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Dur ing the Tri as sic/Ju ras sic bound ary in ter val and in the Ju ras sic, the Tri as sic car bon ate plat forms oc cu py ing the north ern
shelf of the West ern Tethys were sub jected to dis in te gra tion. Re cord of these pro cesses in the Al pine-Carpathian area is in -
com plete and con tains a num ber of strati graphic gaps. In the High-Tatric suc ces sion of the Tatra Moun tains (Cen tral West -
ern Carpathians) strati graphic gaps ex pressed by un con formity sur faces oc cur be tween the Tri as sic and the Mid dle
Ju ras sic. In par tic u lar ar eas, the Tri as sic is di rectly over lain by the Dudziniec For ma tion (Sinemurian–Bajocian), the
Smolegowa For ma tion (Bajocian), the Krupianka For ma tion (Bathonian) or the Raptawicka Turnia For ma tion (Callo -
vian–Hauterivian). The oc cur rence of Bajocian and Bathonian de pos its is lim ited to iso lated len tic u lar bod ies or to in fill ings of 
nep tu nian dykes pen e trat ing the Tri as sic. Spa tial re la tions be tween par tic u lar Ju ras sic lithosomes and the oc cur rence of
strati graphic gaps be tween par tic u lar units al low dis cern ing four main un con formi ties. In the strati graphi cal or der these are:
base of the Dudziniec For ma tion (ero sional un con formity), base of the Smolegowa For ma tion (penacordance or para -
conformity), base of the Krupianka For ma tion (ero sional un con formity) and base of the Raptawicka Turnia For ma tion
(drown ing un con formity). Fol low ing ep i sodes of ero sion mod i fied the pre vi ously de vel oped un con formity sur faces, which re -
sulted in com plex mod ern ar chi tec ture of the Tri as sic/Ju ras sic con tact, as well as be tween par tic u lar Ju ras sic for ma tions.
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INTRODUCTION

The Tri as sic/Ju ras sic bound ary in ter val and the Ju ras sic
were times of in tense palaeo geo graphi cal changes in the Cen -
tral West ern Carpathian re gion. The pre vail ing extensional re -
gime, re lated to rift ing pro cesses and open ing of con sec u tive
ocean bas ins, led to in ten sive tec tonic ac tiv ity in var i ous parts of 
the Tethys Ocean. Open ing of the Penninic-Vahic Ocean re -
sulted in the sep a ra tion of the Al pine-Carpathian re gion from
the sta ble land of Palaeoeurope (Michalík and Kováč, 1982;
Plašienka et al., 1997; Csontos and Vörös, 2004). Ex ten sive
car bon ate plat forms lo cated on con ti nen tal mar gins were sub -
jected to dis in te gra tion and were re placed by sys tems of iso -
lated fault-bounded blocks. In di vid ual blocks were sub jected to
up lift and to dif fer en ti ated sub si dence, lead ing to a horst-
 graben mor phol ogy of the sea bot tom (Santantonio and Car -
minati, 2011; Plašienka, 2012). Drowned car bon ate plat forms
de vel oped on sub sid ing blocks, on which shal low-wa ter de pos -
its were re placed by pe lagic sed i ments. Iso lated car bon ate plat -
forms formed on el e vated ar eas, on which con tin u a tion of shal -
low-wa ter sed i men ta tion took place. The pre vail ing extensional
re gime com monly led to the de vel op ment of sub ma rine fis sures 

filled by ma rine de pos its – nep tu nian dykes, and to the for ma -
tion of in ter nal brec cias (Füchtbauer and Rich ter, 1983; Blen -
dinger, 1986; Plašienka, 1995).

Dis in te gra tion of Tri as sic car bon ate plat forms took place in
many ar eas lo cated on the north ern shelf of the Tethys Ocean.
Nu mer ous re cords of drowned and iso lated car bon ate plat -
forms are known i.a. from the South ern Alps (Winterer and
Bossellini, 1981; Blendinger, 1984, 1986) or from the Apenni -
nes (Santantonio, 1993; Cozzi, 2000; Ma rino and Santantonio,
2010). These ex am ples of dis in te grated car bon ate plat forms,
with their char ac ter is tic fa cies suc ces sions and ac com pa ny ing
tec tonic struc tures, can be used as ref er ence points when ana -
lys ing a sim i lar his tory in dif fer ent re gions. 

Sed i men tary re cord of the strati graphi cal in ter val, dur ing
which the dis in te gra tion of Tri as sic car bon ate plat forms took
place, con tains nu mer ous strati graphic gaps (Clari et al., 1995;
Martire, 1996). Such in com plete re cord of ten hin ders the re con -
struc tion of depositional con di tions in the stud ied ar eas, as well
as cor re la tion of par tic u lar pro files. The spa tial re la tion and con -
tact be tween strata sep a rated by a strati graphic gap is gen er ally 
re ferred to as “un con formity” or “un con formity sur face”. Some
in sight into the pro cesses that took place dur ing the times cor re -
spond ing to these gaps may come from anal y ses of these un -
con formi ties. Geo met ri cal re la tions of the strata con tact ing
along the un con formity, the out line and mor phol ogy of the un -
con formity sur face it self, fa cies con trast of the un der ly ing and
over ly ing de pos its, and the oc cur rence of ero sional forms and
hardgrounds all shed light on the pro cesses that took place in
the in ter val hid den in the gap (Clari et al., 1995; Ma rino and
Santantonio, 2010). For ex am ple, it can be de duced if the stud -
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ied area was sub jected to emersion and ero sion in subaerial
con di tions, to sub ma rine ero sion or faced non-de po si tion. 

Based on the or i gin of the un con formity sur face and ge om e -
try of the over ly ing and un der ly ing strata, var i ous types of un -
con formi ties are dis cerned, such as an gu lar un con formity,
pena cordance or ero sional un con formity. An gu lar un con -
formity, also re ferred to as dis cor dance, takes place when the
strata sep a rated by a strati graphic gap show dis tinctly dif fer ent
dips and be long to dif fer ent tec tonic stages (Murphy and Sal va -
dor, 1994). When the dip dif fer ence is in the range of 1–2°, the
con tact is re ferred to as penacordant (Łuczyński, 2002). Usu -
ally, such con tact is dif fi cult to be iden ti fied in the field, apart
from sit u a tions in which it is lat er ally traced over long dis tances
and a thin ning out of par tic u lar lay ers can be ob served. Oth er -
wise, it is usu ally iden ti fied only by de tailed biostratigraphical
anal y ses. A break in de po si tion can take place also dur ing
drown ing of car bon ate plat forms, in which case a drown ing un -
con formity de vel ops (Schlager and Cam ber, 1986; Godet,
2013). It is char ac ter ized by an abrupt tran si tion from shal -
low-wa ter car bon ates to deep-wa ter clastic or car bon ate de -
pos its. A dif fer ent re la tion of strata is rep re sented by an ero -
sional un con formity, in which the strata be low and above the
un con formity sur face are par al lel to each other but sep a rated
by an ero sional sur face. The strati graphic gap is in such case
an ef fect of re moval of de pos its from el e vated ar eas (Clari et
al., 1995). Long-last ing ero sion may lead to re moval of the
whole thick ness of some de pos its in some ar eas and their pres -
er va tion only as iso lated lenses (Murphy and Sal va dor, 1994).
Usu ally, the de pos its rest ing on the ero sional sur face con tain
clasts from the un der ly ing eroded de pos its. 

Strati graphic gaps em brac ing the times of in tense palaeo -
geo graphi cal changes on the north ern shelf of the Tethys
Ocean are pres ent also in the sed i men tary suc ces sion of the
Tatra Moun tains in Cen tral West ern Carpathians (south ern Po -
land). Un con formi ties at the base of the Ju ras sic and be tween
par tic u lar Ju ras sic strati graphi cal units oc cur in a num ber of
tec tonic units. So far, only a gen er al ized model of de vel op ment
of the area in the dis cussed in ter val has been pre sented
(Łuczyński, 2002). How ever, the pic ture is in ter nally com plex,
with par tic u lar ar eas dif fer ing in the range of strati graphic gaps
and in spa tial re la tions be tween given lithosomes. This pa per
pres ents a more de tailed sce nario of the de vel op ment of un -
con formi ties in the area.

GEOLOGICAL SETTING

The Tatra Moun tains are the north ern most area of the
so-called core moun tains of the Cen tral West ern Carpathians
(Fig. 1A). Sed i men tary cover of the Variscan crys tal line mas sif
is com posed of Perm ian to Cre ta ceous (Turonian) de pos its
rep re sent ing two ma jor suc ces sions (or se ries) – High-Tatric
and Sub-Tatric, which sub stan tially dif fer in their com plete ness
and fa cies de vel op ment. The High-Tatric suc ces sion is gen er -
ally char ac ter ized by shal low wa ter fa cies with nu mer ous strati -
graphic gaps. The Sub-Tatric se ries is stratigraphically more
com plete and is com posed of deeper fa cies. The pres ent stud -
ies were car ried out in the High-Tatric suc ces sion. Andrusov et
al. (1973) in tro duced a tec tonic di vi sion of the Cen tral Carpa -
thians, ac cord ing to which the High-Tatric suc ces sion cor re -
sponds to the Tatric unit, whereas the Sub-Tatric suc ces sion –
to the Fatric and Hronic units.  

The High-Tatric suc ces sion is ex posed in three tec tonic
units: Kominy Tylkowe, Czerwone Wierchy and Giewont (Fig.
1B; e.g., Kotański, 1961). The Kominy Tylkowe Unit (also called

the autochthonous unit) rests di rectly on the crys tal line base ment 
(e.g., Passendorfer, 1961). The unit em braces also the so-called
parautochthonous folds, in which the sed i ments have been tec -
toni cally moved on mi nor dis tances, but palaeogeo graphically
rep re sent the same re gion. The Czerwone Wierchy and Giewont
units (also called allochthonous or foldic) have been de tached
from their base ment and trans ported north wards over the
autochthonous unit as High-Tatric nappes (e.g., Jurewicz, 2005). 
Palaeogeographically, they rep re sent ar eas sit u ated south of the 
autochthonous se ries. The Sub-Tatric suc ces sion is ex posed on
the north ern slopes of the Tatra Moun tains and builds two
Sub-Tatric nappes: Krížna (Lower Sub- Tatric or Fatric) and Choč 
(Up per Sub-Tatric or Hronic) (e.g., Gaździcki and Michalík,
1980). Orig i nally, the de pos its of the Sub-Tatric suc ces sion ac -
cu mu lated south of the High-Tatric area. The for ma tion and
north ward prop a ga tion of nappes took place in the Late Cre ta -
ceous, be neath the sea and un der high over bur den pres sures in
short ep i sodes of move ment, sep a rated by pe ri ods of tec tonic
sta bil ity. First, the Choč Nappe was thrust over the Krížna
Nappe, and later the High-Tatric units were thrust be neath the
Sub-Tatric nappes (Jurewicz, 2005, 2012). 

The High-Tatric Ju ras sic is or ga nized into lithostratigraphic
units (Lefeld et al., 1985). The Dudziniec For ma tion is of Lower
Ju ras sic and the low er most part of Mid dle Ju ras sic (Aalenian)
age, the Smolegowa and Krupianka for ma tions are re spec tively 
of Bajocian and Bathonian age, and the Raptawicka Turnia For -
ma tion is of Callovian up to Turonian age (Fig. 2).

The Dudziniec For ma tion is de vel oped mainly as sandy -
-crinoidal fa cies (Wójcik, 1981). The de tri tal ma te rial is com -
posed of quartz grains, car bon ate lithoclasts and scat tered
bioclasts (bi valves, cri noids, brachi o pods and bel em nites). The
age of the for ma tion, based on bel em nite and brachi o pod
fauna, has been de ter mined for Sinemurian–Bajocian (Horwitz
and Rabowski, 1922; Lefeld et al., 1985). It is over lain by
crinoidal lime stones of the Smolegowa and Krupianka for ma -
tions. The names of these for ma tions have been adopted into
the High-Tatric lithostratigraphic scheme from the di vi sion
made for the Pieniny Klippen Belt (Birkenmajer, 1977; Lefeld et
al., 1985). The Smolegowa For ma tion is de vel oped as light grey 
and pink ish crinoidal lime stones. Based on brachi o pod fauna
the age of this for ma tion has been de ter mined as Bajocian
(Horwitz and Rabowski, 1922). The over ly ing Krupianka For -
ma tion is rep re sented by red and pink crinoidal lime stones,
nod u lar lime stones and ferruginous lime stones. Its age, based
on ammonite fauna, has been de ter mined as Bathonian
(Passen dorfer, 1935, 1938). The Raptawicka Turnia For ma tion
starts with Callovian wavy bed ded lime stones and Oxfordian
nod u lar and mas sive lime stones, up per pass ing into thick mas -
sive lime stones. The for ma tion yielded Callovian (Horwitz and
Rabowski, 1922) and Kimmeridgian (Passendorfer, 1928)
fauna, and is as sumed to rep re sent an in ter val from the Callo -
vian up to Hauterivian (Lefeld et al., 1985).

The most com plete pro file of the High-Tatric suc ces sion is
ex posed in the autochthonous (Kominy Tylkowe) unit, whereas
in the allochthonous units and in the parautochthonous folds it
abounds in strati graphic gaps, and in most places in the com -
plete lack of Up per Tri as sic and Lower Ju ras sic de pos its. The
Mid dle Tri as sic (Anisian) in these ar eas is di rectly over lain by
the Smolegowa, Krupianka or even Raptawicka Turnia for ma -
tions. In the Czerwone Wierchy Unit the gaps are best pro -
nounced, but there is no lo cal ity in which all these for ma tions
would be pres ent in a sin gle pro file. Com monly, the only in di ca -
tion of de po si tion of the sed i ments of par tic u lar for ma tions on
the given area is their oc cur rence in nep tu nian dykes cut ting the 
Tri as sic (Łuczyński, 2001a). 
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MATERIALS AND METHODS

The ex po sures, in which the con tact be tween the High-
 Tatric Tri as sic and Ju ras sic de pos its was ac ces si ble for stud -
ies, were se lected based on the anal y sis of data pub lished by
Rabowski (1959), Kotański (1959a) and Bac-Moszaszwili et
al. (1979). Photographical field doc u men ta tion, avail able in
works on the geo log i cal struc ture of par tic u lar parts of the
High-Tatric area (e.g., Radwański, 1959; Grochocka-Rećko,
1963; Kostiu kow, 1963; Szulczewski, 1963), also proved to be 
ex cep tion ally use ful.

In all three High-Tatric units (Kominy Tylkowe, Czerwone
Wierchy and Giewont) the ana lysed pro files are ar ranged along 
lines run ning roughly W–E (Fig. 3). In the autochthonous unit,
the stud ied pro files are lo cated in the area be tween the
Kościeliska Val ley on the west, through the Wąwóz Kraków
gorge, to the slopes of Ciemniak sum mit on the east. The work
in this unit con cen trated in the parautochthonous folds (Rzędy
pod Ciemniakiem) and in those ar eas that lack a con tin u ous
thick cover of the Dudziniec For ma tion (Wąwóz Kraków gorge). 
The unit is rep re sented by five pro files (Fig. 4): Wąwóz Kraków
gorge 1 and 2 (1WK, 2WK) and Rzędy pod Ciemniakiem 1, 2
and 3 (1RZ, 2RZ and 3RZ). In the Czerwone Wierchy Unit the
ex po sures are lo cated be tween the Kościeliska Val ley on the
west to Niżnia Świstówka in the Mała Łąka Val ley on the east.
Eight pro files were ana lysed in this unit (Fig. 5): Brama Krasze -
wskiego (BK), Mała Świstówka (MŚ), Świstówka Passendor -
fera (ŚP), Wielka Świstówka 1 and 2 (1WŚ, 2WŚ), Kobyla rzowy 
Żleb 1 and 2 (1KŻ, 2KŻ) and Niżnia Świstówka (NŚ). In the
Giewont Unit the ex po sures are lo cated in the Giewont and
Zawrat Kasprowy mas sifs. The unit is rep re sented by nine pro -
files (Fig. 6) – six in the Giewont area: in the vi cin ity of a touristic

trail to the sum mit (Gst), on Długi Giewont (1G, 2G and 3G) and
near the Wrótka Pass (1GW, 2GW), and three in the Zawrat
Kasprowy area (1ZK, 2ZK and 3ZK).

The pre sented pro files em brace the Tri as sic/Ju ras sic con -
tact and the Ju ras sic for ma tions rest ing on the Tri as sic. The
age as crip tions in par tic u lar pro files were made ac cord ing to the 
lithostratigraphic scheme pre sented by Lefeld et al. (1985).
How ever, age de ter mi na tions of the Ju ras sic for ma tions of the
High-Tatric se ries are based only on scarce fauna find ings from
sin gle ex po sures. The for ma tion bound aries are thus most
prob a bly diachronous and do not strictly cor re spond to chrono -
stratigraphic bound aries. The as crip tion of par tic u lar for ma tions 
to cer tain ages is there fore a sim pli fi ca tion, based mainly on
lithological anal o gies. In the pres ent work, con sec u tive Ju ras sic 
for ma tions are iden ti fied with par tic u lar chronostratigraphical
ages: Dudziniec For ma tion – Sinemurian–Aalenian, Smole -
gowa For ma tion – Bajocian, Krupianka For ma tion – Bathonian
and Raptawicka Turnia For ma tion – Callovian–Hauterivian.
Due to the oc cur rence of nu mer ous gaps, and there fore to the
in com plete ness of the strati graphi cal re cord, the de pos its re -
ferred to in var i ous pro files as rep re sent ing the same for ma tion
do not have to be ex act time equiv a lents.

All the un con formity sur faces be tween the Tri as sic and the
Ju ras sic and be tween par tic u lar Ju ras sic for ma tions were
traced in the field. Spe cial at ten tion was paid to the rel a tive ge -
om e try of the strata be low and over the con tact, iden ti fi ca tion of
ero sional struc tures, oc cur rence of ferruginous coats and of
nep tu nian dykes. The range of the strati graphic gap in the pro -
files was de ter mined by the ab sence of par tic u lar for ma tions as -
cribed to cer tain ages (see above), and in cluded parts of the
con tact ing units. For ex am ple, if the Anisian is over lain di rectly
by the Smolegowa For ma tion (Bajocian), the strati graphic gap
is referred to as Anisian to Bajocian 
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 Fig. 1. Struc tural map of the west ern part the Pol ish sec tion of the Tatra Mas sif (B; af ter Łuczyński, 2001a), 
and their geo graph ical lo ca tion within the Carpathians (A)



Thin sec tions were made from dis tinct se lected lithologies.
The iden ti fied char ac ter is tic microfacies were de scribed ac -
cord ing to Dun ham (1962) clas si fi ca tion.

For the de pos its of the Smolegowa and Krupianka for ma -
tions, quan ti ta tive anal y sis of clastic ad mix ture has also been
made. Due to the char ac ter of the extraclasts, a rou tinely used
method of ana lys ing the terrigenous ad mix ture in lime stones by 
study ing the in sol u ble res i due af ter leach ing the rock in ace tic
acid could not be di rectly ap plied. Along with in sol u ble quartz
and ferruginous clasts, both for ma tions con tain abun dant
lithoclasts of sol u ble lime stones and dolomites. There fore, the
stud ies were based mainly on the ob ser va tions of thin sec tions,
and to some ex tent also of rocks in the field. The amounts of the 
in sol u ble com po nent ob tained from these rocks were used,
how ever, to com pare the amount of quartz grains de ter mined
by the two meth ods. Know ing the weight per cent age of quartz
grains ver sus the weight of the whole rock sam ple cal cu lated
from the in sol u ble res i due, and ap prox i mat ing the quan ti ta tive
re la tions be tween par tic u lar types of grains, it was pos si ble to

roughly de ter mine the amounts of other types of lithoclasts. The 
iden ti fi ca tion of clastic ad mix ture pro vided clues on the pos si ble 
source areas. 

JURASSIC UNCONFORMITIES OF THE
HIGH-TATRIC AREA – DESCRIPTION

In the High-Tatric se ries, the Tri as sic is in var i ous ar eas
over lain by dif fer ent Ju ras sic for ma tions. A com plete suc ces -
sion of Tri as sic and Ju ras sic de pos its oc curs only in the Kominy 
Tylkowe Unit (Rabowski, 1959; Kotański, 1959b). Spa tial re la -
tions be tween par tic u lar Ju ras sic units (Fig. 7) in di cate that the
strati graphic gaps and the cor re spond ing un con formi ties are an 
ef fect of a num ber of pro cesses. Four main un con formi ties
have been iden ti fied:

– at the base of the Dudziniec For ma tion (only in the
autochthonous unit);
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Fig. 2. Lithostratigraphic units of the High-Tatric se ries (af ter Uchman, 2014)
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Fig. 3. Geo log i cal map (af ter Bac-Moszaszwili et al., 1979) of the High-Tatric se ries with lo ca tion of pro files 

WK – Wąwóz Kraków gorge, RZ – Rzędy pod Ciemniakiem, BK – Brama Kraszewskiego, MŚ – Mała Świstówka, 
ŚP – Świstówka Passendorfera, WŚ – Wielka Świstówka, KŻ – Kobylarzowy Żleb, NŚ – Niżnia Świstówka, 

Gst – Giewont touristic trail, G – Długi Giewont, GW – Giewont Wrótka, ZK – Zawrat Kasprowy

Fig. 4. Se lected pro files of the autochthonous unit 

Point “0” on the ver ti cal scale in all the pro files is the base of the Ju ras sic,
for other ex pla na tions see Fig ure 3



– at the base of the Smolegowa For ma tion;

– at the base of the Krupianka For ma tion;

– at the base of the Raptawicka Turnia For ma tion. 
More over, prom i nent sed i men tary dis con ti nu ities are pres -

ent also within the Krupianka For ma tion. 

DUDZINIEC FORMATION 
AND THE UNCONFORMITY AT ITS BASE

The Dudziniec For ma tion out crops only in the autochtho nous 
unit. Its con tact with the Tri as sic has been stud ied only in the
west ern part of the area – in the Wąwóz Kraków gorge (Fig. 4,
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Fig. 5. Se lected pro files of the Czerwone Wierchy Unit

For ex pla na tions see Fig ure 3

Fig. 6. Se lected pro files of the Giewont Unit

For ex pla na tions see Fig ure 3

Fig. 7. Sche matic spa tial re la tion be tween par tic u lar Ju ras sic for ma tions 
in the High-Tatric allochthonous units 

T – Tri as sic, S – Smolegowa For ma tion (Bajocian), K – Krupianka For ma tion (Bathonian), 
RT – Lower part of Raptawicka Turnia For ma tion (Callovian–Oxfordian)



pro file 1WK) and Rzędy pod Ciemniakiem (Fig. 4, pro file 1RZ), in 
which the for ma tion has a lim ited thick ness and its oc cur rence is
spa tially lim ited only to iso lated ex po sures (Fig. 8A). The
Dudziniec For ma tion is de vel oped mainly as faintly bed ded
sandy and crinoidal lime stones (Wójcik, 1981). In the stud ied
pro files it is rep re sented by quartz-lithoclast grain stones with cri -
noids (Fig. 9A). The lithoclasts of the sandy lime stones are char -
ac ter ized by var i ous frac tions in dif fer ent ex po sures. In the
Rzędy pod Ciemniakiem they reach a di am e ter of a few centi -
metres, while in the Wąwóz Kraków gorge the size of the clasts
usu ally does not ex ceed 0.5 cm. The for ma tion con tains also
intraclasts of sandy and crinoidal lime stones com ing from re -
work ing of pre vi ously de pos ited Lower Ju ras sic sed i ments. Dif -
fer ences in the de vel op ment of the Lower Ju ras sic be tween par -
tic u lar iso lated ex po sures hin der their pre cise cor re la tion.

The un con formity be tween the Tri as sic and the Ju ras sic
runs at the base of the Dudziniec For ma tion. The sur face is un -
even and has a clearly ero sional char ac ter (Fig. 10). In the
scale of par tic u lar ex po sures, the un con formity sur face runs
roughly par al lel to the bed ding in the Tri as sic, and there fore a
po ten tial penacordant con tact can not be iden ti fied. 

SMOLEGOWA FORMATION 
AND THE UNCONFORMITY AT ITS BASE

The Smolegowa For ma tion in the Tatra Moun tains is de vel -
oped as grey, in places pink ish crinoidal lime stone with in dis -
tinct bed ding (Fig. 8B). The rock is com posed of recrystallised
cri noids rep re sented mainly by in di vid ual os si cles, com monly
with pre served pen tag o nal or cir cu lar shapes, with typ i cal di -
men sions rang ing be tween 0.5 and 1.5 cm, some times ac com -
pa nied by lon ger un sep a rated col umns. In places it con tains
also de bris of brachi o pod shells and a small ad mix ture of
terrigenous ma te rial. The for ma tion is uni formly de vel oped in
the whole High-Tatric area. Only in the Rzędy pod Ciemniakiem 
re gion, its bot tom part is char ac ter ized by the oc cur rence of rel -
a tively large ferruginous clasts and car bon ate clasts with ferru -
ginous coats (Fig. 9C), with di am e ters ex ceed ing 1 cm, which
may in di cate breaks in de po si tion and de vel op ment of omis sion 
sur faces (comp. Jach et al., 2014). The Smolegowa For ma tion
is rep re sented mainly by crinoidal grainstones (Fig. 9B), sub -
ordi nately also by crinoidal, crinoidal-brachi o pod, and crinoidal -
- peloidal packstones and wackestones. 

Apart from crinoidal frag ments, the de pos its con tain an ad -
mix ture of lithoclasts de rived from the High-Tatric Tri as sic suc -
ces sion (lime stones and dolomites), in places ac com pa nied by
quartz grains, and frag ments of bi valves and sponge spicules
(Lefeld et al., 1985). The terrigenous ad mix ture anal y sis shows
that the extraclast con tents in the Smolegowa For ma tion range
be tween around 1% in the Czerwone Wierchy Unit up to 3.7%
in the east ern part of the autochthonous unit. Also the clast
com po si tion var ies be tween par tic u lar tec tonic units (Fig. 11A).
In the autochthonous unit, most com mon are quartz grains
(40%) ac com pa nied by lime stone lithoclasts (35%), whereas in
the Giewont Unit, lime stone lithoclasts con sti tute 60% of the
terrigenous ma te rial and the quartz grains only 15%. In the
Czerwone Wierchy Unit the clastic ma te rial is com posed solely
of lime stone lithoclasts.

The un con formity at the base of the Smolegowa For ma tion
oc curs in all three High-Tatric tec tonic units. Over the whole
study area it has an ero sional char ac ter (Fig. 12C), as in di cated
e.g., by the oc cur rence of coarse terrigenous ma te rial at the base 
of the for ma tion in Rzędy pod Ciemniakiem (Fig. 4, pro file 2RZ).
In the scale of par tic u lar ex po sures the con tact be tween the Tri -
as sic and the Ju ras sic runs roughly par al lel to the bed ding in the
Tri as sic strata. Only in the Giewont Unit, in which the con tact can
be traced in a con tin u ous transect along lon ger dis tances, a
penacordant con tact could be iden ti fied, with con sec u tively older
Tri as sic lay ers west wards un der ly ing the Bajocian (Fig. 13).

The oc cur rence of Bajocian crinoidal lime stones is re -
stricted to iso lated lenses (Fig. 7), the thick ness of which var ies
be tween a few and sev eral metres. The great est thick ness in
the ana lysed pro files oc curs in the east ern part of the auto -
chthonous unit – in Rzędy pod Ciemniakiem (Figs. 4 and 8),
where it ex ceeds 15 metres. A roughly sim i lar thick ness is re -
corded also in Brama Kraszewskiego (Fig. 5, pro file BK) and in
Wyżnia Świstówka in the Mała Łąka Val ley (Grochocka -Rećko,
1963). These two lo cal i ties are the only ex po sures of the
Smolegowa For ma tion in the Czerwone Wierchy Unit. In the
Giewont Unit, the for ma tion oc curs only in small lenses with the
max i mum thick ness of 1.0–2.5 m. In all three units, in ar eas
where the Smolegowa For ma tion is ab sent in the nor mal strati -
graphi cal col umn, its de pos its can be found in nep tu nian dykes
pen e trat ing the Tri as sic, as is the case e.g., in the Wąwóz
Kraków gorge. 
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Fig. 8. Ju ras sic lithosomes in Rzędy pod Ciemniakiem

A – Rzędy pod Ciemniakiem 1 (1RZ); B – Rzędy pod Ciemniakiem 2 (2RZ); T – Triassic, D – Dudziniec For ma tion,
K – Krupianka For ma tion, RT – Raptawicka Turnia For ma tion, S – Smolegowa For ma tion, pro file in re versed po si tion
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Fig. 9. Microfacies of the High-Tatric Lower and Mid dle Ju ras sic

A – con tact of the Tri as sic (I) and the Dudziniec For ma tion (II) de vel oped as quartz-lithoclast grainstone with cri noids, Wąwóz Kraków
gorge 1; B – crinoidal grainstone, Smolegowa For ma tion, Rzędy pod Ciemnakiem 1; C – quartz-lithoclast rudstone with cri noids and
ferruginous clasts, Smolegowa For ma tion, Rzędy pod Ciemniakiem 2; D – crinoidal packstone with ferruginous clasts, Krupianka For -
ma tion, Rzędy pod Ciemnakiem 1; E – crinoidal wackestone (I) and crinoidal packstone (II), Krupianka For ma tion, Wąwóz Kraków
gorge 2; F – crinoidal grainstone, Krupianka For ma tion, Wielka Świstówka 1; G – stromatolite boundstone with lithoclasts, Krupianka
For ma tion, Świstówka Passendorfera; H – fil a men tous wackestone/packstone, Raptawicka Turnia For ma tion, Wielka Świstówka 1



KRUPIANKA FORMATION 
AND THE UNCONFORMITY AT ITS BASE

The Krupianka For ma tion is rep re sented by three main
lithofacies: ferruginous, crinoidal and nod u lar (stylonodular)
lime stones. All three va ri et ies are char ac ter ized by a dis tinct
red col our (Fig. 14B) as so ci ated with ferruginous min er als dis -
persed in the rocks, and by a rich ad mix ture of terrigenous ma -
te rial. Ferruginous and stylonodular lime stones owe their mod -
ern de vel op ment to pres sure-so lu tion pro cesses (Łuczyński,
2001b). The ferruginous lime stones are highly en riched in el e -
ments re sis tant to dis so lu tion. The stylonodular struc ture for -
med by se lec tive dis so lu tion of nod u lar lime stones. Pre- compa -
ctional dif fer ences be tween the Krupianka For ma tion litho -
facies were less ev i dent than they are to day. 

Bathonian crinoidal lime stones oc cur in all units of the
High-Tatric se ries. They dis tinctly dif fer from their coun ter parts of 
the Smolegowa For ma tion. Main dif fer ences are in size, abun -
dance and pres er va tion state of crinoidal frag ments, as well as in 
a higher ad mix ture of terrigenous ma te rial. Cri noid os si cles of the 
Krupianka For ma tion are bro ken and their size does not ex ceed
0.5 cm. The high est con tent of crinoidal ma te rial is char ac ter is tic
for the Giewont Unit, in which also brachi o pods and bel em nites,
as well as stromatolites are com mon (Fig. 6, pro files Gst, 1GW,
2GW). Crinoidal lime stones of the Kru pianka For ma tion are rep -
re sented by crinoidal packstones and wackestones (Fig. 9D–E),
more sel dom by crinoidal and crinoidal- lithoclast grainstones
(Fig. 9F). Com mon are also in ter vals with mass oc cur rence of fil -
a ments – frag ments of thin- shelled bi valves, most prob a bly of
the ge nus Bositra. Fora minifers and cal car e ous al gae are the
most typ i cal sub or di nate com po nents. The anal y sis of thin sec -
tions re veals also com mon oc cur rence of ef fects of chem i cal dis -
so lu tion, such as sty lo lites and dis so lu tion seams. 

Ferruginous lime stones of the Krupianka For ma tion out crop 
only in the Czerwone Wierchy Unit, and show a dis tinct vari abil -
ity. In Świstówka Passendorfera they are rep re sented by ferru -
ginous cephalopod lime stones with a rich ammonite fauna rest -
ing on a stromatolitic ho ri zon, sev eral centi metres thick (Fig. 5,
pro file ŚP; Fig. 15A). In ter stices be tween stromatolite domes
are filled with rich terrigenous ma te rial com posed mainly of
lime stones and dolomites de rived from the Tri as sic (Figs. 9G
and 15A). In Mała and Wielka Świstówka the ferruginous lime -
stones con tain cri noids that con sti tute up to 30% of the rock.

Very com mon are dis so lu tion struc tures, de vel oped mainly as
dis so lu tion seams and con cen tra tions of in sol u ble com po nents, 
such as ferruginous min er als and quartz grains. The lime stones 
are rep re sented mainly by crinoidal, crinoidal-lithoclast, and fil a -
men tous wackestones, and rarely by crinoidal packstones.

The nod u lar lime stones show a stylonodular struc ture with
internodular ar eas strongly pen e trated by dis so lu tion seams.
Cri noids, brachi o pods and bel em nites are the main macro -
faunal com po nents. The microfacies are rep re sented mainly by
crinoidal, crinoidal-brachi o pod, and fil a men tous wackestones.
The Krupianka nod u lar lime stones are most com mon in the
autochthonous unit. 

The Bathonian de pos its dis tinctly dif fer be tween par tic u lar
lithofacies and tec tonic units in the amount of terrigenous ma te -
rial and its con tents (Fig. 11B). The high est amounts of terri -
genous ma te rial are pres ent in the east ern part of the auto -
chthonous unit (up to 16%), and the low est – in the Giewont Unit 
(5%). In the stud ied pro files of the autochthonous unit, 45% of
the ad mix ture is rep re sented by quartz grains, 30% by lime -
stone lithoclasts, and re spec tively 15 and 10% by ferruginous
clasts and dolomites. In the Czerwone Wierchy Unit the most
com mon com po nent of the ad mix ture is ferruginous lithoclasts
(40%), while in the Giewont Unit, quartz, lime stone, do lo mite
and ferruginous grains each con sti tute 25% of the ad mix ture.

The un con formity at the bot tom of the Krupianka For ma tion
shows a great spa tial vari abil ity, mainly due to dif fer ent de vel op -
ment of the over ly ing de pos its. The strati graphic gap in par tic u -
lar ex po sures em braces the Anisian–Bathonian, Aalenian–Ba -
tho nian or of just the Bajocian–Bathonian in ter val. The oc cur -
rence of the Krupianka For ma tion in all tec tonic units of the
High-Tatric se ries is lim ited to iso lated len tic u lar bod ies, with the 
max i mum thick ness reach ing 5 metres in the autochtho nous
unit (Fig. 4, pro files 2WK, 1RZ). In all cases the con tact shows
an ero sional char ac ter, un der lined by len tic u lar shapes of the
lithosomes (Fig. 14). In many places, the Bathonian de pos its fill
lo cal de pres sions. The Krupianka For ma tion is char ac ter ized
also by the oc cur rence of in ter nal dis con ti nu ities un der lined by
ero sional sur faces and/or ferruginous coats.

RAPTAWICKA TURNIA FORMATION 
AND THE UNCONFORMITY AT ITS BASE

In its low er most part (Callovian) the Raptawicka Turnia For -
ma tion is de vel oped as wavy bed ded, light pink or grey lime -
stones with marly and silty in ter ca la tions (Fig. 15C). The
Callovian yields bel em nites, in places ac com pa nied by poorly
pre served ammonites. The rocks abound in dis so lu tion struc -
tures. The microfacies are rep re sented by fil a men tous and fil a -
men tous-peloidal mudstones (Fig. 9H). 

In most places the con tact at the base of the Raptawicka
Turnia For ma tion with the un der ly ing rocks is ero sional. In
some pro files the bound ary is un der lined by ferruginous coats.
The strati graphic gap as so ci ated with this un con formity is grea t -
est in Kobylarzowy Żleb (Fig. 5, pro file 1KŻ) in the Czerwone
Wierchy Unit (Anisian–Callovian), where the Raptawicka Turnia 
For ma tion rests di rectly on the Mid dle Tri as sic. In most other ar -
eas the gap em braces the in ter val lim ited to Bajocian–Callovian 
or Bathonian–Callovian.

INTERPRETATION

The High-Tatric pro files con tain a num ber of var i ously de -
vel oped un con formity sur faces that formed in sev eral dis tinct
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Fig. 10. Ero sional sur face at the base 
of the Dudziniec For ma tion; Wąwóz Kraków gorge 1 (1WK)

T – Tri as sic, D – Dudziniec For ma tion



ep i sodes. The un con formi ties can be traced at the bases of
con sec u tive Lower and Mid dle Ju ras sic for ma tions. Dur ing the
com plex his tory of the High-Tatric do main in the Ju ras sic, in -
clud ing ep i sodes of tec tonic ac tiv ity and ero sion, par tic u lar sur -
faces went through sev eral phases of de vel op ment and their
pres ent out look is an ef fect of their over print ing. In many
places, youn ger sur faces cut the older, which re sults in a com -

plex pic ture of spa tial relations between the individual Jurassic
lithosomes. 

The char ac ter and or i gin of par tic u lar un con formity sur -
faces, as well as the spa tial dis tri bu tion of the Ju ras sic for ma -
tions al low re con struct ing the his tory of the High-Tatric do main
in the pe ri ods cor re spond ing to the de scribed stratigraphic
gaps. 
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Fig. 11. Clastic ad mix ture in the de pos its of the Smolegowa (A) and Krupianka (B) for ma tions



DEVELOPMENT OF THE UNCONFORMITY AT THE BASE 
OF THE DUDZINIEC FORMATION

The un con formity at the base of the Dudziniec For ma tion is
a sum ma rized ef fect of two main pro cesses: 

– emersion of the whole High-Tatric Unit and ero sion of
the area in the Late Tri as sic,

– Li assic trans gres sion re sult ing in sev eral phases of
abra sion in the Kominy Tylkowe Unit. 

Radwański (1959) de scribed lit to ral struc tures in the Smy tnia
Val ley, in ter preted as relicts of abra sion of an Early Ju ras sic cliff
shore. An other symp tom of con sid er able mor pho log i cal gra di -
ents in the auto chthonous unit in the Lower Ju ras sic is the oc cur -
rence of coarse-grained ma te rial in di cat ing in ten sive ero sion, as
is the case in the Rzędy pod Ciemniakiem re gion (Fig. 4, pro file
1RZ). Dif fer en ti ated mor phol ogy of the High -Tatric area, and par -
tic u larly of the autochthonous unit is in di cated also by the fact
that the Dudziniec For ma tion in var i ous ar eas rests on dif fer ent
strati graphi cal units of the Tri as sic – Norian, Ani sian, or even on
the so-called Werfenian (Kotański, 1956a, b; Ronie wicz, 1966).
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Fig. 12. Smolegowa For ma tion in the Giewont Unit

A – syndepositional fault, Długi Giewont 2 (2G); B – nep tu nian dyke pen e trat ing the Tri as sic filled with the
Smolegowa For ma tion de pos its, Giewont touristic trail (Gst); C – ero sional sur face at the base of the Smolegowa 
For ma tion, Długi Giewont 2 (2G); T – Tri as sic, S – Smolegowa For ma tion, K – Krupianka For ma tion

Fig. 13. Penacordant con tact at the base 
of the Smolegowa For ma tion; Zawrat Kasprowy 1 (1ZK)

For ex pla na tions see Fig ure 10



Only in the west ern part of the autochtho nous unit, in the
Chochołowska Val ley re gion, the sed i men ta tion across the Tri -
as sic-Ju ras sic bound ary was con tin u ous (Passendorfer, 1961;
Dumont et al., 1996; Wieczorek, 2000). 

The Dudziniec For ma tion de pos its are char ac ter ized by
rhyth mi cal sed i men ta tion. Sandy lime stones, with vary ing frac -
tion of clastic ma te rial, are interbedded with crinoidal lime -
stones that also con tain a sub stan tial amount of terrigenous
ma te rial (Lefeld et al., 1985). This rhythmicity was gov erned by
re cur ring ep i sodes of tec tonic ac tiv ity, dur ing which the ex -
posed ar eas (foldic units) were eroded and sup plied clastic ma -
te rial to the sed i men tary ba sin of the Kominy Tylkowe Unit. Dur -
ing calm ep i sodes sep a rat ing the pe ri ods of tec tonic ac tiv ity,
the sup ply of clastic ma te rial di min ished, which al lowed the de -
vel op ment of crinoidal mead ows and the de po si tion of crinoidal
lime stones (Wójcik, 1981). Also the Li assic trans gres sion on

the auto chthonous area was rhyth mi cal, and took place in many 
pha ses, which is in di cated by the oc cur rence of lithified Li assic
intraclasts in the Dudziniec For ma tion. Af ter an ini tial trans gres -
sion, the sea re ceded, the ac cu mu lated de pos its un der went
early lithification, and fi nally were abraded dur ing the fol low ing
trans gres sion. Such pro cess prob a bly took place sev eral times
dur ing the de po si tion of the Dudziniec For ma tion, lead ing to
mod i fi ca tions of the un con formity ly ing at its base. 

DEVELOPMENT OF THE UNCONFORMITY AT THE BASE
OF THE SMOLEGOWA FORMATION

The Li assic trans gres sion took place only in the Kominy
Tylkowe Unit (Fig. 16A). In the Early Ju ras sic, the Czerwone
Wierchy and Giewont units were sub jected to in ten sive ero sion, 
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Fig. 14. Krupianka For ma tion pre served as lat er ally dis con tin u ous len tic u lar bod ies

A – Wąwóz Kraków gorge 1 (1WK); B – Wielka Świstówka 1 (1WŚ); T– Tri as sic, 
D – Dudziniec For ma tion, K – Krupianka For ma tion, RT – Raptawicka Turnia For ma tion



which in most places reached the Anisian, and acted as source
ar eas of clastic ma te rial trans ported north wards to the Kominy
Tylkowe area of sed i men ta tion. The whole High-Tatric se ries
was flooded in the Bajocian (Passendorfer, 1961).

The Bajocian trans gres sion was prob a bly pre ceded by tec -
tonic move ments lead ing to ro ta tion of the whole High-Tatric
area (Fig. 16B), as can be de duced from a penacordant con tact 
of the Smolegowa For ma tion with the un der ly ing Tri as sic in the
Giewont Unit (Fig. 13). In some ar eas of the autochthonous
unit, the de po si tion of the Smolegowa For ma tion was pre ceded
by ero sion of the Lower Ju ras sic de pos its.

Early stages of sed i men ta tion of the Smolegowa For ma -
tion (Fig. 17A) were char ac ter ized by high-en ergy lev els,
which is in di cated e.g., by the oc cur rence of coarse lime stone
and do lo mite clasts at the base of the for ma tion in Rzędy pod
Ciemnia kiem (Fig. 4, pro file 2RZ). Dur ing later phases of the
trans gres sion the en vi ron ment be came deeper and crinoidal
mead ows de vel oped over large ar eas. In situ sed i men ta tion of 
crinoidal lime stones took place close to the mead ows, in calm

wa ters, be low fair-weather base (Głuchowski, 1987). The
crino idal frag ments are well-pre served, un bro ken and ac com -
pa nied by un sep a rated frag ments of col umns and arms. The
recrystallised crinoidal ma te rial con sti tutes over 90% of the
rock vol ume, form ing al most pure encrinites with a very faint
bed ding or its lack. All these fea tures sug gest that the sed i -
men ta tion of Bajo cian crinoidal lime stones was uni form in the
whole High-Tatric re gion (Łuczyński, 2002). The in situ de pos -
ited encrinites usu ally de velop far from the sources of
terrigenous ma te rial, which means far from land, as oth er wise
larger amounts of terrige nous ad mix ture in ter rupt the growth
of crino idal mead ows. At places where the Bajocian is ab sent
in the nor mal strati graphi cal suc ces sion, the crinoidal lime -
stones of the Smole gowa For ma tion can be found as in fill ings
of nep tu nian dykes pen e trat ing the un der ly ing Tri as sic suc -
ces sion (Łuczyń ski, 2001a), as is the case in the Rzędy pod
Ciemniakiem area (Fig. 4, pro files 1RZ, 2RZ, 3RZ), which is
an other in di ca tion that the sed i men ta tion of these de pos its
took place in the whole High -Tatric area.
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Fig. 15. Krupianka For ma tion

A – stromatolite, Świstówka Passendorfera (ŚP); B – nep tu nian dyke pen e trat ing the Tri as sic filled with the
Krupianka For ma tion de pos its, Giewont touristic trail (Gst); C – con tact be tween the Krupianka and the
Raptawicka Turnia for ma tions, Wielka Świstówka 2 (2WŚ); for other ex pla na tions see Fig ure 14



For ma tion of nep tu nian dykes with char ac ter is tic sharp -
-edged walls (Fig. 12B) is in ter preted as be ing of tec tonic or i gin, 
and is typ i cal of mar gins of iso lated car bon ate plat forms
(Füchtbauer and Rich ter, 1983; Blendinger, 1986; Smart et al.,
1988; Šmuc, 2010). Their de vel op ment is as so ci ated with an
extensional re gime that pre vailed in the Bajocian in the High-
 Tatric area, and which gen er ally re sulted from palaeo geo -
graphi cal changes in the Cen tral Carpathian area. 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 the fis sures di rectly af ter their
open ing (Winterer et al., 1991; Łuczyński, 2001a). The de vel -
op ment of nep tu nian dykes in the High-Tatric area was also
linked with the for ma tion of syndepositional faults (Fig. 17A),
which were re spon si ble for dif fer en ti a tion of the bas ins to pog ra -
phy dur ing de po si tion. To some ex tent, the ex is tence of such
faults ex plains also the pres er va tion of the Smolegowa For ma -
tion as len tic u lar bod ies, some with a rel a tively con sid er able
thick ness as com pared with other ex po sures, as in Brama
Kraszew skiego (Fig. 5, pro file BK). The ac tiv ity of synde po -
sitional faults lead to an in crease of ac com mo da tion space in
some ar eas and there fore in a greater thick ness of the de pos its
(Fig. 12A). 

DEVELOPMENT OF THE UNCONFORMITY AT THE BASE
OF THE KRUPIANKA FORMATION

Af ter the de po si tion of the Bajocian crinoidal lime stones, the 
whole High-Tatric area be came subaerially ex posed and was
sub jected to in tense ero sion, which in some ar eas re moved the

en tire Smolegowa For ma tion (Fig. 17B). The de -
pos its of this for ma tion are pre served only in lo cal
de pres sions, prob a bly re lated to the ac tiv ity of
synsedimentary faults, and in nep tu nian dykes.
Syndepositional faults formed prob a bly in the auto -
chthonous unit be tween the Wąwóz Kraków gorge
and Rzędy pod Ciemniakiem, and in the Czerwone
Wierchy Unit be tween Brama Kraszewskiego and
Mała Świstó wka in the Miętusia Val ley (Fig. 17B).
Small-scale syndepositional faults oc cur also in the
Giewont Unit (Fig. 12A), how ever, the thick ness of
the Bajo cian de pos its in this unit does not show
such vari abil ity. The stron gest ero sion took place in
the Czerwone Wierchy Unit, in which the Smole -
gowa For ma tion in the nor mal strati graphic suc ces -
sion is ex posed only in Brama Kraszewskiego (Fig.
5, pro file BK) and in Wyżnia Świstówka (Grocho -
cka -Rećko, 1963). This sug gests a rel a tively long -
-last ing emersion of the Czerwone Wierchy Unit,
which must have been el e vated in re la tion to the
sur round ing ar eas. The Giewont Unit, in which the
spa tial thick ness vari abil ity of the Mid dle Ju ras sic is
least pro nounced, was prob a bly less up lifted than
the sur round ing ar eas and was sub jected to smaller 
ero sion. The synsedimentary faults that de vel oped
in the Bajocian re mained ac tive also in the Batho -
nian, lead ing to fur ther dif fer en ti a tion of the sed i -
men tary ba sin. 

Sed i men ta tion of the Krupianka For ma tion star -
ted af ter an ep i sode of ero sion (Fig. 18A). The de -
po si tion gen er ally took place in an en vi ron ment
char ac ter ized by higher en ergy lev els than that of
the Smolegowa crinoidal lime stones. This is in di -
cated by the char ac ter of crinoidal ma te rial, with

much smaller and abraded crinoidal frag ments, and by a high
amount of terrigenous ma te rial (Fig. 9D–F). The sed i men ta tion
area of the Krupianka crinoidal lime stones was there fore lo -
cated in shal lower and more prox i mal zones, lo cated above the
ar eas of cri noid growth (Głuchowski, 1987). The crinoidal ma te -
rial was trans ported from the south, most prob a bly some where
from the Giewont Unit (Łuczyński, 2002), in which the cri noids
are best pre served and the terrigenous ma te rial con tent is
small est. Loose crinoidal and lithoclastic ma te rial was trans -
ported on the sea bot tom in the form of mega ripples, which may
ex plain the pres er va tion of the Krupianka For ma tion as len tic u -
lar bod ies. Ep i sodes of non-de po si tion are in di cated also by a
gap be tween the open ing of nep tu nian dykes in the Bathonian
and their in fill ing by the Krupianka For ma tion de pos its, as is in -
dicted by the char ac ter of their walls com monly cov ered by
ferruginous coats and/or cal cite ce ments (Fig. 15B). Fis sures
that de vel oped in the Tri as sic base ment re mained open un til
they were filled by crinoidal ma te rial trans ported over the sea
bot tom in the form of mega ripples. In some ar eas of non-de po -
si tion, stroma tolites de vel oped, with in ter stices be tween par tic -
u lar domes filled by terri genous ma te rial con sist ing mainly of
lime stone and do lo mite lithoclasts (some with ferruginous
coats) and of ferru ginous clasts (Fig. 9G).

In tense tec tonic ac tiv ity in the Bathonian led to the sep a ra -
tion of the High-Tatric area into nu mer ous in di vid ual blocks,
which sub sided at dif fer ent rates. An ex am ple of such suc ces -
sion is ex posed in Świstówka Passendorfera (Fig. 5, pro file
ŚP), where the stromatolites are over lain by lime stones with
rich ammonite fauna, rep re sent ing a much deeper set ting.
How ever, open ma rine fauna could also have been trans ported
to the ar eas of iso lated car bon ate plat forms from sur round ing
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Fig. 16. De vel op ment of the High-Tatric do main

A – Early Ju ras sic – de po si tion of the Dudziniec For ma tion in the autochthonous
unit and ero sion in the Czerwone Wierchy and Giewont units; B – ero sion pre -
ced ing the de po si tion of the Smolegowa For ma tion; for other ex pla na tions see
Fig ure 3



deeper re gions. In such cases, open ma rine fauna oc curs in de -
pos its rep re sent ing a shal low en vi ron ment, as is the case in
Kobylarzowy Żleb (Fig. 5, pro file 2KŻ).

Rich ad mix ture of terrigenous ma te rial in the de pos its of the
Krupianka For ma tion points to the vi cin ity of el e vated ar eas.
The high est amount of clastic ma te rial (Fig. 11B) oc curs in the
east ern part of the autochthonous unit, where it reaches 15.5%, 
some what lower in the Czerwone Wierchy Unit (11.7%), and
the low est in the Giewont Unit (5.3%). The extraclasts source
area was lo cated within the High-Tatric do main, which is in di -
cated by their com po si tion, as well as by a gen eral palaeo geo -
graphi cal pic ture of the Cen tral Carpathian re gion at the time.
The autochthonous unit is char ac ter ized by the high est con tent
of quartz in the ad mix ture (45–50%), most prob a bly de rived
from ero sion of the Lower Ju ras sic Dudziniec For ma tion. The
ero sion took place in the el e vated parts of the Kominy Tylkowe
Unit. The eroded ma te rial reached also the allochthonous units, 
in which the con tent of quartz grains in the ad mix ture reaches
25%. In tense ero sion that took place in the Bathonian sug gests
that, at that time, older un con formity sur faces could have been
sub jected to im por tant mod i fi ca tions. 

The clastic ma te rial abounds also in ferruginous clasts
(Fig. 11B). Their high est con cen tra tion in the Bathonian is
found in the Czerwone Wierchy Unit (40%). These clasts are
prob a bly de rived from redeposition of ear lier ac cu mu lated

Bathonian ferruginous de pos its in the Czerwone
Wierchy Unit. The re main ing part of the ma te rial –
lime stone and do lo mite clasts, come from ero sion
of the un der ly ing Tri as sic rocks in ar eas not cov -
ered by youn ger de pos its. The terrigenous ma te rial
in the Krupianka For ma tion is not evenly dis trib -
uted, but forms ho ri zons in di cat ing the oc cur rence
of ep i sodes of stron ger tec tonic ac tiv ity and ero -
sion. The same can be in ferred also from the oc cur -
rence of nu mer ous in ter nal dis con ti nu ity sur faces
within the Bathonian de pos its. 

Dif fer en ti ated mor phol ogy dur ing de po si tion
and later pro cesses of chem i cal com pac tion ef -
fected in the oc cur rence of three dis tinct lithologies
of the de pos its rep re sent ing the Kru pianka For ma -
tion. Their com mon fea ture is an in ten sive red col -
our which is linked with the oc cur rence of dis persed
ferru ginous min er als and points to low de po si tion
rates. Nu mer ous ferruginous coats in di cate the oc -
cur rence of re peat ing pe ri ods of non-de po si tion, re -
sult ing from suc ces sive drown ing of the High-Tatric
re gion. Chem i cal com pac tion led to the de vel op -
ment of dis so lu tion struc tures and to mod i fi ca tion of 
crinoidal lime stones into ferruginous and nod u lar
lime stones. The thick ness of the Krupianka For ma -
tion was much re duced (Łu czyński, 2001b). Also
the struc ture of the crinoidal-lithoclast fa cies is an
ef fect of chem i cal com pac tion, as is in di cated by fit -
ted fab rics and the oc cur rence of dis so lu tion seams 
with con cen tra tions of in sol u ble ma te rial, such as
quartz grains.

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

Af ter the de po si tion of the Krupianka For ma tion
the High -Tatric area be came drowned and the de -
po si tion of thick de pos its of the Raptawicka Turnia
For ma tion took place lead ing to re lief uni fi ca tion
(Fig. 18B). The re sult ing drown ing of a car bon ate

plat form ef fected in a con sid er able in crease of ac com mo da tion
space in re la tion to the amount of ac cu mu lat ing de pos its. This,
in turn, led in the Callovian to the de vel op ment of the so-called
drown ing un con formity (Ma rino and Santantonio, 2010; Godet,
2013), with such char ac ter is tic fea tures as an abrupt tran si tion
from shal low-wa ter car bon ate de pos its into deep-wa ter clastics
or car bon ates, and the oc cur rence of ferru ginous coats. In
some places, breaks in de po si tion re sulted in con cen tra tion of
ferruginous min er als in the bot tom part of the for ma tion, as is
the case e.g., in Wielka Świstówka (Fig. 5, pro file 1WŚ) in the
Czerwone Wierchy Unit.

A com plete geo log i cal re cord of drown ing of a car bon ate
plat form oc curs when the shal low- and deep-wa ter fa cies are
sep a rated by a drown ing suc ces sion, rep re sented by de pos its
with mixed ben thic and plank tonic fauna (Ma rino and San -
tantonio, 2010). The base and the top of such a suc ces sion re -
spec tively mark the be gin ning and the end of the drown ing
event. Com monly, the drown ing suc ces sion is lim ited by un con -
formity sur faces at the bot tom and the top, which lat er ally merge 
into one drown ing un con formity. Usu ally, this is a re sult of a dif -
fer en ti ated sea-bot tom mor phol ogy, par tic u larly near the edges
of a car bon ate plat form. In the stud ied case, the drown ing suc -
ces sion can be rep re sented by crinoidal lime stones of the
Krupianka For ma tion with abun dant ammonites, as is the case
in Kobylarzowy Żleb (Fig. 5, pro file 2KŻ). 
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Fig. 17. De vel op ment of the High-Tatric do main, con tin ued

A – de po si tion of the Smolegowa For ma tion, de vel op ment of nep tu nian 
dykes and syndepositional faults; B – ero sion pre ced ing the de po si tion

of the Krupianka For ma tion; for other ex pla na tions see Fig ure 3



DISCUSSION AND CONCLUSIONS

The High-Tatric se ries of the Tatra Moun tains pro vide an
op por tu nity to trace the his tory of palaeo geo graphi cal changes
tak ing place on the north ern shelf of the Tethys Ocean dur ing
the Tri as sic/Ju ras sic bound ary in ter val and in the Ju ras sic. The
strati graphi cal re cord of the Tri as sic and Ju ras sic is ob scured
by nu mer ous strati graphic gaps. In var i ous parts of the High -
-Tatric Unit, the Anisian is di rectly over lain by the Dudziniec
For ma tion (Sinemurian–Bajocian), the Smolegowa For ma tion
(Bajo cian), the Krupianka For ma tion (Bathonian) and the
Rapta wicka Turnia For ma tion (Callovian–Hauterivian). Four
ma jor un con formity sur faces have been re cog nised at the
bases of the for ma tions. In many places, the de pos its of par tic -
u lar for ma tions have been com pletely re moved, and youn ger
un con formity sur faces cut the older, re sult ing in a com plex pic -
ture of the Tri as sic/Ju ras sic con tact.

De tailed field stud ies of the con tacts be tween the Tri as sic
and the Ju ras sic and be tween par tic u lar Ju ras sic for ma tions,
per formed in the autochthonous, Czerwone Wierchy and Gie -
wont units of the High-Tatric se ries, sup ple mented by fa cies
and microfacies anal y sis of Lower and Mid dle Ju ras sic de pos -
its, and by quan ti ta tive stud ies of the terrigenous ma te rial, al low 
pre sent ing the following conclusions:

The un con formity at the base of the Dudziniec For ma tion (in 
the autochthonous unit) is of an ero sional char ac ter. The abun -
dant clastic ma te rial has most prob a bly been de rived from ero -

sion of subaerially ex posed ar eas of the Czerwone
Wierchy and Giewont units. 

The un con formity at the base of the Smolegowa 
For ma tion has a penacordant char ac ter. Thick ness 
vari abil ity of the for ma tion is an ef fect of the ac tiv ity
of syndepositional faults which prob a bly were lo -
cated be tween the Wąwóz Kraków gorge and
Rzędy pod Ciemniakiem in the autochthonous unit,
and be tween Brama Kraszewskiego and Mała
Świstówka in the Czerwone Wierchy Unit. In the
Giewont Unit, syndepositional faults were less ac -
tive, which is in di cated by a more uni form thick ness
of the Bajocian in the area.

The un con formity at the base of the Krupianka
For ma tion is ero sional. The de pos its con tain an
abun dant terrigenous ad mix ture com posed of quartz 
grains, ferruginous clasts and lithoclasts of lime -
stones and dolomites. Quartz grains orig i nate from
ero sion of the Dudziniec For ma tion, which took
place in the autochthonous unit. Ferruginous clasts
come from ero sion of the Czerwone Wierchy Unit. In
the Bathonian, the Giewont Unit was an area of de -
po si tion in rel a tively deep est en vi ron ments.

The un con formity at the base of the Raptawicka 
Turnia For ma tion is de vel oped as a drown ing un -
con formity which sep a rates the un der ly ing shal -
low-wa ter fa cies from the over ly ing deeper-wa ter
sed i ments. The de po si tion of the Raptawicka
Turnia For ma tion led to re lief uni fi ca tion dur ing fi nal
drown ing of the High-Tatric area.

Strati graphic gaps within the Ju ras sic se quence 
and a com plex na ture of spa tial re la tions be tween
par tic u lar Ju ras sic for ma tions in the High-Tatric se -
ries have been de scribed by Łuczyński (2002), who 
pre sented an in ter pre ta tion of the palaeo geo gra -
phi cal evo lu tion of the re gion in the Mid dle Ju ras sic. 

In the pres ent pa per, four ma jor un con formi ties cor re spond ing
to these gaps are de scribed in de tail and in ter preted in terms of
pro cesses lead ing to their de vel op ment. The gen eral palaeo -
geo graphi cal pic ture pre sented by Łuczyński (2002: fig. 4
therein) re mains up-to-date, how ever in some cases, the pro -
posed in ter pre ta tion of the un con formi ties de scribed from par -
tic u lar ar eas al lows pre sent ing some mi nor mod i fi ca tions to that 
re con struc tion, or to pro pose some more de tailed sce nar ios. 

A mod i fied pic ture ap plies e.g., to the to pog ra phy of the
sea-bot tom and the fa cies de vel op ment of the re gion dur ing the
de po si tion of the Dudziniec and Smolegowa for ma tions. A com -
plex pat tern of oc cur rence, thick ness and fa cies de vel op ment
of the Dudziniec For ma tion, in par tic u lar the sec tions of the
Kominy Tylkowe Unit, sug gests that the mor pho log i cal gra di ent
in the area was sub stan tial, es pe cially at the Lower–Mid dle Ju -
ras sic bound ary in ter val (Fig. 16B). The de po si tion of the
Smolegowa For ma tion was in flu enced by the de vel op ment of
synsedimentary faults which are partly re spon si ble for thick -
ness vari abil ity of the for ma tion (comp. Fig. 17 and Łuczyński
2002; Fig. 4).  

In ter pre ta tion of the un con formity at the base of the Rapta -
wicka Turnia For ma tion as a drown ing un con formity in di cates
that, most prob a bly, there was no emer gence of the whole
Czerwone Wierchy and Giewont units at the Bathonian -Callo -
vian bound ary in ter val, as pos tu lated by Łuczyński (2001a,
2002). In stead of that, the whole High-Tatric area be came sub -
merged and shal low-wa ter sed i men ta tion of the Kru pianka For -
ma tion de pos its was fol lowed by deep-wa ter de po si tion of the
Raptawicka Turnia For ma tion sed i ments. 

288 Anna Jezierska and Piotr Łuczyński

Fig. 18. De vel op ment of the High-Tatric do main, con tin ued

A – de po si tion of the Krupianka For ma tion; B – de po si tion 
of the Raptawicka Turnia For ma tion; for other ex pla na tions see Fig ure 3
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