
Geo log i cal Quar terly, 2016, 60 (4): 869–880
DOI: http://dx.doi.org/10.7306/gq.1327

Car bon ate-clastic sed i ments of the Dudziniec For ma tion in the Koœcieliska Val ley
(High-Tatric se ries, Tatra Moun tains, Po land): role of syndepositional tec tonic 

ac tiv ity in fa cies de vel op ment dur ing the Early and Mid dle Ju ras sic

Anna JEZIERSKA1, *, Piotr £UCZYÑSKI1 and Alicja STAŒKIEWICZ1

1 Uni ver sity of War saw, Fac ulty of Ge ol ogy, ¯wirki i Wigury 93, 02-089 Warszawa, Po land

Jezierska, A., £uczyñski, P., Staœkiewicz, A., 2016. Car bon ate-clastic sed i ments of the Dudziniec For ma tion in the
Koœcieliska Val ley (High-Tatric se ries, Tatra Moun tains, Po land): role of syndepositional tec tonic ac tiv ity in fa cies de vel op -
ment dur ing the Early and Mid dle Ju ras sic. Geo log i cal Quar terly, 60 (4): 869–880, doi: 10.7306/gq.1327

Sed i ments of the Dudziniec For ma tion (Lower Ju ras sic – Aalenian) out crop ping in the Koœcieliska Val ley (autochthonous unit
of the High-Tatric se ries) are rep re sented by a range of mixed car bon ate-clastic de pos its. Seven lithofacies have been dis tin -
guished based on li thol ogy, sed i men tary struc tures, col our and com po si tion of intra- and extraclasts, with sand stones and
crinoidal lime stones as end mem bers of a con tin u ous spec trum of fa cies. The study area rep re sents a shal lower part of the
sed i men tary ba sin lo cated in the vi cin ity of source ar eas, as com pared to the Chocho³owska Val ley re gion lo cated in the west.
Fa cies char ac ter is tics and dis tri bu tion were con trolled mainly by synsedimentary tec tonic ac tiv ity, with sandy va ri et ies rep re -
sent ing pe ri ods of fault ing with en hanced in flux of extraclasts, and with crinoidal lime stones cor re spond ing to in ter vals of rel a -
tive tec tonic sta bil ity. Such in flu ence of synsedimentary tec ton ics on the de po si tion in the Early Ju ras sic strongly re sem bles the 
Mid dle Ju ras sic de vel op ment in the High-Tatric area. Nep tu nian dykes cut ting the Dudziniec For ma tion, and most prob a bly
filled by Lower Ju ras sic sed i ments, are yet an other in di ca tion of tec tonic in sta bil ity of the area in the Early Ju ras sic.
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INTRODUCTION

Syndepositional tec tonic ac tiv ity was an es sen tial fac tor af -
fect ing sed i men ta tion in the Al pine-Carpathian re gion dur ing the
Early and Mid dle Ju ras sic. In ten sity of tec tonic pro cesses, re -
lated to rift ing and open ing of new ocean bas ins, var ied be tween
par tic u lar parts of the West ern Tethys. As a re sult of open ing of
the Penninic-Vahic Ocean, the Al pine-Carpathian re gion be -
came sep a rated from the sta ble Palaeo-Eu rope con ti nent (Pla -
šie nka et al., 1997; Csontos and Võrõs, 2004). The pre vail ing
extensional re gime led to dis in te gra tion of Tri as sic car bon ate
plat forms oc cu py ing the north ern shelf of the Tethys Ocean and
to for ma tion of fault-bounded blocks, which were sub jected to
up lift or sub si dence (Michalík, 1994; Wieczorek, 1995; Dumont
et al., 1996; Santantonio and Carminati, 2011; Plašienka, 2012).
Symp toms of Ju ras sic syndepositional tec tonic ac tiv ity are best
known from the Alps (Winterer and Boselini, 1981; Blendinger,
1984, 1986; Bertok et al., 2011) and the Apennines (Santanto -
nio, 1993; Cozzi, 2000; Ma rino and Santantonio, 2010). Ju ras sic
de pos its of the Tatra Moun tains also show much ev i dence of

such ac tiv ity (Uchman, 1994; £uczyñski, 2001a, 2002; Jach,
2007; Jezierska and £uczyñski, 2016).

The ef fect of tec tonic ac tiv ity on sed i men ta tion in the High -
-Tatric se ries has been de scribed in de tail for the Mid dle Ju ras -
sic (£uczyñski, 2001a, 2002; Jezierska and £uczyñski, 2016).
Con sid er ing the fact that dis in te gra tion of the north ern car bon -
ate shelf of the Tethys be gan al ready in the Early Ju ras sic, the
Lower Ju ras sic se quences of the High-Tatric se ries should also
show ev i dence of such ac tiv ity. How ever, in spite of a num ber of 
un solved ques tions, the Lower Ju ras sic of the Tatra Moun tains
has not been stud ied in de tail for de cades. Stud ies per formed in 
the 1920s and the 1950s fo cused on a gen eral de scrip tion of li -
thol ogy, pe trol ogy and fauna (Horwitz and Rabowski, 1922;
Kotañski, 1959; Radwañski, 1959a), and on the char ac ter of the 
con tact be tween the Tri as sic and the Lower Ju ras sic in the
Smytnia Val ley (Radwañski, 1959b). Later stud ies fo cused on
the Lower Ju ras sic in the Chocho³owska Val ley (Wójcik, 1981).
The au thor pointed to an im por tant re la tion be tween syn de -
positional tec tonic ac tiv ity and de po si tion of the Lower Ju ras sic
sed i ments. Also re cent stud ies on un con formi ties be tween the
Tri as sic and the Ju ras sic (Jezierska and £uczyñski, 2016) con -
firmed that tec tonic ac tiv ity was an im por tant fac tor af fect ing the 
Early Ju ras sic sed i men ta tion. The Lower and Mid dle Ju ras sic
de pos its of the High-Tatric do main have much in com mon. The
aim of this pa per is to eval u ate the in flu ence of syndepositional
tec tonic ac tiv ity on fa cies de vel op ment in the High-Tatric se ries
of the Tatra Moun tains dur ing de po si tion of the Dudziniec For -
ma tion.
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GEOLOGICAL SETTING

The Tatra Moun tains are the north ern most of the so-called
core moun tains of the Cen tral West ern Carpathians (Fig. 1A).
They con sist of a Variscan crys tal line core and a Permo-Me so -
zoic sed i men tary cover which is di vided into two ma jor suc ces -
sions or se ries: (i) High-Tatric and (ii) Sub-Tatric (Fig. 1B), dif -
fer ing in com plete ness and fa cies de vel op ment. The High -
-Tatric suc ces sion is rep re sented mainly by shal low-wa ter de -
pos its with nu mer ous strati graphic gaps, whereas the Sub-
 -Tatric suc ces sion is rep re sented mainly by deeper-ma rine fa -
cies. Ac cord ing to Andrusov et al. (1973), these se ries cor re -
spond re spec tively to the Tatric Unit (i) and to the Fatric and
Hronic units (ii), re ferred to as the ma jor palaeogeographic units 
of the Cen tral West ern Carpathians.

The High-Tatric suc ces sion crops out in three tec tonic units:
Kominy Tylkowe, Czerwone Wierchy and Giewont (Fig. 1B;
Kotañski, 1961). The Kominy Tylkowe Unit is also re ferred to as
the auto chthonous unit, as its de pos its rest di rectly on the crys -
tal line base ment. The unit em braces also the paraautochtho -
nous folds, with sed i ments de tached from base ment and mo ved
over small dis tances, but palaeogeographically still rep re sent ing
the same area. The Czerwone Wierchy and Giewont units, re -
ferred to also as allochthonous or foldic units, are de tached from
base ment and thrust north wards over the auto chtho nous unit to
form the High-Tatric nappes (Jurewicz, 2005, 2012). There fore,
palaeo geographically, the allochthonous units rep re sent ar eas
lo cated south of the Kominy Tylkowe se ries. 

The Ju ras sic de pos its of the High-Tatric se ries are ar ranged 
into lithostratigraphic units: the Dudziniec For ma tion (Lower Ju -
ras sic to the low er most Mid dle Ju ras sic – Aalenian), the
Smolegowa For ma tion (Bajocian), the Krupianka For ma tion
(Bathonian) and the Raptawicka Turnia For ma tion (Callo -
vian–Hau teri vian; Lefeld et al., 1985; Fig. 2). 

The Lower Ju ras sic Dudziniec For ma tion oc curs only in the
Kominy Tylkowe Unit and rests on var i ous Tri as sic strata (pre -
dom i nantly Rhaetian). It is rep re sented mainly by sandy -crino -
idal fa cies (Wójcik, 1981). De tri tal ma te rial con tains quartz
grains, car bon ate lithoclasts and bioclasts (bi valves, cri noids,
brachi o pods and bel em nites). Age of the for ma tion has been
de ter mined as Hettangian–Aalenian (Horwitz and Rabowski,
1922; Wójcik, 1981; Lefeld et al., 1985). Sev eral mem bers or
beds are dis tin guished within the for ma tion (Lefeld et al., 1985;
Fig. 3): 

– Kopieniec Starorobociañski Bed – thin and me dium -
-bed ded, grey, dark grey or blue-grey sandy lime stones;

– Kobyla G³owa Lime stone Mem ber – me dium-bed ded,
dark grey encrinites with small amounts of clastic ad mix -
ture;

– Kobylarka Lime stone Mem ber – mas sive grey encri -
nites;

– Smytnia Lime stone Mem ber – poorly bed ded grey to
dark grey and black lime stones con tain ing brachi o pods
and bi valves;

– Iwanówka Lime stone Mem ber – thin to me dium bed ded, 
grey to black encrinites with an ad mix ture of quartz, Tri -
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Fig. 1. Struc tural map of the west ern part of the Pol ish sec tion of the Tatra Mas sif (B; af ter £uczyñski, 2001a), 
its geo graph ical lo ca tion within the Carpathians (A), and the po si tion of the area en larged on Fig ure 4 (C)



as sic dolomites and spiculites com posed of loose
sponge spicules;

– Kominy Dudowe Sand stone Mem ber – me dium-bed -
ded, light grey, pink ish-grey and yel low ish con glom er -
atic-quartzitic sand stones, cal car e ous in places. 

The Smolegowa For ma tion is rep re sented by light grey or
pink ish crinoidal lime stones. Its age has been de ter mined as
Bajocian based on brachi o pod fauna (Horwitz and Rabowski,
1922). The Krupianka For ma tion is de vel oped as red and pink
crinoidal lime stones, nod u lar lime stones and ferruginous lime -
stones (£uczyñski, 2001b, 2002). Based on ammonite fauna its
age has been de ter mined as Bathonian (Passendorfer, 1935,
1938). The Raptawicka Turnia For ma tion em braces Callovian
wavy bed ded lime stones and Oxfordian to Hauterivian mas sive 
lime stones (Horwitz and Rabowski, 1922; Passendorfer, 1928;
Lefeld et al., 1985). 

The autochthonous unit rep re sents the most com plete suc -
ces sion of the High-Tatric se ries, whereas the paraauto -

chthonous folds and the allochthonous units are less com plete
and con tain nu mer ous strati graphic gaps. For ex am ple, in the
Czerwone Wierchy Unit, the Anisian is di rectly over lain by the
Smolegowa, Krupianka or even Raptawicka Turnia for ma tions
(e.g., £uczyñski, 2002). 

MATERIALS AND METHODS

The study area is lo cated in the up per part of the Koœcieliska 
Val ley, in the West ern Tatra Moun tains (Fig. 1C). Sed i ments of
the Dudziniec For ma tion oc cur on both west ern and east ern
slopes of the val ley, be tween the Raptawicka Turnia crest and
the W¹wóz Kraków Gorge in the north, and the Smytnia Val ley
in the south (Fig. 4). Most at ten tion was paid to ex po sures lo -
cated on the east ern slopes of the Koœcieliska Val ley, as they
have not been de scribed in de tail so far. The Dudziniec For ma -
tion was stud ied on a bed-by-bed ba sis in six sec tions lo cated
on both sides of the Koœcieliski Stream (Figs. 4 and 5). 

The stud ied de pos its of the Dudziniec For ma tion show a
lithological vari abil ity, rang ing from car bon ates to clastics. The
lithological com plexes were de fined based on such at trib utes
as: li thol ogy, col our, oc cur rence of sed i men tary struc tures,
com po si tion, and size and sort ing de gree of extraclasts and
intraclasts. Sev eral lithofacies (lithological va ri et ies) have been
dis tin guished (Fig. 6). 

Twenty-four thin-sec tions were pre pared from the sam ples
rep re sent ing all the lithofacies. Due to a mixed car bon ate -
-clastic char ac ter of the de pos its, a com bi na tion of dif fer ent
clas si fi ca tions was ap plied to de scribe par tic u lar microfacies
(Fig. 7). Microfacies of rocks con tain ing <50% of extraclasts
were de ter mined ac cord ing to the Dun ham (1962) clas si fi ca -
tion. In all other cases, the pre dom i nant kind of groundmass
(micritic ma trix or non-car bon ate/sparry groundmass) was de -
ter mined first, and the ap plied clas si fi ca tion was se lected ac -
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Fig. 2. Gen eral lithostratigraphy of the Ju ras sic in the High-Tatric se ries (af ter Uchman, 2014)

Fig. 3. Sub di vi sion of the Dudziniec For ma tion
(af ter Lefeld et al., 1985)



cord ingly. In case of rocks with a micritic ma trix, sam ples con -
tain ing at least 15% of micrite were treated as car bon ates and
de scribed us ing the Dun ham (1962) clas si fi ca tion. If the micrite
con tent was <15%, the rocks were de scribed ac cord ing to the
Zuffa (1980) clas si fi ca tion. Rocks with a non-car bon ate or
sparry groundmass were de scribed us ing the Pettijohn et al.
(1972) clas si fi ca tion. How ever, if the sam ple con tained car bon -
ate intraclasts, its microfacies was de ter mined ac cord ing to the
Zuffa (1980) clas si fi ca tion. Based on these clas si fi ca tions, sev -
eral char ac ter is tic microfacies were dis tin guished within the
Dudziniec For ma tion.

The pro posed cor re la tion of par tic u lar pro files (Fig. 5) is
based mainly on field ob ser va tions (bed to bed), spa tial re la -
tions of par tic u lar com plexes, and on the iden ti fi ca tion of
macro- and microfacies. 

RESULTS

In the study area, the low est part of the Dudziniec For ma -
tion is rep re sented by fa cies I (F I), de vel oped as pink ish -
-grey/pink ish-white hy brid sand stones (com posed of car bon ate 
intra- and extraclasts and non-car bon ate extraclasts), oc cur ring 
in sec tions 1–3 (Figs. 5 nad 6A). In thin-sec tions the fa cies is
rep re sented by sparry hy brid arenites (Fig. 8A and Ta ble 1). In
sec tions 1–4, fa cies I is over lain by pink ish-pur ple sandy-peb bly 
lime stones (Fig. 6) of fa cies II (F II), con tain ing abun dant de bris
of bro ken bi valve and brachi o pod shells. Its microfacies cor re -
sponds to bioclastic-extraclastic wackestones (Fig. 8B and Ta -
ble 1). Oc cur rence of Spiriferina (Fig. 6B; Spiriferina walcotti or
Dispiriferina davidsoni) in di cates its Late Sinemurian or Early
Pliensbachian age (Haas, 1885; Siblik, 1965; Rousselle, 1977). 
The up per most part of sec tion 1 shows a lat eral tran si tion be -
tween fa cies F I and F II (Fig. 5). Fa cies II cor re sponds prob a bly 
to Unit 1 dis tin guished by Horwitz and Rabowski (1922), dated
as Early or Mid dle Sinemurian. Fa cies II is over lain by dark grey 
sandy-peb bly lime stones (Fig. 6C) of fa cies III (F III), with abun -
dant brachi o pods and bi valves, in the thin-sec tion rep re sented
by extraclastic-bioclastic packstones (Fig. 8C and Ta ble 1). Fa -

cies III oc curs in sec tions 3 and 4 and cor re sponds to the Up per
Sinemurian grey to dark grey and black lime stones of the
Smytnia Mem ber (Lefeld et al., 1985). In sec tion 3, these lime -
stones are over lain by dark to light grey cal car e ous lithic sand -
stones (Fig. 6D) of fa cies IV (F IV), the microfacies of which has
been de ter mined as lithic arenites/sparry extraarenites (Fig. 8D
and Ta ble 1). Up wards, fa cies IV is grad u ally re placed by white
to light grey si li ceous peb bly sublithic sand stones (Fig. 6E) of
fa cies V (F V), with microfacies rep re sented by si li ceous sub -
lithic arenites (Fig. 8E and Ta ble 1). The fa cies prob a bly cor re -
sponds to the Kominy Dudowe Mem ber (Lefeld et al., 1985)
dated as Pliensbachian (Horwitz and Rabowski, 1922). Fa cies
VI and VII (F VI and F VII; Fig. 6F), de vel oped re spec tively as:
crinoidal lime stones (VIA – crinoidal grainstones; Fig. 8F and
Ta ble 1), sandy crinoidal lime stones (VIB – extraclastic -
-crinoidal grainstones; Fig. 8F and Ta ble 1) and hy brid crinoidal
sand stones (VII – crinoidal hy brid arenites; Fig. 8H and Ta ble
1), oc cur in sec tions 5 and 6 be tween fa cies V and the over ly ing
Raptawicka Turnia For ma tion.

The Dudziniec For ma tion in the Koœcieliska Val ley is cut by
nep tu nian dykes run ning obliquely or par al lel to bed ding, and
char ac ter ized by vari able width and var i ous shapes (Fig. 6G).
The dykes are filled by white, or ange or red micrite with an ad -
mix ture of small quartz grains; or by red hy brid arenite which is
sim i lar to the sur round ing host rocks and con tains quartz, feld -
spars, dolomicrite and microdolospars. In some cases the walls
of fis sures are cov ered with cal cite ce ments.

INTERPRETATION

The stud ied de pos its of the Lower Ju ras sic Dudziniec For -
ma tion are char ac ter ized by sub stan tial lithological di ver sity.
Vari abil ity of the sandy-crinoidal lithofacies (F I–F VII), dif fer ing
mainly in the amount and char ac ter of clastic ad mix ture, re flects 
changes of sed i men tary con di tions pre vail ing dur ing de po si tion
of par tic u lar fa cies. All the lithofacies have a mixed car bon -
ate-clastic char ac ter, how ever, with dis tinctly dif fer ent pro por -
tions of particular elements. 
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Fig. 4. Out crops of the Dudziniec For ma tion in the West ern Tatra Moun tains (af ter Bac-Moszaszwili et al., 1979), 
with lo ca tion of the sec tions stud ied



De po si tion of sand stones (fa cies I, IV and V) took place in a
shal low, high-en ergy en vi ron ment. Clastic ma te rial was trans -
ported from up lifted blocks that were sub jected to in tense ero -
sion. Var i ous extraclasts come from mul ti ple sources. Non-car -
bon ate extraclasts (such as quartz and feld spars) most prob a -
bly come from the eroded Keuper and Werfenian (Tri as sic)
rocks of the High-Tatric do main. In the Czerwone Wierchy and
Giewont units there is a sub stan tial strati graphic gap em brac ing 
the Up per Tri as sic and the Lower Ju ras sic. The same source
has been sug gested by Popio³ek et al. (2010) for the Lower Ju -
ras sic de pos its of the Križna Unit. Radwañski (1959a), how -
ever, at trib uted such clasts to ero sion of a crys tal line mas sif,
prob a bly lo cated fur ther south (Low Tatra Moun tains). In such
case, due to a rel a tively large dis tance from source ar eas, only
the most re sis tant grains (quartz) were trans ported into the part
of the High-Tatric Ba sin to day ex posed in the Koœcieliska Val -
ley. On the other hand, the rel a tively large size of some do lo -
mite extraclasts, which are gen er ally char ac ter ized by rel a tively
poor re sis tance to weath er ing, in di cates that the area of de po si -
tion was in a close vi cin ity to el e vated blocks built of Mid dle Tri -
as sic car bon ate rocks. Radwañski (1959b) de scribed lit to ral
struc tures in the Smytnia Val ley (lo cated west of the Koœcieliska 
Val ley), which are rel ics of an Early Ju ras sic cliff shore. 

Crinoidal fa cies (F VI–VII) were de pos ited in a shal low-wa -
ter en vi ron ment, rel a tively far from land, dur ing pe ri ods of tec -
tonic sta bil ity. Best pre served cri noids are pres ent in the
crinoidal lime stones (fa cies F VIA), in which they con sti tute
70–80% of rock vol ume. Crinoidal el e ments are un bro ken,
rounded and well-sorted. Gen er ally, such crinoidal ma te rial is
formed as a re sult of long-last ing win now ing lead ing to uni fi ca -
tion of their shapes and sizes (Blyth Cain, 1968). There fore,
sed i men ta tion of the crinoidal fa cies most prob a bly took place
in a high-en ergy en vi ron ment, in a zone lo cated above crinoidal
mead ows (see G³uchowski, 1987). The sandy crinoidal lime -
stones (fa cies F VIB) and the crinoidal sand stones (fa cies VII)
con tain a smaller amount of crinoidal ma te rial and an ac cord -
ingly greater amount of extraclasts. There fore, fa cies F VIB and
F VII also rep re sent a high-en ergy en vi ron ment, but lo cated
closer to el e vated source ar eas. 

Pe ri ods of sed i men ta tion of sand stones and crinoidal lime -
stones were sep a rated by ep i sodes of mixed clastic-car bon ate
de po si tion rep re sented by sandy lime stones (fa cies F II and F
III) with a rel a tively large amount of clastic ad mix ture. The or i gin
of such mixed car bon ate-clastic sed i ments within the Dudziniec 
For ma tion can be at trib uted to a com bi na tion of such pro cesses 
as: source mix ing, storm mix ing and fa cies mix ing (Mount,
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Fig. 5. Dudziniec For ma tion sec tions stud ied in the Koœcieliska Val ley
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Fig. 6. Dudziniec For ma tion in the Koœcieliska Val ley

A – grey hy brid sand stone cut by a net work of nep tu nian dykes partly infilled by white cal cite ce ments (fa cies I, sec tion 1); B –
grey sandy-peb bly lime stone with ?Spiriferina sp. (fa cies II, sec tion 2); C – dark grey sandy-peb bly lime stone (fa cies III, sec -
tion 3); D – grad ual tran si tion be tween dark grey sandy-peb bly lime stone (fa cies III) and light grey cal car e ous lithic sand stone 
(fa cies IV, sec tion 4); E – light grey si li ceous peb bly sublithic sand stone (fa cies V, sec tion 4); F – cherry sandy crinoidal lime -
stones (fa cies VI) and light grey hy brid crinoidal sand stones (fa cies VII, sec tion 5); G – nep tu nian dyke infilled by pink, or ange 
and grey bands of micrite (calcilutite) and white cal cite ce ments (fa cies II, sec tion 2)



1984). Fa cies F II and F III, de vel oped as sandy-peb bly lime -
stones, con tain abun dant scat tered shells of brachi o pods and
bi valves. These sed i ments prob a bly formed as an ef fect of
storm ac tiv ity, which was re spon si ble for an on shore trans port
of fauna from deeper parts of the ba sin. Fa cies F III show also
graded bed ding and con tain char ac ter is tic large intraclasts. On
the other hand, a large amount of clastic ad mix ture is prob a bly
as so ci ated with ero sion tak ing place on up lifted blocks. Fa cies
mix ing can also be ob served in the stud ied sec tions (e.g., in
mix ing of fa cies F I and F II in sec tion 1).

Wójcik (1981) ana lysed the de pos its of the Dudziniec For -
ma tion in the Chocho³owska Val ley (a re gion lo cated to the west 
of the study area), and di vided their sed i men tary his tory into a
num ber of cy cles. A com plete cy cle is com posed of: 

– quartzitic sand stones, 

– mixed sed i ments con sist ing of quartz, peloids and cri -
noids, 

– crinoidal lime stones (con tain ing sponge spicules). 
He at trib uted the or i gin of the cy cles to pe ri odic, lo cal

syndepositional tec tonic ac tiv ity that led to an up lift of some
blocks and to the re sult ing dif fer en ti a tion of bot tom mor phol ogy. 
The up lifted blocks were sub jected to in tense ero sion which
caused an in crease in the sup ply of clastic ma te rial and, in con -
se quence, led to sed i men ta tion of sandy fa cies. Crinoidal fa cies 
were de pos ited dur ing pe ri ods of tec tonic sta bil ity. 

In the Koœcieliska Val ley, the de vel op ment of the Dudziniec
For ma tion is gen er ally sim i lar, but the cy cles are not so well-de -
vel oped, and all the dis tin guished lithofacies are char ac ter ized
by a rel a tively con sid er able amount of clastic ad mix ture. In the
Chocho³owska Val ley re gion, the Dudziniec For ma tion sec tions 
con tain also deeper fa cies rep re sented by crinoidal lime stones
with sponge spicules. More over, the sed i men tary re cord in this
area seems to be con tin u ous (with a con tin u ous tran si tion be -
tween the Dudziniec and the Smolegowa for ma tions), which
also in di cates a rel a tively deeper en vi ron ment, with out ep i -
sodes of emersion. All these fea tures sug gest that the study
area was lo cated in a close vi cin ity to source areas during the
Early Jurassic, whereas the region of the Chocho³owska Valley
represents a deeper part of the basin. 

All the above-pre sented at trib utes point to fluc tu a tions in the 
in ten sity of ero sion and of the clastic ma te rial in put as the main
fac tors con trol ling sed i men ta tion of the Dudziniec For ma tion in

the High-Tatric Ba sin. These, in turn, could be gov erned by
such pro cesses as: syndepositional tec tonic ac tiv ity, sea level
fluc tu a tions, and changes in cli mate and weath er ing con di tions, 
or by the com bi na tions of the above. The dis tance from source
ar eas also played an im por tant role in the fa cies spa tial dis tri bu -
tion. The Early Ju ras sic was a pe riod of gen eral eustatic sea
level rise (Hal lam, 2001), with trans gres sion pulses in the Early
Hettangian, Early Sinemurian, Early Pliensbachian and Early
Toarcian. Gen er ally, these pulses cor re spond to the oc cur -
rences of crinoidal fa cies in the stud ied sec tions of the
Dudziniec For ma tion (Fig. 2), but with out a pre cise strati graphic 
con trol, a more de tailed in ter pre ta tion is im pos si ble. The fa cies
re cord of the for ma tion does not, how ever, re veal the over all
deep en ing trend, with shal low-wa ter sand stone fa cies pres ent
in the whole lithological col umn. This sug gests that lo cal
syndepositional tec tonic ac tiv ity, over print ing the global eustatic 
ten den cies, must have been the de ci sive fac tor that con trolled
fa cies dis tri bu tion. Plašienka (2012) re lated the oc cur rence of
var i ous coarse-grained Ju ras sic syn-rift sed i ments to the open -
ing of the Vahic (South Penninic) Ocean dur ing the Zliechov
and Devín tec tonic phases (Early and Late Li assic, re spec -
tively). Early Ju ras sic tec tonic ac tiv ity is re ported from many
Carpa thian bas ins (e.g., Magura, Kysuca-Pieniny, Špirúò,
Zliechov, North and South Tatric ridges), and ap par ently it also
gov erned de po si tion of the stud ied sed i ments. Pe ri ods of tec -
tonic ac tiv ity and in tense ero sion of up lifted blocks were char ac -
ter ized by sed i men ta tion of sand stones and sandy lime stones,
whereas pe ri ods of rel a tive tec tonic sta bil ity mark times of de -
po si tion of crinoidal fa cies. Cli ma tic changes could also in flu -
ence the in ten sity of weath er ing and ero sion of el e vated ar eas
and thus con trol the amount of clastic ma te rial trans ported into
the sed i men tary ba sin, how ever, the ex act mech a nism of such
in flu ence is dif fi cult to eval u ate. 

DISCUSSION

The de tailed stud ies of the High-Tatric Lower Ju ras sic de -
pos its in the Koœcieliska Val ley area, pre sented in this pa per,
con trib ute to the iden ti fi ca tion of en vi ron men tal con di tions and
pro cesses con trol ling sed i men ta tion of the Dudziniec For ma -
tion. They also add new in for ma tion to the gen eral model pro -
posed by Wójcik (1981). Be cause the Early to Mid dle Ju ras sic
in ter val was a pe riod of in tense tec tonic ac tiv ity, the Lower Ju -
ras sic sed i men tary re cord is ob scured by nu mer ous strati -
graphic gaps in many places. In the High-Tatric se ries, the oc -
cur rence of the Dudziniec For ma tion (Hettangian–Aalenian) is
lim ited only to the autochthonous unit, whereas in the
Czerwone Wierchy and Giewont units, there is a strati graphic
gap em brac ing the Up per Tri as sic-Mid dle Ju ras sic in ter val. The 
at tempt to re con struct fa cies de vel op ment dur ing the Early Ju -
ras sic is a sup ple ment to the palaeo geo graphi cal evo lu tion of
the High-Tatric do main pre sented by £uczyñski (2002) for the
Mid dle Ju ras sic. Con sid er ing the de vel op ment of the High -
-Tatric Lower and Mid dle Ju ras sic, and the pro cesses tak ing
place dur ing these pe ri ods, the Dudziniec For ma tion and the
Mid dle Ju ras sic for ma tions (es pe cially the Bajocian Smole -
gowa For ma tion and partly the Bathonian Krupianka For ma -
tion) re veal many sim i lar i ties. On the other hand, com pa ra ble
pro cesses, mainly re lated to syndepositional tec tonic ac tiv ity,
are some what dif fer ently man i fested in the sed i men tary re cord.

Both the Lower and Mid dle Ju ras sic for ma tions are in whole
or partly de vel oped as crinoidal fa cies, dif fer ing in the con tent of
crinoidal de bris and the amount of clastic ad mix ture. In the
crinoidal lime stones of the Dudziniec and Smolegowa for ma -
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Fig. 7. Scheme il lus trat ing the cri te ria of ap ply ing var i ous
clas si fi ca tions used to iden tify the microfacies 

of the mixed sandy-car bon ate sed i ments 
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Fig. 8. Microfacies of the Dudziniec For ma tion

A – sparry hy brid arenite (fa cies I); B – bioclastic-extraclastic wackestone (fa cies II); C – extraclastic-bioclastic
packstone (fa cies III); D – lithic arenite/sparry extraarenite (fa cies IV); E – sublithic arenite (V); F – crinoidal grainstone
(fa cies VI); G – extraclastic-crinoidal grainstone (fa cies VI); H – crinoidal hy brid arenite (fa cies VII); Q – quartz, F – feld -
spar, Dm – dolomicrite, mD – microdolospar, D – dolospar, cr – cri noid
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tions, the crinoidal ma te rial con sti tutes over 80% of rock vol ume 
and forms al most pure encrinites. How ever, ap par ently sim i lar
fa cies cor re spond to slightly dif fer ent en vi ron ments. Crinoidal
lime stones of the Smolegowa For ma tion rep re sent a zone of in
situ ac cu mu la tion of crinoidal mead ows, which is in di cated by
well-pre served large crinoidal frag ments with a small amount of
terrigenous ad mix ture (G³uchowski, 1987; £uczyñski, 2002).
For the crinoidal lime stones of the Dudziniec For ma tion, Wójcik 
(1981) sug gested a po si tion be low the crinoidal mead ows,
based on the oc cur rence of sponge spicules. Such kind of
crinoidal fa cies oc curs in the Chocho³owska Val ley re gion. In
the Koœcieliska Val ley area, the crinoidal lime stones con tain
well-pre served, un bro ken and rel a tively large crinoidal frag -
ments, how ever, sup ple mented by small amounts of clastic ad -
mix ture. Most prob a bly, they rep re sent a zone lo cated above
the crinoidal mead ows, but still in a rel a tively low-en ergy en vi -
ron ment. The Krupianka For ma tion (Bathonian) is also partly
de vel oped as crinoidal lime stones, with the con tent of crinoidal
ma te rial rang ing be tween 30 and 80% (£uczyñski, 2002), and a
rel a tively most abun dant clastic ad mix ture. This fa cies re sem -
bles the sandy crinoidal lime stones of the Dudziniec For ma tion. 
In both cases, the ac cu mu la tion of cri noid os si cles took place
above the crinoidal mead ows, in a shal low and prob a bly high -
-en ergy en vi ron ment. In tense sup ply of clasts points to prox i m -
ity to el e vated and eroded ar eas. 

The Lower and Mid dle Ju ras sic for ma tions of the High -
-Tatric se ries ei ther oc cur as dis con tin u ous len tic u lar bod ies
(£uczyñski, 2002), or their re cord is ob scured by vis i ble in ter nal
breaks in de po si tion (Jezierska and £uczyñski, 2016). In con -
trast to the Dudziniec For ma tion, the Smolegowa and the
Krupianka for ma tions oc cur in the whole High-Tatric area
(Giewont and Czerwone Wierchy autochthonous units). In the
case of the Smolegowa For ma tion, a uni form sed i men ta tion of
crinoidal lime stones took place in the whole High-Tatric Ba sin
(£uczyñski, 2002). In ar eas where the Bajocian is ab sent in the
nor mal strati graphic suc ces sion, the Smolegowa Lime stones
can be found as in fill ings of nep tu nian dykes cut ting the un der -
ly ing Tri as sic rocks (£uczyñski, 2001a). Sed i men ta tion of the
Krupianka For ma tion also took place in the whole High-Tatric
area, how ever, its de pos its are pre served only as a very dis con -
tin u ous cover, mostly lim ited to ero sional de pres sions or pres -
ent only as in fill ings of nep tu nian dykes. In the case of the
Dudziniec For ma tion, there is no ev i dence of its oc cur rence
any where out side of the autochthonous (Kominy Tylkowe) unit.
More over, in the allochthonous units there is a com plete lack of
the Up per Tri as sic and Lower Ju ras sic due to in tense ero sion in 
this area. The most prob a ble sce nario is that sed i men ta tion of
the Lower Ju ras sic de pos its took place only in the Kominy
Tylkowe Unit, whereas the Czerwone Wierchy and Giewont
units were el e vated source ar eas (comp. Wieczorek, 1995;
Dumont et al., 1996). Radwañski (1959a) sug gested that sup -
ply of clastic ma te rial to the Lower Ju ras sic de pos its was from
the south, which may cor re spond to the allochthonous High -
-Tatric units. Nu mer ous clasts char ac ter ized by poor re sis tance 
to weath er ing, such as dolomites, in di cate prox im ity of the
source of clastic ma te rial. The lack of a con tin u ous cover of
Lower Ju ras sic de pos its in this area (which are ab sent, e.g., in
the paraautochthonous unit ex posed on the slopes of
Ciemniak, east of the Koœcieliska Val ley) is an ef fect of two
main pro cesses: syndepositional tec tonic ac tiv ity lead ing to the
di ver si fi ca tion of sea-floor mor phol ogy, and sub se quent, pre -
-Bajocian ero sion.

An other im por tant is sue con cerns the dif fer en ti a tion of bot -
tom mor phol ogy dur ing the Early and the Mid dle Ju ras sic. A sig -
nif i cant part of Ju ras sic de pos its of the Kominy Tylkowe Unit re -
veals pro nounced lithofacies vari a tions along the E–W line. Such 

di ver sity noted in the Dudziniec For ma tion (em pha sized mainly
by the amount of clastic ad mix ture and oc cur rence of spiculites)
sug gests that the autochthonous ba sin was in clined west wards.
The east ern part of the Kominy Tylkowe Unit, rep re sented by
sec tions in the Koœcieliska Val ley and in the para autochthonous
folds, was the shal low est part of the ba sin, lo cated in close vi cin -
ity of source ar eas, whereas the west ern part of the unit
(Chocho³owska Val ley) rep re sented its deeper and more dis tal
part. The Li assic trans gres sion at first em braced the west ern part 
of the autochthonous unit and grad u ally con tin ued eastwards.
Fa cies dif fer en ti a tion dis ap peared dur ing the Bajocian. Uni fied
sed i men ta tion of the Smolegowa crinoidal lime stones took place
in the whole High-Tatric re gion, and even the syndepositional
tec tonic ac tiv ity did not lead to sub stan tial fa cies di ver si fi ca tion.
Re newed dif fer en ti a tion of bot tom mor phol ogy took place in the
Bathonian, when the whole High- Tatric area be came di vided into 
fault-bounded blocks. The Kominy Tylkowe Ba sin be came once
again in clined to the west, which is in di cated by lo cal dif fer ences
in the de vel op ment of the Krupianka For ma tion. In the Rzêdy
pod Ciemnia kiem re gion (east ern part of the Kominy Tylkowe
Unit), the Bathonian is rep re sented by shal low-wa ter crinoidal
lime sto nes, whereas in the Chocho³owska Val ley on the west,
the Bathonian is de vel oped as deep-wa ter nod u lar lime stones
(£uczyñski, 2002). More over, only in the west ern part of the
autochthonous unit, sed i men ta tion at the Bajocian/Bathonian
bound ary was not in ter rupted.

Both the Early and Mid dle Ju ras sic of the High-Tatric se ries
are as so ci ated with the de vel op ment of nep tu nian dykes. The
most abun dant and best ex am ined dykes cut ting the Tri as sic
are filled with Mid dle Ju ras sic de pos its (£uczyñski, 2001a), al -
though Radwañski (1959b) re corded also fis sures filled by
Lower Ju ras sic de pos its. The voids filled by the Smolegowa
and Krupianka for ma tions dif fer in terms of their or i gin and in fill -
ing pro cesses. Nep tu nian dykes de vel oped in the Bajocian
have a tec tonic or i gin, which is in di cated mainly by their sharp
walls and reg u lar ori en ta tion of fis sures. In most cases, open ing 
of voids prob a bly took place al ready af ter de po si tion of loose
crinoidal ma te rial of the Smolegowa For ma tion, by its in jec tion
into fis sures open ing in a lithified Tri as sic sub strate. The or i gin
of nep tu nian dykes filled by the Krupianka For ma tion is more
com plex and in volves both tec tonic and karstic pro cesses,
lead ing to the for ma tion of dykes char ac ter ized by smooth walls
and com plex ge om e tries. The mech a nism of their in fill ing was
also dif fer ent. In this case, crinoidal sand trans ported on the sea 
bot tom in the form of megaripples, filled the al ready opened fis -
sures cut ting the sub strate. 

Nep tu nian dykes oc cur also within the Dudziniec For ma tion.
Great va ri ety and com plex ity of shapes, and vari able char ac ter of 
walls (from smooth to sharp-edged) sug gest their com plex or i gin. 
Most prob a bly, the voids opened as a re sult of tec tonic ac tiv ity,
but later were sub jected to dis so lu tion pro cesses. The dykes are
filled mainly by white to red micrite – most prob a bly sieved sed i -
ments of the Dudziniec For ma tion. Walls of some fis sures are
cov ered by cal cite ce ments, which oc cur also as bands sep a rat -
ing par tic u lar por tions of in ter nal sed i ment. The pres ence of cal -
cite ce ments in di cates that the pro cess of in fill ing of dykes was
multi-stage, with time breaks be tween the open ing of voids and
their in fill ing. The oc cur rence of dykes filled by de pos its of the
Dudziniec For ma tion, and cut ting the Lower Ju ras sic, in di cates
that de vel op ment of the nep tu nian dykes in the High-Tatric re -
gion took place also in the Early Ju ras sic.

The Early and Mid dle Ju ras sic to gether con sti tute a dis tinct
phase in the his tory of evo lu tion of the High-Tatric se ries.
Syndepositional tec tonic ac tiv ity, as so ci ated with the pre vail ing
extensional re gime, con trolled sed i men ta tion dur ing the whole
in ter val, which re sulted in fa cies sim i lar i ties be tween the
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Dudziniec, Smolegowa and Krupianka for ma tions. Some in flu -
ence of synsedimentary tec ton ics on de po si tion started al ready
in the Late Tri as sic (Feist-Burkhardt et al., 2008; Jaglarz,
2010).The whole in ter val clearly dif fers in its de vel op ment from
the pre ced ing and fol low ing phases of High-Tatric se ries evo lu -
tion, char ac ter ized by rel a tively calm tec tonic con di tions. 

CONCLUSIONS

De tailed stud ies of the Lower Ju ras sic Dudziniec For ma tion 
in the Koœcieliska Val ley area, con fron ta tion of the re sults with
those from ear lier works de voted mainly to the Chocho³owska
Val ley re gion, and com par i son of the sed i men tary de vel op ment 
of the Kominy Tylkowe Unit dur ing the Early and Mid dle Ju ras -
sic, al low the fol low ing general conclusions:

– The Dudziniec For ma tion in the Koœcieliska Val ley area is
rep re sented by a wide ar ray of sandy-car bon ate fa cies, with
sand stones and crinoidal lime stones as end mem bers of a con -
tin u ous spec trum, with seven dis tinct lithological var ies (litho -
facies) dis tin guished.

– The Koœcieliska Val ley area, which is lo cated in the east -
ern part of the autochthonous unit, rep re sents a shal lower and

a more prox i mal part of the ba sin than the ar eas lo cated fur ther
on the west (Chocho³owska Val ley).

– The main fac tors gov ern ing the de vel op ment and dis tri bu -
tion of fa cies were the synsedimentary tec tonic ac tiv ity and dis -
tance from source ar eas (with sandy fa cies rep re sent ing pe ri -
ods of block fault ing and tec tonic in sta bil ity, and crinoidal fa cies
cor re spond ing to ep i sodes of de po si tion in relatively stable con -
di tions).

– The de vel op ment of nep tu nian dykes filled with Ju ras sic
de pos its in the High-Tatric Ba sin started al ready in the Early Ju -
ras sic.

– The Early and Mid dle Ju ras sic to gether con sti tute a dis -
tinct phase in the his tory of High-Tatric se ries evo lu tion, char ac -
ter ized by strong in flu ence of synsedimentary tec ton ics on
deposition.
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