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Abstract: Carbonate deposits of the ammonitico rosso-type developed in the Czorsztyn Succession represent the
shallowest northern facies zone of the Pieniny Klippen Basin, formed on the southern slope of a submarine ridge
named the Czorsztyn Ridge. The lithology of the Middle Jurassic ammonitico rosso-type deposits in the Czorsztyn
Succession of the north-westernmost part of the Pieniny Klippen Belt in Poland appears highly diversified and
includes: shell coquinas and distinctly laminated limestones consisting of micritic and organodetrital, mostly
crinoidal laminae. The microfacies vary from pure micrite to packstones rich in filaments, and packstones-
grainstones rich in various bioclasts and peloids. Neptunian dyke infillings are of similar lithological and
microfacies types. The history of deposition of the oldest ammonitico rosso-type and associated deposits was
different in the north-westernmost part of the Polish section of the Pieniny Klippen Basin, compared to its central
and eastern parts. A distinct differentiation of the basin is thus proposed along the Czorsztyn Ridge: from a
shallower, north-westernmost part to deeper parts, with the boundary-zone in the present Szaflary area, which is
characterised by scarp breccias and neptunian dykes cutting through the basement composed of crinoidal
limestones. This indicates that the Czorsztyn Ridge was laterally differentiated into subordinate highs and lows
that were formed in a tectonically active environment.
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INTRODUCTION

The Pieniny Klippen Belt is a narrow structure that
separates the Carpathians into the Outer and Inner domains
(Fig. 1A). Stretching for a distance of ca. 600 from Vienna
to Maramures (East Carpathians, Romania), it is built of
mainly pelagic carbonates aging from Jurassic to Creta-
ceous time. However, an existence of the shallower zone of
the northern ridge, namely the Czorsztyn Ridge, during the
mid-Jurassic to Cretaceous was proposed by Birkenmajer
(1963, 1977, 1986). The aim of this study is to shed more
light on the lateral variations of depositional environments
within the Czorsztyn Ridge, constrained to the westernmost
part of the Polish sector of the Pieniny Klippen Belt. Out-
crops are located at Stankowa Skata to the west (close to
Zaskale village), and in the “Wapiennik” Quarry close to
Szaflary town to the east (Fig. 1B).

GEOLOGICAL CONTEXT

Most of the ammonitico rosso-type deposits of the
lower part of the Czorsztyn Limestone Formation in the
Czorsztyn Succession, particularly in the central and the
eastern parts of the Pieniny Klippen Belt in Poland, are de-
veloped as nodular red limestones. Rocks under study are
correlated with the lower part of the Czorsztyn Limestone
Formation (Birkenmajer, 1977) (Fig. 2). However, they in-
clude well-bedded, non-nodular ammonitico rosso-type
limestones, thus differing from typical limestones repre-
senting the Czorsztyn Limestone Formation in other parts of
the Pieniny Klippen Belt, which consist of nodular lime-
stones (Kutek & Wierzbowski, 1986).

Specific deposits associated with the rocks in question
are neptunian dyke infillings and breccias (Wapiennik Brec-
cia Member; see Birkenmajer, 1977), which can be recog-
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Fig.1. A. Location of the Pieniny Klippen Belt (in black)
within the Carpathians. B. Location of the studied sections of the
Pieniny Klippen Belt in Poland (base map simplified from Birken-
majer, 1963, 1977). I — Magura Palacogene flysch (Magura
Nappe); 2 — Podhale Palacogene flysch (autochthonous); Pieniny
Klippen Belt successions: 3 — Czorsztyn Succession: 1 — Stankowa
Skata, 2 — “Wapiennik” Quarry in Szaflary; 4 — other successions

nised in the “Wapiennik” Quarry. Despite lithological dif-
ferences, a general microfacies sequence recognised in the
studied deposits is compatible with the oldest ammonitico
rosso of the Czorsztyn Succession identified in the central
and eastern parts of the Pieniny Klippen Belt in Poland
(Wierzbowski et al., 1999), where crinoid microfacies are
succeeded by limestones rich in thin-shelled pelecypods of
the genus Bositra, the so-called filament microfacies. The
filament microfacies are replaced by younger deposits of the
ammonitico-rosso developed as the Globuligerina (“Proto-
globigerina”) microfacies.

Ammonitico rosso deposits similar to those of Stan-
kowa Skata and Szaflary were earlier described by Slovak
workers (Misik ez al., 1994a, b; Aubrecht ef al., 1997), who
noticed that many sections in the Slovak segment of the
Pieniny Klippen Belt display depositional features which
differ from classic lithostratigraphic divisions introduced by
Andrusov (1945) and Birkenmajer (1963, 1977). Conse-
quently, new lithostratigraphic units have been distin-
guished within the Czorsztyn Succession, namely the Kra-
sin Breccia Member (Misik et al., 1994b; Misik et al.,
1996), for the Upper Bajocian—Bathonian breccia composed
of crinoidal limestones, and the Bohunice Limestone For-
mation (Aubrecht, 1992; Misik et al., 1994a, Misik et al.,
1996, Aubrecht et al., 1997), for the Oxfordian—Lower Ti-
thonian biomicritic limestones. The present work provides
new data on lithological variability within the Pieniny Klip-
pen Belt in Poland, which are then utilized for a syntethic,

PKB | North-westernmost : Central and southern
STAGES part of the PKB part of the PKB
CALLOVIAN
BATHONIAN
stratigraphical gap _—F|
BAJOCIAN Smolegowa Limestone Formation

Fig. 2.  Schematic lithostratigraphic units referred in the text.
PKB — Pieniny Klippen Belt, WBM — Wapiennik Breccia Mem-
ber, KLF — Krupianka Limestone Formation

though spatially limited, model of the Mid- to Late Jurassic
evolution of the sedimentary basin related to the Czorsztyn
Ridge.

SECTIONS DESCRIPTION

Stankowa Skala

The section is situated near the top and in the south-
westernmost part of Stankowa Skala (49°26°4.1°N,
19°59°23.6°’E; Fig. 3). It begins with crinoidal limestones
of the Smolegowa Limestone Formation. The latter are
overlain by limestones representing the Czorsztyn Lime-
stone Formation (according to Birkenmajer 1977), the low-
est part of which has been studied here in detail for the first
time. Still younger are limestones representing the Dursztyn
Limestone Formation (Birkenmajer, 1977) cropping out
above the Czorsztyn Limestone Formation.

Crinoidal limestones (of the Smolegowa Limestone
Formation). These are light-grey crinoidal limestones.
Their top surface is uneven and covered by a thin stromato-
litic layer. The deposits represent the crinoidal microfacies.
These are mainly grainstones rich in fine-graded echino-
derm skeletal elements (40—45%), most commonly crinoids,
which are accompanied by extraclasts: rounded limestone
clasts, scarce detrital quartz grains, fragments of fine-
grained quartz sandstones, and single solitary corals and
fragmented brachiopod shells. The thickness of crinoidal
limestone is about 1.5 m. Their base is not exposed.

Ammonitico rosso deposits (traditionally included
into the Czorsztyn Limestone Formation). The studied
lower part of the formation is about 0.9 m thick and is com-
posed of red-grey and red-brown, hard, non-nodular lime-
stones forming five distinct beds (beds:1a, 1b, 2a, 2b, 2c;
see Fig. 3), attaining the thickness of few, up to a dozen or
so centimetres.

Two beds representing the lowermost and middle parts
of the studied section (beds la and 2b) are developed as
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limestones with bioclasts, mainly shell coquinas and thin
subordinate micritic laminae. Among the grain particles,
fragments of thin-shelled Bositra bivalves, accompanied by
crinoid fragments are predominant. In bed la, also intra-
clasts of light-grey limestones occur. Bed 2b contains small
Fe-Mn nodules and sporadic fragments of yellow dedolo-
mites (Zydorowicz & Wierzbowski, 1986). The limestones
of'this part of the section represent two types of microfacies:
filament microfacies (Fig. 4A) and filament-peloid with
echinoderms microfacies (Fig. 4B).

Filament microfacies (Fig. 4A). These are mainly
grainstones, sometimes packstones. The deposits are rich in
filaments, which are thin-shell bivalve shells of genus Bosi-
tra (5—40%). There also occur skeletal echinoderm elements
(5%), and rarely ostracods, Globochaete spores, fragments
of bryozoan colonies, and benthic foraminifers (Marsonella
sp., Spirillina sp., Lenticulina sp., Ophthalmidium sp.). De-
trital quartz grains do not exceed 2%. Limestone intraclasts,
as well as small (2-3 mm) Fe-Mn nodules are also sporadi-
cally met.

Filament-peloid microfacies with echinoderms (Fig.
4B). These are grainstones, sometimes packstones, rich in
filaments (25-30%), peloids (15%) and echinoderm frag-
ments (10%). Ostracods, benthic foraminifers (Lenticulina
sp., Spirillina sp., Marsonella sp.), fragments of wackestone
and dedolomites, and also detrital quarz are less common.

The remaining part of the section studied (beds 1b, 2a
and 2c) is composed of distinctly laminated limestones (Fig.
5A). The thickness of laminae ranges between 2 and 25 mm.
The laminae boundaries are sharp. Thinner laminae are usu-
ally composed of micrite, while the thicker ones show a
fine-grained texture and contain crinoid fragments, some-
times accompanied also by calyxes, shell fragments and de-
trital quartz grains, and also rare, well-rounded limestone
intraclasts. Graded bedding is visible in some laminae. In
some places, cross-bedding commonly occurs (Fig. 5B).
The laminated limestones of this part of the studied section
represent the following microfacies types: echinoderm-shell
microfacies, peloid microfacies, peloid-echinoderm micro-

facies, filament-crinoid microfacies, microfacies with cri-
noids, and micritic microfacies (Fig. 4C—F).

Echinoderm-shell microfacies (Fig. 4C). These are
packstones and grainstones. Corroded echinoderm frag-
ments (up to 30%), mainly crinoid ossicles, predominate
among detrital elements; they are abundantly accompanied
by fragments of shells, mainly of brachiopods (up to 15%)
and filaments (up to 20%). Present are also: detrital quartz
grains (up to 5%), fragmented shells of ostracods and ben-
thic foraminifers (Patellina sp., Spirillina sp., Lenticulina
sp., Ophthalmidium sp.), gastropod shells and intraclasts of
wackestone with filaments.

Peloid microfacies. These are grainstones with abun-
dant peloid accumulations (60—70%) and scarce fine admix-
ture of organogenic material.

Peloid-echinoderm microfacies (Fig. 4D). These are
packstones and grainstones, in which echinoderm fragments
(7-15%), corroded crinoids and peloids, are important com-
ponents (15-30%). Fragments of juvenile ammonite shells,
sharp-edged corroded grains of detrital quartz (up to 5%),
filaments, ostracods and benthic foraminifers of genera Len-
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Fig. 3.  Stankowa Skata section. / — crinoidal limestones, 2 —
limestones with filaments, 3 — laminated limestones, 4 — lime-
stones with Globuligerina, 5 — limestones with Saccocoma (after
Kutek & Wierzbowski, 1986; Jaworska, 2000)

ticulina, Trocholina, Nodosaria and Ophthalmidium are
less common.

Filament-crinoid microfacies (Fig. 4E). These are
packstones and grainstones, rarely wackestones, rich in fila-
ments (15%) and crinoid skeletal elements (10%), com-
monly corroded. In small quantities, grains of detrital quartz
and peloids are present as well. Limestone intraclasts with
single filaments occur, as well as rare intraclasts with cya-
nobacterial coatings impregnated by Fe-Mn oxides.

Microfacies with crinoids (Fig. 4F). These are wacke-
stones with crinoid fragments (up to 12%). Less common
are: grains of detrital quartz (1-2%), fragmented brachiopod
shells, filaments and ostracode shells. A shell of ostracode
Pokornyopsis (see Aubrecht & Kozur, 1995) has been iden-
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Fig. 4.  Microfacies of the lower part of the Czorsztyn Limestone Formation from Stankowa Skata. Scale bar | mm. A — filament micro-
facies (bed 1a); B — filament-peloid microfacies with echinoderms (bed 2b); C — echinoderm-shell microfacies (bed 2¢); D — peloid-
echinoderm microfacies (bed 1b); E — filament-crinoid microfacies and micritic microfacies (bed 2c); F — microfacies with crinoids (bed
1b)
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Fig. 5.
Skata

tified. Grains are mostly enveloped by thin micritic coat-
ings.

Micritic microfacies (Fig. 4E). These are mudstones,
less commonly wackestones, with small amounts of fine
bioclasts, difficult to identify.

The top of bed 2c of the studied interval of the Czorsz-
tyn Limestone Formation is uneven and covered by dark
Fe-Mn oxides; it constitutes a hard ground surface. Bed 2 is
capped by hard, non-nodular, micritic detrital limestones
which infill the surface depressions (bed 3). Bed 3 yielded
Fe-Mn nodules and a lot of organogenic remains — mainly
fragmented ammonite and brachiopod shells. These lime-
stones represent already the Globuligerina microfacies.

“Wapiennik” Quarry in Szaflary

The white and light-grey crinoidal limestones belong-
ing to the Smolegowa Limestone Formation, cut by neptu-
nian dykes filled with the limestones of the Czorsztyn Lime-
stone Formation, crop out in western part of the “Wapien-
nik” Quarry (49°26°16.2N, 20°0°52.4°’E; Fig. 6). The cri-
noidal limestones are directly overlain by well-bedded lime-
stones of the Czorsztyn Limestone Formation.

Crinoidal limestones (of the Smolegowa Limestone
Formation). In the “Wapiennik” Quarry at Szaflary, the de-
posits of the Smolegowa Limestone Formation are devel-
oped as light grey, indistinctly bedded crinoidal limestones.
The section is 12 m thick and locally strongly tectonized.
The sediments represent the crinoidal microfacies; mainly

A — laminated limestone from bed 1b of Stankowa Skata; B — laminated limestone with cross-bedding from bed 2a of Stankowa

Fig. 6.  Schematic map of “Wapiennik” Quarry in Szaflary:
CzLF — Czorsztyn Limestone Formation; SLF — Smolegowa
Limestone Formation; A—F — neptunian dykes and their orienta-
tion; lithostratigraphic unit not distinguished in the text: SSF —
Skrzypny Shale Formation

grainstones. Crinoid fragments are dominant (40-60%), and
are accompanied by detrital quartz (2-5%). Fragments of
fine-grained quarzitic sandstones and dedolomites are spo-
radically observed, as well as single foraminifers and shell
fragments.

Neptunian dykes (traditionally included into the
Czorsztyn Limestone Formation) (Figs 7 and 8). The cri-
noidal limestones exposed in the southern wall of the quarry
are cut by neptunian dykes, filled with red and violet-brown
limestones. Six neptunian dykes (A—F) can be observed in
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Fig. 7.  Szaflary section. / — crinoidal limestones, 2 — laminated
limestones, 3 — limestones with Globuligerina, 4 — limestones with
Saccocoma (Jaworska, 2000)

the quarry. Their thickness usually ranges between 0.5 and 7
cm, and reaches the maximum of 25 cm. Their visible length
ranges between 80 to 350 cm. Dykes are developed along
two fracture systems: 28°-43°/58°-76°S and 165°-190°/
57°=70°S (before rotating the overlying strata into horizon-
tal). The measurements of the orientation of neptunian
dykes revealed a possible existence of two fracture systems:
(1) neptunian dykes C, D and F — mean orientation:
174°/45°N, and (2) neptunian dykes A, B and E — mean ori-
entation: 151°/73°N (after rotating the overlying strata into
horizontal, but without correction for palacomagnetic decli-
nation).

Dyke boundaries with the host rock are sharp. The lime-
stones in dykes are often bedded parallel to the walls’ out-
line. The boundaries between particular deposits are sharp
and irregular. The most common dyke infillings are micritic
or bioclast-bearing limestones. Sharp-edged fragments of
white crinoidal limestones and admixtures of detrital quartz
are also present. Limestones with small (up to 2 mm in di-
ameter) oncoids (dykes C, E) are less common.

M. SIDORCZUK

Fig. 8.
dyke A

Neptunian dyke from “Wapiennik” Quarry in Szaflary —

Deposits of the Czorsztyn Limestone Formation in the
neptunian dykes represent several microfacies types: echi-
noderm-filament microfacies (dykes: C, D, E, F), echi-
noderm-shell microfacies (dyke B), peloid microfacies
(dykes: C, E), peloid-filament microfacies (dykes: C, E),
filament microfacies (dykes: A, C, E, F), micritic microfa-
cies (dykes: A, D, E), and grains with microbial coatings
and peloid microfacies (dykes: C, E) (Fig. 9). Many detrital
elements in the infillings of neptunian dykes are covered by
brown Fe-Mn coatings.

Echinoderm-filament microfacies (Fig. 9A). These are
packstones and grainstones. Scattered echinoderm frag-
ments (15-40%) — mainly crinoids, and filaments (5-30%),
are the main detrital components. Grains of detrital quartz
and limestone intraclasts (up to 2%) are less common. Ben-
thic foraminifers Marsonella sp., Lenticulina sp. and Oph-
thalmidium sp., and fragments of solitary corals occur also
sporadically.

Echinoderm-shell microfacies (Fig. 9B). These are
packstones and grainstones. The dominating detrital com-
ponents are represented by corroded echinoderm fragments
(up to 50%) — mainly crinoids, but sometimes also echinoid
spines. They are abundantly accompanied by recrystallized
shell fragments (up to 20%) of brachiopods and filaments.

Peloid microfacies (Fig. 9C). These are laminated
packstones with rich peloid accumulations (up to 40%).



MIDDLE JURASSIC AMMONITICO ROSSO DEPOSITS 279

Fig. 9. Microfacies of the Czorsztyn Limestone Formation forming neptunian dykes in the “Wapiennik” Quarry in Szaflary. Scale bar 1
mm. A — echinoderm-filament microfacies (dyke C); B — echinoderm-shell microfacies (dyke B); C — peloid microfacies (dyke C); D —
peloid-filament microfacies (dyke C); E — filament microfacies and micritic microfacies (dyke A); F — grains with microbial coatings and
peloid microfacies (dyke E)
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Echinoderm fragments (up to 7%) are also observed, as well
as filaments and grains of detrital quartz.

Peloid-filament microfacies (Fig. 9D). These are lami-
nated grainstones and packstones. The deposits are charac-
terised by the occurrence of filaments (10%) and numerous
peloids (30-50%). Shells of juvenile ammonites also spo-
radically occur.

Filament microfacies (Fig. 9E). These are packstones
with various amounts of filaments (15-40%), which are ac-
companied by scarce echinoderm skeletal elements, Globo-
chaete spores, brachiopod shell fragments, ostracods, ben-
thic foraminifers Ophthalmidium sp., fragments of juvenile
ammonites, juvenile gastropods, grains of detrital quartz,
peloids, and intraclasts of mudstone and wackestone with
filaments and Globochaete spores.

Micritic microfacies (Fig. 9E). These are laminated
mudstones, less commonly wackestones, with a minor ad-
mixture of very small bioclasts, which are difficult for
closer identification. Small broken filaments, crinoid frag-
ments and Globochaete spores are also sporadically ob-
served.

Grains with microbial coatings and peloid microfacies
(Fig. 9F). These are packstones and grainstones composed
of two kinds of grains: the ones are oncoids (up to 50%) and
others devoid of microbial coatings. The nuclei of grains
covered by microbial coatings are composed mainly of shell
fragments — filaments and brachiopods, intraclasts of lami-
nated limestones, and less commonly of echinoderm frag-
ments. Grains devoid of microbial coatings are mainly pe-
loids (20%), grains of detrital quartz, and various biogenic
elements such as filaments, echinoderm plates, foraminifers
of genus Lenticulina, and gastropod shells.

Czorsztyn Limestone Formation overlying the de-
posits of the Smolegowa Limestone Formation. These are
13-m-thick non-nodular, hard, red-brown pelitic limestones
locally enriched in bioclasts. The limestones contain belem-
nite rostra and single crinoid ossicles. The lowest layer is
enriched in Fe-Mn oxides and represents already the Globu-
ligerina microfacies.

Breccia of the Wapiennik Breccia Member. In the
eastern, older part of the “Wapiennik” Quarry, breccias of
the Wapiennik Breccia Member were exposed (Birkenma-
jer, 1977). The rock attributed to the Wapiennik Breccia
Member was discovered and described by Birkenmajer
(1952, 1958, 1963, 1977) at the base of the Czorsztyn Lime-
stone Formation. This is a breccia composed of angular
fragments of white and red crinoidal limestones (from the
Smolegowa Limestone and the Krupianka Limestone for-
mations — see Fig. 2), 1-5 cm in diameter, cemented by red
or pink matrix with sparse crinoidal fragments and filaments
(Zydorowicz, 1991), which crops out in the old part of the
“Wapiennik” Quarry in Szaflary (Fig. 6). The described
thickness is 0.5 m.

STRATIGRAPHY

The crinoidal limestones of the Smolegowa Limestone
Formation are mostly barren in fossils that would allow for
their precise dating. Only recently, the Early Bajocian age
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of the lower part of the crinoidal limestone has been well
documented by ammonite faunas (Krobicki & Wierz-
bowski, 2004; Wierzbowski et al., 2004a). The upper part of
this formation can be attributed to the Bajocian, since the
overlying deposits are of latest Bajocian age (see Myczyn-
ski, 1973; Wierzbowski et al., 1999).

Limestones representing the lowermost part of the
Czorsztyn Limestone Formation in Stankowa Skata and
neptunian dyke infillings in the “Wapiennik” Quarry at
Szaflary yielded no fauna of stratigraphic importance. How-
ever, still younger deposits developed as the Globuligerina
microfacies yielded few ammonites, found directly above
the surface at the top of the studied deposits (e.g. bed 3 on
Fig. 3). These include: Euaspidoceras sp., and fragmentary
perisphinctids, some of them possibly representing speci-
mens of Peltoceratinae (after determination of A. Wierz-
bowski). The data suggest an Oxfordian age of these depos-
its, so the lowermost part the Czorsztyn Limestone Forma-
tion in Stankowa Skata should be considered not younger
than the Oxfordian. The neighbouring section in Babia-
rzowa Skala, a lithologic and microfacies analog to the
Stankowa Skata, yielded ammonites of Callovian age, such
as Hecticoceras and Grossouvria, which were described by
Uhlig (1881; see also Birkenmajer, 1963). The recently dis-
covered fauna in the Babiarzowa Skata section (Wierzbow-
ski et al., 2004b, 2005), possibly corresponding to that of
Uhlig’s, occurs within laminated limestones of the filament
microfacies. Hence, the oldest deposits of the ammonitico
rosso-type, occurring below the deposits of the Globuli-
gerina microfacies in the Stankowa Skala section, could be
ascribed to a stratigraphic interval from the (?)uppermost
Bajocian to Callovian. Moreover, taking into account the
overall microfacies development, it can be assumed that
limestones occurring in the neptunian dykes in the “Wa-
piennik” Quarry at Szaflary represent the same discussed
stratigraphic interval.

ENVIRONMENT PRECEDING
AMMONITICO ROSSO SEDIMENTATION

Vertical movements in the Pieniny Klippen Basin and
emergence of the Czorsztyn Ridge during the Bajocian re-
sulted in a marked change of sedimentary conditions from
oxygen-reduced dark terrigenous deposits (fleckenkalk/
fleckenmergel facies) to appearance crinoidal limestones in
the study area (Birkenmajer, 1963; see also Krobicki &
Wierzbowski, 2004; Golonka & Krobicki, 2004). The oc-
currence of crinoid limestones was a result of development
of crinoid communities on the southern, submerged slope of
the Czorsztyn Ridge (Wierzbowski et al., 1999). The stud-
ied localities represent sedimentary conditions nearest to the
zone of crinoid habitats occupied by original crinoid popu-
lations, the “crinoid gardens”, where the most typical local-
ity of the zone close to the habitats is the “Wapiennik”
Quarry at Szaflary (Gluchowski, 1986, 1987).

Rock fragments, which are often found in the crinoidal
limestones of the Pieniny Klippen Belt, are a testimony of
emergence of the northern part of the Czorsztyn Ridge (the
so-called “external continental Czorsztyn Ridge” of Misik
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& Aubrecht, 1994). Quartz grains and dolomite fragments
of the Middle Triassic age are most abundant. Fragments of
the Lower and the Upper Triassic, and probably also the
Lower Jurassic clastic rocks, as well as spongiolite, proba-
bly of Early Jurassic age, and fragments of magmatic rocks
are less common (Aubrecht, 1993; Misik & Aubrecht,
1994).

The deposition of crinoidal limestones was often re-
lated to the existence of sea bottom elevations, being a con-
sequence of tectonic differentiation of the sedimentary ba-
sin into swells and deeper basins (Fig. 10A; e.g., Jenkyns,
1986; Winterer ef al., 1991; Wendt & Aigner, 1985). In the
studied part of the Pieniny Klippen Basin, the sedimentation
of crinoid calcarenites of the Smolegowa Limestone Forma-
tion corresponded to a single shallower-water episode that
took place after the Czorsztyn Ridge was formed. The cri-
noidal limestones are interpreted as deposits building a tem-
porary carbonate platform-like depositional form (Wierz-
bowski et al., 1999).

The Czorsztyn Succession described in this study is
represented only by white and grey crinoidal limestone, be-
longing to the Smolegowa Limestone Formation. Impor-
tantly, there are no red crinoidal limestones that could be as-
cribed to the Krupianka Limestone Formation (see Fig. 2),
which are common at localites in the central and eastern
parts of the Polish section of the belt. This may point to an
existence of a major stratigraphic gap, embracing at least a
part of the Upper Bajocian (uppermost part of the Garanti-
ana Zone and the lowermost part of the Parkinsoni Zone;
see Wierzbowski ef al., 1999). Only in the “Wapiennik”
Quarry, in the Wapiennik Breccia Member, fragments of
crinoidal limestones of the Smolegowa Limestone and also
the Krupianka Limestone formations do occur, which may
be treated as an evidence of local erosion that took place af-
ter the deposition of crinoidal limestones (Birkenmajer,
1958, 1963, 1977).

AMMONITICO ROSSO
SEDIMENTARY ENVIRONMENT

In contrast to the central and eastern part of the Pieniny
Klippen Belt, where ammonitico rosso-type deposits have
been preserved in a more complete sequence (see Wierz-
bowski et al., 1999), in the Szaflary area these deposits can
be found within the neptunian dykes only (Fig. 10B).

The trends of dykes observed in the “Wapiennik”
Quarry at Szaflary show directional preference in line with
orientation of tectonically induced fractures, being particu-
larly abundant in the vicinity of normal faults. A system of
normal faults, probably dipping eastwards, could form a
submarine scarp, below which the detrital material derived
from the erosion of the hanging wall built of crinoidal lime-
stones was accumulated.

The neptunian dykes may develop in peripheral parts of
elevated blocks during periods of active extensional tecton-
ics (Blendinger, 1986). The tectonic origin of neptunian
dykes is also indicated by the fact of their co-occurrence
with crinoidal limestones in the palacogeographic develop-
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Fig. 10. Suggested geological evolution of the north-western-
most part of the Pieniny Klippen Basin with the southern part of
the Czorsztyn Ridge. SLF — Smolegowa Limestone Formation;
KLF — Krupianka Limestone Formation; Sb — scarp breccias (Wa-
piennik Breccia Member)

ment of marine basins, and precisely in the early stage of
disintegration of carbonate platforms (cf. Jenkyns, 1970,
1971). Some workers stress the correlation between the ap-
pearance of the neptunian dykes and the periods of basin
deepening (Fiichtbauer & Richter, 1983; Lehner, 1991:
Winterer et al., 1991).

In some places, the dykes contain sharp-edged frag-
ments of crinoidal limestones of the Smolegowa Limestone
Formation, detached from the fracture walls and incorpo-
rated into the infilling deposits. This proves that the period
between the void opening and its infilling was relatively
short. Detailed analyses of the surfaces of fractures cutting
the crinoidal limestones in the “Wapiennik” Quarry at
Szaflary revealed no features, which are characteristic for
the surfaces subjected to a long non-deposition period, such
as, for instance: covering by speleothems, cements and fer-
ruginous encrustations (Scholl & Wendt, 1971; Wendt,
1971; Braithwaite & Heath, 1992). The surfaces of the stud-
ied fractures are usually sharp and smooth, and the shapes of
the dykes are relatively simple. The depth of penetration
into the underlying deposits is difficult to estimate and
ranges between few and a dozen or so metres (in the avail-
able part it is up to 3.5 m).

The neptunian dykes are often filled with a characteris-
tic sediment, i.e. red laminated pelite, the so-called “rot Pe-
lit” (Wendt, 1971; Schlager, 1974). According to Wendt
(1965; 1969, 1971), sedimentation of this type takes place in
a calm environment of horizontal dykes (“S-fissures”),
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while the vertical dykes (“Q-fissures”) are filled faster and
in a higher energy environment by the sediments actually
deposited on the sea bottom. Similar deposits, described
here as the micritic microfacies, are observed in four of the
dykes studied at Szaflary: A, B, D and E. These infillings
show either distinct or faint lamination parallel to the walls
limiting the dykes, and usually occur in the central parts of
neptunian dykes (e.g. dykes A and B). The measurements of
dip and strike do not, however, point to horizontal position
of the dykes.

Numerous dykes of such a type have also been de-
scribed from the Slovak part of the Pieniny Klippen Belt
(Misik, 1979; 1993; Misik & Sykora, 1993; Misik et al.,
1994b; Aubrecht, 1997; Aubrecht et al., 1997; Aubrecht &
Tunyi, 2001). In this context, it should be noted that a char-
acteristic feature of the lowermost part of the Czorsztyn
Limestone Formation in Stankowa Skata and in a number of
neighbouring klippes is the lack of nodularity, which is so
characteristic of the ammonitico rosso-type deposits (see
Kutek & Wierzbowski, 1986). Similar deposits were de-
scribed as the Bohunice Limestone Formation from the Slo-
vak part of the Pieniny Klippen Belt (Misik et al., 1994a;
Misik et al., 1996). The lowermost part of this section in
Stankowa Skata (beds la and 2b) is developed as reddish
limestones with bioclasts, mainly shell coquinas, with sub-
ordinate micritic laminae. These deposits are rich in fila-
ments, peloids and skeletal echinoderm elements, mainly
crinoids. Moreover, a part of the deposits in Stankowa Skata
(beds 1b, 2a and 2c¢) is developed as laminated limestones
(Fig. 5A). Their special character is indicated by the follow-
ing features: horizontal lamination, small-scale cross bed-
ding (Fig. 5B), indistinct graded bedding of some portions
of the sediment, erosive boundaries of some layers, and
their alternation with limestones containing a large number
of filaments. Graded bedding and cross bedding of the car-
bonate material and detrital admixtures, mainly quartz,
point to redeposition of the material.

It is, therefore, plausible that these laminated lime-
stones and limestones with filaments are infillings of hori-
zontal neptunian sills. In such a case, the detrital material
and, at least partly, the crinoid fragments may have origi-
nated due to erosion of older limestones of the Smolegowa
Limestone Formation. It is likely that the crinoidal part of
the covered sill was eroded before sedimentation of the
Globuligerina-bearing limestones (see Fig. 3).

Another argument in favour of the hypothesis of sill de-
posits at Stankowa Skata is the presence of Pokornyopsis
ostracods, since they are seldom found in open marine envi-
ronments, being rather associated with horizontal fissures or
submarine caves (Aubrecht & Kozur, 1995).

It is worth mentioning that the recently discovered con-
tact with the overlying limestones can indicate that the rock
in question really forms a sedimentary dyke (Andrzej
Wierzbowski, pers. comm.). Also recently rediscovered red
laminated limestones of the filament microfacies in the ad-
jacent Babiarzowa Klippe, forming the subhorizontal neptu-
nian dykes of Callovian age, can confirm this statement
(Wierzbowski et al., 2005).

Deposits rich in filaments from the studied part of the
Czorsztyn Limestone Formation in the Stankowa Skata sec-
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tion are similar to those observed in the neptunian dykes in
the “Wapiennik” Quarry at Szaflary.

Some features of the Stankowa Skata section differ
from neptunian dykes from “Wapiennik” Quarry at Sza-
flary: larger quantities of detrital quartz in the Stankowa
Skata section, even up to 5% in particular laminae, appear to
indicate a smaller distance of this locality from the source
area compared to the Szaflary outcrop, where the amount of
detrital quartz does not exceed 1%. Other specific deposits
exposed at Szaflary are limestones from neptunian dykes
consisting of the grains with microbial coatings and peloid
microfacies, which can be found in the neptunian dykes C
and E. These limestones are one of the youngest dyke fill-
ings, and can serve as indicators of slow deposition prevail-
ing in the final phases of dyke infilling. Deposits partly
resembling the grains with microbial coatings and peloid
microfacies from neptunian dykes — the filament-crinoid
microfacies, have been found only in Stankowa Skala,
where apart from filaments and peloids, clasts covered by
cyanobacterial coatings occur as well. The deposits resem-
bling the grains with microbial coatings and peloid micro-
facies, namely limestones built of ooids and microoncoids,
have also been described from neptunian dykes from the
Czorsztyn Succession of the western part of the Pieniny
Klippen Belt in Slovakia (Aubrecht et al., 1997). There is,
however, a possibility that the aforementioned ooids can be
interpreted as recrystallised microoncoids with a radial
structure (Aubrecht et al., 1998).

In general, the development of the dyke infillings may
be connected with the onset of deposition of the ammonitico
rosso-type limestones, which took place at the fall of the Ba-
jocian and in the Bathonian. This was genetically connected
with the Meso-Cimmerian tectonic movements leading to a
tectonic break-up and submergence of some parts of the
Czorsztyn Ridge.

Associated with neptunian dykes are breccias forming
at the foot of submarine scarps, the so-called “scarp brec-
cias”, which are similar to that from the “Wapiennik”
Quarry in Szaflary described by Birkenmajer (1952, 1958,
1963, 1977). They have also been observed in the Slovak
segment of the Pieniny Klippen Belt, mainly in its western
part (Misik, 1993; Misik et al., 1994b; Misik et al., 1996;
Aubrecht, 1997; Aubrecht et al., 1997), but locally also
from the eastern part (Misik & Sykora, 1993). This type of
breccias, composed of fragments of crinodal limestones
similar to the basement rocks (Smolegowa Limestone For-
mation) from the western part of the Pieniny Klippen Belt in
Slovakia, has been described as the Krasin Breccia. Its for-
mation was partly coeval with the deposition of the crinoi-
dal limestones, and partly also with the younger limestones
represented by the filament microfacies (Misik et al.,
1994b), and therefore must have taken place close to the Ba-
jocian/Bathonian boundary due to syndepositional tecton-
ics.

The Meso-Cimmerian activity resulted in transversal
topographic differentation of the Czorsztyn Ridge and, in
cosequence, an abrupt turnover in sedimentary develop-
ment, which is expressed by the appearence of ammonitico
rosso-type limestones (e.g. Wierzbowski et al., 1999; see
also Jenkyns & Torrens, 1971; Dewey et al., 1973). Tec-
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tonic activity may be related to the Meso-Cimmerian exten-
sional movements, which dismembered the Czorsztyn
Ridge into a set of submerged blocks (Birkenmajer, 1963,
1977, 1986; see also Wierzbowski, 1994; Golonka et al.,
2003; Golonka & Krobicki, 2004; Krobicki & Wierz-
bowski, 2004). The fault-induced break-up caused not only
great topographical differences in the submarine part of the
Czorsztyn Ridge, but also led to submergence of some parts
of the elevated Czorsztyn Ridge, resulting in interruption of
sedimentation, and ceased the delivery of clastic material to
the ammonitico rosso-type deposits in the Czorsztyn Suc-
cession, which now crop out in the central and eastern parts
of the Polish segment of the Pieniny Klippen Belt (Wierz-
bowski et al., 1999).

CONCLUSIONS

There are major differences in the development of the
oldest ammonitico rosso-type deposits between the north-
westernmost and central/eastern parts of the Pieniny Klip-
pen Belt in Poland. While in the central and eastern parts
limestones of Middle Jurassic age are represented by typical
red nodular limestones with a minor admixture of crinoidal
material and fragments of older rocks, the so-called “extra-
clasts” (cf. Wierzbowski et al., 1999), the deposits attrib-
uted to the Czorsztyn Limestone Formation in the north-
westernmost part are mostly non-nodular shell coquinas,
represented by the filament microfacies rich in various bio-
clasts, numerous peloids, as well as laminated limestones
composed of crinoidal fragments and “extraclasts”, which
show cross stratification and graded bedding represented by
neptunian dykes. A peculiar rock type corresponding to the
lower part of the Czorsztyn Limestone Formation in the
study area is the breccia formed at the base of submarine
scarps. All these facts indicate that the central and eastern
parts of the Pieniny Klippen Belt in Poland and north-
westernmost part represent different sedimentary zones
which existed at that time in the Pieniny Klippen Basin
(Sidorczuk, 2003), with “transitional area” in the present
Szaflary region.
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Streszczenie

SRODKOWOJURAJSKIE OSADY AMMONITICO
ROSSO W POLNOCNO-ZACHODNIEJ CZESCI
PIENINSKIEGO PASA SKALKOWEGO POLSKI
I ICH ZNACZENIE PALEOGEOGRAFICZNE NA

PRZYKLADZIE STANKOWEJ SKALY
I KAMIENIOLOMU “WAPIENNIK”
W SZAFLARACH

Magdalena Sidorczuk

Srodkowojurajskie osady typu ammonitico rosso, bedace
przedmiotem badan, znajduja si¢ w dwoch odstonigciach pdinoc-
no-zachodniej czgsci polskiego odcinka pieninskiego pasa
skatkowego. Wybrane odstonigcia — Stankowa Skata koto Zaskala
i kamieniotom “Wapiennik” w Szaflarach naleza do czorsztynskiej
sukcesji skatkowej (Fig. 1). Profil Stankowej Skaty rozpoczyna si¢
wapieniami krynoidowymi zaliczanymi do formacji wapienia ze
Smolegowej. Powyzej wystepuja wapienie reprezentujace for-
macj¢ wapienia czorsztynskiego (Fig. 2), z ktdrych zostata szcze-
gbtowo opisana najnizsza czesé¢ (warstwy 11 2 — Fig. 3). W ka-
mieniotomie “Wapiennik” wystepuja wapienie krynoidowe zali-
czane do formacji wapienia ze Smolegowej, ktdre sa pocigte
opisanymi w pracy zylami neptunicznymi formacji wapienia
czorsztynskiego (Fig. 7). Bezposrednio nad wapieniami kry-
noidowymi znajdujq si¢ utawicone wapienie formacji wapienia
czorsztynskiego. Ze wschodniej, starej czgsci kamieniotomu po-
chodzi brekcja zbudowana z okruchéw wapieni krynoidowych i
czerwonego matryksu zaliczana do ogniwa brekcji z Wapiennika,
najnizszej czesci formacji wapienia czorsztynskiego, opisywana
przez Birkenmajera (1952; 1958; 1963; 1977) (Fig. 6).

Osady w wymienionych odstoni¢ciach, mimo, ze tradycyjnie
zaliczane do osadow typu ammonitico rosso, znacznie 16znig si¢
pod wzgledem wyksztatcenia od osadow formacji wapienia czor-
sztynskiego z centralnej i wschodniej czgsci pieninskiego pasa
skatkowego. Profil Stankowej Skaty charakteryzuje si¢ wystepo-
waniem ulawiconych, twardych, niezbulonych wapieni, ktore
czg¢sto wykazuja laminacj¢ (warstwa 1b, 2a i 2c; Fig. 5). Wapienie
laminowane reprezentuja nastgpujace mikrofacje: szkartupniowo-
muszlowq, peloidowq, peloidowo-szkartupniowq, filamentowo-
krynoidowa, mikrytowq oraz "z krynoidami” (Fig. 4). Wapienie
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pozostalej czgs$ci badanego odcinka formacji wapienia czorsz-
tynskiego (warstwa la i 2b) reprezentuja dwa rodzaje mikrofacji:
filamentowq 1 filamentowo-peloidowq ze szkartupniami (Fig. 4).
W kamieniotomie “Wapiennik” w obrgbie wapieni krynoidowych
wystepuja skosne zyly neptuniczne, gtdwnie z wapieniami mikry-
towymi i wapieniami ziarnistymi (Fig. 8). Osady tworzace zyly
neptuniczne reprezentujg nastgpujace mikrofacje: szkarfupniowo-
filamentowq, szkartupniowo-muszlowq, peloidowaq, peloidowo-
filamentowq, filamentowq, mikrytowq oraz mikrofacje¢ ziarn z po-
wlokami mikrobialnymi i peloidami (Fig. 9).

Wapienie dolnej czgsci formacji wapienia czorsztynskiego z
odstonigcia Stankowa Skata 1 wypelnienia zyt neptunicznych z ka-
mieniotomu “Wapiennik” k/Szaflar mozna zaliczy¢ do przedziatu
najwyzszy(?) bajos — kelowe;.

Istnieja znaczne réznice w wyksztatceniu najstarszych osa-
déw typu ammonitico rosso wystepujacych we wschodniej i srod-
kowej czgsci pieninskiego pasa skatkowego w Polsce oraz tych
obserwowanych w opisanych odstoni¢ciach z czgsci poinoco-
zachodniej. W profilach wschodniej i srodkowej czgsci pienin-
skiego pasa skalkowego, ponizej wapieni ammonitico rosso,
wystepuja czerwone wapienie krynoidowe zaliczane do formacji
wapienia z Krupianki, ktérych nie stwierdzono w badanej pot-
noco-zachodniej czgsci, co moze wskazywac na istnienie znacznej
luki stratygraficznej w tym rejonie (Fig. 10A; patrz takze Fig. 2).
Natomiast w srodkowej 1 wschodniej czgsci pieninskiego pasa
skatkowego wystepuja wapienie bulaste, charakteryzujace si¢
obecnos$cia mikrofacji filamentowej 1 mikrofacji filamentowej ze
Slimakami juwenilnymi z niewielkim udziatem innych bioklastow
oraz okruchéw skal starszych — “ekstraklastow”. W czesci pot-
nocno-zachodniej wapienie ammonitico rosso nie sg zbulone,
czgsto wykazuja laminacj¢ nawet z warstwowaniem sko$nym i
uziarnieniem frakcjonalnym, a mikrofacje reprezentujg znacznie
szersze spectrum: od mikrofacji filamentowych poprzez szkartup-
niowe 1 szkartupniowo-muszlowe az do peloidowych i mikryto-
wych, sa takze bogatsze w “ekstraklasty”. Zespét wymienionych
cech wskazuje na redepozycje materiatu, a sedymentacja tego
osadu mogta zachodzi¢ w potogich spgkaniach dna tworzac po-
ziome zyly neptuniczne (sille), ktére na skutek pdzniejszej erozji
zostaty pozbawione osadu przykrywajacego.

Ponadto z rejonu Szaflar opisano liczne zyly neptuniczne
i brekcje wapienne (Birkenmajer, 1952, 1958, 1963, 1977) inter-
pretowane jako brekcje przyskarpowe, zwiazane z synsedymenta-
cyjnymi procesami tektonicznymi zachodzacymi na obszarze
grzbietu czorsztynskiego, ktore miaty miejsce na przetomie bajosu
i batonu w czasie mezokimeryjskich ruchdéw ekstensyjnych (Fig.
10B).

Powyzsze obserwacje wskazuja, ze wschodnia i srodkowa
cze$¢ pieninskiego pasa skatkowego Polski oraz jego pdtnocno-
zachodni obszar reprezentuja odmienne strefy sedymentacji w
basenie skatkowym, ze strefa “graniczng” w rejonie dzisiejszych
Szaflar.



