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Middle Jurassic crinoidal shoal complex at Hatné - Hradok locality
(Czorsztyn Unit, Pieniny Klippen Belt, western Slovakia)
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Abstract

Middle Jurassic crinoidal limestones (Krupianka Fm.) at Hradok locality near Hatné village display
many sedimentary features which are not common in this formation. They reflect a very shallow-water
depositional environment. Cross-bedding, good sorting, winnowing of micrite, abrasion of crinoidal os-
sicles and rip-up bottom-derived clasts document sedimentation above the wave-base. Presence of the
euhedral authigenic quartz overgrowths on detrital grains may represent part of a silcrete sequence de-
veloped during temporary emergence of the shoal complex.
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Introduction

The locality Hradok at Hatné village belongs most li-
kely to the Czorsztyn Unit of the Pieniny Klippen Belt
(with only one formation preserved). It represents the
klippe of red crinoidal limestones of the Bathonian age
(Krupianka Formation) transiting, in the uppermost pre-
served part, to the red nodular limestone (Czorsztyn Li-
mestone). It is cut by Marikovsky potok creek into two
parts. The examined part of the klippe is a quarry (PL. I,
Fig. 1) occurring directly at the road connecting Udi¢a and
Hornd Marikova villages, near the cemetery of the Hatné
village (Fig. 1). The locality has been mentioned by Pev-
ny (1969) who treated in detail its brachiopod fauna. He
introduced the list of following Bathonian brachiopods
from this locality: Loboidothyris perovalis (SOW.),
Gnathorhynchia trigona (QUENST.), “Rhynchonella”
balinensis (SUESS) and Aulacothyris concava (PARO-
NA). Later this locality was mentioned by Salaj (1994)
as an occurrence of the thickest preserved red crinoidal
limestone formation in his examined area.

The crinoidal limestones forming the klippe display se-
dimentary features which are not typical for the sediments
known from the Czorsztyn Unit. Their sedimentary area
appear to be shallower and more dynamic than at the ot-
her localities of this formation. That was the reason we
were attracted by this locality.
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Microfacial and sedimentological description
of the profile

Crinoidal limestones (Smolegowa and Krupianka For-
mations) occupy the main portion of the quarry (Fig. 2).
They are thick bedded, with frequent cross-beddings, a fea-
ture which is present in this formation very rarely. Cross-
bedding in the lower part of the profile tends from left to
right side of the quarry (PL. I, Figs. 2 and 5), while in the
upper parts an opposite direction appears (PI. I, Figs. 3
and 4), with some beds containing both directions. Exact
orientation measurements were not carried out in this sta-
ge of research for the preservation of cross-bedding is po-
or and the results would be useless without paleomagne-
tics (all the klippes in the Pieniny Klippen Belt were ro-
tated along various axes). The individual beds are not al-
ways continuous; some of them wedge out as observed in
the quarry wall (PL. II, Fig. 1).

The highest part of the Krupianka Formation is repre-
sented by red bedded (with beds about 10-20 cm thick) cri-
noidal limestones with undulated bedding planes (Pl. II,
Figs. 2 and 3). Colour of the limestones depends on their
character, i.e. the cross-bedded strata are of light grey, whi-
te to yellowish colour, while the structureless or parallel-
bedded ones are red. They contain rich siliciclastic and do-
lomitic admixture of sand to small pebble size (up to
1 ecm, PL 1II, Fig. 4); some beds have intraclasts derived
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PL L I - View on the left part of the quarry near Hatné, 2 - Cross-bedding at the bottom of the quarry, oriented rightwards. Hammer for scale
(centre bottom), 3 - View on the upper part of the quarry wall. Arrows indicate the beds with lefward dipping cross-bedding, 4 - Leftwards orien-
ted cross-bedding in two beds from the upper part of the quarry, 5 - Rightwards dipping cross-bedding in the upper part of the quarry (pencil for
scale).



R. Aubrecht and M. Sykora: Middle Jurassic crinoidal shoal complex at Hainé - Hrddok localiry ..

159

S _/‘\"»._;"1._‘ . PR @ ///T // @
-ljl @,@ o \._H / N J N I
?r\\r’ @ eKosice f -\ S ’
( s )55 s
S B
N 0 100 km o\ £ N NY KLA P

/ BELT

AR

(N 7 b N

0 // 10 km 0/”{:; 1\//(////1\ 720N 3 \
VA NN

A N S

oo
g //// {

S S
A0S
pgee ([0 ) 1/
s Vo [ (s

o HATNE

__//I P B y / L
£ a
9 j")// L

uNV T

e . .,
POVAZSKA
BYSTRICA

Fig.1. Position of the examined locality.

from the underlying layers, concentrated at the bottom.

In the upper left part of the quarry, a steep onlap of the
white crinoidal limestone onto the red one, is observable
(PL III, Fig. 3). The contact is stair-shaped which can be
related to synsedimentary tectonics. The white crinoidal
limestone contains also up to 5 cm clasts derived from
the red crinoidal limestone, close to this contact.

These features reflect clearly a dynamic water environ-
ment; the sediments were most likely deposited above the
wave base. The higher part of the formation displays gra-
dual deepening of the sedimentary area and cessation of
the wave activity.

Microfacial analysis displays also a large difference bet-
ween the white (cross-bedded) and red (parallel-bedded) cri-
noidal limestones. The first one represents crinoidal bios-
parite (grainstone, Pl. III, Fig. 1) while the latter is bio-

micrite (PL. III, Fig. 2) with more diversified skeletal
composition. Already Folk (1962) and Dunham (1962)
mentioned an indirect dependence between presence of
micrite and dynamics of the sedimentary environment.
This fact was also evident during study at the Meste¢ska
skala locality (Aubrecht, 1992). However, the sparite for-
mation took place not always due to micrite winnowing
but also some instances of micrite replacement by synta-
xial rims on crinoid ossicles were enregistered. In such
cases, the micrite is enclosed in a very narrow space
among the syntaxial rims which excludes later emplace-
ment of micrite.

However, biota and clastic contents in both kinds of li-
mestones are identical, though in somewhat different ratios
(the red limestones have more diversified skeletal composi-
tion). The main portion of sediment consists of crinoid os-
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PL IL [ - View on the quarry wall exhibiting a wedging out of some beds (follow the convergent bedding planes indicated by arrows), 2 - Oblique
view to the top part of the klippe (other side behind the quarry) formed by red bedded crinoidal limestones with undulated bedding planes, 3 - The
same as Fig. 2. Opposite view (person for scale), 4 - Bedding plane of the crinoidal limestone, covered by small quartz pebbles (a grass leaf in lo-
wer left corner is about 15 cm long).
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Fig. 2. Lithological and sedimentological profile through the middle
part of the quarry wall.

sicles. Preservation of the crinoid skeletons is very poor;
their stems were disintegrated completely (exceptionally
some pluricolumnals even with attached cirri have been
found), with individual ossicles frequently broken. This in-
dicates Z4 zone of deposition of Gluchowski (1987) i.e.
the near-shore shallow water environment which is con-
sistent with other sedimentological observations. Crinoidal
detritus is usually full of small inclusions (even of cloudy
appearance), but the syntaxial rims are clear.

Except crinoidal ossicles, also bryozoan fragments,
echinoid spines, bivalvian and brachiopod shells are ubi-
quitous; gastropod shells and serpulid tubes are rare. In

one instance, a poorly preserved fragment of coral or cal-
careous sponge was found. An absence of foraminifers in
the sediment is striking. The sediment was strongly affec-
ted by compaction, as indicated by frequent pressure-solu-
tion features among the skeletal detritus up to the forma-
tion of frequent stylolites. They represent the latest diage-
netic stage as they cut fully developed syntaxial rims on
the echinoderm particles (P1. III, Fig. 1).

Yellowish dolomitic and/or dedolomitized clasts are fre-
quent in the sediment. They are either micritic of crystalli-
ne. In case of dedolomitization the crystals are often orien-
ted inward the clast, indicating the dedolomitization after
redeposition. They sometimes possess Liesegang’s stripes
indicating their weathering on land. Around the dolomitic
clasts, thin limonitic films developed frequently, related to
iron expulsion during dedolomitization. The only rare fau-
nal relics in dolomitic clasts were thin ostracod shells.

Many interesting data have been obtained about the sili-
ciclastic admixture, hence we dedicate it a separate chapter.

Red partly nodular limestone (base of the Czorsztyn
Formation) is preserved only at top of the right part of
the quarry, which is relatively thrown down along a small
normal fault. It is represented by wackestone to packstone
(locally grainstone), with calcified sponge spicules and cri-
noidal ossicles being the dominant skeletal components
(PL. III, Fig. 4). Bivalve and brachiopod shells, together
with gastropods, juvenile ammonoids, echinoid spines and
bryozoan fragments form smaller portion of the skeletal
detritus. However, the diversity of skeletal components is
remarkably higher than in the underlying crinoidal shoal
complex. The dominance of micrite, together with absen-
ce of the siliciclastic admixture indicate deepening of the
sedimentary area and flooding of land areas of the Czorsz-
tyn Swell. The sediment itself is penetrated by veinlets
filled by clear blocky calcite. These veinlets are, however,
cut by numerous stylolites, which then appear to be the
latest diagenetical phenomenon in the limestone.

Siliciclastic admixture in the crinoidal limestones

Sandy admixture and small pebbles are ubiquitous at
the Hatné locality. Most of sand consists of quartz grains,
with rare feldspars, zircons and rutile grains recorded in
thin sections (for detail analysis of heavy minerals see
Aubrecht, 1993).

Most of the quartz grains possess undulatory extinction;
they are frequently polycrystalline with sutured margins of
the individual crystals. This led us to detail evaluation of
the quartz types according to Young (1976). He distingu-
ished 6 types of quartz deformation with approximate in-
terpretation of the deformation conditions. They are as fol-
lows: 1. nonundulose monocrystalline quartz, 2. undulose
quartz, 3. polygonized quartz, 4. elongated original quartz
crystals with sutured margins, 5. polycrystalline quartz
with wvarious content of newly formed grains, 6. polygo-
nal crystals with nonsutured boundaries. These types form
a continuous deformation and recrystallization cycle with
each type representing one deformation stage; the transiti-
on between the types 6 and | represents melting and for-
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PL IIL 1 - Sandy crinoidal biosparite with perfectly washed-out lime mud. Sample comes from a cross-bedded layer. Macroscopically it repre-
sents a white crinoidal limestone. Note the microstylolites cutting also the syntaxial rims on the crinoidal ossicles. Magn. 33x, thin-section No. 21
358, 2 - Thin section of the crinoidal limestone with imperfectly washed-out lime mud. Sample comes from a structureless to parallel-bedded layer,
macroscopically representing red crinoidal limestone. Magn. 45x, thin-section No. 21 357, 3 - Steep onlap of the white crinoidal limestone onto the
red crinoidal limestone in upper left part of the quarry. A stair-shaped contact indicates synsedimentary tectonic activity, 4 - Wackestone to pug‘k-
stone with crinoidal ossicles and calcified sponge spicules and radiolarians. Transition to the Czorsztyn Nodular Limestone. Magn. 30x, thin section

No. 24 244,
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ming of a new magmatic rock (Fig. 3). Similar observa-
tions have been achieved already by Blatt (1967) who
distinguished detrital quartz types coming from magmatic
and metamorphic rocks, according to their structure.

The ratios of individual quartz types, complemented
with results from other localities of the Czorsztyn and

Pruské units (Milpo3, Vriatec, Beiiatina, Horné Srnie -
- Samagky and BoleSovska dolina), were plotted to special
diagrams for comparison (Fig. 4). These samples are re-
presentative for detrital quartz coming from the Czorsztyn
Ridge. From six examined samples, four localities have
unimodal ratio of the types, the Vriatec locality has bi-

Fig. 3. Deformation and recrystallization cycle observable in quartz grains (after Young, 1976). Explanations to the individual quartz types:
| - nonundulose monocrystalline quartz, 2 - undulose quartz, 3 - polygonized quartz, 4 - elongated original quartz crystals with sutured margins,
5 - polycrystalline quartz with various content of newly formed grains, 6 - polygonal crystals with nonsutured boundaries.
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PL IV. 1 - Detrital quartz grain (white) in crinoidal limestone, overgrown by early syntaxial authigenous rim. Individual zones are indicated by
strings of inclusions. Crossed polars (whole plate). Magn. $6x, thin section No. 21 357 (whole plate), 2 - Authigenous rim on the detrital quartz co-
re copying the surrounding clasts (arrows), which documents its early post-depositional origin. Magn. 45x, 3 - Two close detrital quartz grains with
syntaxial rims forming a compromise boundary between them (arrow). Magn. 45x, 4 - Remnant of chalcedony (arrow) within an authigenous syn-
taxial overgrowth. It indicates its possible origin via formation of silcrete. Magn. 45x.
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Benatina

Bolesovska dol.

Fig. 4. Percentages (see size of the columns) of the individual types of
detrital quartz (see numbers) estimated for selected localities of the
Czorsztyn Unit.

modal ratio and the Milpo§ locality relatively equal
content of most of the types. The first four mentioned
samples have their maxima at type No. 4; Befatina locali-
ty is dominated by type No. 3. These types represent an
assemblage of detritus of “unstable™ quartz, strongly affec-
ted by deformation, but still without extensive formation
of new crystals. It is typical for low-grade to moderately
metamorphosed rocks (Young, 1976; Fig. 3). Vriatec
locality also displays high content of No. 3 and 4 types
of quartz and, on the other hand, a high content of No. 1
and 6 quartz types, coming most probably from nondefor-
med magmatic rocks.

Most of quartz grains in the carbonate sediments display
signs of corrosion which are typical for alkaline environment
inside limestone. However, at the very top of a bed about 4
m above the bottom of the profile (parallel bedded red crinoi-
dal limestone), the quartz grains possess syntaxial authigenic
quartz overgrowths. They cut neither the surrounding crinoi-
dal ossicles nor their syntaxial rims. Instead, they use to co-
py the original shape of surrounding grains and fill the pores
(PL. IV, Figs. 1 and 2), hence they represent a relatively early

diagenetic phase. These overgrowths often exhibit undulatory
extinction in continuation to the detrital core. The undulosity
was either caused by effect of pressure in the sediment afier
formation of the authigenic overgrowths (see the late com-
pactional features mentioned before) or it originated by strict
copying of the detrital crystal structure during growth. In so-
me instances of close opposite growing of the rims, straight
compromise boundaries were formed between them (PL. TV,
Fig. 3). The first variant seems more probable. In some ca-
ses, the remnants of microquartz (chalcedony) was found,
connected with authigenic rim (P1. IV, Fig. 4). It is clear that
the overgrowths were not formed in late diagenetic phases un-
der burial conditions, as indicated by their occurrence only in
one bed, filling of pores and pre-dating of all the diagenetic
phases including syntaxial rim formation on crinoidal detri-
tus. Our interpretation of this phenomenon is that the over-
growths represent part of the silcrete sequence, developed du-
ring emergence of the crinoidal sand shoal. Thiry and Millot
(1987) and Thiry and Milnes (1991) described silcretes from
Tertiary sediments of the Paris Basin and from the Stuart
Creek opal field (Australia). In some instances they mentio-
ned vertical sequences from opal at the bottom up to quartz at
the top, including authigenic rims around pre-existing detrital
quartz grains. They interprete such sequences as originated by
descendanit percolation of fresh water in conditions of alterna-
ting dry and wet climate. The only silcretes in the Czorsztyn
Unit to date were mentioned by Misik (1996) from Lower
Cretaceous limestones. Their genesis is, however, unclear for
they occur within the pelagic limestones, which are free of
any signs of emergence. According to our opinion they may
represent groundwater silcretes related to the later Barremian-
Aptian emergence of the Czorsztyn Swell.

Discussion and conclusions

Deposition of the crinoidal limestones started in the
Czorsztyn sedimentary area after the relative sea-level
drop during Bajocian and lasted till the Late Bathonian,
when the subsequent sea-level rise took place. At most
localities the crinoidal limestones are structureless, mas-
sive to thin-bedded, but cross-bedding is a feature uncom-
mon in this formation.

The standard lithostratigraphic scheme of the Czorsztyn
Unit divides the crinoidal limestones into the lower, whi-
te to grey crinoidal limestone (Smolegowa Fm.) and up-
per, red crinoidal limestone (Krupianka Fm.). However,
this division cannot be fully applied in the western part
of the Pieniny Klippen Belt, which appear to be original-
ly shallower than the recent eastern part (Aubrecht et al.,
1997). Some localities in the western part show either an
alternation of both colours of limestones in one section
(Aubrecht, 1992) or even an overturned order of the li-
mestones (Misik et al., 1994). The Hradok locality is al-
so ranked among such localities, exhibiting the variable
colour of the limestones as well as other shallow-water
features. Presence of presumed silcrete indicates also
a possibillity of temporal emergence. Some direct eviden-
ces of Bajocian-Bathonian emergence in the Czorsztyn
Unit have already been described by Aubrecht (1997).
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Although numerous localities with very shallow-water
sediments were found so far in the western part of the Pie-
niny Klippen Belt, the shore itself with crystalline rocks
was not found so far, and apparently will not be found in
the near future. The only known crystalline rocks in the
Pieniny Klippen Belt occur in the pebbles, particularly in
the Cretaceous conglomerates of the Klape Unit. The
amount of clastics in the Czorsztyn Unit and their size is
often surprisingly large (size up to 10 cm), but their sou-
ce remains hidden to direct observation. Several pebble
analyses were published to shed light on the composition
of the emerged Czorsztyn Ridge (Birkenmajer et al., 1960;
Krawczyk and Slomka, 1987; Misik and Aubrecht, 1994).
Our investigation complemented these data by determina-
tion of prevalent detrital quartz types. The dominance of
“unstable” types indicates that main portion of the source
area was composed of metamorphic rock complexes.
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Strednojursky pribreZny komplex krinoidovych vapencov na lokalite Hatné - Hradok
(Czorsztynska jednotka, Pieninské bradlové pasmo, zapadné Slovensko)

Lokalita Hridok pri obci Hatné (nedaleko miestneho cintorina) predstavuje
lom v krinoidovom vépenci dogeru czorsztynskej jednotky (krupiansky vipenec),
ktory v stratigraficky najvy$3ej trovni prechddza do czorsztynského hluznatého
vdpenca.

Krinoidovy vipenec mé sedimentime ¢ity, ktoré sa v tomto stvrstvi vyskytuji
len zriedka a poukazuji na extrémne plytkovodné prostredie sedimentdcie v ob-
lasti piesoénych plyt¢in. Telesd vipenca st lavicovité, Sasto so Sikmym a niekedy
s krizovym zvrstvenim. Ani jednotlivé vistvy nie s priebeZné, ale vyznievaji la-
terilne. AZ vrchnejSiu Cast stivrstvia tvoria telesd doskovitého krinoidového vi-
penca so zvinenymi plochami vrstvovitosti, ¢o poukazuje na postupné prehlbova-
nie sedimentacnej oblasti. Farba vipenca zivisi od jeho charakteru. Sikmo zvrst-
vené polohy maji svetlosivi aZ Zitkasti farbu, kym bezdtruktime alebo paralelne
zrvstveny vapenec je Cerveny. Suvisi to s vymytim Cerveného vipnitého kalu po-
Cas sedimentacie v dynamickom vodnom prostredi. Velmi plytkovodné prostredie
odriZa aj zachovanie krinoidovych ¢lankov. ViicSinu ¢lankov rozbilo vinenie, ¢o
podla Gluchowského (1987) predstavuje sedimentadni zonu Z4.

Telesa ¢erveného hluznatého vipenca (czorsztynského) sa zachovali len
v pravej najvrchnejiej Casti lomu, kde sii vrstvy poklesnuté pozdiz malého zlomu,
a telesd vépenca odrdZaji prehlbovanie sedimentacnej oblasti. Prevlida v nich
mikritickd zloZka, chyba piescitd primes a skeletové dlomky sa vyznaluji vii&Sou
roznorodostou ako pri extrémne plytkovodnom podloznom krnoidovom vipenci,

ZvyZend pozomost sme venovali klastickej primesi kremena, ktord je v kri-
noidovom vépenci hojnd v podobe piesku alebo drobnych obliakov. Zhodnotili
sme zastipenie jednotlivych typov kremeia. ako ich definoval Young (1976),
ktory rozliSuje 3est typov deformécie kremeiia. Podla nich mozno usidit, akym

podmienkam bol kremefi vystaveny, a potom priblizne urdit okruh, z ktorého
zdrojova homina pochddza. S to tieto typy: 1. neundulézny monokryStalicky
kremeii, 2. undulézny kremeii, 3. polygonizovany kremefi, 4. predlzené kre-
menné zma so sutdrovymi okrajmi, 5. polykrydtalicky kremeii s rozli¢nym
mnoZstvom novotvoreného kremefia, 6. Polygonalny kremeii tvoreny mozai-
kou novotvorenych kryStalov s nesutirovymi okrajmi. Tieto typy kremefia tvo-
ria jeden deformagny a rekryStalizadny cyklus, z ktorého kazdy typ predsta-
vuje jedno $tadium. Vysledky z lokality Hatné sme porovnali s niekolkymi iny-
mi lokalitami czorsztynskej a pruskej jednotky (Milpos, Vidatec, Benatina,
Homné Srnie - Samasky a BoleSovskd dolina). Z vysledkov vyplyva, Ze vicSina
lokalit ma unimodilne usporiadanie typov kremeiia s maximom na type 4 a 3.
Tie predstavuji polykrystalicky silne deformovany kremeii pochddzajuci
pravdepodobne z metamorfovanych homin. Len lokalita VrSatec mala bimo-
ddlne usporiadanie s vy$§im obsahom aj monokrystalického kremeiia pochad-
zajiiceho z neporusenych magmatickych hornin. Na lokalite Milpos boli viet-
ky typy kremeiia zastipené pomeme rovnomeme, ¢o odriZa aj jej celkové
pestré zloZenie obliakov.

V jednej vrstve sme zaznamenali dorastanie autigénneho kremeiia na Klastic-
ké jadri. KedZe tieto novotvorené obruby , kopiruji* okolity detritus a vypliaja
dutiny, museli sa vytvorif edte pocas skorej diagenézy. V ostatnych vistvich sme
zaznamenali len kordziu klastickych jadier, a preto autigénne obruby zrejme ne-
vznikli. ako vysledok tepelného postihu pri hibsej trovni pochovania sedimentu.
Tento fenomén interpretujeme ako Cast silkrétového horizontu vytvoreného pri
dotasnom vynoreni sa plyt&iny. Tento ndzor podporujii aj lokélne ndjdené zvysky
chalcedonu az mikrokryStalického kremeia spiité s autigénnymi obrubami.



