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ABSTRACT:

Lodowski, D.G., Kowal-Kasprzyk, J., Waskowska, A., Granier, B. and Grabowski, J. 2026. The uppermost
Jurassic—Lower Cretaceous (Tithonian—Aptian) of the Raptawicka Gate section (High-Tatric succession,
Poland): integrated stratigraphy and microfacies. Acta Geologica Polonica, 76 (2), ¢84.

This study presents the results of research conducted on material coming from the Raptawicka Gate section of the
High-Tatric autochthonous succession (Koscieliska Valley, West Tatra Mts, Central West Carpathians, Poland).
It utilizes biostratigraphic (calpionellids, calcareous dinocysts, foraminifers), quantitative microfacies, and geo-
chemical (stable carbon and oxygen isotopes, main and trace elements concentrations) techniques. The section
documents the transition between the Raptawicka Turnia Limestone (RTL) Fm and the Wysoka Turnia Limestone
(WTL) Fm, with an erosional gap in between them. The RTL Fm part contains the Malmica—Remanei microfossil
zones, and therefore belongs to the middle lower—upper Tithonian; the WTL Fm part contains a foraminiferal
assemblage which characterizes the Barremian/Aptian transition and the lower Aptian, whereas the §'3C record
largely conforms with the characteristics of Oceanic Anoxic Event la (OAE 1a). Correlation with the Giewont
composite section (High-Tatric allochthonous unit) enables the presentation of a coherent record of Tithonian
sedimentation in both areas. It also allows the inference that the topmost beds of the RTL Fm in the Raptawicka
Gate section are younger than those in the Giewont composite section. Furthermore, the stratigraphic gap between
the topmost Jurassic and the Lower Cretaceous sediments in the High-Tatric autochthonous cover (Raptawicka
Gate) is significantly larger (topmost Tithonian—basal Aptian) than that within the Giewont Nappe (cf. topmost
Tithonian—Berriasian). Ultimately, microfacies analysis allows the recognition of biotic events/processes docu-
mented in other western Tethys sections; these are thought to reflect major-scale environmental perturbations.

Key words: Central Western Carpathians; Tatra Mountains; Kos$cieliska Valley; Carbonates;
Calpionellids; Foraminifers; Carbon isotopes.

INTRODUCTION Tatric succession in the Tatra Mts is quite well recog-
nized due to the application of micro- and nannofossil

The stratigraphy of the uppermost Jurassic—Lower stratigraphy, magnetostratigraphy and chemostratig-
Cretaceous (Tithonian—Hauterivian) of the Lower Sub- raphy (Pszczotkowski 1996, 2003; Grabowski and
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Pszczotkowski 2006; Grabowski et al. 2025). On the
contrary, the stratigraphy of the Jurassic—Cretaceous
(J/K) transition interval in the High-Tatric succession
is not as clear, as it consists of relatively shallow-water
carbonates, poor in diagnostic microfossils and clastic
admixture (Lefeld 1968). However, the development
and improvement of research techniques has ulti-
mately enabled relatively precise dating and further
palacoenvironmental interpretation of the J/K tran-
sition in the Giewont succession (Pszczotkowski et
al. 2016; Pszczotkowski 2018; Lodowski ef al. 2022a;
Lodowski and Grabowski 2023).

This study aims to investigate the stratigraphy,
microfacies, and stable carbon and oxygen isotopes
of the Upper Jurassic—Lower Cretaceous carbonates
of the Raptawicka Gate section (KoScieliska Valley,
West Tatra Mts, Poland), in the autochthonous part
of the High-Tatric succession. The data collected
are compared with those obtained from the Giewont
composite section, and they are subsequently cor-
related with the general uppermost Jurassic—Lower
Cretaceous stratigraphic framework, as documented
in the basinal sections (i.e. Grabowski et al. 2019;
Lodowski et al. 2025).

GEOLOGICAL SETTING

The Tatra Mountains are located in the northern-
most part of the Central Western Carpathians, a part
of the vast Alpine-Carpathian-Dinaric orogen (Text-
fig. 1). The Tatras are composed of a crystalline core
and uppermost Paleozoic—Mesozoic and Palaecogene
sedimentary covers. The crystalline basement con-
sists of the granitoids of the High Tatra Mts, as well as
the granitoid and metamorphic rocks of the Western
Tatra Mts, whereas the sedimentary cover consists of:
1) High-Tatric autochthonous and parautochthonous
cover and High-Tatric nappes; as well as 2) Sub-Tatric
nappes (for details see e.g. Jurewicz 2005 and references
therein). In the latest Jurassic/earliest Cretaceous plan,
the High-Tatric sedimentary zone was located on the
so-called South Tatric Ridge. The South Tatric Ridge,
along with the North Tatric Ridge, and the Siprui Basin
in between, accounted for the so-called Tatricum (mi-
crojterrain (Text-fig. 1F), which faced the Vahic Ocean
(part of the Penninic-Ligurian-Vah oceanic system) to
the north and the Zliechov Basin (sedimentary zone of
the Sub-Tatric nappes) to the south (i.c. Hausler et al.
1993; Plasienka 2018 and references therein).

The area of this study — the Raptawicka Gate
section — is located within the High-Tatric autoch-
thonous zone (see Kotanski 1971; Piotrowski 1978;

Szczegdétowa Mapa Geologiczna Tatr 2022). The
Raptawicka Turnia Limestone Formation (RTL
Fm), which predominantly accounts for the Upper
Jurassic of the High-Tatric sedimentary zone, can be
subdivided into three informal members: 1) pinkish
pelitic limestones with ammonites (lower member,
Callovian—Oxfordian); 2) light gray Saccocoma-
cyanoid limestones (middle member, Oxfordian—
lower Tithonian); and 3) nearly black cyanoid lime-
stones (upper member, Tithonian) (Lodowski et al.
2022a; see also Lefeld 1968; Lefeld et al. 1985).
Recently, Lodowski et al. (2022a) documented that,
within the High-Tatric Giewont Nappe, the RTL Fm
is erosively cut by a latest Tithonian—Berriasian dis-
conformity. There, the RTL Fm is followed by upper
Berriasian—lower Valanginian lithoclastic limestones
and — after another lacuna — upper Valanginian
(?and Hauterivian) encrinites, both assigned to the
Wysoka Turnia Limestone Formation (WTL Fm;
Lefeld 1968; Lodowski et al. 2022a). Somewhat
enigmatic remains the issue of the dating of the
Lower Cretaceous encrinites of the Wysoka Turnia
Limestone Fm. In addition, the presence of the strati-
graphic gap between the Jurassic and Cretaceous has
been documented so far only in the Giewont suc-
cession, whereas stratigraphic continuity between
the Tithonian and Berriasian was previously postu-
lated in the entire High-Tatric domain (Lefeld 1968;
Madzin et al., 2014; Borowska 2015).

Section description

The Raptawicka Gate section provides an in-
sight into the record of the uppermost Jurassic—low-
ermost Cretaceous of the High-Tatric autochthonous
sedimentary cover. It is located in the middle part of
the Koscieliska Valley, ca. 4 km south of its mouth.
The base of the succession is located at 49°14°23” N,
19°51’°50” E. It consists of the generally northerly dip-
ping (approximated dip direction is 20/50 N, see also
Grabowski 1997) dark gray cyanoid limestones of the
RTL Fm and the overlying light gray calcarenites of
the Giewont Member of the WTL Fm. These outcrop
on the western side of the Koscieliski Stream, in be-
tween the entrance to the Krakéw Gorge and the exit
way from Mylna Cave (Text-fig. 1). The section was
described in detail by Lefeld (1968), who accounted for
both stratigraphic continuity across the J/K transition
and the Valanginian age of the uppermost part of the
RTL Fm. An updated description of the section and
a provisional stratigraphic re-interpretation has been
provided recently by Grabowski et al. (2022). The
total thickness of the investigated interval is around
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Text-fig. 1. Geological setting of the study area. A) Location of the Tatra Mountains in Europe; Abbreviations: AU — Austria; SK — Slovakia. B)
Geological map of the Tatra Mts (modified after Nemcok ez al. 1994 and Jurewicz 2005). C) Geological map of the Koscieliska Valley (modi-
fied after Grabowski et al. 2022). D) localization of the studied section in the vicinity of the Raptawicka Gate; numbers next to red lines indi-
cate lower, middle and upper segments of the section, respectively. E) Simplified paleogeographic map of the Alpine Atlantic area during the
Berriasian (modified after Lodowski ez al. 2025). Abbreviations: AA — Austro Alpine; CWC — Central Western Carpathians; NCB — Neotethyan
Collision Belt; CzR — Czorsztyn Ridge (Pieniny Klippen Belt); Helv. — Helvetic units; Moe — Moesian Platform; Rho — Rhodopes; SB —
Slovenian Basin; SR — Silesian Ridge; T — Tisia; TR — Transdanubian Range; Voc — Vocontian Basin. F) Conceptual paleogeographic recon-
struction of the Tatricum and adjacent area during the latest Jurassic; as in Lodowski and Grabowski (2023).

94 meters (Text-fig. 2); however, due to two observa-
tional gaps and poorly constrained bedding (Piotrowski
1978), the actual thickness should be treated as ap-
proximate. The section starts with massive dark grey
limestones, which continue up to the 69.5 m horizon.

Within this interval, a ca. 10 m thick observational
gap occurs between meters 32 and 42. The dark grey
limestones are followed by light gray, in places brown-
ish calcarenites (69.5—73 m). Above meter 73 there is
another ca. 10 m thick observational gap, above which
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Text-fig. 2. Stratigraphy of the Raptawicka Gate section and microfossil range charts: calcareous dinocysts and calpionellid within the Tithonian
and planktic foraminifers within the lower Cretaceous. Dashed lines indicate uncertain boundaries. Empty circles indicate taxa determinated
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massive light gray calcarenites continue up to the top
of the section (83—94 m) (see also Appendix 1).

METHODS

This study involves data obtained during two field
campaigns which were carried out in 2014 and 2023.
The resultant biostratigraphic framework utilizes
data collected during both campaigns, whereas the
quantitative microfacies analysis and geochemical
analyses rely solely on the second campaign material.
Investigations were fully integrated, that is the same
samples were used for different kinds of analysis. All
the numerical data are provided in tabular form (as
xlIsx file) in an Appendix 2.

Microfossil biostratigraphy and microfacies
analysis

This study investigates a total number of 32 thin
sections for the purposes of calpionellid and calcar-
eous dinocyst stratigraphy, as well as microfacies
analysis. The calpionellid zonation of Lakova and
Petrova (2013), and calcareous dinocyst zonation af-
ter Rehdkova (2000) were applied. The age of the up-
per part of the section was established using planktic
foraminifera (inspected in thin section images) and
the zonation of Petrizzo et al. (2024) and references
therein; additional information was taken from ben-
thic foraminifers observed in thin sections.

Microfacies analyses were performed based on
thin section scan images taken with a Keyence VHX-
7000 series microscope (Polish Geological Institute—
National Research Institute, PGI-NRI); each picture
was taken with the same magnification. Microfacies
analysis was performed on a representative area of
the thin section using JMicroVision software. In each
sample coming from the RTL Fm one thousand points
were counted and assigned to one of the following
groups: micrite matrix, spar/microspar, lithoclasts,
cyanoids, cortoids, peloids, oncoids, dinoflagellata
cysts, calpionellids, saccocomids, other crinoids, ra-
diolarians, Globochaete alpina algae, planktic fora-
minifers, benthic foraminifers, bivalves, ammonites,
other detritus; in case of the WTL Fm (encrinite)
samples only 500 points were examined.

Additionally, all thin sections which contained
cyanoids were subjected to cynoid morphometry
measurements (see Lodowski and Grabowski 2023).
The largest and smallest axis of each cyanoid was
measured (x-axis: largest; y-axis: smallest); a total
number of 1533 grains was evaluated. These mea-

surements were later used for calculations of mean
cyanoid size (= mean value of the x-axis) and elliptic-
ity (= x-axis / y-axis).

Magnetic susceptibility and geochemical analyses

A set of 62 samples was subjected to magnetic
susceptibility (MS) investigations. Mass-normalized
MS measurements were processed using Agico
MFKI1-FB kappabridge and Safyr 7 software
(Paleomagnetic Laboratory of the PGI-NRI).

The same samples were also subjected to mea-
surements of elemental concentrations, obtained
through X-ray fluorescence (XRF) spectroscopy
using the Olympus Vanta spectrometer (PGI-NRI).
However, very low concentrations (often near or be-
low the detection limit) of elements such as Al, K,
Ti, and Th (typically considered as detrital, see e.g.,
Calvert and Petersen 2007) translate into their poor
statistical correlation. On this basis, this study con-
siders only Ca content, which acts as a function of
carbonate productivity.

Ultimately, stable carbon and oxygen isotope
analyses were conducted on 23 carbonate pow-
der samples which were reacted with 100% phos-
phoric acid at 70°C using a Gasbench II connected
to a ThermoFischer Delta V Plus mass spectrometer
at the GeoZentrum Nordbayern (Germany). Oxygen
and carbon isotope values are reported in per mil rel-
ative to the VPDB scale by calibration to the accepted
values of NBS 19 (33C = +1.95%o; 880 = -2.20%o)
and LSVEC (83C = -46.6%o; 5'80 = -26.7%o) refer-
ences. The reproducibility of the measurements was
monitored over the course of analyses by replicated
analyses of laboratory standards Erl-5 (n = 12), and
Sol-2 (n = 12), as well as the international standard
IAEA 603 (n = 6). Reproducibility for §'*C and §'30
values was 0.06 and 0.04%o (£lo) for Erl-5, 0.04%,
and 0.04%o (+lo) for Sol-2, as well as 0.02%o0 and
0.06%o (+10) for ITAEA 603, respectively.

RESULTS
Biostratigraphy of the Raptawicka Gate section
Calcareous dinocysts and calpionellids

The thin sections coming from the Raptawicka
Gate are in general poor in diagnostic microfossils
(Text-fig. 2; Plate 1). In the lowest samples (BK1 and
BK?2) the calcareous dinocyst Parastomisphaera mal-
mica (Borza) is relatively common, suggesting the
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Malmica Zone (middle part of the lower Tithonian).
Samples BK4, BK6, BK11, BK13, BK15 are barren in
biostratigraphically important forms, yet the occur-
rence of Saccocoma sp. and such calcareous dinocysts
as Colomisphaera carpathica (Borza), Colomisphaera
cieszynica Nowak (sample BK8), Committosphaera cf.
pulla (Borza) confirm the Tithonian age. In the sam-
ple BKS8 rare specimens of Colomisphaera cf. tenuis
(Nagy) may suggest the Tenuis Zone and the lower/
upper Tithonian transition. The first rare and poorly
preserved calpionellids appear in sample BK17, in
BK168 the first Crassicollaria sp. can be recognized,
and in sample BK 170 — Tintinnopsella remanei Borza.
Calpionellid assemblages are relatively well devel-
oped in samples BK176-BK195. Crassicollaria inter-
media (Durand Delga) dominates, however in upper
samples the amount of Crassicollaria brevis Remane
and Crassicollaria parvula Remane increases.
Crassicollaria colomi Doben and Crassicollaria mas-
sutiniana (Colom) remain rare. Gradually Calpionella
alpina appears more often, but it is represented only
by small and medium-sized forms.

Foraminiferal assemblage

Benthic foraminifers occur sporadically and in
most cases they cannot be determined to the species
level. In samples BK196-BK212 there were docu-
mented forms from the genera Dorothia, Gaudryina,
Conorboides, Valvulineria, Haplophragmoides,
Bovilinopsis, Glomospira, Belorussiella, Lenticulina
as well as single miliolids. Characteristic is the oc-
currence of undeterminable orbitolinids in samples
BK196 and BK201. Only four specimens of Nezzazata
isabellae (BK208 and BK210, three with conformis
assignment), one Protopeneropolis banatica (BK210)
and one Sabaudia ex gr. minuta (BK210) might have
been assigned at the species level (Text-fig. 2; Plate 2).

Planktic foraminifera are generally rare and usu-
ally occur as isolated and dispersed specimens. They
are more frequent within the lower part of the studied
interval of the WTL Fm (BK196-BK212), and be-
come even more sporadic upwards. The state of pres-
ervation is moderate to poor; the foraminiferal tests
are often deformed or affected by recrystallization,
which limits detailed taxonomic identification. A hed-
bergellid—globigerinelloides assemblage composed
of cosmopolitan forms is typical for the Barremian—
Aptian (Text-fig. 2; Plate 3). Accordingly, sample
BK196 contains Hedbergella hispaniae Longoria,
H. occulta Longoria, H. semielongata Longoria, and
H. cf. ruka (Banner, Copestake et White). In sample
BK197 were found Favusella hoterivica (Subbotina),

Globigerinelloides aptiensis Longoria, G. blowi
(Bolli), and G. paragottisi Verga et Premoli Silva.
F. hoterivica (Subbotina), Globigerinelloides aptiensis
Longoria, Globigerinelloides cf. barri (Bolli, Loeblich
et Tappan), Globigerinelloides paragottisi Verga et
Premoli Silva, Hedbergella infracretacea (Glaessner),
Hedbergella luterbacheri Longoria and Hedbergella
praetrocoidea Kretchmar et Horbachik characterize
sample BK199. Above, in sample BK205 were found
F. hoterivica (Subbotina) and Globigerinelloides cf.
duboisi (Chevalier), while in BK208 occurs G. cf.
duboisi. Sample BK210 accounts for F. cf. hoteriv-
ica (Subbotina), H. infracretacea (Glaessner) and
Hedbergella sigali Moullade. Ultimately, in sample
BK212 there occur H. infracretacea (Glaessner),
H. hispaniae (Longoria) and Hedbergella tardita
(Antonova) (see Text-fig. 2).

Microfacies succession

The Raptawicka Gate section starts with bioclastic
wackestone with lithoclasts (BK1; 0 m), characterized
by a relatively low amount of coated grains (cyanoids,
cortoids; <2%) (Text-fig. 3). Lithoclasts are small (usu-
ally below 1 mm in diameter), rounded and often have
a darker, cortoid-type coating. In terms of microfacies
and fossil assemblage they resemble the host rock; most
likely they document early post-depositional subaquae-
ous erosion (soon after lithification) and intra-basinal
reworking, i.e. due to waving processes. The percent-
age of coated grains (most of all cyanoids) gradually in-
creases up to 40% in sample BK168 (42 m), accounting
for a succession of cyanoid packstones with lithoclasts
(BK2-BK6; 4-12 m), bioturbated cyanoid wacke-
stones/packstones (BK8-BK11; 16—20 m) and cyanoid
packstones (BK13-BK168, 24—42 m). Above, the rel-
ative share of cyanoids in thin sections starts to de-
crease, down to ~4.5% in sample BK187 (61 m), which
corresponds with the cyanoid-lithoclastic packstones
(BK170-BK179; 44-53 m) and cyanoid-lithoclastic
packstones/wackestones (BK181-BK187; 55—-61 m).
Although cyanoids are abundant again above (ca. 24%
in sample BK189, 63 m; ca. 30% in sample BK195,
69 m), sample BK191 (65 m) comprises wackestone
barren in cyanoids, while in sample BK193 (67 m) they
constitute only ~9% (Text-figs 3 and 4). The entire
interval described above is included in the Raptawicka
Turnia Limestone Formation (see Lefeld et al. 1985).
In this context, the unusual (relative to other RTL sam-
ples) characteristics of sample BK191 (Text-fig. 4.5)
most likely document calmer sedimentation within
a seafloor cavity, into which cyanoids could not have
been transported or formed there.
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Text-fig. 3. Relative share of selected groups of bioclasts in the Raptawicka Gate section. Abbreviations: M — Malmica Zone; T — Tenuis Zone.
Solid red line indicates erosive contact between the RTL and WTL formations. Gray belts indicate observational gaps.

A sudden microfacial change can be observed
between samples BK195 (69 m) and BK196 (70 m).
Sample BK196 (70 m) represents a packstone with
crinoids, orbitolinids and planktic foraminifers (Text-
fig. 4.7). Noteworthy, it also contains intraclasts,
which in terms of microfacial characteristics are
to a large extent a reminder of the RTL Fm (Appendix
3), therefore they are thought to document erosion of
the RTL Fm. The following beds (samples BK197—
BK199; 71-73 m) are clearly dominated by encrinites
(ca. 20-25%) and peloids (~16—19%), as well as ac-
cessory foraminifers. The topmost part of the section,
above the observational gap (samples BK201-BK212
(83-94 m) is also dominated by crinoidal elements
(16-36%) with admixture of peloids (~0—6%) and
other bioclasts (~0-5%); in sample BK201 also orbi-
tolinids were documented (Text-figs 3 and 4).

Such a quantitative approach to microfacies analy-
sis allows the observation of variations in the share of
different classes of bioclasts, not only the relative dom-
inance of main rock constitutents (cyanoids and cri-
noids). Characteristic is the sudden increase in relative
numbers of calpionellids; their loricas are absent be-
tween 0 and 28 m of the section (samples BK1-BK15),

and very rare between 32-50 m (BK17-BK176). In the
topmost part of the RTL Fm (BK179-BK195; 53—69
m), their number increases to an average of ~1% and
a maximum of 1.9% (BK193, 67 m) (Text-fig. 3).

The other characteristic phenomenon is the gen-
erally decreasing amount of Saccocoma elements,
which commonly constitute the nuclei of cyanoids.
At the base of the section (BK1, 0 m) saccocomids
account for ~3.5% of rock volume; they become
less common (<1%) already in samples BK6—BKS8
(12—-16 m), yet their numbers increase above, reach-
ing > 2% in sample BK168 (42 m). The following
beds (BK170-BK195, 44—69 m) account for another
successive decline of Saccocoma (Text-fig. 3); this
may reflect the process of their disappearance, which
is usually observed around magnetozone M19r (cf.
basal Massutiniana or Intermedia calpionellid sub-
zones; see Lodowski et al. 2022b, 2025).

Ultimately, radiolarians are relatively common
(0.5-1.6%) within the 53—69 m interval (BK179—
BK195), while not being that rare in the lower part of
the section (~0.2—-0.4%, above 1.2% in samples BK1
and BKS) (Text-fig. 3).
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Text-fig. 4. Microfacies of the Raptawicka Gate section. 1 — lithoclastic wackestone (sample BK1; 0 m); 2 — bioturbated cyanoid wackestone/

packstone (BK8; 14 m); 3 — cyanoid pakstone (BK168; 42 m); 4 — bioclastic-lithoclastic packstone with cyanoids (BK189; 63 m); 5 — wacke-

stone with calpionellids and other bioclasts (BK191; 65 m); 6 — cyanoid-lithoclastic packstone (BK195; 69 m); 7 — crinoidal-lithoclastic

wackestone with orbitolinid (BK196; 70 m); 8 — crinoidal packstone with peloids (BK197; 71 m). Abbreviations: A — ammonite aptychus;

B — bivalve; BF — benthic foraminifera; C — cyanoid; Ca — calpionellid; Cr — crinoid; G — gastropod; GA — Globochaete alpina; L — lithoclast;
O — ostracod; Orb — orbitolinid; P — peloid; R — radiolarian; S — Saccocoma.

Morphometry of cyanoids

In case of the Raptawicka Gate section, the major-
ity of cyanoids is smaller than 0.5 mm (Text-fig. 5).
Furthermore, morphometric measurements do not in-
dicate any clear general trend in their size, although
one may notice a vague, irregular increase. The
“mean X" value (size index) increases from ca 0.20 mm
up to 0.45 mm between the base of the section and
24 m (BK1-BK13); above, it decreases towards sam-
ple BK17 (32 m; 0.17 mm) and increases again right
above the observational gap, reaching a maximum
value of 0.49 mm in sample BK168 (42 m). The upper
part of the RTL Fm accounts for another decrease
(0.20 mm at BK175, 50 m) and a subsequent increase
towards the top of the formation, except for the lack of
cyanoids in bed BK191 (65 m).

Considering the ellipticity index (“meany x/y”
value), one can observe that in general cyanoids
become more round towards the upper parts of the
RTL Fm (Text-fig. 5). Nonetheless, after the initial
decrease (from >1.6 to <1.4 in 0—24 m interval), the
ellipticity index increases in beds BK17 and BK168
(32 m and 42 m, respectively) to >1.6. Although it
decreases to 1.3—1.4 already in the BK170-BK179
interval (44-53 m), above, the ratio becomes more
bed by bed variable, ranging between 1.13 (BK187,
61 m) and 1.64 (BK185, 59 m), including the lack of
cyanoids in bed BK191 (65 m).

Magnetic susceptibility

The magnetic susceptibility remains very low
(near-zero, including negative values) and stable
through the lower half of the Raptawicka Gate sec-
tion (0—44 m) (Text-fig. 6). Above, MS increases sig-
nificantly reaching its maximum (2.50 x 10-® m? kg)
in sample BK 174 (48 m). The following, topmost
beds of the RTL Fm (48—69 m) manifest a consec-
utively decreasing trend. The transition between
the RTL and WTL formations does not account for
any clear contrast in the MS signal (compare sample
BK195 with BK196-BK199, 69-73 m). Ultimately,
the interval above the observational gap (83—95 m)

starts with slightly negative MS, which increases
towards the top of the section, including the extraor-
dinary high record at the top (BK213, 95 m, 7.4 x
10 m3/kg; Text-fig. 6).

Geochemistry
Elemental geochemistry

Among the XRF-measured elemental concen-
trations, the general characteristic is increasing Ca
content in the lower part of the section (from ca.
40% to 45% in samples BK1-BK16, 0-30 m) and
the lack of a clear trend above, though single values
vary between 36—49% (Text-fig. 6). However, these
measurements must be taken as an approximation of
trend, since the XRF method typically overestimates
Ca content (i.e. Fedeli ef al. 2024). The potassium
content remains relatively stable through the entire
section (ca. 0.1%), however slightly elevated values
may be observed at the base (0—10 m) and the top of
the section (95 m). No clear trend can be observed
within the Ti dataset, yet a local minimum can be no-
ticed within the 49—56 m interval; the lack of statis-
tical correlation between K and Ti (r = 0.05) hampers
the reliability of any further investigations based on
those elements. The aluminum and Th contents were
usually below detection limit.

Stable carbon and oxygen isotopes

The Raptawicka Gate section starts with rela-
tively stable, only slightly decreasing 8'3C values,
from ca. 2% VPDB at its base to ca. 1.6%0 VPDB
at 44 m (sample BK170). From this level upwards,
the section documents consecutively increasing §'3C
values, which continue through the upper part of the
RTL Fm (44-69 m) and the investigated part of the
WTL Fm (69-95 m), reaching up to 3.6%. VPDB in
the sample BK211 (93 m). Only the topmost sam-
ple accounts for a lowered carbon isotope signature
(2.7%0 VPDB, BK213, 95 m) (Text-fig. 6).

In case of stable oxygen isotopes, their values
are relatively variable and negative. The base of
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the section (0—8 m) documents a decrease from ca.
-3%o to -3%0 VPDB; 8'%0 gradually returns to ca.
-3%o0 VPDB within 8-32 m interval. Above the ob-
servation gap, oxygen isotopic signatures are again
significantly lighter (ca. -4.5%0 VPDB at 42 m), yet
already within the 47-69 m interval they reach near
-2%0 VPDB. The WTL Fm interval (70-95 m) pro-
vides rather light 8'%0 (ca. -3%0 VPDB); however,
isotopic signatures in the topmost beds are strongly
variable, ranging from -1.3%o (93 m) to -5.7%0 VPDB
(95 m) (Text-fig. 6).

Noteworthy, the fact that there is no systematic
correlation between 33C and §'%0 (Appendix 4) al-
lows us to exclude diagenesis from factors affecting
the carbon isotopic record, at least to a considerable
degree (see i.e. Colombie et al. 2011). The oxygen iso-
topes were most likely affected by burial diagenesis
as suggested by their highly negative values, much
lower than those typical for other Western Tethys
sections (compare e.g. with Text-fig. 26.1 in Hesselbo
et al. 2020; see also Moore 2001).

INTERPRETATION AND DISCUSSION
Stratigraphic framework of the Raptawicka Gate

Calcareous dinocyst occurrences allow the estab-
lishment of the base of the Raptawicka Gate section
(sample BK1) as belonging to the mid lower Tithonian
Malmica Zone, and the BK8 sample (14 m) as proba-
bly the lower/upper Tithonian Tenuis Zone (Rehakova
2000; Petrova et al. 2025). Due to limited micropa-
leontological data, the continuity of the Tithonian
part of the section cannot be reliably established. The
Chitinoidella Zone, representing the lowermost calpi-
onellid zone, has not been identified. As calpionellids
in the first calpionellid-bearing layers are very rare
and unidentifiable, and the first determinable speci-
mens belong to the genus Crassicollaria rather than
Tintinnopsella, it remains unclear also whether the
lowermost part of the Remanei Subzone is present.
Accordingly, BK17-BK195 beds (32—-69 m) can be
assigned to the upper Tithonian Crassicollaria Zone
— most likely the Tintinnopsella remanei Subzone
and the lowest part of the following Massutiniana
Subzone (equivalent to the Intermedia Subzone sensu
Olveczka and Rehakova 2022). In this context, char-
acteristic are relatively numerous calpionellids within
the 53—69 m interval (Text-fig. 3), which can reflect
the general increase in their number within the top-
most Remanei—Massutiniana subzones (see Lodowski
et al. 2025; Petrova et al. 2025). Nonetheless, as large

forms of Calpionella alpina (cf. C. grandalpina) were
not observed, the occurrence of the Massutiniana
Subzone is not supported biostratigraphically (see
Lakova and Petrova 2013).

The occurrence of orbitolinids in sample BK196
and BK201 clearly indicates the early/late Barremian—
Aptian age of the upper part of the section (see
Simmons and Williams, 1992; Granier et al. 2021),
corresponding to the so-called High-Tatric “Urgonian”
(“reefal” limestones = corals, rudist and orbitolinid
bearing carbonates; see Lefeld 1968; Lefeld ez al. 1985;
Michalik and Sotak 1990; Michalik, 1994; Masse and
Uchman 1997). Furthermore, samples BK197, BK199
and BK205 contain planktic foraminifers Favusella
hoterivica (Subbotina), which have their last occur-
rence within the lower Aptian (Premoli Silva and
Verga 2004; BouDagher-Fadel 2015) (Leupoldina
cabri Zone sensu Coccioni et al. 2007; Pszczdtkowski
2015) (Text-fig. 2). In turn, sample BK196 is estimated
as not older than late Hauterivian based on the pres-
ence of Hedbergella semielongata Longoria, whereas
sample BK197 is not older than late Barremian due
to the occurrence of Globigerinelloides blowi (Bolli)
(Coccioni et al. 2007, Petrizzo et al. 2024). Further
stratigraphic information for sample BK196 may pro-
vide also the presence of Hedbergella cf. hispaniae
Longoria, the first occurrences of which have been
documented from the lower Aptian (Leupoldina
cabri Zone; Premoli Silva and Verga 2004; Coccioni
et al. 2007); nonetheless, this age remains tentative
as it relies on conformis identification. The topmost
part of the section (BK210—BK212) is estimated as
early-middle Aptian in age based on the occurrence
of typically Aptian taxa, such as Hedbergella his-
paniae Longoria (see above) and Hedbergella sigali
Moullade, which (the latter) occurs last in the middle
Aptian (Lipson ef al. 2004; Premoli Silva and Verga
2004; Huber and Leckie 2011; BouDagher-Fadel 2015).
However, the co-occurrence of Favusella cf. hoterivica
(Subbotina) may suggest a more specific, early Aptian
(Leupoldina cabri Zone) age also for the top of the sec-
tion. Consequently, the entire WTL Fm interval of the
Raptawicka Gate section can be most likely assigned
to the lower Aptian, within the Leupoldina cabri Zone,
or — more broadly — the Globigerinelloides blowi—
Leupoldina cabri zonal transition.

Correlation with other High-Tatric sections
The Giewont section

Correlation between the Raptawicka Gate section
(High-Tatric autochthonous unit) and the Giewont



12 DAMIAN GERARD LODOWSKI ET AL.

composite section (High-Tatric Giewont Nappe;
Lodowski et al. 2022a; Lodowski and Grabowski
2023) is not straightforward, primarily due to the
rather poor biostratigraphic framework of both suc-
cessions, and the significantly different thicknesses
of the upper Tithonian intervals. Accordingly, the
upper Tithonian in the Giewont succession is ca. 10
m thick, whereas in the Raptawicka Gate it extends
to least 40 m. This implies either a different strati-
graphic range of both successions and/or signifi-
cantly different sedimentation rates.

Considering the MS signal (Text-fig. 7A), char-
acteristic for the Giewont section is a generally in-
creasing trend through the upper Kimmeridgian—
lower Tithonian, which is interrupted by a local peak
(>5x10® m¥kg) within the lowermost Tithonian
beds, as well as near-zero values (~0—1x 10® m3/kg)
within the upper Tithonian, except the topmost part
of the RTL Fm, where it slightly increases. In turn,
the entire lower part of the Raptawicka Gate section
(0—45 m) manifests near-zero MS, while only the
topmost Tithonian (45—-69 m) accounts for elevated
MS (up to 2.5x10-* m3kg). Accordingly, the lower/
upper Tithonian transition in both sections depict dif-
ferent MS values and trends. Consequently, as the
magnetic mineralogy of the Giewont area was af-
fected by late diagenesis (oxidation and formation of
the superparamagnetic (SP) magnetite; see Lodowski
and Grabowski 2023), the near-zero MS signal in the
lower part of the Raptawicka Gate can be consid-
ered as sedimentary, documenting restricted (near
to none) clastic input during the late Tithonian—early
Berriasian clastic minimum (see e.g., Lodowski ef
al. 2024b). In this context, the elevated MS values
within the topmost Tithonian of the Raptawicka Gate
section (45—69 m) are most likely related to local di-
agenetic imprint. This, combined, prevents the MS-
based correlation between the Raptawicka Gate and
the Giewont succession.

Morphometric comparison between the
Raptawicka Gate section and the Giewont suc-
cession is also not obvious (Text-fig. 7B). In the
Giewont area, after the initial increase within the
Chitinoidella Zone, cyanoids remain relatively
large, but also variable in size within the topmost
part of the RTL Fm (cf. Crassicolaria Zone) (mean
~0.25-0.45mm). In this context, the cyanoid size
range in the Raptawicka Gate section (mean ~0.2—
0.5 mm), along with an only vaguely increasing
trend in their size, can be compared with the upper
Tithonian cyanoids of the Giewont composite sec-
tion. Furthermore, increasing size of cyanoids within
the upper part of the Remanei—basal Massutiniana

Subzone in the Raptawicka Gate section may rep-
resent a stratigraphically higher part of the RTL Fm
than is exposed within the Giewont section, where
the upper Tithonian accounts for only two local cy-
anoid size peaks (unlike three at Raptawicka Gate).
This interpretation may be also supported by the
occurrence of wackestone microfacies within the
upper Tithonian of Raptawicka Gate (Text-fig.
4.5), which has no analogue in the Giewont suc-
cession. Ultimately, the ca. 2%0 VPDB §'°C values
in the lower part of the Raptawicka Gate section
(cf. 0-50m) correlate well with the carbon isoto-
pic signature within the Malmica—topmost RTL Fm
in the Giewont composite section. Moreover, the
slightly lower 8'*C at 40-45m of the Raptawicka
Gate (~1.6%0 VPDB) may correspond with the sim-
ilar record at the top of the RTL Fm in the Giewont
section. (Text-fig. 7C). Accordingly, the increasing
carbon isotope trend at the top of the RTL Fm at
Raptawicka Gate (cf. 45-69 m) most likely covers
the interval absent at the Giewont composite sec-
tion (as suggested also by cyanoid morphometry;
see above). In turn, the consecutive increase in §'3C
within the WTL Fm of the Raptawicka Gate starts
with values ~2.5%0 VPDB, therefore already near
the maximum values observed within the Giewont
Member of the Giewont section (Text-fig. 7C).
Consequently, taking into account also biostrati-
graphic data, the WTL Fm interval in the Raptawicka
Gate section (lower Aptian) postdates the WTL Fm
interval documented in the Giewont section (cf. up-
per Valanginian—Hauterivian; note i.e. the lack of
orbitolinids and the presence of the foraminifers
Praedorothia praehauteriviana, Protomarssonella
kummi, Uvigerinammina cf. uvigeriniformis, as well
as the small gastropod Pseudonerinea cf. vaceki in
the Giewont succession; Lodowski ef al. 2022a).

The Wysoka Turnia section

The Wysoka Turnia section is the best so far stud-
ied Barremian—Aptian section of the WTL Fm in
the High-Tatric succession. A detailed litho- and bio-
stratigraphic description of the section was provided
by Masse and Uchman (1997). The lower part of the
section, which consists of micritic limestones inter-
calated with three packets “units” U1-U3) of bioclas-
tic limestones with rudist fragments and/or orbitoli-
nids were assigned by the authors to the Raptawicka
Turnia Limestone Formation. Masse and Uchman
(1997) mentioned that the micritic limestones of the
RTL Fm contain micro-oncolites and calcisphaerulids
(=most likely cyanoids), Saccocoma, Globochaete,
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Text-fig. 7. Comparison of different environmental indices in the Raptawicka Gate (this study) and Giewont composite section (Lodowski

and Grabowski 2023; Lodowski et al. 2022a) of the High-Tatric succession. A — magnetic susceptibility; B — cyanoid size index; C — stable

carbon isotopes. Gray belts indicate correlation intervals. Note the lack of the uppermost Tithonian—lower Berriasian in the Giewont com-

posite section. Abbreviations: BER — Berriasian; VAL — Valanginian; L. — Lower; U. — Upper; RTL Fm — Raptawicka Turnia Limestone Fm;

WTL Fm — Wysoka Turnia Limestone Fm; GM — Giewont member; BB — basal beds; Bor. — Borzai; Cal. — Calpionella; Ch. — Chitinoidella
Cr. — Crassicollaria; Mol. — Moluccana; T. — Tithonica.
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and occasional ammonites, however they did not pro-
vide a detailed microscopic description of micrites
below and in between the successive platform-type
units (U1-U3). On this basis it cannot be unan-
imously stated which parts of the Wysoka Turnia
section actually meet the description of the RTL Fm.
Based on the most recent lithostratigraphic scheme of
Lodowski ef al. (2022), the top of the RTL Fm (upper
member) consists of cyanoid limestones (except in
the vicinity of the Mount Osobita, where the Sobotka
Limestone member occurs; see also Madzin et al.
2014). In turn, the succeeding Lower Cretaceous en-
crinites (documented from the Osobita, Giewont, and
now the Raptawicka Gate sections) were assigned
to the Wysoka Turnia Limestone Fm; however, in-
triguingly, this facies was not described from the
Wysoka Turnia section.

Consequently, it seems that Masse and Uchman
(1997) included to the RTL Fm also the organode-
trital limestones of the Giewont member; however,
the occurrence of limestones with rudists and or-
bitolinids within evidently Saccocoma-bearing (=
Jurassic) cyanoid (oncolithic) limestones is very un-
likely. And indeed, according to Lefeld (1968, Fig. 4),
the reef breccias of the Wysoka Turnia section inter-
calate the “organodetrital limestones”, which might
be compared to the Giewont member sensu Lodowski
et al. (2022). The other important difference is the
lack of rudists and corals in the Raptawicka Gate
section. This, combined, prevents more detailed and
reliable correlation between the Raptawicka Gate and
the Wysoka Turnia sections. Nonetheless, assuming
that the stratigraphic interpretation of Masse and
Uchman (1997) is correct, the WTL Fm interval of
the Raptawicka Gate section would most likely corre-
spond with the interval between the U2 and U3 units
of the Wysoka Turnia section (Barremian/Aptian
transition), with the first orbitolinid occurrence.

Correlation with global carbon isotope stack

One of the most characteristic features of the
Raptawicka Gate section is the more than 1%o increase
in 8!3C, from ca. 2.5%0 VPDB in sample BK197 (71 m)
to 3.6%0 VPDB in sample BK211 (93 m), and a sub-
sequent decrease to ~2.7%0 VPDB at its top (BK213;
95 m). Taking into account the approximated age
of the studied interval of the WTL Fm (Leupoldina
cabri foraminiferal Zone or — more broadly — the
transition between the Globigerinelloides blowi and
Leupoldina cabri zones), such an increasing trend and
heavy isotopic signatures can be compared only with
the: 1) basal Aptian secondary increase in §'*C (within

the magnetozones CMOr—basal C34n; see Frau et al.
2018); or — preferably, if it is accepted that the entire
WTL Fm interval falls in the Leupoldina cabri Zone
— 2) a part of the early Aptian OAE la event sensu
largo (i.e. Erba et al. 1999; Herrle et al. 2015; Frau et
al. 2018; see also Cramer and Jarvis 2020; Gale et al.
2020) (Text-fig. 8). In the latter case, the lack of the
characteristic sudden drop in stable carbon isotopes,
which precisely marks the OAla event, might be ex-
plained by the observational gap occurring between
samples BK199 and BK201 (73—-83 m).

Tracing the palaeoenvironmental phenomena at
the Jurassic—Cretaceous transition

Microfossil turnovers

A substantial bioclastic component of the Tithonian
of the Raptawicka Gate section are cyanoids. However,
such facies is not the most widespread one amongst the
uppermost Jurassic of the Western Tethys (for refer-
ences see i.e. Misik 1966, and Misik and Rehakova
2009), therefore any regional and supra-regional com-
parisons require a focus on other microfossil groups,
which have been studied so far in a more detailed way.
Accordingly, in case of the Raptawicka Gate section,
relatively common are also elements of planktic cri-
noids from the genus Saccocoma, calpionellids, radi-
olarians, Globochaete alpina algae and other crinoids
(Text-fig. 3; see also Appendix 2).

Although not many quantitative data are available
for the Tithonian/Berriasian boundary interval, some
apparently supra-regional patterns can be recognized
when comparing the microfacies of Raptawicka Gate
with the quantitative studies performed in the Clue
de Taulanne (Vocontian Basin, France; Lodowski et
al. 2025) and Torre de’ Busi (Southern Alps; Petrova
et al. 2025) sections. At first, characteristic for the
Raptawicka Gate section is a sudden appearance
of relatively numerous calpionellids around 50 m
of the section; within the Crassicollaria calpionel-
lid Zone (cf. Remanei—basl Massutiniana Subzone;
Text-fig. 3). In turn, in the Clue de Taulanne, calpi-
onellids become most common within mid-upper
Tithonian, at the Remanei/Massutiniana zonal tran-
sition (cf. M20n/M19r magnetozonal transition; see
e.g. Lodowski et al. 2022b); increasing calpionellid
abundance is observed also at the very same interval
(M20n/M19r) of the Torre de’ Busi section (Petrova
et al. 2025). Consequently, the calpionellid “bloom”
in the Raptawicka Gate section most likely reflects
the general calpionellid bloom, as noted in many
western Tethys sections.
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Text-fig. 8. §'3C correlation between the Raptawicka Gate section (this study), Giewont composite section (Lodowski et al. 2022a; Lodowski

and Grabowski 2023), Transdanubian Range (Harskut succession, Hungary; Fézy et al. 2010; Lodowski et al. 2022b), Pieniny Klippen Belt

(Velykyi Kamianets section, Ukraine; Grabowski ez al. 2019) and Lower Cretaceous composite log (Gale ez al. 2020). Correlative intervals are
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The RTL Fm of the Raptawicka Gate section ac-
counts also for common saccocomids, which consti-
tute ~1-2% of rock volume and are present also at the
topmost part of the RTL Fm. In the Clue de Taulanne
section saccocomids completely disappear from the
record within the lower part of the Massutiniana
calpionellid Subzone. In turn, in the Harskut succes-
sion (Transdanubian Range, Hungary; Lodowski et
al. 2022b) elements of Saccocoma completely disap-
pear within the magnetozone M19r, which is coherent
also with observations performed within the Velykyi

Kamianets section (Pieniny Klippen Belt, Ukraine;
Grabowski et al. 2019). Consequently, even though
the topmost part of the RTL Fm in the Raptawicka
Gate section covers an interval younger than in
the Giewont succession (Lodowski et al. 2022a;
Lodowski and Grabowski 2023), it most likely still
falls within the lower part of the upper Tithonian
sensu Lakova and Petrova (2023).

The changes in microfossil abundances described
above appear to correspond between the three dis-
tant sedimentary successions, and they therefore are
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thought to represent the general biotic response to su-
pra-regional paleoenvironmental processes. In case
of the Clue de Taulanne and Torre de’ Busi sections,
the switch from radiolaria- to calpionella-dominated
microfacies was interpreted to be the result of cli-
mate changes (cooling and aridization), and related
oligotrophication of the sea surface (Lodowski et al.
2025). In this context, the calpionellid “bloom” at the
topmost part of the RTL Fm is thought to document
the same process, yet within the relatively shallow,
likely Bahama Bank-type sedimentary zone of the
South-Tatric Ridge.

Lower Cretaceous sedimentary gaps in the High-
Tatric zone

One of the most characteristic features of the
Raptawicka Gate section is the sedimentary gap be-
tween the Tithonian and Aptian (Text-fig. 2). So far,
the uppermost Jurassic—lowermost Cretaceous sed-
imentary discontinuities described were from the
Giewont succession (Lodowski et al. 2022a). There,
the first gap was estimated as spanning the uppermost
Tithonian—upper Berriasian, whereas the second —
following the relatively thin upper Berriasian—lower
Valanginian lithoclastic limestones (basal beds of
the Giewont Member of the RTL; Lodowski et al.
2022a) — accounts for the lower—upper Valanginian.
Furthermore, the authors documented the hardground
crust at the contact between the upper Tithonian and
the upper Berriasian—lower Valanginian interval (see
Text-fig. 7 in Lodowski et al. 2022a). Later on, as cy-
anoid morphometry provided unanimous evidence of
the Tithonian shallowing trend, the erosional events
were interpreted as a result of the interplay between
local/regional tectonics and eustasy (i.e. uplift of the
South Tatric Ridge and the long-term eustatic regres-
sion during the Tithonian—Berriasian; Lodowski and
Grabowski 2023). Consequently, the same mechanisms
are thought to have controlled deposition (and erosion)
in the Raptawicka Gate area. Intriguingly, continuous
sedimentation in the Giewont area was reestablished
during the late Valanginian (encrinites and carbon-
ates with reefal debris; i.e. Lefeld 1968 and Lefeld et
al. 1985, confirmed by our own field observations),
therefore significantly earlier than in the Raptawicka
Gate area (Text-fig. 9). This may be explained by the
paleotopography of the South Tatric Ridge; in this case
the post- (or syn-)tectonic paleorelief might have af-
fected the timing and duration of erosional processes
in different parts of the ridge (see also Lefeld 1968).
Noteworthy, the different amount of time covered
by stratigraphic gaps in both areas is confirmed bio-

stratigraphically (see chapter Correlation with other
High-Tatric sections; see also Lodowski et al. 2022a).

Early Cretaceous (“Hauterivian™) erosion in the
High-Tatric areca was considered also by Lefeld (1968,
p- 42). However, it must be noted that his stratigraphic
framework (also in Lefeld et al. 1985) does not meet
the current understanding of the uppermost Jurassic—
Lower Cretaceous stratigraphy (see Lodowski et
al. 2022a). At first, the Berriasian and Valaginian
sensu Lefeld is now known to be in fact Tithonian
(compare Lefeld 1968 with Pszczotkowski et al. 2016
and Lodowski et al. 2022a). Furthermore, the lower
part of the “Hauterivian” sensu Lefeld (1968; =lim-
ited in thickness limestones with tintinnids in pel-
itic intraclasts, and the following encrinites) most
likely corresponds with the basal beds of the Giewont
Member (upper Berriasian—lower Valanginian; see
Lodowski et al. 2022a). Consequently, not only the
Early Cretaceous discontinuity sensu Lefeld (1968)
encompasses merely part of the actual geologic his-
tory of the High-Tatric sedimentary zone (most likely
the ?latest Tithonian—late Berriasian erosion; com-
pare with Lodowski and Grabowski 2023), but also
his sedimentological interpretations should be taken
with caution due to stratigraphic inaccuracies.

In a broader context, the large stratigraphical gap
in the autochthonous High-Tatric Zone documented in
this study might be compared to the Lower Cretaceous
hiatus on the Czorsztyn Ridge of the Pieniny Klippen
Belt (Text-fig. 1F; e.g. Wierzbowski 1994; Aubrecht et
al. 2022 and references therein), which was interpreted
as being related to extension and rifting in the Magura
Ocean (Plasienka 2018). A common effect of subduc-
tion in the Neotethyan Collision Belt and rifting in
the Penninic oceans was later proposed to explain the
latest Jurassic—earliest Cretaceous uplift of the High-
Tatric zone, as observed in the Giewont succession
(Lodowski and Grabowski 2023); this study provide
further evidence of this phenomena.

CONCLUSIONS

» Raptawicka Gate section provides an insight into
the Tithonian—Aptian of the High-Tatric succes-
sion, with a transition between the Raptawicka
Turnia Limestone Formation (RTL Fm) and the
Wysoka Turnia Limestone Formation (WTL Fm).
The contact between the formations has an ero-
sional character, with an erosional gap spanning
the topmost Tithonian—?basal Aptian.

* Microfossil occurrences document the Malmica
and ?Tenuis calcareous dinocyst zones, as well as
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Lithostratigraphy of the High-Tatric succession
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Text-fig. 9. Lithostratigraphy of the High-Tatric succession, modified after Lodowski et al. (2022a) with respect to findings of this study.
Lithostratigraphy of the Mt. Osobita area after Madzin et al. (2014).

the calpionellid Remanei Subzone (Crassicollaria
Zone). The foraminiferal assemblage of the
WTLFm (co-occurrence of Favusella hoterivica
and Hedbergella hispaniae among others) sug-
gests the early Aptian age of this interval.

The most common bioclasts of the RTL Fm are
cyanoids, yet important constituents are also
Globochaete alpina algae, Saccocoma sp. (plank-
tic crinoids), other crinoids, radiolarians, and calpi-
onellids. In turn, the WTL Fm interval is domi-
nated by crinoidal fragments (= encrinites), with
common admixture of peloids. The occurrence of
orbitolinids within the upper part of the section
documents the rare High-Tatric “Urgonian” facies.
Stable carbon isotopes suggests that the WTL Fm
interval covers the interval directly predating the
OAE 1la event, or the event sensu largo, missing
however the record a profound drop in §'3C charac-
teristic for the Selli event, which may fall into the

observational gap. Consequently, the Raptawicka
Gate section provides the first documented record
of the OAE la interval from within the High-Tatric
succession.

The stratigraphic gap between the topmost Jurassic
and Lower Cretaceous beds in the Raptawicka
Gate section (High-Tatric autochthonous cover) is
significantly larger (cf. topmost Tithonian—basal
Aptian) than in the case of the Giewont succes-
sion (Giewont Nappe; cf. topmost Tithonian—
Berriasian), which points to the diachronous char-
acter of the base of the WTL Fm.

Microfacial trends, in particular the stepwise de-
mise of Saccocoma and a sudden increase in the
abundance of calpionellids within the RTL Fm of
the Raptawicka Gate section conform with those
documented in other Western Tethys successions
(i.e. Vocontian Basin, Transdanubian Range and
Southern Alps). This suggests that environmental
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processes controlling the deposition in the High-
Tatric deposition zone (South Tatric ridge) were
to large extent supraregional in scale.
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PLATE 1

Tithonian calcareous dinocysts and calpionellids in the Raptawicka Gate section.
A — Parastomisphaera malmica (Borza) (sample BK1).
B — Parastomisphaera malmica (Borza) (BK2).
C — Colomisphaera carpathica (Borza) (BK11).
D — Colomisphaera cieszynica Nowak (BKS).
E — Committosphaera cf. pulla (Borza) (BK1).
F — Colomisphaera cf. tenuis (Nagy) (BKS).
G — Tintinnopsella remanei Borza (BK170).
H — Tintinnopsella carpathica (Murgeanu et Filipescu) (BK189).
I — Crassicollaria intermedia (Durand Delga) (BK183).
J — Crassicollaria intermedia (Durand Delga) (BK185);
K — Crassicollaria brevis Remane (BK185).
L — Crassicollaria brevis Remane (BK193).
M — Crassicollaria colomi Doben (BK181).
N — Crassicollaria massutiniana (Colom) — oblique section (BK187).
O — Crassicollaria parvula Remane (BK187).

P — Calpionella alpina Lorenz (BK187).

All specimens are from the Raptawicka Turnia Formation of the High-Tatric succession
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PLATE 2

Benthic foraminifera (and red algae) in the upper part of the Raptawicka Gate section.
A — Protopenerolis banatica Bucur (sample BK 210).
B, C — indeterminate red algae (B: BK 208; C: BK 210).
D — textulariid (biserial): Gaudryina sp. (BK 210).

E, I-K — Nezzazata isabellae Arnaud-Vanneau et Sliter (E: BK 212, I: BK 208, J: BK 199,
K: BK201).

F, G — Sabaudia minuta (Hofker) (F: BK 197, G: BK 210).
H — textulariid (biserial): Dorothia sp. (BK 205).
L — Glomospira sp. (BK 210).

M — Conorboides sp. (BK 212).

All specimens are fromthe Wysoka Turnia Formation of the High-Tatric succession.
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PLATE 3

Planktic foraminifera in the upper part of the Raptawicka Gate section.
A, B — Favusella hoterivica (Subbotina) (A: sample BK199; B: sample BK197).
C — Globigerinelloides ? cf. barri (Bolli et al.) (sample BK199).

D — Globigerinelloides blowi (Bolli) (BK197).

E — Globigerinelloides aptiensis Longoria (BK197).

F — Globigerinelloides aptiensis Longoria (BK199).

G — Globigerinelloides paragottisi Verga et Premoli Silva (BK199).
H — Hedbergella praetrocoidea Kretchmar et Gorbachik (BK199).

1 — Hedbergella luterbacheri Longoria (BK199).

J — Hedbergella infracretacea (Glaessner) (BK212).

K — Hedbergella tardita (Antonova) (BK212).

L — Hedbergella semielongata Longoria (BK196).

M — Hedbergella hispaniae Longoria (BK212).

N — Hedbergella sigali Moullade (BK210).

O — Hedbergella occulta Longoria (BK196).

All specimens are fromthe Wysoka Turnia Formation of the High-Tatric succession.

Scale bars equal 100 pm.
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