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sou (mesto, krajina). Korešpondujúci autor musí byť riadne označený a musí byť uvedená jeho 
e-mailová adresa. Ak je k dispozícii aj ORCID autorov, treba ho uvádzať. 
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5. Abstrakt stručne sumarizuje článok. Môže mať najviac 200 slov a nemá obsahovať citácie. Počet 
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6. Text má takéto členenie: úvod, charakteristika (stav) skúmaného problému vrátane prehľadu 
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článku v slovenčine). Východiskové údaje musia byť zreteľne odlíšené od interpretácií. V texte 
musia byť odvolávky na všetky použité obrázky a tabuľky.
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8. V texte sa uprednostňuje citácia v zátvorke, napr. (Dubčák, 1987; Hrubý et al., 1988), pred formou 

napr. podľa Dubčáka (1987).
9. Manuskript odporúčame zasielať s obrázkami vloženými v texte alebo na konci manuskriptu.
10. V texte treba prednostne používať platné jednotky SI, napr. s (sekunda, nie sec), m (meter), kg 

(kilogram). V oprávnených prípadoch možno použiť aj iné miery zaužívané v odbornej literatúre 
a v zátvorke uviesť ich ekvivalent v jednotkách SI, napr. 3 kbar (300 MPa, resp. 0,3 GPa), 30 kt, 
resp. 30 000 t (3,107 kg), 800 K (527 °C), 4,26 Å (4,26 . 10–10 m).

11. V texte sa môžu používať len názvy minerálov oficiálne schválené Komisiou pre nové minerály 
a nomenklatúra schválená Medzinárodnou mineralogickou asociáciou (CNMNC IMA). Ich zo-
znam (inovovaný každé dva mesiace) je prístupný na stránke https://cnmnc.units.it/ (IMA-CN-
MNC List of Mineral Names). Rovnako sa môžu používať len odporúčané skratky minerálov 
(Updated list of IMA-CNMNC mineral symbols). Pokiaľ autori disponujú chemickou analýzou 
minerálu, treba napísať jeho celý platný názov, napr. fluórapatit (nie apatit), monazit-(Ce) (nie 
monazit). Neúplné názvy minerálov (napr. apatit, monazit) možno použiť pri petrografickom opise 
hornín alebo názve metódy (napr. monazitové datovanie). Použitie názvov izomorfných sérií 
minerálov zaužívaných v geologickej literatúre (napr. biotit, zinnwaldit, olivín) alebo skupinových 
názvov minerálov (napr. granáty, turmalíny, amfiboly, spinely) je akceptované. V prípade nejas-
ností sa autori môžu písomne obrátiť na redakčnú radu.

Obrázky, ilustrácie a tabuľky
1. Ilustrácie a tabuľky vysokej kvality bývajú publikované buď na šírku stĺpca (81 mm), alebo 

strany (170 mm). Optimálna veľkosť písma a čísiel v publikovaných obrázkoch je 2 mm. Články 
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prípadne sa rozmer zobrazených objektov vyjadrí v popise obrázka. Mapy a profily musia mať 
aj azimutálnu orientáciu a jednotné vysvetlivky, ktoré sa uvedú pri prvom obrázku.  Zoskupené 
obrázky, napr. fotografie a diagramy, sa uvádzajú ako jeden obrázok s jednotlivými časťami ozna-
čenými písmenami (a, b, c atď.).

3. Ilustrácie, mapy a fotografie je nutné uložiť vo formátoch JPG, PNG alebo TIF v rozlíšení 
minimálne 600 dpi, vektorovú grafiku vo formátoch EPS, PDF, AI alebo COR. 

Redakcia si vyhradzuje právo vrátiť autorovi grafické prílohy na opravu po jazykovej úprave, 
resp. požiadať o ich nahradenie za prílohy v požadovanej kvalite.

Literatúra
Zoznam použitej literatúry musí obsahovať iba publikované alebo akceptované práce. Pri jednom 
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(Ce) (not monazite). Incomplete mineral names (e.g. apatite, monazite) may be used in the 
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Figures and tables
1. The high-quality figures and tables can be published either in maximum width of column 
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3. Illustrations, maps and photographs must be saved in JPG, PNG or TIFF formats with 
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The editors reserve the right to return illustrations to the author for correction after language 
editing, or to request their replacement with illustrations of the required quality.
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Zoltán was born in the family of a mining engineer. 

geology and geological prospecting at the Technical 
University in Košice, in 1986. During his studies, he chose 
structural geology as his main tool for understanding 
geological processes. 

After completing his university studies, he worked in 
the company Geologický prieskum Spišská Nová Ves, š. 
p., and then in the company Geocomplex, a. s., Bratislava. 
In 1996 he joined the State Geological Institute of Dionýz 
Štúr (SGIDŠ) in the regional centre in Košice, where he 
worked until the end of his career.

He was engaged in regional-tectonic research and 

the supervision of RNDr. P. Grecula, DrSc., in the Gemeric 

of the geological and tectonic map of the Spišsko-gemerské 
rudohorie Mts. at a scale of 1:25 000.

He participated in the preparation of 5 regional-
geological maps at a scale of 1:50 000 and accompanying 
explanatory notes (Spišsko-gemerské rudohorie, Slovenský 
raj, Galmus and Hornádska kotlina Basin, Malé Karpaty 

Mts. – eastern part). He is also co-author of the General 
Geological Map of Slovak Republic at scale 1:200 000 
(sheet Košice) and contributed to the compilation of 

Geological and educational maps of the Zemplínske vrchy 
Mts. and the Medzev–Jasov region.

In 1996–1998 he was principal investigator of the 
UNESCO/IUGS project IGCP 276 – Paleozoic in the 
Tethys. At this time, he successfully completed his doctoral 
studies in petrology with a focus on structural petrology 
and petrotectonics at the Faculty of Natural Sciences of 
Comenius University in Bratislava. He obtained his PhD. 
degree in 2001. He also completed specialised courses 
on geochronology at the University of Georgia, Athens, 
Georgia, U.S.A. (1994), and textural goniometry at the 
Karl-Franzens Universität Graz, Austria (1998). 

In 2000–2004 he participated in research on the genesis 
of magnesite and talc in the framework of the UNESCO/
IUGS IGCP 443 Magnesite and Talc – Geological 
and Environmental Correlations project, where he 
coordinated the activities of 40 countries as the Secretary 

a monograph on this topic.
From 2006 to 2010 he worked as the head of the 

Regional centre of SGIDŠ in Košice. Since 2021 he was 
the Head of the Department of International Relations 

Appointed Representative for SGIDŠ at the European 
Commission. 

Zoltán devoted a large part of his active work to the 
tasks of geology of mineral deposits (deposits Dobšiná, 
Smolník, Košice I). He participated in metallogenesis 
and tasks on the environmental risk projects; potential 
sources of metallic magnesium; CO2 sequestration by 

of asbestos into an environmentally benign mixture 
of carbonates; sources of critical minerals; sources of 
silicon and raw materials for the renewable energy and 
electromobility industries. He served as an expert in the 
EC DG Growth – ERECON project on the supply of REE 
elements to the European industry in the crisis year 2010. 

SGIDŠ, he participated in the international MINATURA 
2020 project as a leader of the national research team in 
the harmonisation of European geological and mining 
legislation. He has also worked on applied projects, 
hydrogeological and engineering geological mapping, 
monitoring of environmental burdens and CO2 capture and 
storage.

Zoltán NémethZoltán Németh (* 1962 – † 2025)

Mineralia Slovaca tragically left us forever 
on May 4, 2025.
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In recent years, as a member of the international team 
of the Coordination and Support Action Geological Service 
for Europe (CSA GSEU), he has been actively involved in 
the compilation of the Lithotectonic Map of Europe and 
related databases and dictionaries within the work package 
group. He fully applied his long year experience of research 

gradual formation of geosutures during orogenesis, he 
clearly understood the global geodynamics of polyorogenic 
zones in the Alpine-Carpathian-Himalayan belt and in his 
latest publication he explained the formation of geosutures 
and subduction zones as a consequence of the upwelling 
of the deep mantle into the upper mantle as the part of the 
rotation of the Earth in time. This mixing and upwelling 

lithosphere and the mantle, producing subductions and 
later geosutures. Unfortunately, tragic circumstances 

he devoted a lot of time and energy.

and cannot be overlooked. Since 1995, he has served in 
the editorial board of the journal Mineralia Slovaca
as a translator and English language corrector and later, 

present format. For many years he prepared the newsletter 

of the Slovak Geological Society (Geovestník) within 
the Mineralia Slovaca. With his great contribution, the 
Mineralia Slovaca was indexed by the Scopus database in 
2017. 

He was a long-standing and active member of the 
Slovak Geological Society (SGS), organizer and co-

SGS) and numerous other international events.

in recent years, he has always been full of life optimism 
and great outlook on life. It is necessary to emphasize 
that Zoltán was extremely hard-working, very responsible 
and internally disciplined. He was admirable in many 
ways as educated, professional and person with excellent 
communication and organizational skills. Zoltán left us 
unexpectedly after a tragic car accident near Plavnica. He 
will always live in our memories.

We sincerely thank You, Zoltán, for your friendship, 
your indispensable cooperation and for everything you 
have done for the geoscience in the Western Carpathians.
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Geological setting and origin of Blue Cave with blue 
and green carbonate speleothems (Central Slovakia)

JURAJ LITTVA*1, PAVEL BELLA1, 2 1, and PAVEL HERICH1, 3

1 State Nature Conservancy of the Slovak Republic, Slovak Caves Administration, 

2

3

Abstract:

This mineralisation, rather than 
the volcanics, provided copper for the coloured speleothems, formed 

Key words:

Introduction
cave is located in northern Slovakia on the northeastern 
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that host the cave, not nearby basalts as previously 
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ed in the same carbonate rock formation that hosts the Blue 

published technical reports archived in the Archive of the 

bonate speleothems, the Blue Cave could be potentially 

pre

Geological setting

The Hronic rocks are composed primarily of the Upper 
Paleozoic siliciclastic, volcaniclastic, and volcanic rocks, as 

sensu

carbonates that host the cave are poorly understood and 

The tectonic structure of the Hronic Unit near the cave 
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Fig. 1. A
B

C
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Fig. 2. A

B
C Legend: 1

2 a b c 3 4 5
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plications cast further doubt on this interpretation, as these 

Methods

the terraces and to ascertain the structural position of the 

interpretations, and are provided as appendices to this pa

for the study in thin sections, and of those, four samples 

mean error on a
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Fig. 3.
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Tab. 1

Chemical composition of the samples from the host rock 

[%] MM-1 MM-3 MM-4 MM-6 MM-7

SiO2

Al2O3

Fe2O3

CaO

MgO

TiO2

MnO

K2O

Na2O

P2O5

LOI

their spatial distribution, their relation to structural 

Results

Geological mapping

Triassic carbonates crop out as an isolated block on 
the left bank of the Boca Stream

that the borehole is situated less than 15 m from the mapped 

can be found further from the cave and near the mines in 

Several tectonic slices of volcanic and siliciclastic 

numerous clasts of volcanics, indicative of their upslope 

to the subsurface data, the thrust fault mapped on the 

due to the presence of the deformed siliciclastic rocks 
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Fig. 4. A
B

C
D

E
F

G
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unpublished reports have revealed a substantial tectonic 

Permian volcanics and the Triassic carbonate suite of the 

terrace risers seems to be preserved closer to the Blue 

thickness of at least 2 meters can be assumed for one of 

the upper and middle terraces can also be observed in the 

Mineralogy and geochemistry of the area

In the studied area, the occurrences of the sulphide 

than a hundred meters from the Blue Cave, is presently 
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but the rocks around the Blue Cave and in the borehole 

Geological observations from the cave

the cave are markedly bedded, in the southeastern part, 

Fig. 5. A

B

C
D

recrystallised into dolosparite and contained patches of 

dolomites, dolomicrosparite has an occasional markedly 
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Fig. 6. 
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Fig 7. A
B C

D

E
F

G
H
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Fig. 8. A
B C

D E

F
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the dolomite clasts are compositionally uniform and 

2

of undolomitised limestone, it is likely of sedimentary 

observed in any of the thin sections from the collected 

contrast to the thrusts observed on the surface, no older 

the northeast of the fault from the massive dolomites in the 

The fractures that control the orientation of the cave 

Some of the blind branches and salients of both the main 

similarly oriented slickensides from other parts of the cave 

Cave morphology and clastic sediments

sensu
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19

sensu

cf. Palmer, 

planes of repose sensu

from furth

visible in parts of the cave formed in bedded dolomites and 

the
cf.

cf.

facies sensu

sensu Slabe, 

Interpretation and discussion 

Tectonic structure of the Hronic Unit
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Fig. 9. A B
C

D
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structurally imbricated zone can occasionally involve the 

to the Svarín nappe is predominantly composed of a thick 

bonates that host the Blue Cave are part of a tectonic slice 

seen from t
Cave

port for the Hronic nappes 

Hence, the separation of three subordinate Hronic nappes 

 is not 

separated by a deformed zone 

structure sensu

the rocks above the Permian volcanics are more intensely 

carbonates of 

over thrust faults, this particular fault, also mapped by 

Geological controls on the speleogenesis

Based on the characteristic features, such as dark 
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porosity types, such as fracture porosity, played a dominant 

The bedrock structures that predominantly contributed 

irrelevant for the southeastern part of the cave that formed 

Chamber hosted in bedded dolomite seem to be controlled 

absence of kinematic indicators on the brittle structures, 

relationships in the other fracture types, it is not possible 

Source of the green and blue colouration of spe-
leothems

Based on our results, the hypothesis proposed by 

carbonate bedrock in the area, and the presence of copper 

to the cave, contains chalcopyrite and malachite, and is 

The primary sulphide mineralisation seems to be 

denudation in the Late Cretaceous to the early Eocene and 

conditions necessary for the formation of malachite and 

be substa
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Notably, the occurrences of azurite and malachite, 

fractures, the formation of the malachite and azurite is 

Origin and development of the cave in relation to the 
evolution of the valley 

sensu

sulphide dissolution could have created the sulphuric acid 

this possibilit

The primary phase of the cave evolution probably 

absence of distinctive epiphreatic and vadose forms 

into the cave located at the left bank of the surface 

sensu Palmer, 1991, 
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The surface of the upper terraces is perturbed by 

Fig. 10. A B
C
D E
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carbonate

Utilising the caves in geological research

the malachite and azurite in the cave could be observed 

Conclusions

Fig. 11. A, B C
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denudation events of the H
events are possible either from the Late Cretaceous to the 

despite the presence of dolomitic limestones and even 

sulphuric acid, there is no evidence that the Blue Cave 

enhancement of the bedrock porosity by the sulphide 

zone, their porosity possibly created by the sulphuric acid 

located closest to the surface, namely the entrance parts 

chalcopyrite and malachite drilled in the uppermost part 

landforms, the deforestation of the surface above the 

unacceptable human activities in the catchment area of the 
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Appendix 1. Translated and coloured 
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Sample
id X Y Pb [%] Zn [%] Cu [%] Lithological description

1

2

3

5

9

11 1,53

12

13

15

19

21
22
23
25

31

32

33

35

Appendix 2.



Mineralia Slovaca, 57, 1 (2025)

Sample
id X Y Pb [%] Zn [%] Cu [%] Lithological description

39

55

91

92

115

121

122

123

125

132

Appendix 2 
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3D Long-Term Monitoring of Recent Tectonic Activity 
in Demänovská Cave of Liberty

MARIÁN STERCZ1, 2,*, DANIEL GREGA1, 2 1 3, 4 3,
1 and 2

1

* ,
2

3

4

Abstract:

Key words:

Introduction

3-D Monitoring of Active 
Tectonic Structures

Partial Monitoring System – Geological 
Factors
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Location and geology of the study area

Fig. 1.
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Fig. 2.
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Fig. 3.
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Methodology of Data Acquisition and Processing
uB = Zmax

uB = 0.029 mm

Fig. 4.

Demänovská Cave of Liberty    Displacements XYZ
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the calculated 

129.5°.

* 180/
The resultant dip of the motion vector at the 

Demänovská Cave of Liberty over the entire monitoring 

Fig. 5.

tation data in a 2D 

Demänovská Cave of Liberty    Rotations XY and XZ
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Tab. 1

Measurements Displacements Rotations
INDEX Year of Number of X Y Z XY XZ

1 1
2 3
3 3
4 3
5 3
6 2
7 3
8
9 4

10 2
11 4
12 3
13 3
14 3
15
16 3
17 3
18 4
19 4
20 4
21 4
22 4
23 4
24 4

Fig. 6.
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Fig. 7.

Fig. 8.
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|XYZ| = |XY|2 + |Z|2

|XY| = |X|2 + |Y|2
The magnitude of the total motion vector is 0.092 mm.

Tab. 2

Component
of motion vector |X| |Y| |Z| |XY| |XYZ|

Magnitude
of movement [mm]
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Fig. 10.
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Trend Analysis of the Measured Data

Tab. 3

Demänová – statistical trend analysis of TM-71 microdisplacement and rotation curves

Tested time series
Microdisplacement Rotation curves in XY a XZ planes 

X Y Z XY XZ

MK-test statistics Mann-Kendall test (MK-test)

n 24 24 24 24 24

S 124 121
Var(S) 1 1 1 1 1

Zs
p
Trend NO YES YES NO YES
SM statistics Sen’s method 

N
k
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Characteristics of the Curves

Characteristics of Measured Components

X-Component of the Movement Vector

Y-Component of the Movement Vector
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Z-Component of the Movement Vector

Measurements of rotations

Seismic Events

Fig. 11.
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Tab. 4

L

Date and time 
of earthquake

Magnitude
[ML]

Epicentre coordinates Epicentral region Monitoring
stage

A

C
E
E
E
E
E
E
E
E
E
E
E
E

L

L
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Synthesis and Interpretation of TM-71 Measure-
ments

l segments 

L

L

During this period, the activity along the fault can 
be characterised as a sinistral subsidence of the mobile 
block accompanied by fault opening, with horizontal 
block rotation resulting in the crack opening towards 
the southeast, and vertical rotation contributing to the 
upward opening of the crack (Fig. 13).

L

The activity during this period can thus 
be interpreted as a displacement of the moving block 
(or relative mutual displacement of the blocks to each 
other) along the fault line with simultaneous closing of 
the crack, without substantial lateral movement, but 
coupled with a right-lateral (clockwise) rotation in the 
horizontal plane and a left-lateral (counterclockwise) 
rotation vertically.
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Fig. 12
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Fig. 13.
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The
overall movement in this phase can be characterised 
as uplift of the mobile block accompanied by crack 

vertical rotation toward the crack (closing of the upper 
part of the crack, opening of the lower part).

L

The
movements observed in this period are characterised 
by uplift, sinistral shift, and vertical rotation toward 
the crack (closing of the upper side, opening of the 
lower side).

Summary of Results
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Santonian-Campanian marly and biodetritic facies 
in the Púchov Formation in the Orava sector 

of the Pieniny Klippen Belt (Slovakia)

ONDREJ PELECH¹, ŠTEFAN JÓZSA² and MÁRIO OLŠAVSKÝ³

¹State Geological Institute of Dionýz Štúr, Mlynská dolina 1, SK-81704, Bratislava 1, Slovak Republic;
ondrej.pelech@geology.sk

SK-84215, Bratislava, Slovak Republic
³State Geological Institute of Dionýz Štúr, Zelená 5, SK-97404, Banská Bystrica, Slovak Republic

Abstract: The Pieniny Klippen Belt is characterized by the block-in-matrix fabric with Jurassic to Lower 

area is located in the Orava sector of the Pieniny Klippen Belt. Based on results of recent geological mapping and 

composed dominantly of white marly limestone, with lenses of biodetritic limestone, calcarenite to conglomerate 
of the Bradlo-type limestone. The new member occurs at several localities along the studied Orava sector of 

vrch Hill). Both lithostratigraphic units contain relatively abundant planktonic foraminifera co-occurring in the 
middle Campanian Contusotruncana plummerae Zone. The interbedding biodetritic limestones correlated with the 
Bradlo-type limestone are rich in Pseudosiderolites
Member represents the lower part of the pelagic basinal sediments within the Upper Cretaceous Púchov Formation. 

shallow water carbonate detritus.

Key words:
limestone

Introduction

The Pieniny Klippen Belt (PKB) is a long and narrow 
lithotectonic unit forming boundary of Cenozoic accre-
tionary wedge of the Carpathian Flysch Belt in the North 
and Internal Western Carpathian orogenic zones formed by 
the Tatric, Fatric and Hronic units in the South (Andrusov, 

-
gical structure of the PKB is characterized by the block-

in-matrix fabric, represented by rigid Jurassic or Lower 
Cretaceous limestone klippen tens of meters to kilometre 

and marlstones (often referred to as “klippen cover”). The 
Jurassic to Cretaceous klippen are divided based on the 
lithofacial character into several contrasting successions, 
namely the shallow water Czorzstyn succession and the 
deep-water Kysuca-Pieniny succession (Andrusov, 1938, 
1959).

• Occurrence of upper Santonian-Campa-
nian white marly limestone and biodetritic 
limestone within the Púchov Formation 
is documented in the Orava sector of the 
Pieniny Klippen Belt

• The white marly limestones – wackestones
(planktonic foraminiferal biomicrites) 

(new name)
• The grey packstones to grainstones (calc-

arenites to microconglomerates or brec-

facies” are correlated with the Bradlo Li-
mestone
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The studied area is located in the Orava sector of the 
PKB (Fig. 1A). From the northern side the PKB rocks are 
bounded by the Magura Group of Nappes and from the 
south by the rocks of the Central Carpathian Paleogene 
Basin. The studied area is largely composed of Upper 
Cretaceous “klippen cover”, mostly consisting of the 

Sromowce Formation reaching thickness 100–500 m. 
Both formations are represented by grey quartz-carbonate 

conglomerates locally acquire thickness up to 100 m (e.g., 

similar lithology and deformation in the PKB mélange, it 

and Sromowce formations without biostratigraphic 
knowledge, therefore they are treated together in this 
paper.

The “klippen cover” formations contain scattered 
limestone klippen belonging mainly to the Kysuca 

represented by Lower Jurassic quartz sandstones of 
“Gresten Beds” recently named as Dutkov vrch Formation 

parts of the sedimentary sequence is unclear. The only 
larger klippe with continual sedimentary succession 

et al., 1993). The basal part of the sedimentary sequence 
is composed of the Sinemurian–Pliensbachian spotted 
marlstone and limestone of the Allgäu Formation and 
Kozinec Beds, Toarcian (lower) red nodular limestone; 
and grey, red and green radiolarites of the Czajakowa 
Formation of Oxfordian–Kimmeridgian age. The middle 
part is represented by the Czorsztyn Formation – (upper) 
red nodular limestones of the Kimmeridgian–Tithonian 
age and the Tithonian–Barremian grey and white 
calpionellid and nannoconid limestones of the Pieniny 
Formation. The upper portion of the Pieniny Fm. gradually 
passes into the Aptian–Albian grey shales and siltstones of 

Formation.
Unlike the aforementioned klippe which is the typical 

prevailing klippen are composed of the Kysuca succession 

limestones of Posidonia (Harcygrund) and Supraposidonia 
(Podzamcze) formations of Aalenian–Callovian age (e.g., 
Andrusov, 1931a, b; Gross et al., 1993).

The Czorsztyn succession is preserved only locally, 
especially on the northern margin of the PKB. It is 
represented mainly by the Upper Cretaceous pink pelagic 

marlstones and limestones of the Púchov Formation with 
small klippen of red nodular limestones of Upper Jurassic 
Czorsztyn Formation.

Separate type of sequence is represented by the Upper 

sandstone and variegated facies, often associated with 

the cited works). It should be noted that both formations 

Paleocene–early Eocene. Therefore, both formations are 
not separated in this work.

The main aim of this paper is to describe in more detail 
the peculiar lithofacies of the Púchov Fm. present in the 
studied area, especially in the area between Dolný Kubín 
town and Oravský Podzámok – Široká settlement and in 

Podbiel village. The particularly important sections are 
summarized in the Tab. 1 and Fig. 1.

Overview of previous research

The Late Cretaceous lithofacies of the PKB are 
usually divided into the siliciclastic sandy turbidites 

variegated pelagic marlstones (Púchov Fm.), probably 
representing the paleotopographic heights without coarser 

The term Púchov Beds or Púchov Marlstone was origi-
nally introduced in the PKB in the Middle Váh Valley area 
for red and grey marlstones of Late Cretaceous age (Stur, 

rouges” facies, also known as Cretaceous Oceanic Red 

marlstones do not crop out in the Púchov town; and in the 

al., 2011). Moreover, several other names for the Cretace-

(Albian Chmielowa Beds, Turonian Kysuca Beds, Ceno-

Beds; Cenomanian–Campanian Jaworki Fm. etc., see Bir-

1993; Potfaj, 1993; Stráník et al., 1995; Bezák et al., 2009; 

terms overlap, or are used for the same rocks of the same 
 require

revision in the future.
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Czajakowa Formation
(red and green radiolarite, 
Oxfordian – Kimmeridgian) 
Posidonia (Harcygrund) and Supraposidonia 
(Podzamcze) fms.
(grey shale, spotted marly limestone, 
Aalenian – Callovian)
Allgäu Formation
(spotted marly limestone, 
Sinemurian – Pliensbachian)

Smolegowa and Krupianka formations
(grey and red crinoidal limestone, 
Bajocian – Bathonian)

a) Covered fault
b) Normal fault
c) Thrust or reverse fault
Waste dump

Landslide

Central Carpathian Paleogene
formations (undivided)
Flysch Belt formations
(undivided)

Pavláškova skala Formation
(sandstone and claystone, Upper Cretaceous)

(sandstone, conglomerate, 
Maastrichtian – Paleocene)

(pink and green claystone, 
Campanian – Maastrichtian)
Bradlo-type limestone
(biodetritic limestone, upper 
Santonian – Campanian)

(white marly limestone, Campanian)

Sromowce Conglomerate
(polymictic, exotic conlomerate, 
Coniacian-Santonian)

Pieniny Formation
(grey calpionellid and nannoconous limestone, 
Tithonian – Barremian)
Czorzstyn or Niedzica formations
(red nodular limestone, 
Kimmeridgian – Tithonian)

a

b
c

QUATERNARY

Dutkov vrch Formation
(grey quartz sandstone,
Lower Jurassic)

studied section

important locality

P138

*P145
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Fig. 1. A – Location of studied area. B – Geological map of the Opálené Hill surroundings, north of the Dolný Kubín town. C – Geo-
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Tab. 1
Description and location of main localities and important sections with studied samples or description in the text

Number Description Locality WGS X (N)
[°]

WGS Y (E)
[°]

P135 Outcrops of marly limestone and calcarenite NE ridge of Opálenisko Hill

P138 Outcrop of calcarenite between the white marly W Ridge of Opálené Hill 19.325987

P145 Mb.) W of Široká (Oravský Podzámok) 49.248277 19.334142

P192

P198 49.2424821 19.3194897

P241 Outcrop of calcarenite between the white marly 49.239117 19.3057518

P243 Outcrop of calcarenite between the white marly 49.240412 19.305832

P247 49.2434883

P529 Outcrop of pink marlsotne (Púchov Fm.) Ridge N of Horná Lehota 49.2811111 19.4070028

Riedky diel ridge NW of Malý 
Bysterec 19.258994

P579 Outcrop of calcarenite and white marly limestone 
Lehota 49.2334951

P785 Outcrop of calcarenite within the white marly 49.3170011 19.4822077

P789 Outcrop of calcarenite (Bradlo-type limestone) 
with intraclasts of red Púchov-type marlstone 49.3172842 19.477742

P792 Debris of calcarenites and white marly limestones 49.3174840

P819 Outcrop of calcarenite (Bradlo-type limestone) 19.4725977

Forest road cut with white marly limestone and 19.4855090

Calcarenite body between the marly limestones 49.3209594 19.4858471

P978 Calcarenite with rudists (Bradlo-type limestone) 
and exotic conglomerate 49.3247027 19.4897558

Calcarenite (Bradlo-type limestone) with exotic 
conglomerate Cut of Oravica river 49.3597029

P1087 W of Trstená collective farm

P1101 19.5898878

P1373
Debris red Púchov-type marlstones, white 

conglomerates
Repiská, elevation point 730 m 
a.s.l. 19.2740471

Outcrop of calcareous sandstones, Jarmuta Fm.

Debris of carbonate conglomerate to breccia, 
with Pieniny Fm. radiolarian limestone clasts, 
Jarmuta Fm.

49.3195973 19.5024442

Outcorp of Bradlo-type limestone calcarenite with 
exotic conglomerate 49.2342132
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The studied rock complexes of the Upper Cretaceous 
variegated marls with thin sandstone interbeds were 
originally imaged on the pre-World War II 1:25 000 
geological map of the studied region as “upper Senonian 
of the Klippen belt (Púchov Beds)” [Czech: “svrchní senon 
útesového pásma (púchovské vrstvy)]” (Andrusov, 1931a, 
b, 1938). The Santonian–Campanian biodetritic limestone 
with shallow water rudist macrofauna accompanying the 
exotic conglomerates was documented in the area West of 
Zemianska Dedina (Kühn & Andrusov, 1942; Andrusov, 
1959). Later an inconspicuous map showed bodies of 
“ ” in the 
area of the Opálené Hill north of the Dolný Kubín town and 
documented Late Cretaceous resedimentation (Marschalko 
et al., 1979). A brief description of “a facies of variegated 
Púchov marlstones with interbeds of turbiditic sandstones, 
organodetritic sandstones and olistolith bodies of the 

” was provided, however their occurrence 
was not localized neither in the text of the monograph 

Another brief description was provided from the road cut 

where tectonic imbrication of 4 thrust sheets in the studied 
section interpreted as tectonic mélange was documented. 
Finally, benthic foraminiferal microfauna of biodetritic 

studied, and the term “ ” (Slovak: “
”) was proposed (Salaj & Köhler, 2001).

The age of the Púchov Fm. in the studied region 
is determined by the nanoplankton and foraminiferal 
microfauna as Campanian–Maastrichtian (Salaj in Gross 
et al., 1980; Gross et al., 1993; Jablonský & Halásová, 
1994), however, identical pink marlstone interbeds within 

1981; Gross et al., 1984). 

Methods

The geological mapping of the region was carried out 
in terms of a standard methodology, and according to the 
Directive of the Ministry of the Environment of Slovak 

geological maps and explanatory notes at scale 1:25 000 
and regional geological maps at scale 1:50 000. The 
present work is based on the results of LiDAR assisted 

et al., 2022). The accuracy of the GNSS equipment used 
for location of the documentation points was within 
5 m. The presented biostratigraphic results are based 
on the microfacies analysis of the 24 thin sections by 
standard methods (e.g., Flügel, 2010). The taxonomy and 

biostratigraphy of planktonic foraminifera is based on 
Robaszynski et al. (1984), Caron (1995), Premoli Silva & 
Verga (2004), Falzoni & Petrizzo (2011) and Coccioni & 
Premoli Silva (2015). 

follows the recommendations of the International Stra-
tigraphic Guide (Michalík et al., 2007; Salvador, 2013).

Results

The geological mapping in the Orava sector of the PKB 
revealed new knowledge about the less known lithofacies 
of the Upper Cretaceous Púchov Fm. Especially, the 
correct assignment of the white marly limestones – newly 

initial problem.  White to grey limestones were initially 
considered as possible variety of the Jurassic Kozinec 
Limestone. However, doubts were cast due to the absence 
of other Jurassic facies that commonly accompany 
the Kozinec Limestone, as well due the presence of 
calcarenites, quartz-carbonate sandstones, and the frequent 
association with the variegated marlstones of the Púchov 

planktonic foraminifera.

Púchov Formation
The typical Púchov Fm. consists of pink to brick-red, 

rarely green or grey, marlstone to clayey limestone or 
clayey shale. The weathered surface of the marlstone to 
limestone may contain weathered planktonic foraminifera 
observable under a magnifying glass. Weathered 
marlstones sometimes form red eluvial clay which, in 
cases of poor exposure, represents the only indication of 
their presence. Deformed marlstone is often penetrated 
by slickensides, and numerous calcite accretionary steps 
which are relatively resistant to weathering and are 
preserved in the debris as well. The formation may also 
contain interbeds of medium-bedded (5–30 cm thick beds) 
quartz-carbonate sandstones. The red Púchov marlstones 
are rich in planktonic foraminifera (e.g., sample P529, 
Tab. 2). The lower part of the formation in the studied area, 
is often interbedded with white marly limestones, which 

name) and the associated white biodetritic limestones 
are correlated with the Bradlo-type limestones. The 

separate bodies or thinner interbeds in the “klippen cover” 

fms. can be of a dual character. More often, they are in 
a normal stratigraphic contact. However, in some cases the 
alternation is clearly result of thrusting and imbrication. 
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The uppermost part of the Púchov Fm. locally includes 
grey and variegated marlstones, breccia with olistoliths 
of the Záskalie Breccia, that represents the youngest, syn-
orogenic deposits of the formation.

According to the results of geological mapping, the 
tectonic position of the studied Púchov Fm., including the 

and Kysuca successions. 

Lithology: Prevailing portion of the lithostratigraphic 
unit is formed by thin- to thick-bedded white to pale grey, 

Figs. 2A–B, F and 3) to marlstone. The microfauna 
consists predominantly of planktonic foraminifera. It 
can also be characterized as a white indurated variety 
of the Púchov Marlstone. The marly limestones locally 
contain interbeds of variably thick (up to 4 m) thin- to 
medium-bedded biodetritic limestones – calcarenites. The 
calcarenites are distinguished as a separate Bradlo-type 
limestone, which is described below. The white marly 

pink and green Púchov-type marlstone and up to 1 m thick 
quartz-carbonate sandstone beds.

Microfacies are represented by micritic limestones 
(wackestone to packstone) with abundant cross sections 
of planktonic foraminifera with globular chambers and 
representatives of the family Globotruncanidae, described 

of thin-shelled bivalves and echinoderm fragments are 
present. Rare spotted texture is a result of bioturbation.

White marly limestone with planktonic foraminifera 
may macroscopically resemble the Lower Cretaceous 
Pieniny Limestone, especially due to white colour on 

by aleuritic texture (Figs. 2A and 3F) and lower degree 

strike) and typical splitting into elongated or spindle 
sharp-edged chips (Fig. 2B, D and G). Also, the Jurassic 

due to grey colour and similar aleuritic texture.
Name:

“ ”) is derived from the name of 

where stratotype is located.
Rank: Member within the Púchov Fm.; and contains 

bodies of the Bradlo-type limestone (Figs. 1 and 7).
Type section: Lithostratigraphic unit occurs in 

proposed stratotype is located at the forest road cut north 

E 19
with white marly limestone is present in the unpaved road 

slope West of Široká (OFZ factory, locality P145).
Other exposures in this area are in the ridge east of the 

with higher abundance of sandstones and pink marlstones, 
representing otherwise infrequent lithological types. 
Smaller occurrences are in the wider area of the Trstená 
town, west of the cooperative farm (P1087) and at the 
locality Vrch lazov (locality P1101) and in the cut of the 
Oravica river (P1051 and P1055). The lithostratigraphic 

NW of the Dolný Kubín – Malý Bysterec municipality, in 

Lehota village (P579).
Thickness and boundaries: The thickness is irregular, 

50–150 m in the area of the Opálené Hill, 50–200 m in 

of Trstená. Larger thickness is obviously a result of the 
tectonic repetition of the sedimentary sequence or folding.

The lithostratigraphic unit represents lower part of 
the Púchov Fm. It is mostly surrounded by the Upper 

Sromowce fms. The poor outcrop conditions do not allow 
adequate documentation of the nature of the contact. It may 

contact. It should be noted, that in a map scale and from 

and Sromowce fms. and is younger.
The member is locally in a tectonic contact with older 

rocks of the Posidonia (Harcygrund) and Pieniny forma-
tions. It may be overlapped by the calcareous sandstone 
and conglomerate of the Jarmuta Fm.

Age: The white marly limestone is of the middle 
Campanian age based on a presence of planktonic fora-
miniferal assemblage with Contusotruncana plummerae,
Globotruncana arca, G. bulloides, G. lapparenti, G. lin-
neiana, G. ventricosa, G. hilli, Globotruncanita elevata,
G. insignis and G. stuartiformis (see Tab. 2). 

Depositional environment: Studied white marly 
limestone was deposited in a basinal pelagic environment 

Pelagic sediments are locally cut by channels and aprons 
of coarser-grained shallow water calciclastic detritus.
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Fig. 2. A – Detail on fresh surface of white marly limestone (Opálené Hill, P138); B – Exposure of the stratotype of white marly lime- 

limestone (P145); D – Detail on the calcarenite with intraclasts of white marly limestone (P145); E – calcarenite with angular intraclasts 

with angular fragments of grey limestone (P579).

A B

C

D E

F G
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Fig. 3.

vica river (P1055); F – Detail on white marly limestone on the previous locality (P1055); G – Debris of white to grey marly limestone, 

A B

C D

E F G
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Bradlo-type limestone
Lithology: Grey thin- to thick-bedded biodetritic 

(allodapic) limestone or medium- to coarse-grained 
calcarenite to calcirudite (microbreccia). Usually massive, 
locally laminated or cross-bedded (Figs. 4 A–D). The 
carbonate grains are predominantly of the psammite 
fraction, rarely with rounded or angular clasts of the 
psephite fraction (carbonate conglomerates). Intraclasts 

Mb.) up to 4 cm in diameter are frequent (Figs. 2D–E). 
Grey calcarenites are relatively resistant to erosion, 
therefore often form ridges and are better exposed than the 

Carbonate as well as polymictic, rarely also exotic 
conglomerate bodies or interbeds may be present. The 
interbeds of the exotic conglomerates with clasts of 
granites and rhyolites 2–30 cm in diameter were observed 

4F and 5F).
Rarely Thalassinoides burrows (Fig. 5C) and rudists 

Dedina settlement (locality P978; Figs. 5D–E). At this 

was present in the calcarenites. The rudist fauna from this 
locality was described by Kühn & Andrusov (1942) and 
Andrusov (1959).

According to microfacies study, the limestone 
represents packstone to grainstone (biomicrite to 
biomicrosparite) with minor or almost no siliciclastic 
admixture. It contains small-sized planktonic foraminifera 
with globular chambers, larger representatives of the 
family Globotruncanidae and large benthic foraminifera 
belonging mostly to the genus Preasiderolites. In 
addition, the calcarenite commonly contained fragments 
of echinoderms, inoceramus shells, rudists, bryozoans 
and coralline algae. Frequent clasts of dolomites, micritic 
limestones with Calpionella alpina or radiolarians and 

Clastic monocrystalline quartz is present only locally. 
Usually only small, angular to poorly-rounded grains with 
a diameter below about 0.2–0.25 mm and undulatory 
extinguishing are present.

Name: Term Bradlo-type limestone (Slovak: vápence
bradlianskeho typu
Limestone Member – part of the Bradlo Formation of 

al., 2015) is proposed, due to identical lithological content 
and stratigraphic age. The studied limestone was formerly 
described as “
Formation” (Marschalko et al., 1979; Gross et al., 1993). 

It should be noted, that Salaj & Köhler (2001) referred to 
the biodetritic limestones as the so-called “
facies” (Slovak: “ ”) based on the 

village. However, we do not recommend using this name 
anymore, because of the possibility of confusion with 

Bujnovský, 1979). 
Rank: Informal lithostratigraphic unit within the 

Púchov Formation. According to present knowledge, the 
lithostratigraphic unit usually occurs together with and 

Type section: The type section within the studied 
sector of the PKB is located in the ridge of the Opálené 

settlements). The auxiliary section is located in the northern 

be paid to the occurrence of the biodetritic limestones with 

(location P978, west of the Zemianska Dedina settlement).
Thickness and boundaries: Biodetritic limestones 

form 5–30 m thick lenticular bodies within the white 

limestone occurs in the lower, middle, and upper parts of 

P978) the biodetritic limestones with rudists and exotic 

limestone.
Age: Middle-upper Campanian, based on planktonic 

foraminifera (this study, see Biostratigraphy chapter 
below), and larger benthic foraminifera Praesiderolites 
douvillei, Praesiderolites dordoniensis, Pseudosiderolites 
vidali, with accompanying assemblage of other larger 
foraminifera Orbitoides sp., Lepidorbitoides sp.,
Goupillaudina sp. Helicorbitoides sp. and Dicyclina sp. 
(Salaj & Köhler, 2001). The upper Santonian–Campanian 
age was determined according the rudist macrofauna from 

1942). Despite the samples from this locality are devoid of 
planktonic foraminifera and age indicative larger benthic 
foraminifera; an older age of this body can be assumed, 
also based on the fact that its position can be interpreted as 

Sromowce fms.
Depositional environment: Studied calciclastic li-

mestone is interpreted as allodapic slope aprons and chan-

white marly limestone intraclasts within the biodetritic
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Fig. 5.
Thalassinoides burrows (P978); D – Calcarenite with rudists (P978); E – Biodetritic limestone with 

fragmented shell detritus; F – Exposure of contact of rudist-bearing calcarenites above the exotic conglomerate bed (P978).

A B

C D

E F
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Fig. 7. Proposed sedi-
mentary scheme of the 
Púchov Formation and 
its relationship with 

and the Bradlo-type 
limestone.

Fig. 6.
with planktonic foraminifera (P138H); C–D – Bradlo-type limestone: C – Grainstone with dominant rudist fragments and other 
biodetritus (P138C); D – Grainstone with fragments of larger benthic foraminifera (Praesiderolites spp.) (P138E).

A B

C D
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limestone points to erosion and redeposition of unconsoli-
dated surrounding slope and basinal deposits.

Biostratigraphy

planktonic foraminifera, while planktonic foraminifera 
from calcarenites with Praesiderolites spp. and beds of 
distal calciturbidites are mostly accessory. The microfacies 

packstones (planktonic foraminiferal biomicrites; Tab. 
2) Microfacies of the Bradlo Mb. is represented by 

abundant in the samples are smaller planktonic foraminifera 
with globular chambers of Muricohedbergella spp. and 
scarce Rugoglobigerina spp. (trochospiral morphotypes). 
Planispiral morphotypes represented by Laeviella cf. bollii
(Pessagno) are scarce (Fig. 8D–E). Relatively common are 
smaller biserial types of Heterohelix spp. (Fig. 8B). The 
globotruncanids are occasional to abundant, represented 
by diverse assemblage including Globotruncana
arca ( ), Globotruncana bulloides ,
Globotruncana falsostuarti , Globotruncana
hilli , Globotruncana lapparenti ,
Globotruncana linneiana ( ), Globotruncana
orientalis , Globotruncana ventricosa 
( ) (Fig. 9), rare Contusotruncana plummerae
( ) (Fig. 9L), occasional Globotruncanita elevata
( ), Globotruncanita insignis ( ) and 
Globotruncanita stuartiformis ( ) (Fig. 8).

The composition of the planktonic foraminiferal 

varieties of biodetritic limestones points to the middle 
Campanian age. The FO G. ventricosa is traditionally 
determined between the FO of G. elevata and FO Rd.
calcarata by various authors (Robaszinski et al., 1984; 
Premoli Silva & Verga, 2004; Petrizzo et al., 2011). 
The value of G. ventricosa as a global biostratigraphic 
marker species is however questioned (Falzoni et al., 
2011; Coccioni & Premoli Silva, 2015). Cushman (1927) 

C. plummerae and G. elevata
and absence of Rd. calcarata as the C. plummerae Zone.
Axial sections of C. plummerae are rare in the sample 
material however the presence of G. insignis
the age determination. The FO of G. insignis is determined 
between the FO of C. plummerae and the FO of Rd.
calcarata (Robaszinski et al., 1984; Premoli Silva & 
Verga, 2004; Falzoni & Petrizzo, 2011).

In the Bradlo-type biodetritic limestone frequent 
Praesiderolites spp. are present. Salaj & Köhler (2001) 
determined two species P. douvillei and P. dordoniensis.
Range of the species P. douvillei is known from the 

Salcedo, 2022).

Discussion

Despite relatively common occurrence of the Upper 
Cretaceous Púchov Fm. and its equivalents in the PKB 
and adjacent tectonic units, it has not been subject of 
detailed sedimentological and biostratigraphical research. 
Most of the knowledge is limited to basic mapping 
works, biostratigraphic and only general stratigraphic 
knowledge (e.g., Kantorová & Andrusov, 1958; Salaj 

Given that equivalents of the Púchov Fm. occur in several 
lithotectonic units and have many local names (Krováriky 

a lithostratigraphic unit at the group rank in the future.
While the lithological composition and position of the 

unique, the Santonian–Campanian biodetritic limestones 
are correlated with the Bradlo Formation (Samuel et al., 

here as the Bradlo-type limestone. It should be noted that 
the biodetritic limestones with the exotic conglomerate 

west of the Zemianska Dedina settlement, are partly 
equivalent of the Hradisko Formation (Kysela et al., 1982) 

1990). However, a correlation of these formations requires 
a further detailed study and is beyond the scope of this 
paper.

One of the remaining open questions is the nature of the 

and Sromowce fms. There are several places where 

is posed by the position of the klippen of calcarenites of 

Campanian age is documented (Kühn & Andrusov, 1942). 
However, one cannot agree with the interpretation that the 
rudists are in a growth position. The rudists are clearly 
redeposited (Fig. 5F). Based on the structural position 

interpreted as the base of the Bradlo-type limestone.
The geological mapping of the studied lithostratigraphic 

ca succession. However, we do not see the complete 
stratigraphic sequences in the tectonic mélange of the 

to the Pieniny Unit is considered tentative.
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Tab. 2
Planktonic foraminifera and Praesiderolites spp. occurrence in the studied samples

Locality Tvr. Podb. H.L. J-K.

Microfacies W W R
(M)

G
(M) W W W W P P R R R R R W P G R

(M)
R

(G)

O
P1

01
1O

M
 

O
P8

19
O

M

O
P5

29
O

M

O
P1

49
O

M

O
P1

38
H

O
P1

38
A

O

O
P1

38
A

 

O
P1

38
bO

M

O
P1

38
cO

M

O
P1

38
dO

M

O
P1

38
eO

M

O
P1

38
fO

M

O
P1

38
gO

M

O
P1

35
O

M

O
P1

45
O

M

O
P7

92
O

M

O
P7

89
O

M

O
P2

40
O

M

Heterohelix spp. + + + + + + + + + + + + + +

Muricohedbergella
spp. + + + + + + + + + + + + + + + +

Rugoglobigerina
spp. + + + +

Laeviella cf.bollii + +

Contusotruncana
plummerae + ? + +

Globotruncana arca + + + + + + + + + + + + + + + + +

Globotruncana
bulloides + + + + + + + ? + +

Globotruncana
lapparenti + + + + + + + + + + +

Globotruncana
linneiana + + + + + + + + +

Globotruncana hilli + + + + +

Globotruncana
orientalis + +

Globotruncana
ventricosa + + + + + + + + + + +

Globotruncanita
elevata + + ? + + +

Globotruncanita
falsostuarti + ? + + + +

Globotruncanita
insignis + + ? +

Praesiderolites spp. + + + + + + + + + + +
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Fig. 8. A – Muricohedbergella cf. monmouthensis ( Heterohelix Rugoglobigerina sp., P135; D–E – 
Laeviella cf. bollii ( Globotruncanita elevata ( Globotrun-
canita insignis ( ), P135; I – Globotruncanita stuartiformis ( ), P149. Scale bar 100 μm.
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Fig. 9. A – Globotruncana linneiana ( ), P1101; B – Globotruncana lapparenti , P138a. C–D – Globotruncana
arca ( ); C – P138a; D – P792; E–F – Globotruncana orientalis Globotruncana
bulloides ; G – P149; H – P1101; I–J – Globotruncana ventricosa ( ); I – P1101; J – P138h; K – Globotruncana hilli

, P529; L – Contusotruncana plummerae ( ), P819.
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Conclusions

The results of geological mapping, microfacies 
and biostratigraphic study in the area of Orava sector 
of the Pieniny Klippen Belt allow to distinguish new 

or grey marly limestone with planktonic foraminifera 
of middle Campanian age. Thickness varies between 
50–200 m. The marly limestone locally contains 
interbeds of grey calcarenite or biodetritic limestone and 
conglomerate correlated with the Bradlo-type limestone. 

and Sromowce fms. The Bradlo-type limestone contains 
apart of planktonic and benthic foraminifera also rudist 
macrofauna which points to upper Santonian–Campanian 
age. The overall thickness of the member does not exceed 
50 m. The studied lithostratigraphic units are tentatively 

the Pieniny Unit.
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5137.

Santónsko-kampánske jemnozrnné a biodetritické fácie v púchovskom súvrství 
zdokumentované v oravskom úseku pieninského bradlového pásma

Táto práca predstavuje nové poznatky o púchovskom
súvrství oravského úseku bradlového pásma. Ter-

-

-
vané pomerne nevhodne, len na základe svojho veku, 

-

sliene (alb) a púchovské sliene s. s., resp. súvrstvie Ja-
woriek (cenoman – mástricht); kysucké (turón), lalinocké 

(cenoman) a gbelianske vrstvy, resp. súvrstvie (santón 
Súvrstvie tvoria 

-

-
-
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chovité vápence 
púchovského súvrstvia. Niekedy 

vápence (wackstone packstone) s hojnými prierezmi 
planktonických dvojkýlových foraminifer. Miestami 
obsahujú prevrstvenia rôzne hrubých (2 – 4 m) doskovitých 

Celkovo dosahujú hrúbku okolo 50 – 200 m. Vek 
globotrunkánových vápencov vrstiev
výskytu planktonických a bentických foraminifer stredný 
kampán.

 (alebo pôvodne vá-

2015) predstavujú sivé kalkarenity, biodetritické vápence, 
-

-

Tvoria výplne kanálov alebo vejáre plytkovodného detritu 

ského súvrstvia. Zriedkavo obsahujú aj medzivrstvy 
exotických zlepencov a vzácne v nich boli pozorované aj 

v brezovskej skupine (Samuel et al., 1980; Potfaj et 

kalkarenitov. Kalkarenity, resp. biodetritické vápence 

Stratotyp v rámci skúmaného úseku bradlového 
pásma sa nachádza v hrebeni Opáleného (lokalita P138 

význam má výskyt s asociáciou biodetritických vápencov 

z. od Zemianskej Dediny). Vek vápencov bradlianskeho 

a bentických foraminifer a makrofauny rudistov ako 
vrchný santón – vrchný kampán (Salaj a Köhler, 2001; 
Kühn a Andrusov, 1942).
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alternating sandstones and claystones. The 

grained sandstones.

Cycli-
 ( , Reticulofe-



Depth [m] Lithology Stratigraphy Figure

17.4 fgs. Qks plant detritus, convolute and wavy laminated Svodnice sst.
25.2 limestone brownish-grey bioturbated limestone Fig. 3
25.8 fgs. Qks plant detritus, pyrite, laminated, + siltstone laminated, plant detritus Svodnice sst.
31.4 mgs.-(fgs.) Qks, plant detritus, massive, muscovite, tectonics Svodnice sst.
37.7 fgs. quartzy, dark green to glassy, laminated, a lot of glauconite glauc. sst.
48.6 fgs. Qks, plant detritus, laminated, (muscovite), tectonics Svodnice sst.
65.2 fgs. Qks, plant detritus, massive?, tectonics Svodnice sst.
77.2 fgs. Qks, plant detritus, cross bedded, muscovite, tectonics Svodnice sst. Fig. 4A

89.0 Qks.), tectonics Svodnice sst.

92.8 fgs. quartzy greenish-grey, a lot of glauconite, muscovite, plant detritus, 
laminated glauc. sst.

108.6 calcite veins) claystone

124.6 silty claystone brownish-grey calcareous, plant detritus, tectonics claystone
129.6 claystone

133.4 mgs. poorly sorted (?slump) massive, larger foraminifera, less glauconite, 
plant detritus, muscovite, tectonics glauc. sst.

142.6 silty claystone to siltstone light, plant detritus, tectonics  claystone
144.8 siltstone light grey, plant detritus, muscovite, ?glauconite  claystone
153.3 fgs. laminated, plant detritus, muscovite, medium glauconite, tectonics glauc. sst.

156.3 siltstone brownish-grey calcareous, plant detritus, muscovite, medium 
glauconite glauc. sst.

163.5 fgs. Qks laminated, muscovite, plant detritus, (?no glauconite) Svodnice sst.?
169.8 claystone light, soft, calcareous claystone

197.0 mgs. to fgs. Qks grey massive, a lot of glauconite, larger foraminifera, 
muscovite, plant detritus glauc. sst. Fig. 4B, 

6
208.6 fgs. quartzy, a lot of glauconite, laminated, plant detritus, muscovite glauc. sst. Fig. 4C

211.7 muscovite, (?glauconite), laminated claystone

212.4 silty claystone brownish-grey, plant detritus, muscovite, tectonics claystone
263.7 claystone dark grey, muscovite claystone
266.5 fgs. grey quartzy, a lot of glauconite, laminated, plant detritus, muscovite glauc. sst.
271.5 mgs. quartzy, medium glauconite, massive glauc. sst. Fig. 4D
279.3 glauc. sst.

285.5 claystone-siltstone claystone dark brownish-grey, bioturbated, plant detritus, 
(?glauconite) claystone

313.2 claystone-silty claystone dark brownish-grey calcareous, bioturb., plant 
detritus, (?glauconite) claystone

317.8 fgs. quartzy, a lot of glauconite, larger foraminifera, laminated, plant detritus glauc. sst. Fig. 4E
342.0 silty claystone grey, plant detritus claystone
383.5 fgs. quartzy, a lot of glauconite, laminated, tectonics glauc. sst. Fig. 4F
386.8 claystone grey calcareous plant detritus, muscovite claystone Fig. 5
425.0 mgs. to fgs. quartzy massive, a lot of glauconite glauc. sst. Fig. 4G
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tained Helicosphaera compacta ,
Coccolithus pelagicus pelagicus , Re-

cf.  ( , Sphe-
, S. moriformis

( ,

Depth [m] Lithology Stratigraphy Figure

436.5 fgs. quartzy, a lot of glauconite, larger foraminifera, massive glauc. sst.
441.2 claystone dark grey, plant detritus, tectonics claystone
469.5 fgs. quartzy, a lot of glauconite, massive, tectonics glauc. sst. Fig. 4H
482.8 claystone dark grey calcareous claystone Fig. 5
531.5 fgs. quartzy, a lot of glauconite, muscovite, plant detritus, laminated glauc. sst.
561.4 glauc. sst.
568.5 cgs. grey quartzy, larger foraminifera, massive, a lot of glauconite, (tectonics) glauc. sst. Fig. 4I, 6
580.5 glauc. sst.
608.5 mgs. to fgs. quartzy, a lot of glauconite, larger foraminifera glauc. sst. Fig. 4J
619.5 silty claystone dark grey, plant detritus, muscovite claystone

635.0 siltstone-(fgs.) laminated, plant detritus, a lot of glauconite, muscovite, 
tectonics glauc. sst.

660.0 silty claystone dark grey, plant detritus, muscovite, (laminated), tectonics claystone
661.0 fgs. quartzy, a lot of glauconite, (laminated), (plant detritus) glauc. sst.

Coccolithus formosus ( , and Zygrha-
 ( , as 

1 cm
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Coccolithus formosus Coccolithus pelagicus pelagicus

 (
Helicosphaera compacta  (

Coccolithus pelagicus pelagicus ( Helicosphaera compacta
 cf. lockeri  (

Depth Qm Qp Silicit Plg Kfs Ls Lc Lm Lv Ms Bt A Fos Gl Mx Cm

197.0 m 44.04 12.42 0.5 0.33 1.66 0.99 7.45 0.33 0.33 4.64 0 0.83 5.79 9.11 0 11.9

568.5 m 38.1 32.38 1.9 1.9 6.86 0.95 0.95 0.38 2.86 1.52 0.76 1.33 1.14 0.57 0 8.38

10 μm
scale
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