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•	 The bioturbated dark-brown limestones of the Drieto-
ma Unit Fleckenmergel facies from the area of Pe- 
riklippen Zone were studied by biostratigraphy and 
palaeoecological research.

•	 The age of the bioturbated limestone was determined as 
the Middle Jurassic – the Aalenian / Bajocian boundary 
and the sedimentary environment can be characterized 
by relatively well-oxygenated substrate with sufficient 
organic input.
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Abstract: Intensively bioturbated hemipelagic limestone of the Fleckenmergel facies is regarded as an equivalent 
of the Allgäu Formation. Studied outcrops within the sequence of the bioturbated limestone are situated in the 
westernmost part of Periklippen Zone (respectively Klippen Zone). Mentioned Middle Jurassic bioturbated lime-
stone belongs to the youngest of Fleckenmergel facies ever within the Western Carpathians. The association of 
trace fossils consists of Chondrites, Lamellaeichnus, Nereites, Planolites, Teichichnus and Zoophycos. Relatively 
well diversified trace fossil assemblage comprises various forms of deposit feeders, chemosymbiotic structures 
and vertically oriented open burrows situated on the bottom surface at various levels of substrate depths. Palaeo-
environmental conditions can be characterised by relatively well oxygenated substrate with sufficient of organic 
input. With the exception of a questionable vertically oriented trace fossil, it is a typical community of deep-water 
ichnofacies. Based on the study of calcareous nannofossils, the age of the layers was confirmed as the Middle 
Jurassic – Aalenian/Bajocian boundary. The age was determined by the first occurrence of species Watznaueria 
fossacincta and Watznaueria manivitae. The assemblage of the calcareous nannofossils is pointing out eutrophic 
conditions in the sedimentary area.

Key words: biostratigraphy, calcareous nannofossils, trace fossils, Middle Jurassic limestones, Drietoma Unit, 
Myjava Upland

Introduction

The Periklippen Zone of the studied area is situated 
near to the westernmost part of the Pieniny Klippen Belt. 
Lower to Middle Jurassic dark-coloured significantly bio-
turbated limestone succession of the Periklippen Zone is 
characterized as an equivalent of the Allgäu Formation 
(e.g. Csibri, 2019). This succession belongs to the Drieto-
ma Unit. (Hók et al., 2009). Biostratigraphical evaluations 
of the Middle Jurassic (Aalenian – Bajocian) sediments 
from the Myjava Upland are based on calcareous nanno-
fossils. Moreover, the same age is also determined from 

previous geological mapping (Csibri, 2019; Potfaj et al., 
2014). This study is focused on the one of the youngest 
bioturbated limestonesof “Fleckenmergel/Fleckenkalk” 
Middle Jurassic facies succession. Stratigraphic span of 
the “Fleckenmergel” lithofacies in the Central Western 
Carpathians is from upper Sinemurian to Bajocian (Wie- 
czorek, 1995). Chronostratigraphic total span of the Allgäu 
Fm. which belongs to the area of the western part of the 
Tethys is ranged from Hettangian to late Middle Jurassic 
in the Northern Calcareous Alps (Gawlick et al., 2009; 
Wieczorek, 1995). This long-term Lower–Middle Jurassic 
deep-water Fleckenmergel facies of large western region 
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of the Tethys is characterized by a relatively uniform 
community of trace fossils (e.g. Wieczorek, 1995; Šimo 
& Tomašových, 2013; Šimo & Reolid, 2021). Ichnologi-
cal study from Middle Jurassic Fleckenmergel sequences 
from Periklippen Zone of Drietoma Unit has not been pro-
vided so far. 

Geological settings

The study area is located in the Periklippen Zone 
which belongs to the Drietoma Unit, in the Myjava Up-
land (Fig. 1). However, some authors (Potfaj et al., 2014; 
Salaj et al., 1987; Salaj, 1990) classify this area to the 
Klippen Belt. Sampling has been provided on two out-
crops (48°44’5.64”N, 17°30’57.55”E; 48°44’6.76”N, 
17°31’16.44”E) located 4 km westward of the Podbranč 
Castle (Fig. 2). These poorly exposed outcrops are situated 
in grey, bioturbated dark-brown limestones of the equiva-
lent of the Allgäu Formation of Aalenian to Bathian age 
(Csibri, 2019). An inverted superposition based on the geo-
logical section can be assumed (Csibri, 2019). The Drieto-
ma Unit was described between the area of Drietoma and 
Bošáca villages by Began et al. (1966). The Drietoma Unit 
within the PKB is reached in the area between Myjava and 
Pruské (Mišík, 1997).The following description of Drieto-
ma succession is described according to Csibri (2019). The 
northernmost part of the studied area of the Periklippen 
Zone is represented by exotic pebbles, medium to coarse-
grained conglomerates, and calcareous sandstones of 

the Rašov Formation (Campanian – Maastrichtian). The 
southern part of the Periklippen Zone within the close 
surrounding studied area consists of rare quartz arenites 
occurrences (Carpathian Keuper) belonging to the Norian, 
lumachela limestone of Rhaetian age and dark grey shales 
(Hettangian – Sinemurian age). The main part of succes-
sion is built of organodetritic limestones and red crinoidal 
limestones (Pliensbachian); pale yellow limestones and 
cherty limestones, bioturbated limestones as an equivalent 
of the Allgäu Formation (Aalenian – Bathian); radiolarites, 
radiolarian limestones and black silicites (Callovian – 
Oxfordian); grey, bioturbated (expressly referred to as 
“spotted”), marly limestones (Tithonian – Hauterivian); 
exotic pebbles; hyaloclastic lavas (Aptian – Albian); con-
glomerates with exotic pebbles (Cenomanian). Samples of 
this study were collected from the part of bioturbated lime-
stones within the Allgäu Formation (Aalenian – Bathian). 

Methods

Sampling material was collected in the Škarítkovci 
settlement area. Samples come from grey bioturbated 
limestone of Aalenian – Bathian age. Samples for trace fossil 
study purposes were cut perpendicularly and horizontally 
to bedding planes. Cuts areas were polished and moistured 
by alcohol and scanned by an office scanner. Complicated 
tectonic situation of area and uncovered area surface allow 
collecting material just from two poor exposed outcrops. 
Sampling was focused on the bioturbated rocks.
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The overvies is based on the study of the bioturbated 
marls and dark shales of the Czorsztýn Unit from the Vršatec 
locality, from the Veľká Fatra Mts. and from the locality 
Skladaná skala, where Gašpariková determined two Lower 
Jurassic zones – Crepidolithus crassus (Pliensbachian) and 
Podorhabdus cylindralithus (Pliensbachian – Toarcian). 
She has found a few diversifi ed and recrystallized 
nannoassemblages, often diffi  cult to determine. While 
Noël (1965) described in Toarcian samples “massive 
coccolithsˮ, Gašpariková did not fi nd them. 

Within the regional research of the Veľká Fatra Mts. 
the Mesozoic sediments of the Siprun sequence were in-
vestigated in localities of Trlenská dolina valley, Malinô 
Brdo and Ľubochnianska dolina valley. Samples from 
the Trlenská dolina valley came from the Allgäu layers 
(Fleckenmergel). Discovered calcareous nannofossils rank 
to the Podorhabdus cylindralithus Zone (Pliensbachian – 
Toarcian). Comparable assemblage was also detected on 
the Malinô Brdo locality and from the Šiprúň series of the 
Krížna Nappe.

In the present time, the Podorhabdus cylindralithus is 
basionym of Axopodorhabdus cylindratus. According to 
Bown & Cooper (1998) its fi rst occurrence from Toarcian 
and Bajocian is characterized by Nannoplankton Zones 
NJ4a to NJ7.

Antolíková & Józsa (2017, 2018) examined calcareous 
nannoplankton of the Lower – Middle Jurassic age from 
the Skrzypny and Szlachtowa Formations from Litmanová 
and Kamienka localities, the Pieniny Klippen Belt. There 
are determined Aalen – Bajocian Nannoplankton Zones 
NJ8/NJ9.

The samples for calcareous nannofossils were prepared 
using the decantation method (Bown & Young, 1998) and 
applying the methodology of Svobodová (2012).

The smear slides were studied under the light microscope 
ZEISS AXIO SCOPE AI, at 1 000x magnifi cation and 
nannofossil species were documented by digital camera 
AXIOCAM 105 COLOR. The determination of species 
was performed on the basis of Bown et al. (1998) and 
Young et al. (2017). Biostratigraphic correlation was 
carried out according to biostratigraphic synthesis NJT 
Zones by Mattioli & Erba (1999) and NJ Zones according 
to Bown and Cooper (1998). Statistical evaluation was 
carried out in the CorelDRAW® Graphics Suite X3 
program. Preservation of calcareous nannofossils was 
determined as M (moderate – mechanical damage and 
etching of the specimens are weak) to P (poor; severe 
dissolution, fragmentation and/or overgrowth, the specifi c 
identifi cation of specimens is diffi  cult).The abundance of 
the calcareous nannofossil was L – low – (1 – 5 specimens 
per 1 fi eld of view). 

Overview to the Lower – Middle Jurassic studies of 
calcareous nannofossils from Fleckenmergel facies 

Study overview of calcareous nannofossils is focused 
on Fleckenmergel type of lithofacies from the Central 
Western Carpathians and the Pieniny Klippen Belt. 
Calcareous nannofossils were studied occasionally from 
the Lower and Middle Jurassic sediments from the Western 
Carpathians. Gašpariková (Began & Gašpariková, 1979; 
Gašpariková, 1982), using zoning by Barnard & Hay 
(1974) and Prins (1969). 
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Fig. 2. Geological composition of the Periklippen Zone. The geological map was compiled from maps of Csibri (2019) and Potfaj et 
al. (2014). Numbers on the tops of hills are altitudes in meters.
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Fig. 4. Percentage evaluation of all found nannofossils (localization of samples M1–M3: 48°44'6.76" N, 17°31'16.44" E; M PC: 
48°44'5.64" N, 17°30'57.55" E).
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Results

Calcareous nannofossils

Assemblages of calcareous nannofossils from the 
studied samples were quantitatively and qualitatively poor. 
In the study samples twelve specieswere detected only. 
The least species were represented in the sample M1 and 
M3. The other samples were richer in species.

Two genera Lotharingius (on average 22 %) (L. frodoi,
L. haufii, L. umbriensis) and Watznaueria (on average 63 %) 
(W. manivitae, W. contracta, W. fassacincta) were dominant 
in the calcareous nannofossil assemble. The percentage 
of W. contracta varies in the sample from 16 to 57 %, 
and W. manivitae from 21 to 39 %. Species Lotharingius 
frodoi is morphotype of L. hauffii according to Fraquas & 

Young (2011), but in our paper we distinguish both species 
individually. The genus Watznaueria is represented by W. 
contracta and W. manivitae. Watznaueria contracta and 
Lotharingius contractus are basionyms. Lotharingius 
contractus has been renamed as Watznaueria contracta. 
Therefore, in this paper we use the name W. contracta
(Suchéras-Marx et al., 2015). Rare species Crepidolithus 
crassus, Discorhabdus striatus and Schizosphaerella 
punctulata were found in the samples also (Fig. 5).

Biostratigrafic evaluation

The biostratigraphic age of the study layers is determined 
as an Aalenian/Bajocian boundary, Nannoplankton Zones 
NJ8/NJ9 according Bown & Cooper (1998) and Zone 
NJT9/NNJT10a according Mattioli & Erba (1999), 

Watznaueria
contracta

Watznaueria
manivitae

Discorhabdus
striatus

Thoracosphaera sp.

Carinolithus
superbus

Crepidolithus
crassus

Lotharingius
umbriensis

Lotharingius
frodoi

Lotharingius
hauffii

Schizosphaerella
cf. punctulata

Biscutum
profundum

Watznaueria
fossacincta

5 µm

Fig. 5. Calcareous nannofossils association of Aalenian – Bajocian age from studied localities.
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based on first occurrence of Watznaueria fossacincta and 
Watznaueria manivitae (Fig. 6).

The co-occurrence of the genera Lotharingius and 
Watznaueria is typical for the boundary Aalenian/Bajocian 
(Cobianchi et al., 1992; Mattioli & Erba, 1999; Mailliot et 
al., 2006).

Aalenian calcareous nannofossils are represented by 
species of the genus Lotharingius. (Fraguas & Young, 
2011). L. hauffi has its last occurrence in the lower Bajocian. 

Other found species were Biscutum profundum (NJ5-NJ10, 
Toarcian – Bajocian), Crepidolithus crassus (NJ3-NJ17b, 
Sinemurian – Tithonian), Carinolithus superbus (NJ6-10, 
Toarcian – Bajocian), Discorhabdus striatus (NJ7-NJ15a, 
Toarcian – Oxfordian), Schizosphaerella punctulata (NJ1-
NJ15, Hettangian – Kimmeridgian). The assemblage was 
complemented by species of Thoracosphaera sp. and
Watznaueria sp. 

Fig. 6. Nannofossil zones of Aalenian – lower Bajocian age based on calcareous nannofossils from studied localities of the Periklippen 
Zone of the Drietoma unit.

Fig. 7. Thin sections under transmitted light (A) and under plane-polarized light (B). A – Bioturbated packstone. A burrow with dark 
infill is enveloped by bioclastic material consisted of radiolarians and sponge spicules (Nereites isp.). Scale is 1 mm long. B – Packstone 
consisted of radiolarians and sponge spicules under plane-polarized light.
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Trace fossils 
Trace fossils 
Chondrites von Sternberg, 1833
Chondrites cf. intricatus
Description: Chondrites has been determined on the 

base of occurrence of tiny spots clusters and tiny well 
contrasted dark burrows of diameters bellow 0.5 mm. 
Branched root-like burrows are visible occasionally (Fig. 8). 

Remarks: Chondrites is characterized as a chemo-
symbiotic trace fossil. This structure for sulphide trans-
port is situated in low oxygen sediment (Bromley, 1996). 
It occupies the lower part of bottom sediment. Overall 
morphology of Chondrites has been studied by Fu (1991). 
New complex morphology insights and ethological inter-
pretations of Chondrites show that it is extremotolerant 
ichnotaxon, which obviously occurs in organic rich sedi-
mentary successions (Baucon et al., 2020).

Lamellaeichnus Šimo and Tomašových, 2013
Lamellaeichnus imbricatus Šimo and Tomašových, 2013
Description: L. imbricatus presents burrows com-

posed of basal burrow and convex-shaped lamellae which 
obliquely run upward. Diameter of basal burrow attains 
8 mm. Cross sections views of Lamellaeichnus burrows 
are displayed as around or elliptical basal burrows. Cres-
cent-shaped (most often one) convex lamella on cross 
section and on oblique sections more convex lamellae 
(Fig. 8) are visible above the basal burrows. Vertical lon-
gitudinal sections show horizontal burrow from which 
the lamellae run upward. Horizontal longitudinal sections 
through the basal burrow display occasionally branched 
simple burrow. If the section is oriented above the basal 
burrow through lamellae, row of crescentsare visible. Re-
marks: This trace fossil is defined as a structure of vagile 
deposit feeder (Šimo & Tomašových, 2013). Occurrence 
of Lamellaeichnus imbricatus is typical in Lower Jurassic 
Fleckenmergel sequences of the Western Tethys (Šimo & 
Reolid, 2021).

Nereites MacLeay in Murchison, 1839
Nereites isp.
Description: Nereites isp. was determined from 

clusters of sectioned dark ellipsoid burrows with pale 
wall. Occasionally longitudinal sections of slightly arched 
burrows with pale wall are visible. Sectioned burrows are 
most often elliptical in shape. Diameters of black infill of 
burrows without pale wall attain 0.4–2.6 mm. Diameters 
of burrows with walls attains 1.4 to 5.6 mm (Fig. 9).

Remarks: It is characterized as a horizontally orient-
ed deposit feeder structure. Modern form of Nereites has 
been described from the central South China Sea on the 
transition zone between oxic and anoxic conditions (Wet-

zel, 2002). Morphology of Nereites represents central tun-
nel (dark infill) with thick lobed mantle (Uchman, 1995; 
Knaust, 2017).

Planolites Nicholson, 1873
Planolites isp.
Description: Simple (not branched, not walled) 

horizontally oriented burrows. Maximal diameters of 
Planolites attain 7 mm. It is elliptic or round on the section. 
Active homogenous infill of Planolites is darker colored 
on the pale background of sediment (Fig. 8). 

Remarks: Planolites is structure of active deposit 
feeder (Fillion & Pickerill, 1990). This trace is designated 
as a cross-facies and stratigraphically ubiquitous for its 
simple morphology. 

Skolithos Haldeman, 1840
?Skolithos isp.
Description: Vertically oriented burrows of diameters 

1 to 2.5 mm. Passive bright detritic infill contrasts with 
surrounding sediment (Fig. 8). 

Remarks: Skolithos ichnofacies marked shallow 
water with relatively high energy environment. However, 
occurrence of Skolithos isp. Within deep water trace 
fossil association cannot indicate such shallow water 
environment. Skolithos ichnosystematic revisions have 
been provided by Alpert (1974) and Schlirf & Uchman 
(2005). Described vertical burrows can be attributed to 
dwelling structure of suspension-feeding organisms or 
predators (Knaust, 2017). 

Teichichnus Seilacher, 1955
Teichichnus longummurus Šimo and Reolid, 2021
Description: Cross-sections of Teichichnus longum-

murus are presented as a sub-vertically oriented chain of 
well recognizable spreite structure with basal causative 
burrows. Basal causative burrows of T. longummurus have 
diameters between 2 and 2.5 mm. Lengths of spreite struc-
ture on cross sections views including basal burrow are 
from 14 to 29 mm (Figs. 8 and 10). Longitudinal section 
contains long fine strings of lamellae. Branching of the 
trace occurs commonly. 

Remarks: Morphology of Teichichnus ichnospecies 
dominated by horizontal or obliquely oriented lamellae 
which are stacked vertically on the top of each other 
(Knaust, 2017). Teichichnus longummurus protrusive 
lamellae are arranged in inclined position to basal burrow. 
Protrusive spreite is typical in cross section of Teichichnus 
longummurus. The most similar to Teichichnus 
longummurus ichnospecies is Teichichnus duplex (Schlirf 
& Bromley, 2007). Its ethology can be characterized as 
deposit feeder. 
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Fig. 9. Detailed view on Nereites isp. ichnofabric. A – Horizontal section on bedding plane. Nereites isp. is meandering. Central faecal 
string is enveloped by pale sediment. B – Perpendicular section on bedding plane. Nereites isp. of the Škarítkovci settlement. Scale 
10 mm.

Zoophycos Massalongo, 1855
Zoophycos isp.
Description: Parallel dark spreite lines were 

determined as Zoophycos isp. Spreite structures are not 
easy to distinguish inside of lines. Widths of Zoophycos 
isp. spreite lines on perpendicular sections ranged between 
2.2 to 5.2 mm (Fig. 10). Morphology of Zoophycos was 
changing during time from simple whorl forms to forms 
combining whorls and long tongue like structures (Olivero, 
2003; Zhang et al., 2015). 

Remarks: Zoophycos is interpreted as a morphologically 
variable structure. It is built per collecting, keeping and food 
gardening. Zoophycos contains storage organic material 
from bottom surface which is processing during cycles of 
organic matter input. Several ethological manners (deposit 
feeding was not confirmed) of Zoophycos and combination 
of repetitive reworking of the structure in deep part of 
bottom substrate in anoxic to low oxygen conditions has 
been proven (Belghouthi et al., 2020; Löwemark et al., 
2004; Löwemark, 2015). 

Fig. 8. Perpendicular cut of sample. View of opposite sides are approximately distant by cut and surface polishing up to 6 mm. 
Ch – Chondrites cf. intricatus, Ne – Nereites isp., Te – Teichichnus longummurus, Pl – Planolites isp., Zo – Zoophycos isp. Scale 
10 mm. The Škarítkovci settlement. Scale 10 mm.



Šimo, V. and Antolíková, S.: Biostratigraphy and palaeoecological evaluations based on trace fossils and calcareous nannofossils  
from the Middle Jurassic (Aalenian – Bajocian) bioturbated limestones from the Periklippen Zone of the Drietoma Unit (Myjava Upland, Slovakia)

123

Palaeoecology and benthic palaeoenvironment

Genus Watznaueria seems to be ubiquitous and 
dominant during mid-Jurassic – Late Cretaceous, especially 
within the low and middle palaeolatitudes (Street & Bown, 
2000; Lees et al., 2004, 2005). The presence of Watznaueria 
species signifies eutrophic and pelagic conditions 
(Suchéras-Marx et al., 2015). According to various 
authors, living conditions of this species are different, e.g. 
Watznaueria fossacincta/Watznaueria barnesiae signifies 
maximum stress of palaeoenvironmental conditions, 
seasonal blooms, and peaks of eutrophy (Lees et al., 
2004). Anomalously low-diversity assemblage dominated 
by Watznaueriaceae is result of high trophic conditions 
which excluded bridge normal open-ocean taxa (Lees at 
al., 2005). According Roth & Krumbach (1986), Perch-
Nielsen (1985), Watznaueria indicated low palaeofertility 
and/or pelagic palaeoenvironments. 

Genus Lotharingius can survive indifferent conditions. 
Critical conditions during the Early Toarcian anoxic event, 
the biomineralization crisis, the high atmospheric pCO2, 
and ocean acidification led to the crisis and extinguishment 
of nannofossils. Then Lotharingius began to develop and 
therefore the sizes increased. Based on Fraguas & Young 
(2011) calcareous nannofossils palaeoecological evaluation 
the study layers show eutrophic, pelagic water conditions. 
Two species Crepidolithus crassus and Schizosphaerella 
punctulata prefer deep-water conditions. However, these 
species occur in the samples less frequently.

Fine grained bioturbated marly and carbonate or-
ganodetritic substrate was consisted of radiolarians, 
sponge spicules and macroscopic fragments of shells. 
Microscopic views contain features of tiny bioturbation. 
Minute burrows are infilled by dark matrix and their 
walls have different pale color composed of radiolarian 
and sponge spicules and other bioclasts (Fig. 7A). Mac-
roscopic trace fossils comprise rare vertically oriented 
trace fossils (?Skolithos isp.) and these trace fossils are 
regarded to permanent dwelling structures. Dominated 
part of trace fossil association is deeper situated and be-
low from vertically oriented trace fossils (?Skolithos isp.). 
This association consists of deposit feeders trace fossils 
(Lamellaeichnus, Nereites, Planolites, Teichichnus, Zoo-
phycos). Occurrence of Zoophycos isp. indicates seasonal 
cyclic sedimentological conditions presented by higher 
and slow rate of sedimentation with seasonal input of or-
ganic matter. Assemblage of L. imbricatus, Planolites isp. 
and Teichichnus  isp. can be regarded to shallow part of 
bottom bioturbation below mixed layer. The deeper part 
of sediment was occupied by Nereites isp. This ichnofossil 
was situated within substrate of redox conditions. Chon-
drites cf. intricatusis structure of chemosymbiotic produc-
er, occupied probably the deepest level of substrate on the 
redox potential boundary.

Described association of trace fossils is little different 
from the Lower Jurassic Fleckenmergel association from 
the Fatricum Unit. Nereites isp. andvertical burrows 
(?Skolithos isp.) are missing in the Lower Jurassic 
Fleckenmergel facies of the Fatricum Unit. Nereites isp. 

Fig. 10. Opposite views of vertically sectioned sample. Ch – Chondrites cf. intricatus, L – Lamellaeichnus, Pl – Planolites isp., S – 
Skolithos isp., Te – Teichichnus longummurus, Zo – Zoophycos isp. Scale 10 mm. The Škarítkovci settlement.



Mineralia Slovaca, 53, 2 (2021)

124

has been reported from Lower Toarcian succession of 
eastern part of the External Subbetic Zone (Rodríguez-
Tovar & Uchman, 2010). Thus, Nereites isp. is not 
considered as an exotic exceptional foreign element of  the 
Fleckenmergel facies. Rarely occurred vertically oriented 
shafts, ?Skolithos isp. are not typical in Fleckenmergel 
facies and fragments of vertically oriented burrows can be 
interpreted as causative burrows of another trace fossils, 
for example Zoophycos isp.

Discussion

In this locality, in the Myjava Upland, in the Lower 
Jurassic “Fleckenmergel” facies, the calcareous 
nannofossils have been studied for the first time. 

The biostratigraphical age of this “Fleckenmergel” 
facies according to Csibri (2019) was determined as 
Toarcian – Bathonian. The results of our study confirm 
the age determined by Potfaj et al. (2014), as Aalenian/
Bajocian boundary, Nannoplankton Zone NJT9/NNJT10a 
sensu Mattioli & Erba (1999). 

The assemblage of calcareous nannofossils was 
quantitatively and qualitatively poor. Determining species 
of calcareous nannofossils were formed within two 
majority groups – genera Lotharingius and Watznaueria. 
The co-occurrence of species of Lotharingius and 
Watznaueria is typical for the lower/middle Jurassic.

Genus Watznaueria began to develop in Upper Aalenian 
and its occurrence continued in Lower Bajocian. New 
species were developed: W. contracta, W. britannica, W. 
manivitae. Watznaueria species according to Cobianchi et 
al. (1992), De Kænel et al. (1996), Mattioli (1996), Mattioli 
& Erba (1999) probably evolved from Lotharingius. The 
onset of species was caused secondly by a change in the 
nutritional condition of the environment within changing 
geographical conditions (Sucheras-Marx et al., 2015).

The genus Lotharingius began to develop on the 
Pliensbachian/Toarcian boundary when alongside L. 
hauffii the L. barozii and L. sigillatus have been developed. 
The occurrence of the species L. hauffii continued to the 
Bajocian. L. umbriensis has its last occurrence on the 
Aalenian/Bajocian boundary.

There are several theories about this majority species 
representation. The majority occurrence of this genus may 
be due to diagenetic dissolution or evolutionary changes.
1. Over 40 % occurrence of Watznaueria in the Lower 

Cretaceous assemblage indicated replacement of exis-
ting species with new ones as a result of palaeoeco-
logical changes (Thierstein, 1981; Roth & Bowdler, 
1981; Roth & Krumbach, 1986; Thierstein & Roth, 
1991). Also, the major part of the here determined nan-
nofossils consist of two genera, not just of the genus 
Watznaueria. Therefore, this assemblage is probably 
impoverished of diagenetic dissolution (Tiraboschi & 
Erba, 2010).

2. However, other authors consider that the major repre-
sentation of genera Watznaueria and Lotharingius in 
the Lower and Middle Jurrasic is due to evolutiona-
ry development (Pittet & Mattioli, 2002; Lees et al., 
2004; Olivier et al., 2004; Tremolada et al., 2006).
This theory is acceptable in the Lower/Middle Jurassic 

conditions. The species of the genus Watznaueria could be 
gradually replacing the species of the genus Lotharingius.

The occurrence of the genus Lotharingius on the 
Aalenia/Bajocian boundary and in Bajocian is interesting. 
According to some authors (Cobianchi et al., 1992; Mattioli 
& Erba, 1999; Mailliot et al., 2006), the last occurrence 
of the most Lotharingius species is in the lower/middle 
Aalenian, but according to other authors their occurrence 
continues to Bajocian. Probably it is a disconnected oc-
currence. A similar assemblage of calcareous nannofossils 
have been found in the Ravin du Bès section (Bas Auran, 
Subalpine Basin, SE France) by Tiraboschi & Erba (2010), 
in the middle-Jurassic formations at the Murtinheira 
section at Cabo Mondego (Portugal; Pavia & Enay, 1997) 
and in the Subbetic Basin in Spain (Aguado et al., 2017) 
as well.

The assemblage of calcareous nannofossils from Zones 
NJT9 to NJT10 – has been described in the Subbetic Basin 
in Spain. Based on the composition of the assemblage, it 
was determined that the main factors influenced the Ear-
ly Bajocian calcareous nannofossils were trophic level 
(nutrient availability) and nutricline depth. Palaeoecologi-
cal conditions were characterized as eutrophic, based on 
a number increase of specimens of the Watznaueria fami-
ly. The occurrence of Crepidolithus crassus may suggest 
a deterioration of environmental conditions in the lower 
photic zone. It was caused by a change in nutritional con-
ditions, turbidity, and stratification of the water column.

According to Aguado et al. (2017), the Aalenian/
Bajocian boundary, characterized by weak and/or 
deep nutricline with nutrients rather uniformly spread 
throughout the photic zone, concomitant with mesotrophic 
conditions and increasing productivity, is suggested. Later 
Lower Bajocian is characterized by fertilization of the 
surface waters, while in Lower Bajocian the fertilization 
by upwelling occurred during the eutrophication episode 
(Aguado et al., 2017).

According to Suchéras-Marx et al. (2012) and their 
investigation in the Cabo Mondego area in Portugal, the 
Upper Aalenian-Lower Bajocian period is significant in 
terms of sedimentation of calcareous nannofossils. Studies 
show that calcareous nannofossil fluxes increase markedly 
in this time, coinciding with a 0.75 ‰ a positive shift 
in carbon isotope compositions of bulk carbonate in the 
study area of Cabo Mondego (Portugal). In particular, the 
Watznaueria species shows that its average proportion 
in rocks is 2 to 20 %. The diversification of Watznaueria
throughout the Bajocian caused a major increase in the 
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flux of pelagic carbonate to the deep ocean. However, it 
was also important in the global biogeochemistry of that 
time oceans.

Trace fossil assemblage of the Fleckenmergel/
Fleckenkalk lithofacies

The Central Western Carpathians and the Pieniny 
Klippen Belt Lower Jurassic successions which contain 
deep-water hemipelagic bioturbated limestonesand 
marlstones (“Fleckenmergel” lithofacies) are traditionally 
regarded to be an equivalent of the Allgäu Formation 
(e.g. Mišík, 1959, 1964; Mišík & Rakús, 1964; Rakús, 
1963, 1964) of the Northern Alps (e.g. Gawlick, 2009; 
Jacobshagen, 1965). Trace fossils assemblage of lower 
to middle Jurassic in the “Fleckenmergel” lithofacies 
of the Western Tethys is consisting of few ichnogenera. 
The most frequented ichnogenera for wide region from 
the Subbetic to the Western Carpathians and Alps are: 
Chondrites, Planolites, Teichichnus, Zoophycos (e.g. 
Wieczorek, 1995; Jacobshagen, 1964; Rodríguez-Tovar & 
Uchman, 2010). However, Zoophycos is typical for upper 
Sinemurian – Bajocian successions of western Tethys. Its 
occurrence is usual for the Central Western Carpathians, 
the Pieniny Klippen Belt and the Northern Alps regions. 
While, occurrences of Zoophycos in the southern parts of 
western Tethys is noted from pelagic sediments of Toarcian 
– Aalenian age only (Reolid et al., 2018; Sandoval et 
al., 2012). Lamellaeichnus imbricatus and Teichichnus 
longummurus occur both widely in the Subbetic and the 
Central Western Carpathians and the Pieniny Klippen Belt 
regions in the Lower Jurassic Fleckenmergel lithofacies 
(Šimo & Tomašových, 2013; Reolid et al., 2020; Šimo 
& Reolid, 2021). Nereites isp. has also been referred 
from the Subbetic (Rodríguez-Tovar & Uchman, 2010). 
Bioturbation absence and trace fossil assemblage decrease 
have been noted from the Early Toarcian Oceanic Anoxic 
Event in the Subbetic (Rodríguez-Tovar & Uchman, 2010) 
and also in the Central Western Carpathians of the Fatric 
Unit (Müller et al., 2020).

These well distinguishable Fleckenmergel/
Fleckenkalk trace fossils, contrasting on homogenized 
background, are attractive to study which can reveal 
migration of elements during processes of rock 
diagenesis within bioturbated parts of sediment (Reolid 
& Reolid, 2020). This ichnoassociation with exception 
of Nereites isp. is comparable with Pliensbachian and 
Toarcian Fleckenmergel lithofacies from Fatricum Unit. 
However, Nereites isp. occurs in the Sinemurian – lower 
Pliensbachian Fleckenmergel succession of the Pieniny 
Klippen Belt of the Perechinska Formation (Šimo & 
Reolid, 2021). Nereites has been mentioned from the lower 
Toarcian Fleckenmergel sedimentary succession in the 
Betic Cordillera of Spain (Rodríguez-Tovar & Uchman, 
2010). Therefore, occurrence of Nereites in the mentioned 

sedimentary successions of Lower up to Middle Jurassic 
Fleckenmergel lithofacies is relatively rare, but not 
exceptional.

Conclusions

Based on the study of calcareous nannofossils, the 
zones of the Upper Aalenian/ Bajocian, Zones NJT9/
NNJT10a were found. Predominantly occurrence of the 
genera Watznaueria and Lotharingius, indicated eutrophic 
and pelagic palaeoecological conditions. The high rate of 
sediment bioturbation and relatively diversified deposit 
feeder assemblage allow assuming that the environment 
of the shallowest bottom substrate was well oxygenated. 
Vertically oriented burrows (?Skolithos isp.) passively 
filed by pale sediment were situated in the upper part of 
the bottom substrate. These rare questionable findings can 
be interpreted as fragments of Zoophycos isp. J-shaped 
causative burrows. Trace fossils of substrate feeders 
(Lamellaeichnus imbricatus, Planolites isp., Teichichnus 
longummurus, Zoophycos isp.) occupied consolidated 
deeper part of bottom sediment. The lowermost occupied 
part of bottom sediment contained Nereites isp. and 
Chondrites cf. intricatus.
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Appendix – List of calcareous nannofossils

Axopodorhabdus cylindratus (Noël, 1965) Wind and 
Wise in Wise and Wind, 1977
Biscutum profundum de Kaenel & Bergen, 1993
Carinolithus superbus (Deflandre in Deflandre & 
Fert, 1954) Prins in Grün et al., 1974
Crepidolithus crassus (Deflandre in Deflandre & Fert, 
1954) Noël, 1965
Discorhabdus striatus Moshkovitz & Ehrlich, 1976
Lotharingius barozii Noël, 1973 
Lotharingius frodoi Mattioli, 1996
Lotharingius hauffii Grün and Zweili in Grün et al., 1974
Lotharingius umbriensis Mattioli, 1996
Lotharingius sigillatus (Stradner, 1961) Prins in Grün
et al., 1974
Podorhabdus cylindratus Noël, 1965 = Axopodorhabdus 
cylindratus
Schizosphaerella punctulata Deflandre & Dangeard, 
1938
Watznaueria barnesiae (Black in Black & Barnes, 
1959) Perch-Nielsen, 1968 
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Watznaueria britannica (Stradner, 1963) Reinhardt, 
1964
Watznaueria contracta (Bown & Cooper, 1989) Cobianchi
et al., 1992
Watznaueria fossacincta (Black, 1971) Bown in Bown
& Cooper, 1989
Watznaueria manivitae Bukry, 1973
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Biostratigrafia a paleoekologické vyhodnotenie fosílnych stôp a vápnitého 
nanoplanktónu zo strednojurského (álen – bajok) bioturbovaného vápenca 

pribradlovej zóny drietomskej jednotky (Myjavská pahorkatina)

Pribradlová zóna skúmanej oblasti sa nachádza v naj-
západnejšej časti pieninského bradlového pásma (obr. 1, 
2). Spodnojurská až strednojurská sedimentárna sukcesia 
pribradlovej zóny  tmavých bioturbovaných vápencov sa 
označuje ako ekvivalent algäuského súvrstvia (napr. Csibri, 
2019). Fácia „fleckenmergel“ sa považuje za sukcesiu drie-
tomskej jednotky (obr. 3). 

Pôvodne sa však toto územie označovalo ako posidó-
niové vrstvy a boli súčasťou bradlového pásma (Potfaj et 
al., 2014; Salaj et al., 1987; Salaj, 1990). 

Cieľom tejto štúdie bolo biostratigrafické a paleoeko-
logické vyhodnotenie spodno- až strednojurských tma-
vých vápencov („fleckenmerglov“) z oblasti Myjavskej 
pahorkatiny na základe fosílnych stôp a vápnitého nano-
planktónu s cieľom spresniť doterajšie poznatky.

Biostratigrafické vyhodnotenie vzoriek v tejto práci 
je založené na strednojurských druhoch vápnitého nano-
planktónu (obr. 4, 5). Toto štúdium je doplnené aj o opis 
spoločenstva fosílnych stôp a jeho paleoekologickú cha-
rakteristiku sedimentárneho prostredia. Študovaný úsek 
je najmladšou sukcesiou fácie typu „fleckenmergel“ 
v rámci alpsko-karpatského regiónu (Gawlick et al., 2009; 
Wieczorek, 1995). V tomto dlhotrvajúcom vývoji hlboko-
vodnej fácie „fleckenmergel“ (sinemúr – bajok) sa vysky-
tuje pomerne chudobné uniformné spoločenstvo fosílnych 
stôp (Wieczorek, 1995; Šimo a Tomašových, 2013; Šimo 
a Reolid, 2021). Táto práca prináša dosiaľ jediné ichno-
logické vyhodnotenie strednojurských bioturbovaných 
vápencov z pribradlovej zóny drietomskej jednotky.
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Vzorky boli odobraté z dvoch odkryvov, lokalizovaných 
4 km západne od hradu Podbranč, v blízkosti usadlosti 
Škarítkovci.

Predchádzajúce štúdium vápnitých nanofosílií 
v spodno- až strednojurských sedimentoch v Zá-
padných Karpatoch

Spodno- až strednojurský vápnitý nanoplanktón nie je 
v jurských sedimentoch Západných Karpát podrobne pre-
skúmaný. Štúdium spodno- až strednojurských vápnitých 
nanofosílií sa realizovalo z tmavých fľakatých vápencov 
typu „fleckenmergel“ z pieninského bradlového pásma. 

Na lokalite Vršatec, z Malej Fatry v čorštynskej 
jednotke a na lokalite Skladaná skala určila Gašpariková 
(Gašpariková in Began a Gašpariková, 1979; Gašpariková, 
1982) dve spodnojurské zóny Crepidolithus crassus
(pliensbach) a Podorhabdus cylindralithus (pliensbach 
– toark) podľa zonácií v prácach Barnard a Hay (1974) 
a Prins (1969). 

V mezozoických sedimentoch šiprunskej sekvencie 
Malej Fatry výskum prebiehal na lokalitách Trlenská, Ma-
linô Brdo a Ľubochňa. Nájdené spoločenstvo vápnitých 
nanofosílií bolo charakteristické pre zónu Podorhabdus 
cylindralithus (pliensbach – toark).

V súčasnosti sa názov druhu Podorhabdus cylindra-
lithus považuje za bazionymum druhu Axopodorhabdus 
cylindratus. Podľa Bowna a Coopera (1998) je rozpätie 
výskytu tohto druhu od toarku po bajok, nanoplanktónové 
zóny NJ 4a až NJ 7.

V spodno- až strednojurských sedimentoch z lokalít 
Litmanová a Kamienka zo súvrství Skrzypny a Szlach-
towa určila Antolíková (Antolíková in Antolíková a Józsa, 
2017, 2018) vápnité nanospoločenstvo zón NJ8/NJ9, hra-
nica álen/bajok.

Vápnité nanofosílie

Spoločenstvo vápnitých nanofosílií bolo pomerne chu-
dobné, našlo sa len dvanásť druhov. Najviac sa vyskyto-
vali druhy rodu Watznaueria (W. manivitae, W. contracta,
W. fassacincta), ktorého priemerné zastúpenie v spoločen-
stve bolo 63 %. Druhým najviac rozšíreným rodom bol 
Lotharingius (L. frodoi, L. haufii, L. umbriensis), ktorého 
priemerné zastúpenie v spoločenstve bolo 22 %. 

V spoločenstve sa najviac vyskytoval druh W. contrac-
ta, ktorého prítomnosť vo vzorkách varírovala od 16 do 
57 %, a druh W. manivitae, ktorý mal vo vzorkách 21 až 
39 % zastúpenie.

Na základe zisteného spoločenstva vápnitých nano-
fosílií bola určená hranica álen/bajok. Nanoplanktónové 
zóny NJ8/NJ9 sú vymedzené podľa práce Bowna a Coo-
pera (1998) a zóna NJT9/NNJT10a podľa práce autorov 
Mattioli a Erba (1999) na základe prvého výskytu druhov 
Watznaueria fossacincta a Watznaueria manivitae (obr. 6).

Spoločný výskyt rodov Lotharingius a Watznaueria
je typický pre hranicu álen/bajok (Cobianchi et al., 1992; 
Mattioli a Erba, 1999; Mailliot et al., 2006). Álenský váp-
nitý nanoplanktón je charakterizovaný najmä druhmi rodu 
Lotharingius (Fraguas a Young, 2011), zatiaľ čo posledný 
výskyt L. hauffi je až v spodnom bajoku. Ďalšie nájdené 
druhy sú Biscutum profundum (NJ5-NJ10, toark – bajok), 
Crepidolithus crassus (NJ3 – NJ17b, sinemúr – titón), 
Carinolithus superbus (NJ6 – 10, toark – bajok), Discor-
habdus striatus (NJ7 – NJ15a, toark – oxford), Schizo-
sphaerella punctulata (NJ1 – NJ15, hetanž – kimeridž). 
Navyše, spoločenstvo nanoplanktónu obsahuje aj druhy 
Thoracosphaera sp. a Watznaueria sp. 

Vápnité nanofosílie – paleoekológia

Druh Watznaueria vyzerá všadeprítomný počas stred-
nej jury až neskorej kriedy, najmä v stredných a nižších ze-
mepisných šírkach (Street a Bown, 2000; Lees et al., 2004, 
2005). Prítomnosť druhov rodu Watznaueria signalizuje 
eutrofické a pelagické podmienky (Suchéras-Marx et al., 
2015). Podľa rôznych autorov sú životné podmienky tohto 
druhu odlišné, napr. Watznaueria fossacincta/Watznaueria 
barnesiae signalizuje maximálny stres z paleoenviron-
mentálnych podmienok, sezónnych rozkvetov a vrcholov 
eutrofie (Lees et al., 2004). Anomálne nízka diverzita 
s dominanciou Watznaueriaceae je výsledkom vysokých 
trofických podmienok, ktoré vylučujú premosťovanie bež-
ných taxónov otvoreného oceánu (Lees et al., 2005). 

Podľa Rotha a Krumbacha (1986) a Percha-Nielsena 
(1985) Watznaueria naznačuje nízku paleofertilitu a/alebo 
pelagické paleoenvironmentálne prostredie. 

Rod Lotharingius môže prežiť v rôznych podmienkach. 
Kritické podmienky počas ranej toarkskej anoxickej 
udalosti, biomineralizačná kríza, vysoký atmosférický 
pCO2 a okyslenie oceánov viedli ku kríze a likvidácii na-
nofosílií. Potom sa Lotharingius začal rozvíjať, a preto sa 
veľkosť zväčšovala (Fraguas a Young, 2011). 

Na základe paleoekologického hodnotenia vápnitého 
nanoplanktónu zo skúmaných vzoriek sa ukazujú eutro-
fické pelagické podmienky. Dva druhy, Crepidolithus 
crassus a Schizosphaerella punctulata,  uprednostňovali 
hlbokomorské podmienky. Tieto druhy sa však vo vzor-
kách vyskytujú zriedkavo. 

Fosílne stopy

Jemný bioturbovaný slienito-vápnitý substrát bol tvo-
rený organodetritom spikúl hubiek a fragmentmi schránok 
lastúrnikov. Na mikroskopickej úrovni je evidentné biolo-
gické prepracovanie mikroklastov (obr. 7A).

Spoločenstvo fosílnych stôp bolo zastúpené druhmi: 
Chondrites cf. intricatus, Lamellaeichnus imbricatus, 
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Nereites isp., Planolites isp., ?Skolithos isp., Teichichnus 
longummurus a Zoophycos isp.

Nereites isp. má tmavú jemnozrnnú výplň horizon-
tálnej, nepravidelne meandrujúcej chodby a svetlú stenu 
zloženú z rádiolárií a spikúl hubiek (obr. 7B). Vertikálne 
orientované chodby fosílnych stôp (?Skolithos isp.) sa 
vyskytujú zriedkavo. Najväčšie množstvo fosílnych stôp 
tvoria štruktúry po aktívnych požieračoch substrátu: La-
mellaeichnus imbricatus, Nereites isp., Planolites isp.,
Teichichnus longummurus a Zoophycos isp. (obr. 8, 9, 10). 
Chondrites cf. intricatus, štruktúra chemosymbiotického 
pôvodu sesílneho organizmu, bola situovaná na rozhraní 
oxidačno-redukčného prostredia. Tieto chemosymbionty 
zrejme okupovali najhlbšiu obývateľnú časť substrátu. 
Stopa Nereites isp. zo spodnojursko-strednojurských suk-
cesií fácií „fleckenmergel“ nie je z Vnútorných Západných 
Karpát evidovaná a otázny je aj jej výskyt z bradlového 
pásma (Šimo a Reolid, 2021). Nereites isp. je evidovaný 
zo spodnotoarkskej sukcesie fleckenmerglovej fácie z be-
tickej kordiléry (Rodríguez-Tovar a Uchman, 2010), preto 
výskyt tejto stopy je v týchto fáciách relatívne vzácny, ale 
nie výnimočný. Takto významne bioturbovaný sediment 
bez náznakov primárnych sedimentárnych štruktúr s eto-
logicky diverzifikovaným spoločenstvom fosílnych stôp 
indikuje relatívne dobre prekysličené hlbokomorské pro-
stredie dna.

Záver

Študované územie Myjavskej pahorkatiny patrí do 
pribradlovej zóny pieninského bradlového pásma. Biostra-
tigrafický a paleoekologický výskum sa realizoval zo spod-
no- až strednojurských tmavých bioturbovaných vápencov 
(charakterizovaných ako ekvivalent algäuského súvrstvia, 

označovaných aj ako litofácia typu „fleckenmergel“) na zá-
klade fosílnych stôp a vápnitých nanofosílií.

Výsledky:
1. Na základe zisteného spoločenstva vápnitých na-

nofosílií boli určené nanoplanktónové zóny NJT9/
NNJT10a, ktoré zodpovedajú veku vrchný álen/
bajok.

2. Spoločenstvo fosílnych stôp reprezentovali druhy: 
Chondrites cf. intricatus, Lamellaeichnus imbri-
catus, Nereites isp., Planolites isp., Skolithos isp., 
Teichichnus longummurus a Zoophycos isp.

3. Na základe dominantného výskytu druhov vápni-
tých nanofosílií Watznaueria a Lotharingius boli 
určené paleoekologické podmienky sedimentačné-
ho priestoru ako eutrofické a pelagické.

4. Vysoká miera bioturbácie sedimentu a relatívne 
diverzifikované spoločenstvo pôvodcov fosílnych 
stôp umožňuje predpokladať, že prostredie najplyt-
šieho dna bolo dobre okysličené. V hornej časti se-
dimentov dna sa nachádzali vertikálne orientované 
nory (?Skolithos isp.) vyplnené bledým sedimen-
tom. Tieto nálezy možno interpretovať ako frag-
ment rodu Zoophycos isp., pričom chodby mali tvar 
písmena J. Druhy Lamellaeichnus imbricatus, Pla-
nolites isp., Teichichnus longummurus a Zoophycos 
isp. žili v spevnenej hlbšej časti dnového sedimen-
tu. Najspodnejšia časť sedimentu bola obývaná 
druhmi Nereites isp. a Chondrites cf. intricatus.
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