1RZ); B — Rzedy pod Ciemniakiem 2 (2RZ); T — Triassic, D — Dudziniec Formation,
K — Krupianka Formation, RT — Raptawicka Turnia Formation, S — Smolegowa Formation, profile in reversed position
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Fig. 9. Microfacies of the High-Tatric Lower and Middle Jurassic

A — contact of the Triassic (I) and the Dudziniec Formation (Il) developed as quartz-lithoclast grainstone with crinoids, Wawé6z Krakéw
gorge 1; B — crinoidal grainstone, Smolegowa Formation, Rzedy pod Ciemnakiem 1; C — quartz-lithoclast rudstone with crinoids and
ferruginous clasts, Smolegowa Formation, Rzedy pod Ciemniakiem 2; D — crinoidal packstone with ferruginous clasts, Krupianka For-
mation, Rzedy pod Ciemnakiem 1; E — crinoidal wackestone (I) and crinoidal packstone (ll), Krupianka Formation, Waw6z Krakéw
gorge 2; F — crinoidal grainstone, Krupianka Formation, Wielka Swistéwka 1; G — stromatolite boundstone with lithoclasts, Krupianka
Formation, Swistéwka Passendorfera; H — filamentous wackestone/packstone, Raptawicka Turnia Formation, Wielka Swistéwka 1
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Fig. 10. Erosional surface at the base
of the Dudziniec Formation; Waw6z Krakéw gorge 1 (1WK)

T — Triassic, D — Dudziniec Formation

KRUPIANKA FORMATION
AND THE UNCONFORMITY AT ITS BASE

The Krupianka Formation is represented by three main
lithofacies: ferruginous, crinoidal and nodular (stylonodular)
limestones. All three varieties are characterized by a distinct
red colour (Fig. 14B) associated with ferruginous minerals dis-
persed in the rocks, and by a rich admixture of terrigenous ma-
terial. Ferruginous and stylonodular limestones owe their mod-
ern development to pressure-solution processes (Luczynski,
2001b). The ferruginous limestones are highly enriched in ele-
ments resistant to dissolution. The stylonodular structure for-
med by selective dissolution of nodular limestones. Pre-compa-
ctional differences between the Krupianka Formation litho-
facies were less evident than they are today.

Bathonian crinoidal limestones occur in all units of the
High-Tatric series. They distinctly differ from their counterparts of
the Smolegowa Formation. Main differences are in size, abun-
dance and preservation state of crinoidal fragments, as well as in
a higher admixture of terrigenous material. Crinoid ossicles of the
Krupianka Formation are broken and their size does not exceed
0.5 cm. The highest content of crinoidal material is characteristic
for the Giewont Unit, in which also brachiopods and belemnites,
as well as stromatolites are common (Fig. 6, profiles Gst, 1GW,
2GW). Crinoidal limestones of the Krupianka Formation are rep-
resented by crinoidal packstones and wackestones (Fig. 9D-E),
more seldom by crinoidal and crinoidal-lithoclast grainstones
(Fig. 9F). Common are also intervals with mass occurrence of fil-
aments — fragments of thin-shelled bivalves, most probably of
the genus Bositra. Foraminifers and calcareous algae are the
most typical subordinate components. The analysis of thin sec-
tions reveals also common occurrence of effects of chemical dis-
solution, such as stylolites and dissolution seams.

Ferruginous limestones of the Krupianka Formation outcrop
only in the Czerwone Wierchy Unit, and show a distinct variabil-
ity. In Swistéwka Passendorfera they are represented by ferru-
ginous cephalopod limestones with a rich ammonite fauna rest-
ing on a stromatolitic horizon, several centimetres thick (Fig. 5,
profile SP; Fig. 15A). Interstices between stromatolite domes
are filled with rich terrigenous material composed mainly of
limestones and dolomites derived from the Triassic (Figs. 9G
and 15A). In Mata and Wielka Swistéwka the ferruginous lime-
stones contain crinoids that constitute up to 30% of the rock.

Very common are dissolution structures, developed mainly as
dissolution seams and concentrations of insoluble components,
such as ferruginous minerals and quartz grains. The limestones
are represented mainly by crinoidal, crinoidal-lithoclast, and fila-
mentous wackestones, and rarely by crinoidal packstones.

The nodular limestones show a stylonodular structure with
internodular areas strongly penetrated by dissolution seams.
Crinoids, brachiopods and belemnites are the main macro-
faunal components. The microfacies are represented mainly by
crinoidal, crinoidal-brachiopod, and filamentous wackestones.
The Krupianka nodular limestones are most common in the
autochthonous unit.

The Bathonian deposits distinctly differ between particular
lithofacies and tectonic units in the amount of terrigenous mate-
rial and its contents (Fig. 11B). The highest amounts of terri-
genous material are present in the eastern part of the auto-
chthonous unit (up to 16%), and the lowest — in the Giewont Unit
(5%). In the studied profiles of the autochthonous unit, 45% of
the admixture is represented by quartz grains, 30% by lime-
stone lithoclasts, and respectively 15 and 10% by ferruginous
clasts and dolomites. In the Czerwone Wierchy Unit the most
common component of the admixture is ferruginous lithoclasts
(40%), while in the Giewont Unit, quartz, limestone, dolomite
and ferruginous grains each constitute 25% of the admixture.

The unconformity at the bottom of the Krupianka Formation
shows a great spatial variability, mainly due to different develop-
ment of the overlying deposits. The stratigraphic gap in particu-
lar exposures embraces the Anisian—Bathonian, Aalenian—Ba-
thonian or of just the Bajocian—Bathonian interval. The occur-
rence of the Krupianka Formation in all tectonic units of the
High-Tatric series is limited to isolated lenticular bodies, with the
maximum thickness reaching 5 metres in the autochthonous
unit (Fig. 4, profiles 2WK, 1RZ). In all cases the contact shows
an erosional character, underlined by lenticular shapes of the
lithosomes (Fig. 14). In many places, the Bathonian deposits fill
local depressions. The Krupianka Formation is characterized
also by the occurrence of internal discontinuities underlined by
erosional surfaces and/or ferruginous coats.

RAPTAWICKA TURNIA FORMATION
AND THE UNCONFORMITY AT ITS BASE

In its lowermost part (Callovian) the Raptawicka Turnia For-
mation is developed as wavy bedded, light pink or grey lime-
stones with marly and silty intercalations (Fig. 15C). The
Callovian yields belemnites, in places accompanied by poorly
preserved ammonites. The rocks abound in dissolution struc-
tures. The microfacies are represented by filamentous and fila-
mentous-peloidal mudstones (Fig. 9H).

In most places the contact at the base of the Raptawicka
Turnia Formation with the underlying rocks is erosional. In
some profiles the boundary is underlined by ferruginous coats.
The stratigraphic gap associated with this unconformity is great-
est in Kobylarzowy Zleb (Fig. 5, profile 1KZ) in the Czerwone
Wierchy Unit (Anisian—Callovian), where the Raptawicka Turnia
Formation rests directly on the Middle Triassic. In most other ar-
eas the gap embraces the interval limited to Bajocian—Callovian
or Bathonian—Callovian.

INTERPRETATION

The High-Tatric profiles contain a number of variously de-
veloped unconformity surfaces that formed in several distinct
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Fig. 11. Clastic admixture in the deposits of the Smolegowa (A) and Krupianka (B) formations

episodes. The unconformities can be traced at the bases of
consecutive Lower and Middle Jurassic formations. During the
complex history of the High-Tatric domain in the Jurassic, in-
cluding episodes of tectonic activity and erosion, particular sur-
faces went through several phases of development and their
present outlook is an effect of their overprinting. In many
places, younger surfaces cut the older, which results in a com-

plex picture of spatial relations between the individual Jurassic
lithosomes.

The character and origin of particular unconformity sur-
faces, as well as the spatial distribution of the Jurassic forma-
tions allow reconstructing the history of the High-Tatric domain
in the periods corresponding to the described stratigraphic

gaps.
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Fig. 12. Smolegowa Formation in the Giewont Unit

A — syndepositional fault, Dtugi Giewont 2 (2G); B — neptunian dyke penetrating the Triassic filled with the
Smolegowa Formation deposits, Giewont touristic trail (Gst); C — erosional surface at the base of the Smolegowa
Formation, Dlugi Giewont 2 (2G); T — Triassic, S — Smolegowa Formation, K — Krupianka Formation

Fig. 13. Penacordant contact at the base
of the Smolegowa Formation; Zawrat Kasprowy 1 (1ZK)

For explanations see Figure 10

DEVELOPMENT OF THE UNCONFORMITY AT THE BASE
OF THE DUDZINIEC FORMATION

The unconformity at the base of the Dudziniec Formation is
a summarized effect of two main processes:

— emersion of the whole High-Tatric Unit and erosion of

the area in the Late Triassic,

— Liassic transgression resulting in several phases of

abrasion in the Kominy Tylkowe Unit.

Radwanski (1959) described littoral structures in the Smytnia
Valley, interpreted as relicts of abrasion of an Early Jurassic cliff
shore. Another symptom of considerable morphological gradi-
ents in the autochthonous unit in the Lower Jurassic is the occur-
rence of coarse-grained material indicating intensive erosion, as
is the case in the Rzedy pod Ciemniakiem region (Fig. 4, profile
1RZ). Differentiated morphology of the High-Tatric area, and par-
ticularly of the autochthonous unit is indicated also by the fact
that the Dudziniec Formation in various areas rests on different
stratigraphical units of the Triassic — Norian, Anisian, or even on
the so-called Werfenian (Kotanski, 1956a, b; Roniewicz, 1966).



284 Anna Jezierska and Piotr Luczynski

Fig. 14. Krupianka Formation preserved as laterally discontinuous lenticular bodies

A — Wawbz Krakéw gorge 1 (IWK); B — Wielka Swistéwka 1 (1WS); T— Triassic,
D — Dudziniec Formation, K — Krupianka Formation, RT — Raptawicka Turnia Formation

Only in the western part of the autochthonous unit, in the
Chochotowska Valley region, the sedimentation across the Tri-
assic-Jurassic boundary was continuous (Passendorfer, 1961;
Dumont et al., 1996; Wieczorek, 2000).

The Dudziniec Formation deposits are characterized by
rhythmical sedimentation. Sandy limestones, with varying frac-
tion of clastic material, are interbedded with crinoidal lime-
stones that also contain a substantial amount of terrigenous
material (Lefeld et al., 1985). This rhythmicity was governed by
recurring episodes of tectonic activity, during which the ex-
posed areas (foldic units) were eroded and supplied clastic ma-
terial to the sedimentary basin of the Kominy Tylkowe Unit. Dur-
ing calm episodes separating the periods of tectonic activity,
the supply of clastic material diminished, which allowed the de-
velopment of crinoidal meadows and the deposition of crinoidal
limestones (Wqjcik, 1981). Also the Liassic transgression on

the autochthonous area was rhythmical, and took place in many
phases, which is indicated by the occurrence of lithified Liassic
intraclasts in the Dudziniec Formation. After an initial transgres-
sion, the sea receded, the accumulated deposits underwent
early lithification, and finally were abraded during the following
transgression. Such process probably took place several times
during the deposition of the Dudziniec Formation, leading to
modifications of the unconformity lying at its base.

DEVELOPMENT OF THE UNCONFORMITY AT THE BASE
OF THE SMOLEGOWA FORMATION

The Liassic transgression took place only in the Kominy
Tylkowe Unit (Fig. 16A). In the Early Jurassic, the Czerwone
Wierchy and Giewont units were subjected to intensive erosion,



Jurassic unconformities in the High-Tatric succession, Tatra Mountains, Poland 285

Fig. 15. Krupianka Formation

A — stromatolite, Swistéwka Passendorfera (SP); B — neptunian dyke penetrating the Triassic filled with the
Krupianka Formation deposits, Giewont touristic trail (Gst); C — contact between the Krupianka and the
Raptawicka Turnia formations, Wielka Swistéwka 2 (2WS); for other explanations see Figure 14

which in most places reached the Anisian, and acted as source
areas of clastic material transported northwards to the Kominy
Tylkowe area of sedimentation. The whole High-Tatric series
was flooded in the Bajocian (Passendorfer, 1961).

The Bajocian transgression was probably preceded by tec-
tonic movements leading to rotation of the whole High-Tatric
area (Fig. 16B), as can be deduced from a penacordant contact
of the Smolegowa Formation with the underlying Triassic in the
Giewont Unit (Fig. 13). In some areas of the autochthonous
unit, the deposition of the Smolegowa Formation was preceded
by erosion of the Lower Jurassic deposits.

Early stages of sedimentation of the Smolegowa Forma-
tion (Fig. 17A) were characterized by high-energy levels,
which is indicated e.qg., by the occurrence of coarse limestone
and dolomite clasts at the base of the formation in Rzedy pod
Ciemniakiem (Fig. 4, profile 2RZ). During later phases of the
transgression the environment became deeper and crinoidal
meadows developed over large areas. In situ sedimentation of
crinoidal limestones took place close to the meadows, in calm

waters, below fair-weather base (Gtuchowski, 1987). The
crinoidal fragments are well-preserved, unbroken and accom-
panied by unseparated fragments of columns and arms. The
recrystallised crinoidal material constitutes over 90% of the
rock volume, forming almost pure encrinites with a very faint
bedding or its lack. All these features suggest that the sedi-
mentation of Bajocian crinoidal limestones was uniform in the
whole High-Tatric region (tuczynski, 2002). The in situ depos-
ited encrinites usually develop far from the sources of
terrigenous material, which means far from land, as otherwise
larger amounts of terrigenous admixture interrupt the growth
of crinoidal meadows. At places where the Bajocian is absent
in the normal stratigraphical succession, the crinoidal lime-
stones of the Smolegowa Formation can be found as infillings
of neptunian dykes penetrating the underlying Triassic suc-
cession (Luczynski, 2001a), as is the case in the Rzedy pod
Ciemniakiem area (Fig. 4, profiles 1RZ, 2RZ, 3RZ), which is
another indication that the sedimentation of these deposits
took place in the whole High-Tatric area.
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Fig. 16. Development of the High-Tatric domain

A — Early Jurassic — deposition of the Dudziniec Formation in the autochthonous
unit and erosion in the Czerwone Wierchy and Giewont units; B — erosion pre-
ceding the deposition of the Smolegowa Formation; for other explanations see

entire Smolegowa Formation (Fig. 17B). The de-
posits of this formation are preserved only in local
depressions, probably related to the activity of
synsedimentary faults, and in neptunian dykes.
Syndepositional faults formed probably in the auto-
chthonous unit between the Wawo6z Krakéw gorge
and Rzedy pod Ciemniakiem, and in the Czerwone
Wierchy Unit between Brama Kraszewskiego and
Mata Swistéwka in the Mietusia Valley (Fig. 17B).
Small-scale syndepositional faults occur also in the
Giewont Unit (Fig. 12A), however, the thickness of
the Bajocian deposits in this unit does not show
such variability. The strongest erosion took place in
the Czerwone Wierchy Unit, in which the Smole-
gowa Formation in the normal stratigraphic succes-
sion is exposed only in Brama Kraszewskiego (Fig.
5, profile BK) and in Wyznia Swistéwka (Grocho-
cka-Recko, 1963). This suggests a relatively long-
-lasting emersion of the Czerwone Wierchy Unit,
which must have been elevated in relation to the
surrounding areas. The Giewont Unit, in which the
spatial thickness variability of the Middle Jurassic is
least pronounced, was probably less uplifted than
the surrounding areas and was subjected to smaller
erosion. The synsedimentary faults that developed
in the Bajocian remained active also in the Batho-
nian, leading to further differentiation of the sedi-
mentary basin.

Sedimentation of the Krupianka Formation star-
ted after an episode of erosion (Fig. 18A). The de-
position generally took place in an environment

Figure 3

Formation of neptunian dykes with characteristic sharp-
-edged walls (Fig. 12B) is interpreted as being of tectonic origin,
and is typical of margins of isolated carbonate platforms
(Fuchtbauer and Richter, 1983; Blendinger, 1986; Smart et al.,
1988; Smuc, 2010). Their development is associated with an
extensional regime that prevailed in the Bajocian in the High-
Tatric area, and which generally resulted from palaeogeo-
graphical changes in the Central Carpathian area. The forma-
tion of extensional fissures took place in the Triassic solid sub-
strate under the cover of recently deposited loose crinoidal de-
posits which were injected into the fissures directly after their
opening (Winterer et al., 1991; Luczynski, 2001a). The devel-
opment of neptunian dykes in the High-Tatric area was also
linked with the formation of syndepositional faults (Fig. 17A),
which were responsible for differentiation of the basins topogra-
phy during deposition. To some extent, the existence of such
faults explains also the preservation of the Smolegowa Forma-
tion as lenticular bodies, some with a relatively considerable
thickness as compared with other exposures, as in Brama
Kraszewskiego (Fig. 5, profile BK). The activity of syndepo-
sitional faults lead to an increase of accommodation space in
some areas and therefore in a greater thickness of the deposits
(Fig. 12A).

DEVELOPMENT OF THE UNCONFORMITY AT THE BASE
OF THE KRUPIANKA FORMATION

After the deposition of the Bajocian crinoidal limestones, the
whole High-Tatric area became subaerially exposed and was
subjected to intense erosion, which in some areas removed the

characterized by higher energy levels than that of
the Smolegowa crinoidal limestones. This is indi-
cated by the character of crinoidal material, with
much smaller and abraded crinoidal fragments, and by a high
amount of terrigenous material (Fig. 9D—F). The sedimentation
area of the Krupianka crinoidal limestones was therefore lo-
cated in shallower and more proximal zones, located above the
areas of crinoid growth (Gtuchowski, 1987). The crinoidal mate-
rial was transported from the south, most probably somewhere
from the Giewont Unit (Luczynski, 2002), in which the crinoids
are best preserved and the terrigenous material content is
smallest. Loose crinoidal and lithoclastic material was trans-
ported on the sea bottom in the form of megaripples, which may
explain the preservation of the Krupianka Formation as lenticu-
lar bodies. Episodes of non-deposition are indicated also by a
gap between the opening of neptunian dykes in the Bathonian
and their infilling by the Krupianka Formation deposits, as is in-
dicted by the character of their walls commonly covered by
ferruginous coats and/or calcite cements (Fig. 15B). Fissures
that developed in the Triassic basement remained open until
they were filled by crinoidal material transported over the sea
bottom in the form of megaripples. In some areas of non-depo-
sition, stromatolites developed, with interstices between partic-
ular domes filled by terrigenous material consisting mainly of
limestone and dolomite lithoclasts (some with ferruginous
coats) and of ferruginous clasts (Fig. 9G).

Intense tectonic activity in the Bathonian led to the separa-
tion of the High-Tatric area into numerous individual blocks,
which subsided at different rates. An example of such succes-
sion is exposed in Swistéwka Passendorfera (Fig. 5, profile
SP), where the stromatolites are overlain by limestones with
rich ammonite fauna, representing a much deeper setting.
However, open marine fauna could also have been transported
to the areas of isolated carbonate platforms from surrounding
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WR E uted, but forms horizons indicating the occurrence
ﬁ of episodes of stronger tectonic activity and ero-
sion. The same can be inferred also from the occur-

rence of numerous internal discontinuity surfaces
within the Bathonian deposits.

Differentiated morphology during deposition
and later processes of chemical compaction ef-
fected in the occurrence of three distinct lithologies
of the deposits representing the Krupianka Forma-
tion. Their common feature is an intensive red col-
our which is linked with the occurrence of dispersed
ferruginous minerals and points to low deposition
rates. Numerous ferruginous coats indicate the oc-
currence of repeating periods of non-deposition, re-
sulting from successive drowning of the High-Tatric
region. Chemical compaction led to the develop-
ment of dissolution structures and to modification of
crinoidal limestones into ferruginous and nodular
limestones. The thickness of the Krupianka Forma-
tion was much reduced (Luczynski, 2001b). Also
the structure of the crinoidal-lithoclast facies is an
effect of chemical compaction, as is indicated by fit-
ted fabrics and the occurrence of dissolution seams
with concentrations of insoluble material, such as
quartz grains.

DEVELOPMENT OF THE UNCONFORMITY AT THE
BASE OF THE RAPTAWICKA TURNIA FORMATION

Fig. 17. Development of the High-Tatric domain, continued

A — deposition of the Smolegowa Formation, development of neptunian
dykes and syndepositional faults; B — erosion preceding the deposition
of the Krupianka Formation; for other explanations see Figure 3

deeper regions. In such cases, open marine fauna occurs in de-
posits representing a shallow environment, as is the case in
Kobylarzowy Zleb (Fig. 5, profile 2KZ).

Rich admixture of terrigenous material in the deposits of the
Krupianka Formation points to the vicinity of elevated areas.
The highest amount of clastic material (Fig. 11B) occurs in the
eastern part of the autochthonous unit, where it reaches 15.5%,
somewhat lower in the Czerwone Wierchy Unit (11.7%), and
the lowest in the Giewont Unit (5.3%). The extraclasts source
area was located within the High-Tatric domain, which is indi-
cated by their composition, as well as by a general palaeogeo-
graphical picture of the Central Carpathian region at the time.
The autochthonous unit is characterized by the highest content
of quartz in the admixture (45-50%), most probably derived
from erosion of the Lower Jurassic Dudziniec Formation. The
erosion took place in the elevated parts of the Kominy Tylkowe
Unit. The eroded material reached also the allochthonous units,
in which the content of quartz grains in the admixture reaches
25%. Intense erosion that took place in the Bathonian suggests
that, at that time, older unconformity surfaces could have been
subjected to important modifications.

The clastic material abounds also in ferruginous clasts
(Fig. 11B). Their highest concentration in the Bathonian is
found in the Czerwone Wierchy Unit (40%). These clasts are
probably derived from redeposition of earlier accumulated

After the deposition of the Krupianka Formation
the High-Tatric area became drowned and the de-
position of thick deposits of the Raptawicka Turnia
Formation took place leading to relief unification
(Fig. 18B). The resulting drowning of a carbonate
platform effected in a considerable increase of accommodation
space in relation to the amount of accumulating deposits. This,
in turn, led in the Callovian to the development of the so-called
drowning unconformity (Marino and Santantonio, 2010; Godet,
2013), with such characteristic features as an abrupt transition
from shallow-water carbonate deposits into deep-water clastics
or carbonates, and the occurrence of ferruginous coats. In
some places, breaks in deposition resulted in concentration of
ferruginous minerals in the bottom part of the formation, as is
the case e.g., in Wielka Swistéwka (Fig. 5, profile 1WS) in the
Czerwone Wierchy Unit.

A complete geological record of drowning of a carbonate
platform occurs when the shallow- and deep-water facies are
separated by a drowning succession, represented by deposits
with mixed benthic and planktonic fauna (Marino and San-
tantonio, 2010). The base and the top of such a succession re-
spectively mark the beginning and the end of the drowning
event. Commonly, the drowning succession is limited by uncon-
formity surfaces at the bottom and the top, which laterally merge
into one drowning unconformity. Usually, this is a result of a dif-
ferentiated sea-bottom morphology, particularly near the edges
of a carbonate platform. In the studied case, the drowning suc-
cession can be represented by crinoidal limestones of the
Krupianka Formation with abundant ammonites, as is the case
in Kobylarzowy Zleb (Fig. 5, profile 2KZ).
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Fig. 18. Development of the High-Tatric domain, continued

A — deposition of the Krupianka Formation; B — deposition

of the Raptawicka Turnia Formation; for other explanations see Figure 3

DISCUSSION AND CONCLUSIONS

The High-Tatric series of the Tatra Mountains provide an
opportunity to trace the history of palaeogeographical changes
taking place on the northern shelf of the Tethys Ocean during
the Triassic/Jurassic boundary interval and in the Jurassic. The
stratigraphical record of the Triassic and Jurassic is obscured
by numerous stratigraphic gaps. In various parts of the High-
-Tatric Unit, the Anisian is directly overlain by the Dudziniec
Formation (Sinemurian—-Bajocian), the Smolegowa Formation
(Bajocian), the Krupianka Formation (Bathonian) and the
Raptawicka Turnia Formation (Callovian—Hauterivian). Four
major unconformity surfaces have been recognised at the
bases of the formations. In many places, the deposits of partic-
ular formations have been completely removed, and younger
unconformity surfaces cut the older, resulting in a complex pic-
ture of the Triassic/Jurassic contact.

Detailed field studies of the contacts between the Triassic
and the Jurassic and between particular Jurassic formations,
performed in the autochthonous, Czerwone Wierchy and Gie-
wont units of the High-Tatric series, supplemented by facies
and microfacies analysis of Lower and Middle Jurassic depos-
its, and by quantitative studies of the terrigenous material, allow
presenting the following conclusions:

The unconformity at the base of the Dudziniec Formation (in
the autochthonous unit) is of an erosional character. The abun-
dant clastic material has most probably been derived from ero-

of syndepositional faults which probably were lo-
cated between the Wawoz Krakéw gorge and
Rzedy pod Ciemniakiem in the autochthonous unit,
and between Brama Kraszewskiego and Mata
Swistéwka in the Czerwone Wierchy Unit. In the
Giewont Unit, syndepositional faults were less ac-
tive, which is indicated by a more uniform thickness
of the Bajocian in the area.

The unconformity at the base of the Krupianka
Formation is erosional. The deposits contain an
abundant terrigenous admixture composed of quartz
grains, ferruginous clasts and lithoclasts of lime-
stones and dolomites. Quartz grains originate from
erosion of the Dudziniec Formation, which took
place in the autochthonous unit. Ferruginous clasts
come from erosion of the Czerwone Wierchy Unit. In
the Bathonian, the Giewont Unit was an area of de-
position in relatively deepest environments.

The unconformity at the base of the Raptawicka
Turnia Formation is developed as a drowning un-
conformity which separates the underlying shal-
low-water facies from the overlying deeper-water
sediments. The deposition of the Raptawicka
Turnia Formation led to relief unification during final
drowning of the High-Tatric area.

Stratigraphic gaps within the Jurassic sequence
and a complex nature of spatial relations between
particular Jurassic formations in the High-Tatric se-
ries have been described by tuczynski (2002), who
presented an interpretation of the palaeogeogra-
phical evolution of the region in the Middle Jurassic.
In the present paper, four major unconformities corresponding
to these gaps are described in detail and interpreted in terms of
processes leading to their development. The general palaeo-
geographical picture presented by tuczynski (2002: fig. 4
therein) remains up-to-date, however in some cases, the pro-
posed interpretation of the unconformities described from par-
ticular areas allows presenting some minor modifications to that
reconstruction, or to propose some more detailed scenarios.

A modified picture applies e.g., to the topography of the
sea-bottom and the facies development of the region during the
deposition of the Dudziniec and Smolegowa formations. A com-
plex pattern of occurrence, thickness and facies development
of the Dudziniec Formation, in particular the sections of the
Kominy Tylkowe Unit, suggests that the morphological gradient
in the area was substantial, especially at the Lower—Middle Ju-
rassic boundary interval (Fig. 16B). The deposition of the
Smolegowa Formation was influenced by the development of
synsedimentary faults which are partly responsible for thick-
ness variability of the formation (comp. Fig. 17 and tuczynski
2002; Fig. 4).

Interpretation of the unconformity at the base of the Rapta-
wicka Turnia Formation as a drowning unconformity indicates
that, most probably, there was no emergence of the whole
Czerwone Wierchy and Giewont units at the Bathonian-Callo-
vian boundary interval, as postulated by tuczynski (2001a,
2002). Instead of that, the whole High-Tatric area became sub-
merged and shallow-water sedimentation of the Krupianka For-
mation deposits was followed by deep-water deposition of the
Raptawicka Turnia Formation sediments.
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