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New biostratigraphical and carbon isotope data are presented for the Upper Jurassic limestones of the Raptawicka Turnia
Limestone Formation (High-Tatric Unit, Western Tatra Mountains, Poland) from the Maty Giewont area. The Kimmeridgian,
Lower Tithonian and lower part of the Upper Tithonian have been identified on the basis of calcareous dinocysts and
calpionellids. Eight microfossil biozones are distinguished: acme Fibrata, acme Parvula, Moluccana, Borzai, Tithonica-acme
Pulla(?), Malmica, Chitinoidella and Crassicollaria (pars). The Kimmeridgian/Tithonian boundary is inferred at the top of the
Borzai Zone, 76 m above the base of the Raptawicka Turnia Limestone Formation. The microfossil stratigraphy suggests a late
Early Kimmeridgian age (acme Parvula Zone) for the ammonites described by Passendorfer (1928). The taxon Taramelliceras
ex gr. compsum found 14 m above those ammonites is Late Kimmeridgian in age. Seven microfacies types (MF) are identified
in the Upper Jurassic limestones of the Maty Giewont area. The Bositra-Saccocomidae MF occurs across the Lower-Upper
Kimmeridgian boundary. The presence of planktonic and benthic foraminifers was documented in the Upper Jurassic deposits
of the Raptawicka Turnia Limestone Formation. The genera Lenticulina Lamarck and Spirillina Ehrenberg are common in the
Kimmeridgian and Tithonian limestones. The palaeobathymetric evolution of the Kimmeridgian-Tithonian deposition recorded
in the Maty Giewont sections reveals: a transgressive episode at the Early/Late Kimmeridgian boundary interval, a transgres-
sion peak in the Early Tithonian (Malmica Zone) and gradual shallowing of the High-Tatric swell in the Late Tithonian. Inte-
grated isotope stratigraphy and biostratigraphy enabled correlation with the pelagic section of the Sub-Tatric Succession in the
Dtuga Valley section. The middle part of the Raptawicka Turnia Limestone Formation (Upper Kimmeridgian) may be correlated
with the upper part of the Czajakowa Radiolarite Formation (red radiolarites) and Czorsztyn Limestone Formation in the Diuga
Valley (Western Tatra Mts.) section. The upper part of the Raptawicka Turnia Limestone Formation (Lower Tithonian) corre-
sponds mostly to the Jasenina Formation. The overall similarity of the 5%c decreasing values recorded in the
Kimmeridgian-earliest Tithonian interval of the Maty Giewont (this study) and Dtuga Valley sections indicates that the generally
shallow-water deposits of the Raptawicka Turnia Limestone Formation accumulated below the zone that was influenced by
changes in the composition of marine water caused, for instance, by intense rainfall.
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INTRODUCTION (1995: fig. 9). According to Lefeld (1985 in Lefeld et al., 1985: p.
10-11), the facies of the High-Tatric Succession in the Western

Tatra Mountains are predominantly of geanticlinal character and

The Late Jurassic epoch in the Central Western Carpathians
is regarded as a period of maximum palaeobathymetric and
palaeofacies differentiation (Vasicek et al., 1994). During the
Late Tithonian, the Tatric Ridge occupied a marginal (northern)
position on the Alpine-Carpathian microcontinent (\VVasicek et al.,
1994: text-fig. 3; Michalik, 2007). The High-Tatric Succession of
the Western Tatra Mountains belongs to the South Tatric Ridge
in the palaeogeographical scheme proposed by Plasienka
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the Upper Jurassic strata of the Raptawicka Turnia Limestone
Formation (RTL Fm) “...represent open-oceanic, though not nec-
essarily deep, depositional conditions...”. However, a detailed
stratigraphical subdivision of the Upper Jurassic limestones of
the RTL Fm was not achieved at that time, probably because of
the scarcity of macrofauna and index microfossils.

The main objective of this study is to develop a biostra-
tigraphical scheme of the Upper Jurassic shallow-water lime-
stones exposed on the western slopes of Maty Giewont by
means of microfossils and to compare the results with the carbon
isotope record for the Kimmeridgian-Tithonian interval. Our re-
sults can also be correlated with the earlier published data for the
West Carpathian sections, mainly for the Sub-Tatric Succession
(Krizna) in the Western Tatra Mountains (Jach et al., 2014).
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GEOLOGICAL SETTING
AND PREVIOUS STUDIES

The thick-bedded to massive Upper Jurassic lime-
stones of the High-Tatric Succession are exposed on
the western slope of the Maty Giewont Mount (Fig. 1).
These limestones belong to the RTL Fm of Callovian
through Hauterivian age (Lefeld, 1985 in Lefeld et al.,
1985: p. 25-34). Much earlier, Passendorfer (1928),
on the basis of ammonites, documented the Kimmeri-
dgian age of grey limestones exposed on the Maty
Giewont (western) mountainside. Kotanski and Rad-
wanski (1960) identified “Lombardia microfacies” (=
Saccocoma microfacies) and found one specimen of
Calpionella alpina in the limestones located above the
strata that yielded Kimmeridgian ammonites. Lefeld
and Radwanski (1960) described the occurrence of
Saccocoma Agassiz in the Upper Jurassic and Lower
Cretaceous limestones of the High-Tatric Succession,
also in the Maty Giewont section. The authors con-
cluded that the “pseudo-oo0ids”, very common in these
limestones, were formed probably as a result of the
activity of Cyanophyceae.

According to Lefeld (1985 in Lefeld et al., 1985: p.
25-34), the limestones of the RTL Fm are subdivided
into three informal members: lower (pinkish, locally
greenish Callovian-Oxfordian limestones), middle
(light grey Upper Oxfordian-Berriasian limestones)
and upper represented by dark brown, almost black
oncolitic limestones that are Valanginian-Hauterivian
in age. A few poorly preserved calpionellids have been
found in the limestones correlated with the Tithonian-
-Berriasian (undivided); however, these microfossils
were not located on the generalized lithostratigraphic
column (Lefeld, 1968: fig. 10).

Borowska (2015) studied the stratigraphy of the
Tithonian-Aptian limestones exposed in the Niedz-
wiedz crag located about 1.4 km west of the Maty
Giewont sections (Fig. 1B). In the Niedzwiedz section,
Lower to Middle Tithonian limestones with Parasto-
miosphaera malmica (Borza) and Haghimashella
arcuata (Haeusler) 86 m thick, as well as the
Berriasian-Valanginian limestones (about 118 m
thick), have been reported (Borowska, 2015: fig. 6).

MATERIALS AND METHODS

One of the reference sections of the Raptawicka
Turnia Limestone Formation was designated on the
western slope of the Maty Giewont Mount (Lefeld,
1985 in Lefeld et al., 1985: p. 26). Two sections were
studied on this mountainside: (A) on the upper part of
the slope and (B) about 55 m west of the former one
(Fig. 1B and C, 2 and 3). Furthermore, a few samples
were collected from the lower part of the RTL Fm,
along the tourist track leading to Giewont Mount (P in
Fig. 1C). The stratigraphical location of these samples
is shown in the lowermost part of the section B (P-626
to P-642 in Fig. 3). Sampling of section A took place in
July 2013 (64 samples, between MG-56 and MG-120)
while fieldwork on sections B and P was carried out in
1989-1990. Sixty-nine samples (G-1 to G-69) were
collected from section B and 17 samples from section

P (P-626 to P-642). Section B is currently heavily overgrown by
vegetation. Some parts of section A are also not accessible for
observation due to grass cover (Appendix 1%).
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Fig. 1A — location of the Tatra Mts. in southern Poland; B — general loca-
tion of the studied sections of the Raptawicka Turnia Limestone Forma-
tion (A, B) on the western slope of Maly Giewont Mount, Western Tatra
Mts.; the type section of this formation in the Koscieliska Valley is also
indicated (RTL Fm, after Lefeld, 1985 in Lefeld et al., 1985); C — detailed
location of the studied sections (A, B) on the western slope of the Maty
Giewont Mount

F — limestone beds that yielded the Kimmeridgian ammonites (Passendorfer,
1928), cf. site a in the section B, Figure 3; P — location of the samples P-626 to
P-642 collected along the tourist trail leading to Giewont Mount (see Fig. 3)

* Supplementary data associated with this article can be found, in the online version, at doi: 10.7306/gq.1333
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Fig. 2. Lithology, sampling, microfacies and biostratigraphy of section A
(western slope of Maty Giewont Mount in the Western Tatra Mountains, see Fig. 1B, C)
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ois — oncointrasparite, oms — oncomicrosparite, ops — oncopelsparite, os — oncosparite, pom — peloncomicrite (based on classification of Folk, 1959); Chitin. — Chitinoidella
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Fig. 3. Lithology, sampling, microfacies and biostratigraphy of section B and P
(western slope of Maty Giewont Mount in the Western Tatra Mountains, see Fig. 1B, C)

boims — biooncointramicrosparite, bom — biooncomicrite, boms — biooncomicrosparite, bpm — biopelmicrite, iobms — intraoncobiomicrosparite,
iom — intraoncomicrite, ios — intraoncosparite, obm — oncobiomicrite, obpm — oncobiopelmicrite, oibms — oncointabiomicrosparite, opbms — oncopelbiomicrosparite,

pbms — pelbiomicrosparite, pbs — pelbiosparite, pobms — peloncobiomicrosparite, poms — peloncomicrosparite, for other explanations see Figure 2
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Thin-sections for biostratigraphical investigations were pre-
pared at the Institute of Geological Sciences, Polish Academy
of Sciences, Research Centre in Warsaw (sections P and B)
and in the Polish Geological Institute — National Research Insti-
tute (section A). Scanning photomicrographs were taken at the
Institute of Geological Sciences, Polish Academy of Sciences,
Warsaw Research Centre.

Stable isotope analyses were performed on 40 bulk rock
samples. Powdered bulk-carbonate samples were reacted with
100% H3PO4 at 70°C in an online, automated carbonate reac-
tion device (Kiel IV) connected to a Finnigan Mat Delta Plus
mass spectrometer at the Institute of Geological Sciences, Pol-
ish Academy of Sciences in Warsaw. Isotopic values are re-
ported in per mile relative to the VPDB scale and referenced to
the values of NBS19 standard (8"°C = 1.95%o, 8'0 = —2.20%o).
The reproducibility and accuracy of the measurements was
monitored, by replicate analysis of NBS19 standard (n = 235).
Reproducibility for §'°C and 80 values was 0.032%o and
0.086%o (£10), respectively.

RESULTS

BIOSTRATIGRAPHY

Biostratigraphical subdivision of the RTL Fm exposed on
the western slope of the Maty Giewont Mount (Fig. 1C) is based
on the planktonic microfossils, mainly calcareous dinoflagellate
cysts and calpionellids, because macrofauna is scarce in these
Upper Jurassic limestones. However, the index planktonic
microfossils are also uncommon in the shallow-water Kimme-
ridgian and Tithonian limestones studied (Lefeld, 1968). The
subdivision of the Upper Oxfordian-Tithonian interval based on
saccocomid skeletal sections proposed by Benzaggagh et al.
(2015) for the western Tethyan realm, although interesting, has
been correlated with the ammonite zones, only.

MICROFOSSIL ZONES

In the Maty Giewont sections, the following zones based on
calcareous dinoflagellate cysts (Rehakova, 2000a, b; Jach et
al., 2014) are distinguished in the limestones of the RTL Fm
studied: acme Fibrata (after Jach et al., 2014), acme Parvula,
Moluccana, Borzai, Tithonica-acme Pulla(?) and Malmica
(Figs. 2—4).

The acme Fibrata Zone: although the Oxfordian-lower-
most Kimmeridgian limestones were not investigated in detail,
Colomisphaera fibrata (Nagy) was found (Fig. 5A) in a few sam-
ples taken along the tourist trail, 2.5—4.5 m above the base of
the Raptawicka Turnia Limestone Formation (Figs. 1C and 3,
samples P-631 to P-634).

Between the acme Fibrata Zone and the next identified
biozone (acme Parvula Zone) there are limestones ~29 m thick,
which did not yield index calcareous dinoflagellate cysts (Fig.
3). Those Upper Oxfordian-Lower Kimmeridgian limestones
contain relatively frequent foraminifera (Conoglobigerina sp.,
Lenticulina spp., Spirillina sp., Nodosariidae). Colomisphaera
cf. lapidosa (Vogler) occurs in the uppermost part of the lime-
stones. Microoncoids and peloids are common, with microbial
filaments and (occasionally) calcareous nannofossils inside.

The acme Parvula Zone is recognized in section B, only
(Fig. 3, samples G-3 to G-20). The following taxa occur in these
samples: Cadosina parvula Nagy (Fig. 6A), Cd. cf. parvula

Nagy, Colomisphaera lapidosa (Vogler) (Fig. 6B), C. cf. lapi-
dosa (Vogler), C. nagyi (Borza) (Fig. 6C, D) and C. pieniniensis
(Borza). The taxon C. pieniniensis was found also in section A
(Fig. 7A, sample MG-59), in the interval located below the
Moluccana Zone, probably corresponding to the acme Parvula
Zone, although the nominal index species was not identified
(Fig. 2).

Sample G-19 was collected from the uppermost part of the
acme Parvula Zone (Fig. 3); this limestone bed probably yielded
the Kimmeridgian ammonites found by Passendorfer (1928).
The limestone is oncobiosparite with minor amount of small
peloids, which contain thin microbial filaments (Fig. 5B). The fol-
lowing microfossils were identified in the thin-section G-19:

Colomisphaera nagyi (Borza) (Fig. 6D)

C. carpathica (Borza)

C. lapidosa (Vogler) (Fig. 6B)

Schizosphaerella minutissima(?) (Colom)

The presence of Colomisphaera nagyi (Borza) indicates the
Late Kimmeridgian age of this sample (Borza, 1969, 1984;
Rehakova, 2000a). However, Rehakova et al. (2011) have
shown that the taxon C. nagyi (Borza) occurs from the upper-
most Oxfordian to the lowermost Tithonian in the Veliky
Kamenets section (Carpathians, Western Ukraine). It seems
that the earlier opinion concerning an exclusively Late Kimme-
ridgian age of C. nagyi (Borza, 1984; Rehakova, 2000a, b) is no
more valid. lvanova and Keupp (1999) included this taxon in
Pirumella thayeri (Bolli) Lentin and Wiliams (subfamily
Obliquipithonelloideae Keupp, 1987). Recently, the acme Par-
vula Zone was correlated with the upper part of the Lower
Kimmeridgian in the Western Tatra sections of the Sub-Tatric
Succession (Jach et al., 2014: fig. 17).

The Moluccana Zone is distinguished in both studied sec-
tions A and B (Figs. 2—4). The occurrence of Stomiosphaera
moluccana Wanner (Fig. 7C) was recorded in the samples col-
lected from both sections studied (Figs. 2 and 3), but Colo-
misphaera sublapidosa (Vogler) (Fig. 7B) was found in the sec-
tion A, only. In these sections the Moluccana Zone comprises
limestones 15 and 17.5 m thick, respectively. Ivanova and
Keupp (1999) included St. moluccana Wanner in the taxon
Orthopithonella gustafsonii (Bolli) Lentin and Williams. The
Moluccana Zone is Late Kimmeridgian in age (Nowak, 1968;
Borza, 1984; Rehakova, 2000a; Jach et al., 2014).

The Borzai Zone (uppermost Kimmeridgian) is repre-
sented by one limestone bed with Carpistomiosphaera borzai
(Nagy) (Fig. 7F) in section A (Fig. 2, sample MG-89). In section
B, however, this zone comprises limestones 4.5 m thick. The
following taxa were identified in the thin-section G-44: Carpisto-
miosphaera borzai (Nagy) (Fig. 7E), Colomisphaera sublapi-
dosa (Vogler) and Stomiosphaera moluccana Wanner (Fig.
7D). lvanova and Keupp (1999) included the taxon C. borzai in
the species Pirumella piriformis (Keupp) Lentin and Williams.
The Borzai Zone was correlated with the upper part of the
ammonite Beckeri Zone (Rehanek and Cecca, 1993).

The Tithonica-acme Pulla(?) Zone is tentatively distin-
guished in section B only (Figs. 3 and 4); this zone comprises
Lower Tithonian limestones 9 m thick. However, the thickness
of this compound zone was estimated based mainly on the po-
sition of the strata occurring between the Borzai and Malmica
zones. The following taxa were recognized in these limestones:
Colomisphaera cf. pulla (Borza) (Fig. 8A), Colomisphaera lapi-
dosa (Vogler, 1941), C. sublapidosa (Vogler) (Fig. 8B), Stomio-
sphaera cf. moluccana Wanner, 1940 and Colomisphaera car-
pathica (Borza) (Fig. 8C).

The Malmica Zone (Lower Tithonian) is documented in
both sections studied (Figs. 2 and 3). This zone comprises lime-
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Fig. 4. Correlation of the three sections (A, B and P; Fig. 1C) located on the western slope of Maly Giewont Mount
in the Western Tatra Mountains

For other explanations see Figures 2 and 3

stones 12 m thick in section A, and 11 m thick in section B. The
index taxon — Parastomiosphaera malmica (Figs. 8D, E and
9A—C) — is common in both sections. In the thin-section G-56
(section B, Fig. 3), a specimen of Nannoconus globulus minor
Bralower, 1989 (Fig. 8E, F) was found inside the test of
Parastomiosphaera malmica (Borza). The specimen’s dimen-
sions are as follows: width 6.8 um and height 5.3 pm. As sam-
ple G-56 was taken from the lower part of the Lower Tithonian
Malmica Zone, the presence of N. globulus minor changes the
known stratigraphical range of this nannofossil. According to
Bralower et al. (1989), N. globulus minor appeared in the Upper
Tithonian (M19n magnetozone). Michalik et al. (2009) have
shown the first occurrence (FO) of this taxon in the M18r
magnetozone (bed C27E, above their J/K boundary). Casellato
(2010: fig. 16) indicated the FO of N. globulus minor in the Up-
per Tithonian (uppermost interval of the M20n magnetozone).

Earlier, however, N. globulus minor was reported from the
Boneti Subzone in the Kryta Valley of the Sub-Tatric Succes-
sion of the Western Tatra Mountains (Pszczotkowski, 2009),
within the lower interval of the M20n magnetozone (Grabowski
and Pszczotkowski, 2006). In the Brodno section (Pieniny
Klippen Belt, Slovakia), the Malmica Zone corresponds to the
M21r and M21n (lower interval) magnetozones (Michalik et al.,
2009).

The Chitinoidella Zone (Lower/Upper Tithonian) is recog-
nized in both sections (Figs. 2 and 3). In section A, this zone
(pars) comprises limestones about 1.5 m thick, but they are
nearly 4.5 m in section B (Fig. 3). The specimens of Chitino-
idellidae are scarce and poorly preserved (Fig. 9D—F). More-
over, Colomisphaera sublapidosa (Vogler) occurs in the
Chitinoidella Zone.
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Fig. 5A — SEM photomicrograph of Colomisphaera fibrata
(Nagy), Oxfordian, sample P-631 (shown in section B, Fig. 3); B
— SEM photomicrograph of a small peloid (80 x 67 pm in cross-
-section), which contains a few thin microbial filaments (f);
thin-section G-19, section B (Fig. 3), Lower Kimmeridgian

The Crassicollaria Zone (Upper Tithonian), recognized in
section A only, is composed of limestones ~5 m thick (Fig. 2).
The calpionellids are very scarce and poorly preserved, usually
occurring inside the microoncoids (Fig. 10A). Only two taxa
could be identified: Tintinnopsella carpathica (Murgeanu and
Filipescu) (Fig. 10B) and Crassicollaria cf. parvula Remane
(Fig. 10C). Colomisphaera carpathica (Borza) occurs in the
thin-section MG-116, but calpionellids were not observed. The
lack of Crassicollaria brevis and Calpionella alpina in the sam-
ples/thin-sections MG-109 to 114 suggests a rather low strati-
graphical position of these limestone beds in the Crassicollaria
Zone (Remanei Subzone?).

PLANKTONIC FORAMINIFERS

The Conoglobigerina microfacies occur in the lower part of
the Raptawicka Turnia Limestone Formation (lower member,
Oxfordian, Fig. 3). In contrast, planktonic foraminifers are un-

common in the Kimmeridgian-Tithonian limestones exposed on
the Maty Giewont slope (Fig. 11). The Kimmeridgian limestones
contain representatives of the genus Conoglobigerina
Morozova, emended by Simmons et al. (in: BouDagher-Fadel
et al., 1997; Fig. 11B, C, E), and also Haeuslerina Simmons,
BouDagher-Fadel, Banner and Whittaker 1997 (Fig. 11D). Ac-
cording to Hart et al. (2012), differentiation between
Conoglobigerina and Globuligerina Bignot and Guyader is diffi-
cult or even impossible and the status of Haeuslerina is also de-
batable. The specimens identified as Compactogerina cf.
stellapolaris (Grigelis) (Fig. 11A), Conoglobigerina cf. terquemi
(lov€eva and Trifonova) (Fig. 11F) and Conoglobigerina sp. oc-
cur in the Lower Tithonian limestones; in contrast, planktonic
foraminifers were not found in the Upper Tithonian strata (Fig.
2, section A).

BENTHIC FORAMINIFERS

Benthic foraminifers are moderately common in the lime-
stones of the RTL Fm. In the sections studied, representatives
of the genera Lenticulina Lamarck (Fig. 12A-E) and Spirillina
Ehrenberg (Fig. 121, J) are common. Moreover, the presence of
the following taxa was recorded: Dentalina cf. jurensis (GUm-
bel) (Fig. 12F), Ophthalmidium sp. ex gr. O. carinatum-
tenuissimum (Fig. 12G), Lingulina sp. cf. L. franconica (Gum-
bel) (Fig. 12H), Glomospira variabilis (Kubler and Zwingli) (Fig.
12K), Reophax sp. (Fig. 12L), Paalzowella feifeli (Paalzow)
(Fig. 12M), Protomarssonella cf. dumortieri (Schwager) (Fig.
12N), Pseudomarssonella cf. bipartita Redmond (Fig. 13A),
Redmondoides sp. (Fig. 13B), Textularia sp. cf. T. catenata
Cushman (Fig. 13C), Textularia jurassica Gumbel (Fig. 13I),
Paleogaudryina heersumensis (Lutze) (Fig. 13D), Paleogau-
dryina sp. aff. P. heersumensis (Lutze) (Fig. 13E), Ammoba-
culites sp. cf. A. coprolithiformis (Schwager) (Fig. 13F), Ammo-
baculites sp. (Fig. 13G) and Troglotella incrustans(?) Wernli
and Fookes (Fig. 13H).

The stratigraphical value of the above-listed taxa is limited,
because of their wide range usually embracing the Kimme-
ridgian-Tithonian interval, in places also a part of the Lower Cre-
taceous (Krajewski and Olszewska, 2007; Olszewska, 2010;
Olszewska et al., 2012). However, these benthic foraminifers
provide additional information about the depositional environ-
ment of the Upper Jurassic limestones studied. According to
Misik (1998), the microoncoids of the Kimmeridgian-Tithonian
occurring in the RTL Fm contain exclusively planktonic microor-
ganisms. However, some Tithonian microoncoids have been
developed around the benthic foraminifers (Fig. 13C).

KIMMERIDGIAN AMMONITES

Passendorfer (1928) found a few ammonites, brachiopods
and aptychi in the Maty Giewont area. His fauna was collected
from a grey limestone, ~50 m above the Bathonian red lime-
stone (Passendorfer, 1951). Owing to J. Lefeld’s information
(pers. comm., 1989), the exact position of that Kimmeridgian
fauna may be located 51 m above the base of the Raptawicka
Turnia Formation (Figs. 1C and 3, section B, site a).
Passendorfer (1928) identified the following ammonite taxa:
Oppelia pseudoflexuosa Favre, Aspidoceras cf. episoides Fon-
tannes, Phylloceras sp. cf. tortisulcatus d’Orbigny, Haploceras
sp., Oppelia sp., Perisphinctes sp. and Simoceras sp. Lefeld
and Radwanski (1960: p. 601) mentioned the taxon Sower-
byceras cf. tortisulcatum (d’Orbigny), instead of Phylloceras sp.
cf. tortisulcatus d’Orbigny.
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Fig. 6. Calcareous dinoflagellate cysts from the Lower Kimmeridgian strata exposed
in section B (Fig. 3) on the western slope of Maty Giewont Mount

A — Cadosina parvula Nagy, thin-section G-6; B — Colomisphaera lapidosa (Vogler), thin-section
G-19; C, D — C. nagyi (Borza), thin-sections G-8 and G-19, respectively

According to Passendorfer (1928), this assemblage corre-
sponds to the Aspidoceras acanthicum beds of Kimmeridgian
age (Oppelia tenuilobata and Waagenia Beckeri zones).
Passendorfer (1928: p. 495) referred to the problem concerning
the separation of “O. compsa from O. pseudoflexuosa” men-
tioned by Fontannes (1879), but could not take a stand in that
discussion. Baudouin et al. (2011) included Oppelia pseudo-
flexuosa Favre, 1877 in the taxon Taramelliceras compsum
(Oppel, 1863), as the 3rd stage of ontogeny (macroconchs of T.
compsum from 30 to 40 mm across). Checa Gonzalez (1985)
included Aspidoceras episoides Fontannes, 1879 in the synon-
ymy of Schaireria episa (Oppel). The stratigraphical range of
Schaireria episa was restricted to the Lower Tithonian (Checa
Gonzalez, 1985; see also Ohmert and Zeiss, 1980). However,
Berckhemer and Holder (1959) and Hoélder and Ziegler (1959)
reported this taxon (as Aspidoceras episum) also from the Up-
per Kimmeridgian Beckeri Zone (Fig. 14). A few specimens

identified as Simoceras sp. and similar to Simoceras doublieri
d’Orbigny (Passendorfer, 1928: p. 494), were not figured. Later,
Passendorfer (1951) mentioned Simoceras aff. doublieri
d’Orbigny as occurring in the ammonite assemblage discussed.
As shown in Figure 14, Nebrodites (Nebrodites) doublieri
(d’Orbigny) was reported to occur from the topmost part of the
Strombecki Zone throughout the Divisum Zone of the Lower
Kimmeridgian (Olériz Saez, 1978). In Italy, its range was shown
in the lower part of the Compsum/Acanthicum Zone (Upper
Kimmeridgian — Sarti, 1985, 1986, 1993).

In terms of the modern ammonite zonation, the existing data
still do not allow exact definition of the age of the Kimmeridgian
fauna reported by Passendorfer (1928, 1951). The co-occur-
rence of Taramelliceras compsum (sensu Baudouin et al.,
2011) and N. (Nebrodites) aff. doublieri may indicate the strati-
graphical interval comprising the Divisum and Compsum/Acan-
thicum Zones (Fig. 14). However, the presence of Aspidoceras
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Fig. 7. Calcareous dinoflagellate cysts from sections A (A-C, F) and B (D-E)

A — Colomisphaera pieniniensis (Borza), thin-section MG-59 (Lower Kimmeridgian); B — C.
sublapidosa (Vogler), thin-section MG-87 (Upper Kimmeridgian); C — Stomiosphaera moluccana
Wanner, thin-section MG-88 (Upper Kimmeridgian); D — St. moluccana Wanner, thin-section G-44
(uppermost Kimmeridgian); E — Carpistomiosphaera borzai (Nagy), thin-section G-44 (uppermost
Kimmeridgian); F — Ca. borzai (Nagy), thin-section MG-89 (uppermost Kimmeridgian)
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Fig. 8. Calcareous dinoflagellate cysts and Nannoconus from the Lower Tithonian
limestones of the Maty Giewont area, section B (Fig. 3)

A — Colomisphaera cf. pulla (Borza), thin-section G-46; B — C. sublapidosa (Vogler), thin-section
G-47; C — C. carpathica (Borza), thin-section G-49; D — Parastomiosphaera malmica (Borza),
thin-section G-54; E — P. malmica (Borza, 1964) with Nannoconus globulus minor Bralower (N) in de-
posit filling the dinocyst (thin-section G-56, crossed polars); F — enlarged fragment of Figure 7E
showing N. globulus minor Bralower (N)
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Fig. 9. Tithonian microfossils from the Maly Giewont area

A, B — Parastomiosphaera malmica (Borza), thin-sections MG-99A and MG-101, respectively
(Lower Tithonian, section A); C — P. malmica (Borza), thin-section G-57 (Lower Tithonian, section
B); D — Dobeniella sp., Chitinoidella Zone, Tithonian (thin-section MG-106, section A); E —
Chitinoidella cf. elongata Pop, thin-section MG-107, section A (Chitinoidella Zone, Tithonian); F —
Borziella cf. slovenica (Borza), thin-section G-66, section B (Chitinoidella Zone, Tithonian)
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Fig. 10. Calpionellids occurring within microoncoids from the Upper Tithonian limestones
of the section A of the Maly Giewont area

A — Tintinnopsella carpathica (Murgeanu and Filipescu), thin-section MG-110, Crassicollaria Zone;
B — enlarged fragment of Figure 9A: Tintinnopsella carpathica (Murgeanu and Filipescu), thin-sec-
tion MG-110; C — Crassicollaria cf. parvula Remane, thin-section MG-115, Crassicollaria Zone

cf. episoides [= Sch. cf. episa (Oppel)] is not in accordance with
this interpretation and suggests a younger age of the whole
ammonite assemblage. The whorl cross-section of the speci-
men (Passendorfer, 1928: pl. XXX fig. 4b) is also similar to that
of Schaireria neumayri Checa, a species created 57 years after

E. Passendorfer's publication (Checa Gonzalez, 1985). In the
Cordilleras Beticas (Spain), Schaireria neumayri is known from
the Kimmeridgian (Compsum Zone) to the Lower Tithonian
(Checa Gonzalez, 1985: p. 186).
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Fig. 11. Conoglobigerinidae from the Kimmeridgian-Tithonian strata
of the Raptawicka Turnia Limestone Formation, Maty Giewont area,
Western Tatra Mountains (scale bar =100 um)

A — Compactogerina cf. stellapolaris (Grigelis), thin-section MG-95 (section A), Lower Tithonian; B —
Conoglobigerina sp. cf. C. bathoniana (Pazdrowa), thin-section MG-81 (section A), Upper Kimme-
ridgian; C — Conoglobigerina sp. cf. C. bathoniana (Pazdrowa), thin-section G-4 (section B), Lower
Kimmeridgian; D — Haeuslerina sp. cf. H. parva (Kuznetsova), thin-section MG-65 (section A), Lower
Kimmeridgian; E — C. sp. ex gr. C. bathoniana-oxfordiana, thin-section MG-58 (section A), Lower
Kimmeridgian; F — C. cf. terquemi (lovéeva and Trifonova), thin-section G-50 (section B), Lower
Tithonian
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Fig. 12. Benthic foraminifers from the Kimmeridgian-Tithonian
limestones of the Maty Giewont area

A — Lenticulina cf. uhligi (Wisniowski), thin-section MG-56 (section A), Lower Kimmeridgian; B — L. sp., thin-section G-38 (section B),
Upper Kimmeridgian; C — L. cf. muensteri (Reuss), thin-section MG-84 (section A), Upper Kimmeridgian; D — L. cf. muensteri (Reuss),
thin-section MG-91 (section A), Lower Tithonian; E — L. cf. biexcavata (Mjatliuk, 1939), thin-section MG-95A (section A), Lower
Tithonian; F — Dentalina cf. jurensis (Gumbel), thin-section G-45 (section B), Lower Tithonian; G — Ophthalmidium sp. ex gr. O.
carinatum-tenuissimum, thin-section G-33 (section B), Upper Kimmeridgian; H — Lingulina sp. cf. L. franconica (Gumbel), thin-section
G-61 (section B), Lower Tithonian; | — Spirillina sp. ex gr. S. tenuissima-polygyrata, thin-section G-42 (section B), uppermost
Kimmeridgian; J — S. sp., thin-section G-41 (section B), Upper Kimmeridgian; K — Glomospira variabilis (Kubler and Zwingli), thin-sec-
tion G-37 (section B), Upper Kimmeridgian; L — Reophax sp., thin-section G-58 (section B), Lower Tithonian; M — Paalzowella feifeli
(Paalzow), thin-section G-45 (section B), Lower Tithonian; N — Protomarssonella cf. dumortieri (Schwager), thin-section MG-60 (sec-
tion A), Lower Kimmeridgian
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Fig. 13. Benthic foraminifers from the Kimmeridgian-Tithonian limestones of the Maty Giewont area (continuation)

A — Pseudomarssonella cf. bipartita Redmond, thin-section G-57 (section B), Lower Tithonian; B — Redmondoides sp., thin-section G-53 (sec-
tion B), Lower Tithonian; C — Textularia sp. cf. T. catenata Cushman (as a microoncoid nucleus), thin-section G-69 (section B), Chitinoidella
Zone, Tithonian; D — Paleogaudryina heersumensis (Lutze), thin-section G-35 (section B), Upper Kimmeridgian; E — Paleogaudryina sp. aff. P.
heersumensis (Lutze), thin-section G-56 (section B), Lower Tithonian; F — Ammobaculites sp. cf. A. coprolithiformis (Schwager), thin-section
MG-63 (section A), Lower Kimmeridgian; G — Ammobaculites sp., thin-section G-34 (section B), Upper Kimmeridgian; H — Troglotella incrustans
(?) Wernli and Fookes coated by microbial filaments 0.3—1.0 pm in diameter (Cyanobacteria), thin-section G-67 (section B), Chitinoidella Zone,

Tithonian; | — Textularia jurassica Gumbel, coated by microbial filaments 0.3—1.0 ym in diameter, thin-section G-68 (section B), Chitinoidella
Zone, Tithonian
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Fig. 14. Ranges of selected Kimmeridgian-Early Tithonian ammonite taxa after cited authors

According to the ltalian authors (Pavia et al., 1987; Sarti,
1990), Sowerbyceras tortisulcatum (d’Orbigny) occurs in the
Oxfordian, whereas S. loryi (Munier Chalmas) is known from
the Kimmeridgian. Although Andelkovic¢ (1966) illustrated one
specimen of S. fortisulcatum from the Lower Kimmeridgian
Physodoceras uhlandi Zone (or Subzone), Sarti (1990) in-
cluded his specimen in the synonymy of S. loryi. The occur-
rence of Taramelliceras ex gr. compsum (Oppel) above the
fauna collected by Passendorfer (1928) (see below) and new
microfossil data exclude a latest Kimmeridgian-Early Tithonian
age of the ammonites discussed. The microfossil stratigraphy,
presented above, suggests rather a late Early Kimmeridgian
age (acme Parvula Zone) of the ammonite assemblage (site a
in Fig. 3) described by Passendorfer (1928).

One specimen of Taramelliceras ex gr. compsum (Oppel)
was found in 1990 (section B, site b, bed G-33 in Fig. 3), 14 m
above the base of the beds with the Kimmeridgian fauna found
by Passendorfer (1928). The ammonite was collected from the
grey pseudonodular biooncosparite, which contained also other
poorly preserved macrofossils (one belemnite and a few
echinoderm fragments). This ammonite (Fig. 15) was kindly
identified by Dr. Federico Oloriz Saez of the University of
Granada (Spain). According to him (written information), the
specimen is a phragmocone, perhaps with the initial part of the
living chamber preserved only. The taxon T. ex gr. compsum in-

dicates probably the Middle Kimmeridgian (Compsum—Cavouri
zones in southern Spain), although may occur also in the Upper
Kimmeridgian (Beckeri Zone).

Based on the above opinion, the lithostratigraphical position
of bed G-33 (Fig. 3) and new microfossil data (this paper) it
must be concluded that Taramelliceras ex gr. compsum was
found in Upper Kimmeridgian strata (in the bipartite subdivision
of the Kimmeridgian Stage — Fig. 14). The pseudonodular
biooncosparite with Taramelliceras ex gr. compsum (sample
G-33, site b — Fig. 3) occurs in the upper part of the Moluccana
Zone within the topmost interval of the Bositra-Saccocomidae
MF (see the next section). The specimen of Taramelliceras ex
gr. compsum was collected from the strata probably corre-
sponding to the Cavouri or Beckeri (lower part) ammonite
zones.

MICROFACIES

Three microfacies (MF) are distinguished in section A (Fig.
2) in the Kimmeridgian-Tithonian limestones: a Globochaete-
-Saccocomidae MF (G-SA), a Bositra-Saccocomidae MF
(B-SA) or its variant — a Bositra-Saccocomidae-Globochaete
MF (B-SA-G) (Fig. 16B) and a Saccocoma-Globochaete MF
(SA-G) (Fig. 17A). In section B (Fig. 3), the following micro-
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Fig. 15. Taramelliceras ex gr. compsum (Oppel) found in the limestone bed labelled
as site B, together with the sample G-33 (section B in Figs. 3 and 4); the ammonite
was identified by Dr. F. Olériz Saez

A - lateral view of the specimen’s left side; B — lateral view of the right side; C —frontal view (before the
limestone partly covering the specimen’s sides was removed); D — frontal view (after the limestone
partly covering the specimen’s sides was removed and the specimen was rotated around its horizontal

axis); E — ventral view; scale bar =1 cm

facies are identified: Bositra (Callovian), Conoglobigerina
(Oxfordian), Globochaete (Upper Oxfordian—Lower Kimmeri-
dgian — Fig. 16A), Globochaete-Saccocomidae (Lower Kimme-
ridgian), Bositra-Saccocomidae (Lower—Upper Kimmeridgian),
Saccocoma-Globochaete (Upper Kimmeridgian—Lower Titho-
nian) and Saccocoma (Tithonian — Fig. 17B). Peloids predomi-
nate in the Globochaete MF, whereas microoncoids and bio-
clasts with microbial envelopes or cortoids are common in the
last three microfacies types.

The Globochaete MF and Globochaete-Saccocomidae MF
probably correspond to microfacies MF); (uppermost Oxfor-
dian—Lower Kimmeridgian) on the western margin of the

French Subalpine Basin (Ardeche area — Dromart and Atrops,
1988). The Kimmeridgian Bositra-Saccocomidae microfacies,
as well as its variant with Globochaete (Fig. 16B), is an equiva-
lent to microfacies MF, of the Ardéche area (Dromart and
Atrops, 1988: pl. I). In section A this microfacies was found in
the 15 m thick limestones (vs. 17 m in section B, Fig. 3).
Kimmeridgian ammonites (Passendorfer, 1928) have been
found in the lower part of the limestones assigned to the
Bositra-Saccocomidae MF. Cross-sections of juvenile ammo-
nites are frequently observed in thin sections made of samples
taken from the limestones of this microfacies. The Saccocoma-
-Bositra microfacies was reported from the Moluccana Zone in
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Fig. 16A — Globochaete microfacies (with frequent peloids),
Lower Kimmeridgian, thin-section G-4 (section B), G — Globo-
chaete alpina; B — Bositra-Globochaete-Saccocomidae micro-
facies, Upper Kimmeridgian, thin-section MG-70 (section A)

the Kimmeridgian pelagic limestones of the Dluga Valley sec-
tion (Sub-Tatric Succession, Western Tatra Mountains — Jach
etal., 2014).

The grey limestones of the Bositra-Saccocomidae MF are
followed by the olive-grey and brownish-grey limestones of the
Saccocoma-Globochaete MF (Fig. 17A) and Saccocoma MF
(Fig. 17B). These microfacies correspond to MF, (Saccocoma)
of the Ardéche area (Dromart and Atrops, 1988). In the Maty
Giewont area (Fig. 2), the Saccocoma MF continues higher in
the Upper Tithonian, because of very scarce occurrence of
calpionellids in the limestones belonging to this substage.

CHARACTERISTICS OF THE §"°C CURVE
FROM SECTION A

The carbon isotope data are derived from sublittoral marine
limestones deposited during the Kimmeridgian and Tithonian
on the Upper Jurassic swell (passive Tatric Ridge according to
Michalik, 2007). The "0 and §'C curves (Fig. 18A) are based

Fig. 17A - Saccocoma-Globochaete microfacies, Upper
Kimmeridgian, thin-section MG-87 (section A); 1-3: sacco-
comid ossicles similar to skeletal sections (respectively) BM,
BT and Y shown in Benzaggagh et al. (2015: fig. 17) are also in-
dicated; B — Saccocoma microfacies (1 — wing-shaped section,
2 - skeletal section similar to Figure 13B in Benzaggagh et al.,
2015); microoncolithic limestone, Chitinoidella Zone, Titho-
nian, thin-section G-68 (section B)

on the isotopic values registered from the bulk limestone sam-
ples collected from section A (Fig. 2 and Appendix 2).

Values of §'°C register between —0.37 and 2.60%. VPDB. If
the result for sample MG-98 (—0.37%o) is omitted, the range of
values is 0.97-2.60%0 VPDB only. The range is similar to that
registered for the Upper Jurassic pelagic limestones in the
Dtuga Valley (Sub-Tatric Succession), Western Tatra Moun-
tains, located ~4.7 km to the west of the area shown in Figure
1B (cf. Jach et al., 2014: fig. 1). The cross-plot of 8'°C versus
8'%0 for Maly Giewont shows a weak correlation (Fig. 18B);
the most negative 8'°C values, like those in samples MG-98
and MG-107, indicate that isotopic composition might have
been locally altered by burial diagenesis (e.g., Jach et al.,
2014). The §"*C curves from Maly Giewont and the Dtuga Val-
ley are correlative in the Kimmeridgian-Lower Tithonian inter-
val (Fig. 19). Therefore the influence of the later diagenetic


https://gq.pgi.gov.pl/rt/suppFileMetadata/25580/0/2956

Integrated biostratigraphy and carbon isotope stratigraphy of the Upper Jurassic shallow water carbonates of the High-Tatric Unit...

911

% VPDB
RR
1 1

Part

Part

Lower

¢ MG-104B

MG-98 ¢

CHRONO-
Zones STRATI-
GRAPHY
- — — —|— — T 65
Crassicollaria oL
Zone (p. p.) 8 L
a 6o
Chitinoidella or
z —55
? 2t
< T
g 50
Malmica e r
Zone - | 45
J— [0) C
- sL
oL
- 40
Tithonica- N
acme ;35
Pulla (?) B
Borzai 30
,,,,, P4 25
Moluc- < | af
— [oN=
cana S
O —20
[m) L
o L
w . 15
= -
= gjm
X oF
9t
5
Lo

8'3C [%0 VPDB]
0 1

2|

-3

3180 [%o VPDB]

4|

-5-|

L Zgi

Urgonian
Upper part
Lower part

2 ’
°
0.‘
%
<><>0 <
PN
‘e
o& .
3 .
& .
oo *
o k4
.
O ]
=

Fig. 18A - §'0 and 5"C curves for the Kimmeridgian-Tithonian interval of the Raptawicka Turnia Limestone
Formation in the Maty Giewont area (section A in Fig. 2); a dashed line between samples MG-82 and MG-84
indicates horizon of change in the correlation trends between §'®0 and §'°C values (see Fig. 17B); B —
cross-plot of 5'0 and §'*C values from section A in the Maly Giewont area; lower part — samples MG-56 to
MG-82; upper part — samples MG-84 to MG-116



Andrzej Pszczotkowski, Jacek Grabowski and Andrzej Wilamowski

912

SUO0J}08s 8y} Usamaq uole(aliod olydelbielis moys (3oe|q) saull paysep o1y} ‘payiduwis ae siaded pajsi| 8A0ge 8y} woly saAInd 01dojos] ay |

(6002 “Ie 32 ¥I[ey2i | — epjeAo|s ‘Yjag uaddijy Aujuald) oupolg pue (01.0Z “|e 12 HSMOQEID) UoRIAS eQ0qIH
“(710Z “Ie 3@ yser) surejunoy ene] usysep ‘Aejjep ebniq ‘(1aded siyy) surejunoly e uie}sap ‘Juomaln Afel jo disseanr saddn sy woly S8AIND O Q JO UoKe[aLI0) "6l “Bid

(9AdA %) el

[w]
-0
2
—0l =
.
B [
_ s w N
® o
—02 > 2
z 3
QO
[~ 3
[
_og leziog
_ (&) end
- BOJUOUYI .
—0v NVINOHLIL
J19MOT =
- )
3
_ A
............ "PIOUNYD
_ NVINOHLIL
09 soddn ©e11e|j00
-Issel)
(5861 ‘8961 ‘PIaJeT) d
o, [NVIAIMILNYH| PESOSX®
-NVISSVyy3g| ou
B " NVILdV
08 -NVINIHYVE
= [ T T T T T 1
AHAVHOILYHLS souoz ¢ z .
-ONOYHO
(soded siyy)  (8AdA %) D@
("SYA ene] uisisapn)
uomaln) Aren

NVIQd04X0

NIM
1Mo

‘M Jeddn

NVINOHLLL JomoT

(v10z e 18 yoer)
("IN esyel ulelsapn)

Aajle ebnig

(aadA %) 0e:Q
8Z vZ ¢ 91 Tl 80
| IS T (I I S|

R W_Ql—

(9]
c
o
N

e|nAled

'Z BUBD
-onjopw

-JNINIMA

@ O
5
NiE N

auoz
eojw|e

NVINOHLIL
| 19MOT

Z eliop!
-ounyo

NOILVINHO4 33SNH3O3L

Jaddn

NYINOHLIL Nvioa

J8MOT

L
1 8E
N| 82

59
O o

euid|y/

suoz
eue|jooissel)

A
eudie
e|jsuoidie)

9L Tl
(9AadA %) el
(epfenos ‘yeg ueddipy Aujusid)

oupo.g

eenols ‘syN Arediey sley

e90q|H

4
14

% Jeddn|




Integrated biostratigraphy and carbon isotope stratigraphy of the Upper Jurassic shallow water carbonates of the High-Tatric Unit... 913

(and tectonic) alterations did not obliterate a primary isotopic
signal in the Maty Giewont section (for details, see section
“Correlation trends between 8'°C and §'®0 data” in the “Dis-
cussion” chapter).

In the lowermost part of the 8'*C curve for section A of the
Maty Giewont area (samples MG-56 to 68) the registered val-
ues fluctuate around 2.55-2.60%o (Fig. 18A). This interval of
the isotopic curve corresponds to the Globochaete-
-Saccocomidae MF correlated with a part of the acme Parvula
Zone in section B (Figs. 3 and 4). The next interval of the §'°C
curve terminates with the MG-77 (2.42%o), just in the Upper
Kimmeridgian Moluccana Zone and within the Bositra-
-Saccocomidae (B-SA) MF. A minor positive shift relates to
sample MG-79 (2.51%0), and the §"°C values diminish to
2.09%o for sample MG-84 (Figs. 18A and 19), still within the
Moluccana Zone (Upper Kimmeridgian). This small negative
excursion occurs at the upper boundary of the B-SA
microfacies (Fig. 2); the next samples (MG-85 and 87) have
higher values (2.36%. for sample MG-87). At the
Moluccana-Borzai zonal boundary (Fig. 18A), the registered
8'C value for the sample MG-89 is distinctly lower (1.97%o).

Sample MG-90 (lowermost Tithonian) denotes a weak
positive shift on the §'°C curve (Fig. 18A). Subsequent sam-
ples with isotopic values as low as 1.71%o. occur at the base of
the Malmica Zone (Fig. 18A). A spectacular negative excur-
sion (-0.37%o) is designated by one sample only (MG-98);
however, this sample is cut by numerous (thin) calcite veinlets
of tectonic origin. Just for the next analysed sample (MG-100)
the isotopic record (5'°C) returns to the former level (1.72%o)
and then diminishes to 1.39%. (sample MG-104A, still within
the Malmica Zone — Fig. 18A). The value 0.97%o for sample
MG-107 indicates a minimum of the 8"C record within the
Chitinoidella Zone (Figs. 18A and 19). The 8"C values for
samples MG-109 to MG-113 are higher (up to 1.88%o) in the
lower, albeit not the lowermost, part of the Upper Tithonian
Crassicollaria Zone (Fig. 18A). The value 1.79%. for sample
MG-116 terminates the 8'°C curve for the Upper Jurassic
limestones of the Maty Giewont area, still within the Crassi-
collaria Zone. Samples MG-119 and MG-120, of Barremian-
-Aptian age (Wysoka Turnia Limestone Formation), reveal a
notable increase of 8'°C values to 1.99-2.35%o.

DISCUSSION

REMARKS ON THE STRATIGRAPHY
OF THE RAPTAWICKA TURNIA LIMESTONE FORMATION

The thickness of the RTL Fm was estimated to be 100 min
the Maty Giewont area (Lefeld, 1985 in Lefeld et al., 1985: p.
25-34). However, the Callovian-Tithonian (pars) limestones in
the section B (Fig. 3) are 99 m thick. Therefore, the thickness
of the whole formation (Callovian—Hauterivian) must be be
greater than the reported 100 m value. Indeed, the Upper
Tithonian limestones (Crassicollaria Zone), exposed sporadi-
cally in section A, are ~7 m thick, and — according to Lefeld
(1968: fig. 10) — the Berriasian-Hauterivian limestones are ~30
m thick. Nevertheless, at present the topmost Tithonian and
Berriasian-Hauterivian limestones are not exposed and could
not be studied in the sections A and B (Fig. 1C). In section A
(Fig. 2), the gap between the Upper Tithonian strata of the
RTL Fm and the Barremian-Aptian limestones of the Wysoka
Turnia Limestone Formation seems to correspond to lime-

stones ~10 m thick, only. However, in the deep gully called
Zleb Kirkora (Fig. 1B), Kotanski (1959: pl. XIV) observed
~40-60(?) m of “dark Neocomian” limestones, below the
Barremian-Aptian strata.

In the Maty Giewont area, subdivision of the Raptawicka
Turnia Limestone Formation into 3 informal members proposed
by Lefeld (1968, 1985 in Lefeld et al., 1985: p. 25-34) is partly
modified by our data: the olive-grey and brownish-grey lime-
stones appear just in the Upper Kimmeridgian, and the dark
limestones occur already in the Tithonian. The boundary be-
tween the middle and upper members is shifted downwards ca.
40 m (between samples MG-86 and MG-87 in section A and be-
tween samples G-34-G-37 in section B — Figs. 2 and 3). The
middle member — light grey and grey limestones — is 60 to
63.5 m thick, only, whereas the thickness of the upper member
is ca. 38 min the Upper Jurassic strata of the formation (section
Ain Fig. 2). As explained earlier, the uppermost Tithonian and
Lower Cretaceous limestones are presently not exposed in the
sections studied.

SEDIMENTARY ENVIRONMENT AND PALAEOBATHYMETRIC
INTERPRETATIONS

According to Lefeld and Radwanski (1960), the Upper Ju-
rassic limestones of the High-Tatric Succession were deposited
in an open, although probably relatively shallow, marine basin.
Their pseudo-oolitic limestones (= microoncolitic limestones in
this study) were interpreted to be formed below wave base in
pelagic conditions, whereas the palaeobathymetry of the basin
during deposition of the Saccocoma-bearing limestones re-
mained more or less stable. Later, Lefeld et al. (1986: fig. 4) rec-
ognized that the limestones of the RTL Fm (type section), lo-
cated in the Koscieliska Valley (Fig. 1B), were deposited in the
shallower part of the sublittoral zone, below the intertidal envi-
ronment. This logic can also be applied to the Upper Jurassic
limestones of the RTL Fm exposed in the Maty Giewont sec-
tions, although these deposits accumulated probably at a rela-
tively shallower depth.

Although not supported by statistically valid data, the com-
mon occurrence of the genera Lenticulina and Spirillina in the
Kimmeridgian-Tithonian limestones is a characteristic feature
of the Upper Jurassic strata studied. According to Schlagintweit
and Ebli (1999: text-fig. 3), the maximum of occurrence of
Lenticulina in the Plassen Formation in the Northern Calcare-
ous Alps (Upper Kimmeridgian-Lower Valanginian?) was con-
fined to the platform slope (talus facies). However, the Jurassic
foraminiferal assemblages containing Lenticulina spp. as the
dominant component were found to occur at all bathymetric lev-
els above the CCD (Tyszka, 2001 and publications cited in that
paper on page 154). Samson (1997, 2001) included Jurassic
Spirillinacea in the infralittoral biotope (down to 100 m) within
the photic zone; also the Ammodiscacea, Ophthalmidiidae
(pars) and Textulariaceae belong to this group. The genus
Spirillina, although present at all depths, is a component of shal-
low-water assemblages, usually related to the inner and outer
neritic zone (Tyszka, 2001). According to Reolid et al. (2008a,
b), the Spirillinidae belong to epifauna indicating the presence
of dense bacterial populations. This relation is probably valid
also in the case of the Upper Jurassic limestones from the Maty
Giewont sections because of widespread occurrence of
microoncoids and peloids formed by microbial filaments (A. P.
unpub. data).
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The genus Reophax is interpreted as a detritivore and bac-
terial scavenger (Reolid, 2012, after Nagy, 1992 and Tyszka,
1994). In some Jurassic basins, Reophax was found in the mid-
dle and outer shelf environments (Reolid et al., 2008b). Besides
Reophax, the genus Textularia was included in the shallow to
deep infaunal morphogroup A-8 in the Middle Jurassic of the
Pieniny Klippen Belt, southern Poland (Tyszka, 1994). The ge-
nus Ammobaculites was assigned to the shallow infaunal
morphogroup A-6 (Tyszka, 1994).

Sedimentation rate for the whole RTL Fm was estimated to
be 3.6 to 5.2 mm/ka (Vasicek et al., 1994: p. 19). However, in
the Maly Giewont section (Fig. 3) sedimentation rate for the
Kimmeridgian limestones of this formation could reach up to
about 13 mm/ka (= 13 m/my). This is an approximate value as
there is no data for the studied sections concerning the exact
position of the Oxfordian/Kimmeridgian boundary at the base of
the M26 magnetozone proposed by Ogg et al. (2012). In any
case, it seems that the estimated sedimentation rate for the
Kimmeridgian limestones exceeded the value calculated for the
(partly) coeval Jasenina Formation of the Lower Sub-Tatric
(Krizna) Succession (6.6 to 7 mm/ka after Vasicek et al., 1994:
p. 20; 3 to 7 m/my, after Grabowski and Pszczotkowski 2006;
and 3.7 m/My, after Jach et al., 2012). A relatively higher sedi-
mentation rate of the carbonate deposits was probably an ad-
vantageous factor for the genera Spirillina, Lenticulina and
Reophax, as reported earlier from the Oxfordian of the Prebetic
Zone in the southern Spain (Reolid et al., 2008b).

In the lower and middle parts of the Upper Kimmeridgian,
biooncomicrosparites and biomicrites are the dominant types of
limestones. The Bositra-Saccocomidae microfacies with
ammonites may be interpreted in terms of a transgressive epi-
sode. The uppermost Kimmeridgian limestones consist mainly
of biomicrites, locally pseudonodular, also indicating a relatively
high sea level. Such an interpretation is supported by the pres-
ence of sparse calcareous nannoplankton in the peloids and
the micritic matrix.

The above-mentioned limestone types are also dominant in
the Lower Tithonian, although oncobiosparitic variety locally
also occur. The dark limestones of the lower part of the Malmica
Zone (Fig. 3), probably correspond to the maximum of the
Kimmeridgian-Lower Tithonian transgression (cf. Haq et al.,
1987; Rehakova, 2000b). As noticed by Hallam (1988: p. 271),
the highest sea level occurred “...in the Kimmeridgian and early
Tithonian rather than the Oxfordian...”. In the Chitinoidella
Zone, the oncosparitic beds begin to be common. In section A
(Fig. 2), the pseudonodular limestones occur in the uppermost
Kimmeridgian strata (upper part of the Moluccana Zone and the
Borzai Zone); biomicritic lumps or nodules are surrounded by
bioclastic matrix. Also in this section, in the Chitinoidella Zone —
from sample MG-105 upwards — the oncobiomicrosparites are
substituted by oncosparitic limestones; diameters of the
microoncoids are greater (up to ca. 1 mm) than in the underly-
ing strata. These changes indicate shallowing of the High-Tatric
swell during the Late Tithonian. This local shallowing trend is
concordant with the long-term eustatic curve (Haq et al., 1987;
Rehakova, 2000b; Hallam, 2001).

In summary, palaeobathymetric evolution of the Kimmeri-
dgian-Tithonian deposition in the Maty Giewont sections reveals:

— atransgressive episode at the Early/Late Kimmeridgian

boundary interval, perhaps corresponding to the “mid-
dle” Kimmeridgian transgressive and highstand event
(Haq et al., 1987; Rehakova, 2000b);

— a transgression peak during the Early Tithonian (Mal-

mica Zone);

— gradual shallowing of the High-Tatric swell in the Late
Tithonian.

At the end of the Jurassic, the carbonate deposits of the
studied part of the submarine swell were influenced by in-
creased hydrodynamic activity of waves and currents. Micritic
and fine-grained calcareous sediment could have been trans-
ported towards the deeper areas of the Late Tithonian sea.
However, the larger microoncoids (0.5-1.0 mm in diameter) re-
mained in the place of their formation (?) or were not farther dis-
placed to the deep-water basins. Evidently, the bottom calcare-
ous sediments were still located below the (fair-weather?) wave
base. The microbial concentric coatings of the microoncoids
are usually symmetrical or ellipsoidal (Fig. 13C), which is con-
cordant with “some regular degree of turning” (Wright in Tucker
etal., 1990: p. 10). This links their origin rather with relatively el-
evated turbulence in the Late Tithonian sea than with the activ-
ity of burrowers.

CORRELATION TRENDS
BETWEEN 3"C AND §'0 DATA

Two correlation trends are clearly visible in the §"°C vs. §'°0
diagram (Fig. 18B). Both trends are of stratigraphical signifi-
cance. The first trend is discernible between samples MG-56
and MG-82. The §'C values reveal only minor variations (be-
tween 2.60 and 2.35%), while §'°0 significantly fluctuates be-
tween —3.90 and —1.21%o. Within the second trend (samples
MG-84 to MG-116) an apparently positive correlation is ob-
served between both isotopic ratios. The §'°C values fall from
2.2-2.3%o to 1.6-1.4%0 and §'°0 decrease from —1.5 to —3.6%.
Such a positive correlation might be evidence of diagenetic al-
teration of the isotope record (e.g., Weissert and Bréhéret,
1991; Colombié et al., 2011). However, the carbon isotope
curve from Maly Giewont in the entire Lower Kimmerid-
gian—Lower Tithonian interval correlates quite well with other
reference sections from the Carpathians (see chapter below).
Moreover, the boundary between both correlation trends (sam-
ples MG-82 and MG-84) falls just below the boundary of the
middle and upper members of the RTL Fm. This corresponds to
horizon b with Taramelliceras (see Fig. 3) and correlates with
the onset of the Saccocoma-Globochaete microfacies. There-
fore the carbon isotope record is interpreted as primary, reflect-
ing important palaeoenvironmental changes in the Western
Carpathian area.

CORRELATION OF THE §"C CURVE FROM
THE MALY GIEWONT SECTION WITH ISOTOPIC RECORDS
FROM OTHER CARPATHIAN SECTIONS

The 8"C curve constructed from the samples collected in
section A of the Maty Giewont area (Fig. 19) can be compared
with the isotopic records from coeval sections studied in Po-
land (Jach et al., 2014) and Slovakia (Michalik et al., 2009)
which are calibrated with calcareous dinocysts and calpio-
nellids. The Dtuga Valley section from the Western Tatra
Mountains comprises three Upper Jurassic formations be-
longing to the Lower Subtatric (or Fatric) Succession (Jach et
al., 2014). The Czajakowa Radiolarite Formation (upper part)
is Early Kimmeridgian to earliest Late Kimmeridgian in age.
The Czorsztyn Limestone and Jasenina formations consist of
Upper Kimmeridgian-Lower Tithonian pelagic limestones
(Jach et al., 2012, 2014: fig. 3). In general, the compared §'°C
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curves from Maty Giewont and the Dtuga Valley might be di-
vided in three sectors (Fig. 19).

Sector | comprises a relatively stable, slightly decreasing
trend of 8'*C within the acme Parvula and Moluccana Zones in
the Kimmeridgian. The values decrease slightly from 2.60 to
2.36%o in the Maty Giewont section. In the Dtuga Valley section,
this trend is also observed; however, the 8'°C are lower, falling
from ca. 2.2%o in the lower part of the Moluccana Zone to
2—1.8%o in the upper part of this zone. A positive excursion in
the upper part of the Upper Kimmeridgian Moluccana Zone
(sample MG-87), which terminates sector |, might correspond
to sample Dsr292 (Jach et al.,, 2014: fig. 3). The “Late
Kimmeridgian (Moluccana Zone) positive 8'°C shift’ of Jach et
al. (2014) should be correlated then, with our samples MG-79 to
82. In that case, the upper part of the middle member of the
RTL Fm in the Maty Giewont section must be an equivalent of
the the upper part of the Czajakowa Radiolarite Formation (red
radiolarites) and Czorsztyn Formation (and perhaps the lower-
most part of the Jasenina Formation).

Sector Il of the §"C curves from the Maty Giewont and
Diluga Valley sections represents a remarkable decreasing
trend which continues from the uppermost part of Moluccana
Zone, through the Borzai Zone and Tithonica — acme Pulla
Zone up to the base of the Lower Tithonian Malmica Zone. The
8'°C values fall from 2.4 to 1.7%o in the Maly Giewont section
and from 2.1 to 1.3%o in the Dtuga Valley section. The trend ter-
minates with a spectacular negative excursion (—0.37%o for
sample MG-98 in the Maty Giewont section) in the lower part of
the Lower Tithonian Malmica Zone. The trend corresponds to
the lower part of the upper member of the RTL Fm and the low-
ermost part of the Jasenina Formation.

Sector Il of 8"°C curves from both sections represents
again a relatively stable trend within the Malmica Zone. The
8"°C values fluctuate around 1.8—1.5%o in the Maty Giewont
section and around 1.5-1.2%o in the Dluga Valley section, with
some subordinate minima and maxima. This trend correlates
with the middle part of the upper member of the RTL Fm and
the corresponding part of the Jasenina Formation.

The three sectors in the Upper Kimmeridgian-Lower
Tithonian interval of the §'°C curve might be identified also in
the Hlboca section (Grabowski et al., 2010). Biostratigraphic
correlation of the sectors fits quite well to the Maty Giewont
and Dtuga Valley sections (Fig. 19): sector | —in the upper part
of the Parvula and in the Moluccana Zone, sector Il in the Pulla
Zone and sector Il in the Malmica Zone. The latter might be
tentatively distinguished also in the Malmica Zone of the
Brodno section (Michalik et al., 2009). The weak positive ex-
cursion in the lower interval of the Crassicollaria Zone (Fig. 19)
may also be found in the Brodno section. The value 1.79%. for
sample MG-116 indicates a diminishing trend in the topmost
part of the Maty Giewont section. This is compatible with the
rather low stratigraphical position of samples MG-113 and
MG-116 within the Crassicollaria Zone, probably below the in-
terval of rising 8'°C values detected in the Brodno section
(Michalik et al., 2009).

The decreasing trend of 8"C within the Kimmeridgian-
Tithonian is a well-known phenomenon (e.g., Cecca et al,
2001; Padden et al., 2002; Weissert and Erba, 2004; Jach et
al., 2014; Arabas, 2016; Price et al., 2016). The overall similar-
ity of the 8"C decreasing values recorded in the Kimme-
ridgian-lowermost Tithonian interval of the Maty Giewont area
(this study) and the Diuga Valley (Jach et al., 2014) sections in-
dicates that the generally shallow-water limestones of the RTL

Fm accumulated below the zone influenced by changes in the
composition of marine water caused, for instance, by intense
rainfall. Therefore, the depocentre of these limestones located
at the top of the passive Tatric Ridge was freely connected with
the nearby deep-water basins (such as the Zliechov Basin —
Michalik, 2007).

CONCLUSIONS

1. Eight microfossil biozones are distinguished in the Upper
Jurassic limestones of the Maty Giewont area (RTL Fm, West-
ern Tatra Mountains): acme Fibrata, acme Parvula, Moluccana,
Borzai, Tithonica-acme Pulla(?), Malmica, Chitinoidella and
Crassicollaria (pars). The Kimmeridgian/Tithonian boundary is
indicated at the top of the Borzai Zone 76 m above the base of
the RTL Fm.

2. The planktonic and benthic foraminifers occur in the Up-
per Jurassic deposits of the RTL Formation. The genera Lenti-
culina Lamarck and Spirillina Ehrenberg are common in the
Kimmeridgian and Tithonian limestones.

3. The microfossil stratigraphy suggests a late Early
Kimmeridgian age (acme Parvula Zone) of the ammonites de-
scribed by Passendorfer (1928). The taxon Taramelliceras ex
gr. compsum found 14 m above those ammonites is Late
Kimmeridgian in age.

4. Seven microfacies types (MF) are identified in the Upper
Jurassic limestones of the Maly Giewont area. The Bositra-
-Saccocomidae MF occurs across the Lower-Upper Kimme-
ridgian boundary and corresponds to the microfacies MF), of the
Ardéche area in France (Dromart and Atrops, 1988).

5. The isotopic curves §'°0 and 8'°C registered from the
Kimmeridgian and Tithonian bulk limestone samples (Maty
Giewont area, section A) can be compared with the isotopic re-
cords from coeval sections studied in Poland (Jach et al., 2014)
and Slovakia (Michalik et al., 2009). The overall similarity of the
8'3C decreasing values recorded in the Kimmeridgian—lower-
most Tithonian interval of Maty Giewont (this study) and Diuga
Valley (Jach et al., 2014) sections indicates that the generally
shallow-water limestones of the RTL Fm accumulated below
the zone influenced by changes in the composition of marine
water caused, for instance, by intense rainfall.

6. The palaeobathymetric evolution of the Kimmeridgian-
-Tithonian deposition recorded in the Maty Giewont sections re-
veals: a transgressive episode at the Early/Late Kimmeridgian
boundary interval, a transgression peak during the Early Titho-
nian (Malmica Zone) and gradual shallowing of the High-Tatric
swell in the Late Tithonian.
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