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Abstract

Slope deformations represent the most dangerous exogenous geodynamic phenomenon in
the Slovak Western Carpathians, posing a threat for humans and their property as well as for
the natural environment. In 2010 we have evidenced numerous landslides throughout Slovakia;
the majority of them evolved in the Eastern Slovakia, generated by the excessive precipitation in
the late spring. This situation lead to a number of emergency situations in the municipalities of
the region and the Ministry of Agriculture, Environment and Regional Development of the Slovak
Republic put in charge the geologists from the State Geological Institute of Dionyz Stur (SGUDS)
to register and assess the extent and magnitude of evolved slope deformations. For the first time
in the history of systematic inventory of the geological phenomena in Slovakia we made use of
a very precise, “scaleless” levelling of the slope deformations in the territory morphology, based
on GPS technology. This paper presents the application of this quite new method from the in situ
measurements to the final output in the form of GIS database along with the classification of the
slope deformations registered according to their socio-economic relevance.

Key words: slope deformation inventory, precipitation, socio-economic relevance, GPS — Global

Positioning System, GIS — Geographic Information System

Introduction

Slope deformations represent one of the mostimportant
manifestations of exogenous geodynamic processes not
only in Slovakia, but in the whole Central Europe. Every
year they cause a damage to roads, property, agricultural
and forest land as well as environmental degradation.
These phenomena are usually found in a relatively small
number; generally due to a contribution by the inappropriate
activity of man. In 2010, however, we have experienced
an unprecedented evolution of slope failures, which has
been undoubtedly caused by the extremely high rainfall
in the month of May, in many places exceeding long term
means 4 to 5 times. Particularly affected are mainly the
territories of the Eastern Slovakia (KoSice and PreSov
regions), especially the territories of the Central Carpathian
Paleogene Basin, the Flysch Belt, and also a narrow zone
of the Klippen Belt.

In dozens of villages in the Eastern Slovakia the
situation called for a declaration of emergency. The
communication between the Section of Crisis Management
and Civil Protection (CO) of the Ministry of Interior, with the
Division of Geology and Natural Resources of the Ministry
of Agriculture, Environment and Regional Development
(hereinafter MPZPRR SR) has created a list of 73 sites,
in which an emergency situation was identified. Highly
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publicized were the cases of the municipalities Nizna
Mysla and Kapu$any; the evacuation of some houses was
necessary in a number of other villages in the Eastern
Slovakia, due to a scale of damage to buildings. Similarly,
the road infrastructure was not only affected by floods, but
also landslides, which made some villages virtually cut off
from the outer world (Sulin, Medzibrodie, Kace).

The objectives of the project were as follows:

— Registration of new slope deformations in the period
after the floods of 2010 in the PreSov and KoSice regions
except the city of KoSice and community Nizna Mysla.

—Assessment of current situation in the localities where
the engineering geological survey has already started.

— Distribution of registered slope deformations in the
categories of their socio-economic significance (threat to
life and property).

— Implementation of emergency measures.

— Proposal slope deformations for engineering geological
exploration.

— Proposal for a method for remediation of selected
sites or carried out remediation.

A specific requirement was that the landslides in
the city of KoSice and Nizna Mysla were excluded from
the exploration area; since at that time the local slope
deformations were addressed by other organizations, thus
avoid duplication of work.
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Overview of up to now slope deformation investigation

First registration of slope movements on the territory
of Slovakia was made between 1962 — 1964 by the
Geological Institute of Dionyz Stur in Bratislava (SGUDS),
Department of Geotechnics of Technical University in
Bratislava, Department of Engineering Geology of the
Faculty of Natural Sciences, Comenius University (CU),
Bratislava and the Central Geological Institute in Prague.
Slope movements were registered mainly in the investment-
-relevant areas, especially around roads, rivers, towns and
villages. The records on the occurrence were mostly done
on punch cards and drawn into the maps of 1 : 25 000 scale.
The results of this first phase of registration are archived
in Geofond.

The second stage of inventory of slope deformation was
conducted in 1974 — 1978 by the Department of Geotechnics
of the Technical University in Bratislava. On the basis of
new knowledge about conditions for the occurrence of
landslides in the mountain areas the new slope failures were
registered in the areas of the Nizke Tatry, Liptovské Tatry,
Vysoké Tatry, Mala and Velka Fatra Mts., etc., as well as
in some lower mountain ranges and basins. Their findings
were very valuable for understanding the patterns and
conditions of the emergence and development of mountain

slope deformations in Slovakia. This effort has contributed
to a development of a prominent school of Czechoslovak
engineering geologists, dealing with landslides, around
Nemcok and co-workers (for instance, Nemcok, 1982).

In 1981, the workers of SGUDS, Department of
Engineering Geology, began the third stage of registration
of slope deformations in Slovakia. The aim was to create
a new register of slope deformations in accordance with
the national Guidelines for the registration of landslides
and other dangerous slope deformations. They registered
slope deformations of the Flysch Region (Janova, 2000),
mainly, covering also the flysch territories of the Eastern
Slovakia (along with Eastern Slovakia neovolcanites and
neotectonic depressions).

The output maps were of the scale of 1 : 10 000
containing slope deformations and their documentation in
the form of the record sheets for computer processing.

In the scope of the geological projects supervised by the
Ministry of Environment various geological organizations
carried out extensive research of the slope deformations
in particular areas of the Eastern Slovakia (Janos et al.,
1994; Masny et al., 1997a, b and 1998a, b; Grencikova et al.,
2002; Grenéikova and Zabkova, 2002; Demian et al., 2003).

A synthesis summarizing the nearly 50-year regional
research in the field of slope deformations was the Atlas

Fig. 1. Accuracy of GPS measurements — class 1. a — rough line of GPS measurement; b — the same line smoothed.
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of slope stability mapsin SR at scale 1:50 000 (Martin¢ekova
and Simekova et al., 2007). Within this project there have
been reviewed results of registration of slope deformations,
the final reports of landslide site surveys and scientific
and professional publications. The geological project
also conducted field work (Kopecky et al., 2008), which
consisted of:

— Harmonization of the evaluation of damaged areas;

— Verification of unsatisfactory, or contradictory data on
slope movements, retrieved from archival materials;

— Reconnaissance in uncharted territory to detect
dangerous slope deformations, especially those that
already threaten the civil engineering works.

A total of 21 190 slope deformations were registered,
which cover 5.25 % of the area of Slovakia.

Methodology

In principle, the methodology consisted of the following
successive steps in the field survey followed by the analysis
of the results:

Field works:

a) Identification of slope deformations in the field;

b) The levelling of slope deformations using a GPS
device;

c¢) Detailed photo documentation of the landslide body
and damaged, or threatened infrastructure;
d) Completion of the special-purpose data sheet.

a) Identification of slope deformations in the field

In the course of mapping work and the evaluation
results, we followed the methodology approved in the
project of geological problems. Given the urgency of
the situation, we first registered the landslide sites, in
which through the communication between the Section
of Crisis Management and Civil Protection of the Ministry
of Interior with the Division of Geology and Natural
Resources of the Ministry of Agriculture, Environment
and Regional Development an emergency situation was
identified. In addition, we have co-registered other slope
failures, because we assumed that not in all locations
such emergencies have been reported, which has
been also confirmed in several locations, for example in
Dacov. Thus we have to 11. 7. 2010 registered about 250
slope deformations. We prepared the first set of primary
information for the Division of Geology and Natural
Resources with the identification of critical landslides:

1. with immediate damage/threat to the lives and
property of citizens;

Fig. 2. Accuracy of GPS measurements — class 2. a — rough line of GPS measurement; b — the same line smoothed.
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2. with immediate damage/threat to infrastructures;

3. with immediate damage/threat to overhead and
underground pipelines (transmission lines, pipelines, water
pipelines, telecommunication cables, etc.).

After providing the initial information for MPZPRR SR
we continued in registration of the landslides in parts of
areas which have not been mapped yet. In many cases,
we communicated with the local administration, or directly
with affected citizens. By 29. 10. 2010, we registered 551
slope deformations, the vast majority of landslides which
have arisen in the period May — July 2010.

b) Levelling of slope deformations, using a GPS device

In the course of field mapping, provided the conditions
were acceptable, we used a Trimble GPS unit GeoXT/
GeoXH 2005, GIS category with sub-meter accuracy of
recording. This device made records of linear trajectories
of all major elements of landslide morphology — main
scarps, transverse and longitudinal cracks and edges of
the accumulation zones. In the case of unavailability of
these elements we have recorded with the highest possible
precision a pinpoint within an apparent geometric centre,
or on conspicuous element of landslide (usually in the
centre of head scarp or accumulation zone).

Since the accuracy of recorded data depends on the
quality and intensity of the satellite signal, which varies
depending both on the terrain conditions (relief topography,
vegetation density, etc.), as well as on the fluctuating
availability and configuration of the satellites during the
day, we divided the data into the following 6 grades (GIS
database field ,kvalita®):

Class 1: Data recorded with the highest possible
precision of the instrument, with an average error of up to
1.5 m, assuming the availability of signals from more than
5 GPS satellites and additional signals from the European
Geostationary Navigation Overlay Service (EGNOS). The
accuracy of orientation was close to 0.5 m level. Thus, the
recorded data are virtually “scaleless” and can be used
in accordance with arbitrarily precise map data, including
cadastral maps of the largest scales, for example in
quantification of damage on individual lots, without the
need for additional geodetic survey. With such accuracy
173 slope deformations were recorded. An example of
a contour line retrieved from a GPS measurement is in
Fig.1a, the same object with a smoothed line is in Fig. 1b.

Class 2: Data with relatively high accuracy with an
error ranging from 1.5 to 7 m. The error was caused in most
cases due to unavailability of sufficient number of satellites
due to improper daytime (usually around noon), due to
dense vegetation or improper configuration of terrain
(steep slopes with a strong signal shielding effect). The
leap in accuracy compared to the class 1 was mainly due to
the unavailability of the signal from the EGNOS satellites.
The data are compatible with the map at scales smaller
than 1 : 2 000. All in all we have recorded 227 slope
deformations of this quality. An example of a contour line
retrieved from a GPS measurement is in Fig. 2a, the same
object with a smoothed line is in Fig. 2b.

Class 3: Linear elements with the lowest precision
recorded, yet acceptable with an adequate “safe” device
sensitivity reducing. This way recorded data were collected in
the areas with very unfavourable terrain configuration (usually
in a forest on steep slopes), where it was necessary to record
at least any indication. Deviations within acceptability limits
ranged from 7 to 20 m. Data can be considered spatially
compatible with maps at scales 1 : 5 000 — 1 : 10 000. With
such low accuracy 12 objects were recorded.

Class 4: Slope deformations recorded as a single
point or more points on significant landslide morphology
elements, for example, one point on the head scarp (highest
point), one in an accumulation zone and two points on side
edges, etc. The reasons for the single point measurements
could be various: the unavailability of sufficient number of
satellites, even during prolonged observations (more than
5 minutes — in this case point entry was the only one that
could be obtained), or unavailability of all elements of the
slide — dense stand of bush, shrubs, fenced private property,
interference with the watercourse, etc. The body of the
slope deformation was plotted on the basis of these point
measurements within the orthophoto at scale 1 : 5 000,
or within digital matrix ZM10 maps at scale 1 : 10 000. In this
class of accuracy 31 slope deformations were recorded.

Class 5: Slope deformations recorded as a single
point using less accurate GPS devices (tourist navigation
devices, PDA devices, car navigation, etc.). Despite the
fact that for these data we do not have available information
on the mean error, their accuracy can be assessed still
compatible with the maps in scale 1 : 10 000, like in class 4.
Number of objects thus recorded is 18.

Class 6: Within this category we include slope
deformations, which were plotted in a map without GPS
levelling, either on the ground or in the office. They were
usually drew into basic map 1 : 10 000 (ZM10), or in
orthophotos (1 : 5 000) and subsequently digitized into
a vector format required. By this way altogether 90 slope
deformations were plotted, particularly in the KoSice
Region.

Beside the division into classes the database contains
the exact figure of the average positional accuracy (median
difference in m) as well as the maximum error observed
during the observations for the device Trimble Geo (fields
“horz_avg” and “horz_worst”).

Fig. 3. Landslide Luzany pri Topli.
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c) A detailed photo documentation of the landslide
body and the damaged or threatened infrastructure

Photographic documentation was performed by digital
cameras of different brands; minimum requirement for
quality resolution was 3.2 Mpi. After a refinement of a “raw”
Photo-catalogue we have got the set of 2 380 photos of
544 sites (Fig. 3).

d) Completion of special-purpose data sheet

For the purposes of field research, we developed
special-purpose data sheet, in which we usually inserted
required data directly in the field. The inventory sheets
became the basis for creating special-purpose database.

Office processing
Completion of GIS database

GPS data measured in the field were converted into
GIS format using the utilities supplied to the GPS device
Trimble GeoXT. Since this device is capable of ground-
-based recording in the form of vector lines, conversion
into GIS represented a relatively trivial operation.

However, the original lines measured in the field were
retrieved in the “raw” form, it means they contained errors
and various variations due to sudden changes in the quality
of the record (“jagged” lines during the loss of satellites
under the trees, etc.); thus they were not appropriate for
the final drawings into the GIS database. Therefore it was
necessary to make additional corrections, particularly
those in classes 2 and 3 of the recording quality. Thus
additionally smoothed lines were converted into closed
polygons representing the final shape of the landslide.
For each polygon there were assigned the tabular data.

Data on the area and perimeter of individual landslides
have been derived from the classical features of GIS
programmes (Maplnfo Professional and ESRI ArcGIS).
Similarly, other data resulting from the geographical
location of landslides (cadastral territory, district, map
sheet ZM10, etc.) were automatically derived from the GIS
documents (SVM 50 database).

Information on the geological setting of the slope
deformation environ was derived through a combination
of field records and the digital geological map at scale
1 : 50 000 (Kacer et al., 2005). As a relatively positional
accuracy of this map does not correspond to the accuracy
of our data retrieved from GPS contouring, we could not
proceed in this case automatically using the GIS spatial
functions. The geological map was compared with each
mapped slope deformation separately and corresponding
geological map unit was assigned to relevant slope
deformation based on our expertise.

For each polygon there were also assigned the values
of the average slope gradient and average slope aspect
(fields “slope_avg” and “aspect_avg”). These values were
derived from a raster Digital Elevation Model at a scale of
1:10 000 (drawn from the documents of ZM10, Esprit, Ltd.,

B. Stiavnica), elaborated in the scope of the project Integra-
ted Landscape Management (Malik, 2007), with positional
resolution of the corresponding grid cell size of 20 x 20 m.

The mean values of the slope gradient and exposure
were assigned to each slope deformation on the basis of
the average values in all grid cells located inside the slope
deformation body. For this purpose, there were standard
statistical programmes implemented in GRASS GIS,
version 6.2.

The final GIS database consists of 66 data fields; 36 of
them contain data of technical character (accuracy of GPS
record, date and time of observation, author of the record,
etc.) and the rest of the fields store information on the slope
deformation from the geological point of view (engineering
geological, hydrogeological, geomorphological, etc.). The
complete structure of the GIS database is presented in Tab. 1.

Geological-tectonic setting

Evaluated slope deformation are linked to the geological
units in which they were evolved; the geological data are
retrieved from the digital regional geological maps at scale
1 : 50 000 and lithostratigraphic codification legend used
in them.

From the North the geological setting of the area of
interest includes the Outer Carpathians (Flysch Externides),
Klippen Belt, the Central and more internal units.

The sequence of geological units, registered as a risk
in the region, is the following: Quaternary sediments (q),
Flysch Zone units (f), Klippen Belt (mk), Neogene of the
East Slovakian Neogene Basin (ng), Neogene volcanics
(n), units of the Central Carpathian Paleogene Basin (pg),
Central Carpathian Core mountains units crystalline of the
Cierna hora Mts. (kr), Hronicum of the North Gemericum
(mt) and Paleozoic sediments of Gemericum (pm).

The main geological units, affected by the slope
deformations are complexes of Quaternary and Flysch
Zone dominated by argillaceous rocks with slaty cleavage.
The most abundant were the slope deformations in the
Zuberec and Huty Formations, Strihov Formation, Bystrica
Formation and variegated talus deposits. q8, 9, q16, q18,
q19, q20, q21, q24, q43, q61 Combined talus deposits
(85 registered landslides). This is a mixture of deluvial-
-solifluction colluvial and talus debris of block, stony-stony,
sandy-stony and sandy loams and loamy sandy to loamy
polygenetic slope loams in only an estimated thickness
from 1 to 5 meters.

f56 Strihov Fm. (54 registered landslides) was
distinguished in the Krynica Unit of the Magura nappe in
the Eastern Slovakia. It is a thick-bedded flysch complex
with a predominance of greywacke sandstone. The
sandstone layers are from 0.25 to 3 meters thick. There
occur also bodies of turbidite sandstones and disintegrating
conglomerates up to 10 m thick, with pebbles to blocks of
exotics and Mesozoic carbonates. The ratio of sandstone
to claystone is 1 : 10. The total thickness of the formation is
about 900 m.

f62 Bystrica Fm. (42 landslides registered)
represents a huge flysch complex, which is dominated
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Tab. 1
GIS database structure

Field Name Type Explanations

ID int Identifier

ID_TEREN char(10) Interim field identifier

NAZOV_MzP char(150) Designation of slope deformation

MZP_LABEL char(150) Designation of the slope deformation with diacritics
NAZOV_SSF char(150) File label in the GPS Trimble device

INE_NAZVY char(150) Equivalent labels in the course of the project solution
KU char(75) Cadastre name

OKRES char(75) District

ML_ZM10 Map sheet 1 : 10 000

ML_SM5_OFM char(25) Map sheet 1 : 5 000, at the same time valid for ortophoto maps layout
MAPOVALI char(150) Mapping geologists names

KEDY_DATUM date Date of mapping

KEDY_CAS char(75) Time of mapping

MIN float Time of GPS observation in minutes

KVALITA float Quality class

HORZ_AVG float Mean horizontal error

HORZ_WORST float Largest horizontal error

RCVR_TYPE char(50) Type of GPS device

KATALOG char(75) File label with representative photo

SPRAC date Date of data processing

KATEGORIA char(5) Category of socio-economic significance

PRIESKUM logical Landslide designed for engineering geological survey
AREA float Slope deformation area (ha)

PERIMETER float Slope deformation perimeter (m)

AVG_SLOPE float Mean slope angle

AVG_ASPECT float Mean slope aspect

SIDE char(5) Slope aspect calculated in quadrants

GEOL_IDSRF char(75) Symbol retrieved from the legend of Digital Geological map SR 1 : 50 000
TYP_SD char(5) Slope deformation type

CLENIT char(1) Slope deformation complexity

AKTIVITA char(3) Activity level

PODLOZI char(6) Symbol of basement in terms of engineering geological zoning
HG_STAV char(1) Hydrogeological conditions

HL_VZT char(1) Relation to streams and reservoirs

SVAH_STV char(2) Lithology of the slope

S_MORFO char(1) Slope deformation morphology

S_INTPOR char(1) Slope damage intensity

TVARY_SD char(1) Slope deformation dissection

TRHL_SD char(1) Slope deformation cracks

SD_ODLST char(1) Head scarp

SD_ODLTV char(1) Head scarp shape

SD_OKRAJ char(1) Slope deformation edge

SD_CELO char(1) Slope deformation front

VYS_ODL_HR float Head scarp height

VYS_CELA float Slope deformation front height

HAZ_DIAL_P int Damaged sections of highway or roads of It class (m)
HAZ_DIAL_O int Threatened sections of highway or roads of It class (m)
CESTA_P int Damaged sections of roads of 1I"® and 11I'¥ class and local communications (m)
CESTA_O int Threatened sections of 11"d and Il class and local communications (m)
HAZ_ZEL_P int Damaged sections of railway (m)

HAZ_ZEL_O int Threatened sections of railway (m)

HAZ_POZzZ_P int Number of damaged buildings

HAZ_POZ_O int Number of threatened buildings

SANACIA char(5) Remedial measures realized
DAT_VZNIKU char(25) Date of slope deformation activation
POZNAMKA char(175) Note

HAZ_OST_P char(75) Number of other damaged constructions (water management, etc.)
HAZ_OST_O char(25) Number of other threatened constructions (water management, etc.)
HAZ_NAD_P char(25) Sections of damaged above-ground networks
HAZ_NAD_O char(25) Sections of threatened above-ground networks
HAZ_POD_P char(25) Sections of damaged underground networks (m)
HAZ_POD_O char(25) Sections of threatened underground networks (m)
PR_PRIR char(5) Slope deformation generated by natural factors
PR_ANTRO char(5) Slope deformation generated by anthropogenic factors
(5
(
(
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by brown-green and grey calcareous silty claystone with
an admixture of plant debris and muscovite in layers up to
12 m. Locally thin-bedded intervals up to 8 m thick are also
present. The total thickness of the formation is 900 to 1 200 m.

pg18 Zuberec Fm. (91 slope deformations
registered) is a typical, thin to medium thick rhythmical
flysch, consisting of alternating pelitic, and aleuritic-
-psammitic sediments with psephites horizons. The
sandstones are typically very thin to thick bedded (0.02 to
1.2m), of different shades of grey and brown, fine to medium-
-grained (rarely coarse-grained) with the occurrence of bio-
and mechanoglyphs. Locally they contain small pebbles
and nodules of pelocarbonates. Generally they show
graded or symmetric bedding, less frequent is ripple and
asymmetrical bedding. The most common petrographic
types are wackes, lithic and sublithic arenites.

399

The claystones are typical shales, 0.01 to 1.0 m thick,
green-grey, brown-grey, variably calcareous and sandy with
silt admixture, often arranged in laminae. Quite common are
coatings of Mn and Fe oxides. This are typical polymineral
rocks (quartz, calcite, dolomite, illite, albite > chlorite, siderite,
microcline, rare montmorillonite and gypsum, a frequent
pyrite is autigeneous in origin). The thickness of the complex
varies from a few tens of meters to max. 1 450 m.

pg12 Huty Fm. (88 registered landslides). This
lithotype creates hundreds of meters thick sequence of
variably calcareous claystone, claystone with siltstone
lamination, or claystone/siltstones that are sometimes
interrupted by benches of predominantly fine-grained
sandstone, pelocarbonate layers, up to 50 cm thick, fine
to medium-grained conglomerates, or sections of flysch
character.

Tab. 2
Slope deformations count and area — lithological types

Symbol* Formation Freq. Area  Symbol Formation Freq. Area
f123 Sulov conglomerate 1 0.022  ng99 Kladzany Fm. 2 25.97
f125 Raztoka Member 1 0.214  pgi12 Huty Fm. 80 75.87
f132 Variegated Member 2 0.022 pg12/q24 Combination 4 3.484
f17 Podsmilnianske Member 2 0.380 pg12/q90 Huty Fm./q90 1 0.024
f20 Solan Fm. 1 0.060 pgi3a Sambron Member 6 1.593
f23 Beloveza Fm., Lower pt. 14 2.951 pg18 Zuberec Fm. 87 42.06
f25 Beloveza Fm., Upper pt. 9 5.876  pg18/pg12  Combination 1 0.019
f27/i56 Lower Beloveza Fm./Strihovce Fm. 1 1.301 pg19 Kezmarok Fm. 13 0.763
f27/f62 Combination 1 0.116  pg19/g24 Combination 1 0.004
34 Globigerina Marl 1 0.057  pg20a Claystone Flysch 2 0.224
f34/f56 Combination 1 0.021 pg23 Biely Potok Fm. 23 15.23
43 Racibor Fm. 5 0.202 pg23/pg12  Combination 1 0.150
f49 Menilite Fm. 1 0.043  pg23/98 Combination 1 0.212
5 Strihov conglomerate 4 1.530 pg25 Conglomerate and 7 1.470
Microconglom. Flysch
53 Malcov Fm. 28 11.41 pg7 Tomasovce Member 2 0.580
f53/q24 Combination 1 0.147 pmi5 Arkose-Greywacke 1 0.233
56 Strihovce Fm. 49 3.384 pmi15/mt22 Combination 1 0.189
56/f53 Combination 1 0.024  pm47 Basalts of 2" er. phase 1 0.032
58 Zlin Fm. 22 11.30 pm54 Maluzina Fm. 1 0.215
f62 Bystrica Fm. 41 8.089 pm89 Metarhyolite-dacite 3 0.369
f62/f25 Combination 1 0.043 pm91 Petrova Hora Fm. 2 0.056
f65 Makovica Fm. 6 0.439 psi8 Sykava Fm., Lower pt. 1 0.000
f84 Pro¢-Jarmuta Fm. 1 0.123  ps19 Sykava Fm., Upper pt. 1 0.006
f85 Variegated Fm. 1 0.004  ps82 Drnava Fm. 1 0.222
fo4 Allgdu Member 1 0.068 q16 Deluvial-fluvial sediments 1 0.045
kr113 Diaphtorized quartz-mica 3 0.492 @19 Slope debris 11 3.971
Cierna hora gneiss
kra8 Biotitic Cierna hora granodiorite 2 0.495 q19/f56/f62 Combination 1 0.841
mk16 Jarmuta Fm. 0.047  q19/pg18 Slope debris/deluvial- 2 0.478
-solifluction sediments
mk29 Puchov Fm. 9 0.570 q19/g43 Slope debris/fluvial sediments 1 0.060
of Upper Middle Terraces
mt22 Ramsau dolomite 2 0.235 @20 Erosion-gravitational debris 16 2.741
mt22/mt4 Combination 1 0.020 g21 Redeposited older psephites 1 0.034
mt3 Lazna Fm. 1 0.063 g24 Combined debris 38 21.18
mt77 Hauptdolomites Fm. 1 0.241 g24/pg12 Combination 1 0.035
n13n23 Extrusions of Slanské vrchy 1 0.110  g43/pg18 Combination 1 0.165
pyroxenic andesite
n63f223/q18 Redeposited Slanské vrchy 1 0.528 @61 Aeolian-deluvial proluvial cover 1 3.684
pyroclastic rocks
ng84 Stretava Fm. 10 2454 g8 Proluvial sediments 3 0.132
ng95 Celovce Fm. 1 10.75 q9 Holocene freshwater sediments 1 0.006

*Symbol corresponds to Digital Geological Map of Slovakia 1 : 50 000 (Kacer et al., 2005)
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Results

In the scope of the project Registration, evaluation and
emergency measures to newly evolved slope failures in
2010 in Presov and Kosice regions the SGUDS workers
registered in the summer 2010 a total of 551 active slope
deformations, the vast majority of them were the landslides
that hit 2,88277 km? area of the Eastern Slovakia. Many
of these landslides endangered local municipalities and
posed static damages for constructions, other affected
road infrastructure and pipelines.

Slope deformations

When assessing the slope deformations occurrence, in
terms of their number the most hit was the PreSov Region,
namely the districts of Stara Lubovria and Bardejov.

Tab. 3
Slope deformations count and area — regions and districts
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Fig. 4. Distribution of slope deformations according to their area.

The largest landslide was identified in Dacov, followed
by Mo¢armany, PreSov 2 (Pod Wilec Hérkou), Kamenica 2,
Varhariovce 1 and Varhariovce 2, Vyény Caj 3, Kapusany,
Nizna Hutka 2 and PreSov 1 (Horarska). Tab. 3 shows the
count of slope deformations in the affected regions and
districts and their total area, Fig. 4 shows the distribution
of slope deformations according to their area.

District Count Area(ha) Area (%)
801 Gelnica 3 0.2772 0.93 i
806 Kosice — surrounding 21 26.3844 88.57 Slope deformation type
802 Kosice | 2 0.4947 1.66
808 Rozflava 1 0.0063 0.02 The most frequent slope deformations in terms of the
810 Spisska Nova Ves 17 2.6256 8.81 type were landslides — 457, the earth flows are represented
Region Kosice in total 44 297883  100.00 by 70 occurrences (Tab. 4).
District Count Area(ha) Area (%)
701 Bardej 101 16.7928 6.50 Tab. 5
702 Hi%glr(])r\\/é 6 10840 0.42 Slope deformations count and area — complexity
703 Keirrlarok 74 14.0977 5.45
;8;’ k/leggzci?aborce 22 gl%g 8?2; Complexity Symbol Count Area (ha) Area (%)
708 Poprad 19 0.6411 0.25 Simple J 458 135.9419 4716
707 PreSov 37 92.4652 35.77 C | s 93 1523351 5084
708 Sabinov 51 85.0547 32.90 omplex . .
709 Snina 1 0.0236 0.01
710 Stara Luboviia 154 16.6825 6.45 Total 551 288.2771 100.00
71 Stropkov 21 11.2711 4.36
712 Svidnik 17 12.3515 4.78
713 Vranov nad Toplou 9 5.5039 2.13 Tab. 6
Slope deformations count and area — geological basement
Region PreSov in total 507 258.4888 100.00
Geological basement  Symbol Count Area (ha) Area (%)
Tab. 4
’ _ Solid rocks S 5 0.6119 0.21
Slope deformations count and area — type Semisolid rocks B 6 0.0895 003
Alternating solid/ F 190 38.6704 13.41
T f sl bol t A h A % semisolid rocks
d S = ohe Symbol - Count  Area (ha) Area (%) ¢ velly/sandy soils G 19 09231 032
Fine-grajned soils | 18 57.6299 19.99
Massif disintegration R 4 2.5228 0.88 Alternating gravelly/ K 6 4.2725 148
Block ridges B 1 0.0063 0.00 sandy/fine-grained soils
Block fields L 2 0.0203 0.01 Anthropogeneous soils A 7 0.7623 0.26
Landslides Z 457 235.7451 81.78 Mixe_d talus Soils_ and z 252 158.6209 55.02
Earthflows P 70 14.6644 5.09 debris over eluvium
Rockfalls S 6 0.5482 0.19 Combination Fz 38 5.0148 1.74
Landslides pZ 1 1.4597 0.51 Combination ZF 3 0.3723 0.13
due undermining Combination Bz 2 0.0963 0.03
Combination Lz 3 31.6552 10.98 Combination IG 2 20.3758 7.07
Combination ZP 4 15321 0.531459 Combination GF 2 0.7583 0.26
Combination ZS 3 0.1230 0.042661 Combination BI 1 0.0791 0.03
Total 551 288.2770721 100 Total 551 288.2771 100.00
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Slope deformation complexity

The dominant category are simple landslides (Tab. 5),
mostly evolved due to one-shot movement. As a rule their
area was mostly small.

Geological basement

The dominant category were mixed talus soils and
debris over eluvium (252 occurrences and large surface
extension, Tab. 6) together with alternating of solid and
semisolid rocks (190 occurrences, a rhythmic flysch).

Hydrogeological conditions of the slope

This item is quite subjective, especially for smaller
landslides. In late June and early July, the slopes were still
heavy saturated with water, later as a result of increased
evaporation and longer droughts, near-surface soil layer
dried up. The landslides with springs and wetlands
occurred mainly in large bodies, as confirmed by their
largest expansion in the relatively lower count (Tab. 7).

Relation to water streams and reservoirs

Dominating were the slope deformations without
any apparent relation to the streams or water reservoirs
(391 cases). The second most common case, the slope
deformations with front extended into the watercourse (132
cases, Tab. 8), are apparently conjoined with the lateral
erosion interaction. However, these are the largest ones.

Tab. 7
Slope deformations count and area — hydrogeological conditions

Hydrogeological conditions Symbol Count Area (ha) Area (%)
of the slope

Occurrence of springs and P 127  144.2055 50.02
waterlogged areas

With waterlogged areas 4 170 107.3415 3724
Dry slope S 208 32.0361 1.1
No data on hydrogeological N 46 4.6939 1.63
conditions

Total 551  288.2771 100.00

Tab. 8
Slope deformations count and area — relation to water
streams and reservoirs

Relation to water streams
and reservoirs

Symbol Count Area (ha) Area (%)

Slope gradient

The most widespread is the category of 7 — 12° — the
slope deformations on such slopes occupy almost half the
total area affected by sliding (Tab. 9). The second most
common gradient class is 12 — 17°; classes 3 — 7° and
17 — 25° have about equal representation.

Slope aspect

From Tab. 10 it is evident that the distribution of
slope deformations is not uniform, but the eastern and
south-western aspects strongly dominate, followed by
the southern and western aspects. We assume that this
is caused by the geological-tectonic setting of the areas
affected by slope deformations, in which in many cases,
we observed planar separation planes in the head scarp
areas of the landslides, following the slope of the bedding.
This fact deserves further study by the microtectonics.

The main factors which contributed to the emergence,
or reactivation of slope deformations

Based on current registration status of slope
deformations, among the major factors that contributed to
an unprecedented activation of slope failures, we consider
the following:

a) extreme rainfall;

b) lateral erosion;

c) lithological-tectonic conditions;

d) anthropogenic impacts.

Precipitation (rainfall)

The analysis of the precipitation totals, which in May
and June of 2010 caused widespread flooding and created

Tab. 9
Slope deformations count and area — slope gradient

Gradient Count Area (ha) Area (%)
<1° 1 0.00691007 0.002

1-3° 1 0.657706 0.228
3-7° 66 21.5819 7.487

7-12° 180 140.519 48.744

12-17° 176 96.7891 33.575

17 — 25° 106 27.3402 9.484

25-35° 11 1.38198 0.479

Tab. 10

Slope deformations count and area — slope aspect

Deformation frontal part C 132 155.5585 53.96
reaches a stream

Lake due damming H 1 0.0696 0.02
of a stream

Slumping of a stream bank B 24 1.3768 0.48
Sliding of a reservoir bank N 3 2.1475 0.74
No relation to streams X 391 129.1246 44.79
and reservoirs

Total 551 288.2771 100.00

Aspect Count Area (ha) Area (%)
N 30 1.57284 0.546
NE 57 19.5638 6.786
E 95 55.5856 19.282
SE 80 78.4088 27.199
S 61 32.8561 11.397
SW 95 36.2555 12.577
W 93 476225 16.520
NW 40 16.412 5.693
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conditions for the creation and mobilization of a large
number of slope movements, is based on information from
the precipitation stations of the Slovak Hydrometeorological
Institute (Dargov — 50 040, Herlany — 60 060, KapuSany —
59 220, Krasnohorské Podhradie — 52 180, PreSov —
Planetarium — 59 160, Slanska Huta — 51 160, SpiSské
Podhradie — 56 180, Starina — 43 320, Siroké — 58 080,
Terfia — 59 200). To assess precipitation totals recorded
in 2010 for each station a set of mean monthly precipitation
was derived. To determine the mean values there were
used series of records from the period 2001 to 2009.

When compared the mean precipitation totals with
those measured during this year it is obvious that in the
period from January to April 2010 in most of the precipitation
stations the derived mean values were exceeded (Fig. 5).
The most conspicuously the mean values were exceeded
at the station Krasnohorské Podhradie (154.16 % of the
long-term average, representing a 207.1 mm of rainfall).
However, the largest rainfall total during these months was
recorded at the station Slanska Huta (240.70 mm, which
is 138.86 % against the long-term average). The mean
rainfall total recorded at assessed precipitation stations
during the firstfour months is 119 % of the long-term average.
This indicates that during this period it could happen
an oversaturation of the rock environ. In the following month
of May all SHI stations experienced exceeded mean values
of precipitation on more than 100 %. The most significant
long-term mean value was exceeded at the site Slanska
Huta. The recorded value of precipitation compared with the
monthly normal is 448.0 %, 314.9 mm per month (Fig. 5).
The lowest percentage among the current and long-term
precipitation totals were recorded in the SpiSské Podhradie
(211.9 %). The precipitation ratios of previous months
in combination with the large amounts of rainfall recorded
in the month of May deteriorated rock slopes stability
conditions and created favourable conditions for the
emergence and development of slope movements.

A similar trend in rainfall continued in the next month
of June, when the high precipitation exceeded the long-
-term means. As a consequence, there has been exceeded

%
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the limit equilibrium for several slopes, which is reflected
in the occurrence of numerous landslides. This transition
was observable earlier this month (04/06/2010), when the
greatest incidence of landslide events was recorded in the
area of interest. Although the activation of landslides was
undoubtedly associated with the development of longer
term climatic factors, probably a significant role played
intense rainfall events that directly preceded this activation.
During 6 days prior to activating the largest number of
landslides (30. 05. 2010 — 04. 06. 2010) at the majority
of SHI precipitation stations higher rainfall volumes were
recorded (e.g. SpiSska Nova Ves 142.8 mm, Kapusany —
120.5 mm, PreSov — Planetarium — 102.7 mm and Starina —
100.5 mm).

Negative developments in the rainfall in the Eastern
Slovakia persisted during the month of July. Again at all
SHI stations there have been considerably exceeded long-
-term means, leading to further activation of landslides.

Overall, during the first half of 2010 there was recorded
in the region of the Eastern Slovakia on 15.0 (Starina)
to 105.6 % (Slanska Huta) rainfall total greater than the
mean of the years 2001 — 2009. Those conditions can be
considered as highly negative in terms of the impact on the
stability of slopes.

In the scope of the inventory 539 slope deformations
were recorded, for which as the dominant sliding factor the
extreme rainfall has been identified.

Lateral erosion

Lateral erosion of watercourses is reflected in the
shores scouring, especially at higher water levels. Crucial
role plays an increasing flow velocity, associated with
the increasing erosive potential. This way the banks are
washed away, accompanied by recurrent sliding since the
masses are constantly (in the case of smaller landslides)
carried away, thus reactivating the landslide.

In the scope of the landslides inventory there were
recorded 100 cases where lateral erosion was significant,
if not the dominant factor in sliding.
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Fig. 5. Ratio between rainfall totals
of the first half of 2010 and long-
-term mean in selected time intervals.
1 —months January to April; 2 — month
of May; 3 — months January to June.
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Lithological-tectonic conditions

In relation to other lithological complexes there
dominates in the slope deformations basement the Zuberec
Formation — a complex of typical, thin to medium-rhythmic
flysch — 91 slope deformations and the Huty Formation — 88
slope deformations. Both complexes belong to the Central
Carpathian Paleogene. Noteworthy is the occurrence of 54
slope deformations upon the Strihov Member, dominated
by the thick-bedded greywacke sandstones. The Bystrica
Member with a count of 44 slope deformations is the next
most abundant basement, which consists of silt, brown-
-green and grey calcareous claystone.

We consider it important to point out that in many cases
we observed planar head scarp areas in the initial parts
of the landslide, following the angle of the bedding. This
phenomenon was frequently observed in the subregion of
the Central Carpathian Paleogene, where the bedding tends
usually toward depressions or valleys. We anticipate that
this phenomenon was reflected in an uneven distribution
of landslides in terms of the slope aspect.

Anthropogeneous effects

The most common causes of anthropogenic impacts
tend to be inadequate earth works, reducing its stability —
undercutting of the slope in the accumulation, or additional
surcharge of the head scarp area, fluctuations in the water
reservoir, further deforestation, extensive grazing of cattle,
vibration (right). The inventory identified as a contributing
factor to sliding has encompassed in 30 cases vibration
(shock), usually associated with transport, in 19 cases there
were registered inappropriate undercutting of a slope and
also in 19 cases additional surcharge of a slope.

Assessing the impact of landslides on the 2010
population and infrastructure in the Eastern Slovakia

This section is devoted to the assessment of our
inventory, either from the viewpoint of damage or threat
to objects due to slope deformations, which evolved or
reactivated in the first half of 2010. We point out that
in fact a threat to the population and infrastructure is
substantially greater because of the fact that not all
potential landslides, mapped in the previous period, have
been reactivated to-date. We present just a brief statistical
recap, the details of individual slope failures are presented
in the inventory sheets and database.

Buildings

Perhaps the most serious impacts of slope deformations,
sensitively perceived by the public, is considered a direct
threat to dwellings and hence life of the inhabitants.
Highly publicized are the cases of the municipalities of
Nizna Mysla and Kapus$any; evacuation of some houses
has been necessary to implement in a number of other
villages in the Eastern Slovakia, given the scale of buildings
damage.

In the scope of our inventory we have identified 22
buildings damaged in the KoSice Region (excluding the
city of Kosice and Nizna Mysla) and 80 in the PreSov
Region, thus all-in-all 102 buildings. The most affected
have been family houses, many of which were built on
landslide sites which had been registered in the past.

As for the threat for buildings, in the KoSice Region,
we identified 52 such objects and in the PreSov Region
252 buildings, totalling 304 objects. The count of damaged
and threatened buildings in different districts is presented
in Tab. 11.

Roads and railways

Overall, in the PreSov and KoSice regions 4 232 m
damaged road sections, 27 m from the road 1% class, and
4 205 m of 2, 3 classes and local roads were found.
As endangered, we identified a total of 17 846 m of road
sections, 296 m of the road of 15t class and 17 550 m of
2nd 31 classes and local roads. Railways were not violated,
however, identified were vulnerable sections of total length
of 364 m. In terms of damage or threats the most affected
are districts of PreSov, Stropkov, KoSice — surroundings and
Stara Lubovnia (Tab. 12). In many cases there was a sliding
of the masses directly on the road or rail communications;
provided there was no breach of such sections and the
slipped masses were removed, we included such sections
within the category of threatened. In most such cases,
however, traffic was stopped or severely limited (one lane
and traffic-light) until the sections were open again.

The count of damaged and vulnerable sections of roads
in various districts and regions are shown in Tab. 12.

Tab. 11
Damaged and threatened buildings in the districts
of KoSice and PreSov regions

District Damaged Threatened
801 Gelnica 0 0
806 Kosice — surrounding 18 51
802 Kosice | 0 0
808 Roznava 1 1
810 Spisska Nova Ves 3 0
Region Kosice in total 22 52
District Damaged Threatened
701 Bardejov 8 44
702 Humenné 0 0
703 Kezmarok 1 24
704 Levoca 0 6
705 Medzilaborce 0 2
706 Poprad 0 0
707 PreSov 47 22
708 Sabinov 6 72
709 Snina 0 0
710 Stara Lubovna 9 61
71 Stropkov 3 7
712 Svidnik 4 0
713 Vranov nad Toplou 2 14
Region PreSov in total 80 252
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Tab. 12
Damaged and threatened communications of KoSice and PreSov regions

Roads 15t class (m) Roads 2" and 3" class and local roads (m) Railways (m)
District Damaged Threatened Damaged Threatened Damaged Threatened
801 Gelnica 0 0 48 53 0 45
806 KoSice — surrounding 0 0 477 2234 0 78
802 Kosice | 0 0 0 52 0 0
808 Roznava 0 0 0 0 0 0
810 Spisska Nova Ves 0 0 11 494 0 23
Region Kosice in total 0 0 636 2833 0 146
District Damaged Threatened Damaged Threatened Damaged Threatened
701 Bardejov 0 0 237 2074 0 55
702 Humenné 0 0 101 997 0 0
703 Kezmarok 0 0 110 1072 0 67
704 Levoca 0 0 185 436 0 0
705 Medzilaborce 0 0 25 44 0 0
706 Poprad 27 138 33 92 0 0
707 Presov 0 61 992 2733 0 30
708 Sabinov 0 0 297 1921 0 0
709 Snina 0 0 14 14 0 0
710 Stara Lubovria 0 97 578 1532 0 66
71 Stropkov 0 0 527 2448 0 0
712 Svidnik 0 0 270 1074 0 0
713 Vranov nad Toplou 0 0 200 280 0 0
Region PreSov in total 27 296 3 569 14717 0 218

Fig. 6. Landslides activated in May/June 2010 in the KoSice and PreSov regions. R1, R2, R3 and R4 are categories of socio-economic
relevance.
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Purpose-made categorization

The whole set of registered slope deformations
was divided in accordance with the purpose-made
categorization of socio-economic significance (threat
to life and property) and consequent risk of landslide on
the scale recommended by the European Commission for
multirisk evaluation (Marzocchi et al., 2009) as follows:

— moderate (R1): social, economic and environmental
damages are marginal — 273 slope deformations;

— medium (R2): minor damages to buildings, infra-
structures and environment are possible. No significant
effect on people, functionality of buildings and economic
activities — 151 slope deformations;

— high (R3): concern exists on peoples” safety.
Functional damages to buildings and infrastructures are
possible as well as interruption of the economic activities
and relevant damages to the environment — 98 slope
deformations;

- very high (R4): expected damages include
casualties and injuries, serious damages to buildings and
infrastructures, destruction of the environment and of the
socio-economic activities — 29 slope deformations.

Tab. 13
Abundance of slope deformation categories
of KoSice and PreSov regions

District Count R1 R2 R3 R4
801 Gelnica 3 1 0 0 2
806 KosSice — surrounding 21 2 5 9 5
802 Kosice | 2 1 0 1 0
808 Roznava 1 0 0 0 1
810 Spisska Nova Ves 17 2 3 10 2
Region Kosice in total 44 6 8 20 10
District Count R1 R2 R3 R4
701 Bardejov 101 58 26 15 2
702 Humenné 6 1 2 3 0
703 KeZzmarok 74 51 1 1 1
704 Levoca 23 11 7 4 1
705 Medzilaborce 3 1 1 1 0
706 Poprad 10 7 0 2 1
707 Presov 37 3 20 5 9
708 Sabinov 51 31 14 4 2
709 Snina 1 0 1 0 0
710 Stara Lubovnia 154 90 41 22 1
71 Stropkov 21 7 8 4 2
712 Svidnik 17 5 9 3 0
713 Vranov nad Toplou 9 2 3 4 0
Region PresSov in total 507 267 143 78 19
Tab. 14
Slope deformation category area
Count Area (ha)
R1 273 35.8282
R2 151 45.3940
R3 98 479245
R4 29 159.1304
Total 551 288.2771

Overview of single categories within regions and
districts is in Tabs. 13 and 14, the arrangement of individual
socio-economic categories is illustrated in Fig. 6.

Conclusions

The most important benefit of the inventory is the
“instant” information on the status and impact of slope
deformations, incurred, or reactivated in May and June
2010 due to climate extremes. The inventory, categorization
and update of the current status of landslide sites enable
the government and local authorities to lead effectively the
necessary funds for exploration and remediation of such
territories. The way of data collecting and processing,
“scalelessness” of topographic information, registration
of damaged or endangered buildings allow to incorporate
this accurate documentation into the land use planning
documents, regardless of the detail of the processing and
geodetic survey (cadastral maps of lots C and E categories,
geometric plans, detailed maps of engineering networks
utilities, different land maps, documents of Territorial
System of Ecological Stability and General Principles
of Functional Arrangement, forestry maps, etc.). Thus,
based on a compliance with the cadastral map it is possible
to quantify precisely the size of a damage to a lot with
a possibility of identifying the owner etc., what is such an
important input for the documentation for insurance claims,
identification of the extent of damage to gas pipelines,
water pipes and so on. An example of slope deformations
presentation on cadastre groundwork is shown in Fig. 7.

At the same time there has been created an extensive
GIS database containing the information about the date of
slope failures generation, the first of its kind in Slovakia,
which becomes a foundation for future research on the
recovery of such phenomena and their more reliable
forecasting.
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Hronsecké vrstvy: korelaény €len medzi silicikom s. I. (drienocky prikrov)
a hronikom (frankovsky prikrov; Zapadné Karpaty)
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Hronsek Beds: Correlation member between the Silicicum s.l. (Drienok nappe)
and Hronicum (Frankova nappe; Western Carpathians)

The Lower Triassic formations from two partial nappes around Banska Bystrica include
a specific sedimentary sequence. This specific part represents transition between siliciclastic and
clastic-carbonate formations and contains several correlative lithological and sedimentological
features. The most characterictic features are: heterolithic bedding (lenticular, wavy), extensive
bioturbated fine grained sandstone and siltstone with impoverished fossils of molluscs. The
Skolithos ichnofacies is characterized: Diplocraterion, Arenicolites and Skolithos trace fossils.
Ichnological and sedimentological evidence points to shallow marine intertidal/subtidal
depositional environment. The development with described features represents transition from
wholly siliciclastic into carbonate-clastic sedimentation of the Lower Triassic formations in both
partial nappes in the Horehronské podolie area.

Key words: Hronsek Beds, Lower Triassic sequence, lithostratigraphy, correlation

Uvod

Cielom tohto prispevku je poukazat na niektoré
spolo¢né znaky medzi Ciastkovym prikrovom hronika
a silicika s. I., tykajuce sa vyvoja spodnotriasovych suvrstvi
z oblasti leziacej vychodne a juhovychodne od Banskej
Bystrice.

Na zretel boli zobrané dve lokality s podobnym
facialnym vyvojom — na rozhrani spodného klastického
a vrchného klasticko-karbonatového vyvoja spodného triasu
(obr. 1). Z hronika je to lokalita Salkova, kde je zachovany
(na povrchu odokryty) sled vrchny perm — spodny trias.
Zo silicika s. I. je to lokalita v zavere bezmenného potoka
ustiaceho do obce Hronsek, s vyvojom spodného triasu
a fragmentmi strednotriasovych karbonatov (lok. Hrabova).
Podla tejto lokality bola uvedena sekvencia nazvana ako
hronsecké vrstvy, ktorych pozicia a opis su predmetom
tohto prispevku.

Litofacialne charakteristiky drienockého prikrovu boli
v minulosti korelované s tzv. ,triasom gemerid“ Muranskej
ploSiny (Bystricky, 1964). Mahel et al. (1967) oznagil
tento vyvoj ako ,ponicku sériu“ a povazoval ju za sucéast
~cho¢ského prikrovu“ (hronika). AvSak podobnost s vyvo-
jom na juhu Slovenska bola zrejme markantnejSia
a z tychto dévodov bol spominany Ciastkovy prikrov neskor
zaradeny do silicika (Mello in Polak et al., 2003, s. 81).
Na dalSie suvislosti tektonickej a facialnej prislusnosti
drienockého, vernarskeho prikrovu, ako aj spodného
muranskeho prikrovu poukazal Havrila (in Mello et al., 2000,
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s. 189 — 194). Jeho zistenia naznacduju, ze by mohlo ist
o samostatnu sedimentacnu zénu v severnej Casti silicika.
Na zaklade tektonickej pozicie a litofacialneho obsahu
ju badatel podmieneéne zaradil do silicika s. I. Zname
su aj snahy o vyclenenie novej tektonickej jednotky, tzv.
vernarika (Hok et al., 2004), ktoré ma zastupovat vyssie
spomenutu Ciastkovu jednotku v nadloZzi hronika.

Hronikum v lokalite Salkova, reprezentované vrchnou
¢astou maluzinského suvrstvia a spodnotriasovou
sekvenciou, bolo v minulosti chapané ako sucast
drienockého prikrovu (Slavkay et al., 1968; Zemancik et
al., 1971), neskér boli suvrstvia i sekvencia zaradené do
hronika (Vozarova a Vozar, 1988, s. 257). Pri najnovSom
mapovani (Polak et al., 2003) boli v tektonickej jednotke
hronika vyclenené dva Ciastkové prikrovy (obr. 2): spodny
— markovsky (str. trias — sp. jura) a vrchny — frankovsky
Ciastkovy prikrov (vrchny karbdn — sp. trias).

Geologicka stavba

Prikrovova stavba vychodne od Banskej Bystrice
je o nie¢o komplikovanejSia ako v okolitych pohoriach.
Jednotlivé ¢leny c¢iastkovych prikrovov (markovsky,
frankovsky, drienocky) lezia v nadlozi kriedovych
sedimentov veporika v r6znej konfiguracii. Tektonicka
jednotka hronika je tu zastupena dvomi Ciastkovymi
prikrovmi (Polak et al., 2003). Stratigraficka naplii oboch
Ciastkovych prikrovov napoveda, ze pévodne tvorili jeden
celok so stratigrafickym sledom karbon/jura (obr. 2). Treti,
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Obr. 2. Litotektonicka schéma, zobrazujuca tri konfiguracie pozicie
silicika s. |. vo vztahu k hroniku a veporiku v Studovanej oblasti.

Fig. 2. Lithotectonic situation shows three configurations of position
of the Silicicum s.l. in relation to Hronicum and Veporicum in the
studied area.

Obr. 1. Situacnd mapka s vyznacenou poziciou lokalit.
Fig. 1. Location of studied areas.

Struktdrne de facto najvyssi prikrov, bol najprv zaradovany
k tzv. ,gemeridnému mezozoiku“ (Bystricky, 1964), neskor
k siliciku (Mello in Polék et al., 2003). Ciastkovy markovsky
prikrov hronika (vr. anis — sp. lias) obstarava ako prvy
kontakt s podloznym mezozoikom veporika (spodna
krieda). Pokial je zachovany, mézu na fom lezat dva
vysSie Ciastkové prikrovy: frankovsky (karbon — perm — sp.
trias) a drienocky prikrov (sp. trias — sp. karn). Existuju
vSak eSte dve miesta, kde drienocky prikrov evidentne
lezi v nadlozi frankovského prikrovu, reprezentovaného
vrchnokarbénskym niznobocianskym suvrstvim (juzne od
Salkovej, Majerov Hrb, a SV od Vlkanovej, zaver doliny
Petovského potoka, Tri Studne). AvSak tiez mbézeme
registrovat miesto, kde je Ciastkovy markovsky prikrov
redukovany a frankovsky uUplne chyba. Drienocky prikrov
lezi priamo na spodnokriedovych sedimentoch veporika
(usek MéI¢a — Dolna Micind). Tu je, zda sa, redukovana
aj spodna ¢ast bodvaszilasského suvrstvia.

Hronsecké vrstvy

Ide o charakteristicky vyvoj situovany v najvy$sej
Casti klastogénnej, bazalnej formacie spodného triasu.
V hroniku sa nachadza v najvy$Sej Casti benkovského
suvrstvia a v siliciku s. . v najvy$sej ¢asti bodvaszilasského
suvrstvia (obr. 9). Hronseckeé vrstvy su tak ¢lenom spodnej
(siliciklastickej) spodnotriasovej formacie a vyskytuju sa
vo dvoch tektonickych jednotkach. Obsahuju Specifické
sedimentologické, paleontologické a ichnologické znaky.
Dolnu hranicu hronseckych vrstiev (v lokalite Hronsek-
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Obr. 3. Kompozitny profil hronseckych
vrstiev, zostaveny z niekolkych odkryvov
v lokalite Hrabova, s dvomi mensimi
profilmi.

Fig. 3. Composite profile through
the Hronsek Beds built-up of several
outcrops in the Hrabova locality with
two smaller profiles.

e

vinovité az SoSovkevité 2vrstvenie

Qb @ ® o«
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-Hrabova) definuje subor vrstiev bodvaszila§ského suvrst-
via, striedajucich sa lavicovitych az tenkodosti¢kovitych
stredno/jemnozrnnych arkéz prevazne svetlejSich odtierov,
vzacne so zachovanymi polohami pestrych prachovcovych
bridlic. Typické su roje prachovcovych zavalkov v arkdzach,
Ceriny, laminacie, bahenné praskliny. Vzacne boli najdené aj
zle zachované odtlacky schranok mékkysov. Hornd hranicu
reprezentuje vrchna spodnotriasova formacia vapnitych
jemnozrnnych sludnatych arkéz, bézovych slienitych bridlic

s M nl I I'.’

s polohami karbonatov (Sufiavské suvrstvie v hroniku
a szinskeé suvrstvie v siliciku s. I.). Tento vyvoj bol prvykrat
zisteny v lokalite Hronsek-Hrabova (silicikum s. I.), neskor
bol rovnaky vyvoj zaregistrovany severne od Salkovej
(hronikum).

Silicikum s. 1.

Lokalita: Stratotyp hronseckych vrstiev reprezentuje
lokalita 920 m na J od k. Vysoky vrch 543 m n. m. (dolinka

Obr. 4. Lokalita SV od obce Hronsek (Hrabova). a — heterolitické zvrstvenie hronseckych vrstiev (rytmické striedanie svetlejSieho pieskovca
a tmavsieho ilovca); b — ¢ — mikroCeriny na vrstevnej ploche jemnozrnnej droby; ¢ — mikro€eriny typu Kinneyia, mierka 20 mm; d — spodna
vrstvova plocha s bliz§ie neuréenymi fosilnymi stopami (hypichnie), mierka 10 mm, fosilna stopa je pravdepodobne repichnia (stopa
pohybu zivo€ichov po dne) mékkysSov alebo ¢lankonozcov; e — akumulécia bivalvii Neoschizodus — Nuculana? sp., mierka 10 mm.

Fig. 4. Locality NE from the Hronsek village (Hrabova). a — heterolithic bedding of the Hronsek Beds (rhythmical alternation of the fine
grained sandstone and siltstone); b — ¢ — wrinkle structures on the bed surface of fine grained wacke; ¢ — the Kinneyia type wrinkle
structures, scale 20 mm; d — undetermined trace fossils on the lower surface bed (hipichnia), scale 10 mm. The origin of the trace fossils
should be associated with the undetermined repichnia of moluscs or arthropods; e — accumulation of the bivalves on the bed surface,

Neoschizodus — Nuculana? sp., scale 10 mm.
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V — Z smeru v nadmorskej vySke 406 az 440 m n. m.,
48°40'1747" S, 19°11’12.77" V) v zavere bezmennej dolinky
SV — JZ smeru, Ustiacej do obce Hronsek. Vychadzaju
tiez na povrch JZ od lokality Hrabova a v pokraovani SV
smerom (Horné Jasenice, Nad Osi¢inami).

Opis: Pre hronsecké vrstvy je charakteristické heterolitické
zvrstvenie. Ide o tesné striedanie tenkych laviciek ¢erinovo
zvrstvenych jemnozrnnych arkéz a vrstvi€iek ilovcovo-
-prachovcového zlozenia hnedej az hnedocervenej farby.
NajtypickejSimi textdrnymi znakmi je vinovité, SoSovkovité
az flaserové zvrstvenie (wavy/lenticular/flaser bedding).
Casté st éerinovo zvrstvené lavicky piescitého materialu.
V niektorych polohach je mozné rozoznat laminéacie.

V hnedocervenych drobach sa na povrchu laviciek
daju identifikovat odtlacky schranok maéakkySov
(Myophoria sp., Anodontophora sp., Neoschizodus sp.,
obr. 4e). Dalsim charakteristickym znakom je mikro-
Struktura, ktora je vSeobecne oznacovana ako
mikroceriny (wrinkle marks). Nachadza sa na vrstevnych
plochach, kde je zachovana vo variabilnej kvalite,
a pripomina mikrostrukturu typu kinneyia (Porada et al.,
2008). Jednym z charakteristickych znakov hronseckych
vrstiev je pritomnost skolitovej ichnofacie s cca 80 %
zastupenym ichnorodom Diplocraterion a 20 %
Arenicolites a Skolithos (obr. 5). Nachadzaju sa najma
v spodnejSej Casti odokrytého profilu. V najvrchnejSej

7

p——c

Obr. 5. Lokalita SV od obce Hronsek (Hrabova). Vrstvova plocha s prierezmi fosilnych stdp Arenicolites, Diplocraterion, Skolithos. Obdobné

zachovanie fosilnych stép ako v lokalite Salkova. V tejto ichnostavbe previadaju vyluéne vertikalne fosilne stopy. Zmes vertikéalnych
a horizontalnych fosilnych stop v tych istych polohach je velmi zriedkava.

Fig. 5. NE from the Hronsek village (Hrabova). Horizontal section of the trace fossils Arenicolites, Diplocraterion, Skolithos on the bedding
surfaces. The same ichnofabric is preserved at Salkova outcrop. Mixture of ichnofabric of vertical and horizontal fossil traces is very rare
in these beds.
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odkrytej Casti sa vS8ak opat nachadzaju hrubolavicovité Hronikum
arkoézy, odkryté asi len v 1,5 m hrubke, pric¢om vysSia 3
Cast je prekryta hlinitou sutinou. V nej sa objavuju prvé Lokalita: SSZ od Salkovej v malej dolinke ZSZ — VJV

ulomky karbonatov z nadlozného szinského suvrstvia. smeru, asi 300 m na VJV od k. Lazina 488 m n. m.
Celkova odokryta ¢ast ma hrubku priblizne 39 m a je (star$i ndzov Paseka alebo Pasienka), kde sa nachadza
uklonena na VSV az VJV so sklonom 20 — 30°. niekolko menSich odkryvov. V hlavnej dolinke smeru S

b

Obr. 6. Lokalita SSZ od Salkovej. a — tenkolavicovité arkoézy s polohami pestrych prachovcov (po odstraneni kvartérneho pokryvu). Odkryté
vrstvy su tu intenzivne krehko deformované; b — schranky brachiopodov rodu Lingula sp. v jemnozrnnom kremennom arenite; ¢ — vrstvova
plocha s mikro€erinami, preruSena vertikalnou fosilnou stopou Diplocraterion; d — blizSie neur¢ené lasturniky z tektonicky porusenych
jemnozrnnych drob; e — prierez vrstvou s neuréenymi vertikalnymi stopami (? Skolithos), povrch vrstvy tvori menej bioturbovany pieskovec
s morfolégiou dvoch Cerin; f — prierez vrstvou s vertikalnymi stopami zvyraznenymi dolnou skicou. Zuzené Casti stopy zrejme reflektuju
heterolitické sedimenta¢né rozhrania.

Fig. 6. Locality NNW of the Salkova local part. a — Thin-bedded arkosic sandstone with interlayers of the variegated siltstone (after removing
Quaternary cover). Beds are intensively affected by the brittle deformation; b — Lingula sp. in the fine grained quartz-arkose from the Salkova
locality; ¢ — bed surface with the wrinkle structures disrupted with the trace fossil Diplocraterion; d — poorly preserved undetermined bivalves;
e —a vertical section through the bed with undetermined vertical trace fossils (?Skolithos). Surface of the bed is consisting of weakly bioturbated
sandstone with two ripple marks; f — vertical section with several fragments of vertical trace fossils highlighted by sketch (bellow). Bottle-neck
parts of the trace fossils probably reflect the sedimentary boundary lines of the heterolithic sediment.
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az J je odokryty aj kontakt vrchnopermskych bazaltov
a spodnotriasového benkovského suvrstvia (OlSavsky,
2005).

Opis: Sekvencia spodného triasu hronika sa sklada
— podobne ako pri drienockom prikrove — z dvoch su-
vrstvi. Spodna ¢ast (benkovské suvrstvie) je dostatoéne
odokrytd v zarezoch po obidvoch stranach potoka.
Vrchna Cast (Sufiavské suvrstvie) je obmedzene odo-
kryta v jednej boénej dolinke. Na rozhrani klastickej
a karbonatovej sekvencie je tu mozné registrovat analo-
gicky facialny vyvoj — hronseckeé vrstvy. V najvrchnejSich
Castiach klastickej sekvencie benkovského suvrstvia
pribudaju jemnozrnnejSie prachovcové bridlice (droby)
hnedoc¢ervenych farieb, resp. striedanie kremencovych ~
subarkézovych lavi€iek s hnedo€ervenymi prachovcami.
V hnedocervenych drobach sa nachadzaju charakteris-
tické fosilne stopy Diplocraterion, Arenicolites, Planolites,
Skolithos (obr. 7) a bliz8ie neurCené vertikalne stopy
(obr. 6e — f). Zaregistrované boli tiez mikro€eriny, ako
aj makrofauna v podobe lamelibranchiatov (blizsie
neur¢ené). NavySe bola tu najdena brachiopodova fauna
Lingula sp. (obr. 6b). Cast tohto stboru bola pdvodne
mylne pokladana za ekvivalent ilovcovo-piescitych
vrstiev, ktoré sa nachadzaju v tesnom nadlozi bazaltov
a podlozi benkovského suvrstvia (profil odokryty
v hlavnej dolinke, OlSavsky, I. c.). AZ pri poslednej terénnej
navsteve sme spolo¢ne s kolegami zo SAV, J. Michalikom
a M. Golejom, po odkopani profilu (okolie lokality je
prekryté kvartérnym pokryvom, resp. resedimentovanym
pliocénnym banskobystrickym suvrstvim) ozrejmili
stratigrafické vztahy v lokalite. Situ&ciu tu pravdepodobne
komplikuje vertikalny zlom Z —V smeru, ktory krehkou
deformaciou postihuje aj samotné hronsecké vrstvy.
Litologické ¢leny Sunavského suvrstvia boli lokalizované
v drobnom zareze paralelnej dolinky na vychod od k.
Lazina s celkovou dizkou asi 40 m. Ide o striedanie poldh
vapnitych prachovcov sivobézovych az ¢ervenohnedych
farieb s lavicami karbonatov. Sedimenty benkovského
suvrstvia su uklonené velmi strmo k SZ — 60 — 90°.
V jednom pripade je vrstevny sled dokonca mierne
preklopeny.

Ichnofosilie

Spolo¢enstvo ichnofosilii v spodnotriasovych sedimen-
toch v lokalite Salkova je bohatsie ako ichnospoloenstvo
v analogickej spodnotriasovej sukcesii SV od Hronseka.
Lokalita SV od Hronseka obsahuje monotdénne ichno-
spolo¢enstvo. Dominantnou ichnofosiliou je Diplocraterion
a len ojedinele boli najdené ichnofosilie Skolithos
a Arenicolites. Horizontalne stopy sa objavili len sporadicky,
na spodnych vrstvovych plochach sa nachadzaju drobné
formy stop (hypichnie), ktoré tvoria niekolkomilimetrovy
hrebienok (s trojuholnikovym prierezom) kosacikovitého
tvaru (obr. 4d). Tato hypichnia bola najdena vo v8etkych
doteraz lokalizovanych spodnotriasovych lokalitach
s fosilnymi stopami (Olsavsky a Simo, 2007; Simo
a OlSavsky, 2007). Vyskyt drobnych stép v jemnozrnnych
prachovcovych polohach poukazuje na pomerne vysoky

potencial na dalSie typy fosilnych stép na vrstvovych
plochach. S najva¢sou pravdepodobnostou ide o repichnie
(stopy pohybu zivo&ichov) méakkysov alebo ¢lankonozcov,
¢o mbézu podporit hoci zriedkavé nalezy stép z plytko-
morskych spodnotriasovych sukcesii z inych oblasti
(e. g. Zonneveld, 2007). Dal&im vyznamnym fosilizaénym
potencialom na zachovanie sa st6p arthropodov je aj
vySSie spominany vyskyt fosilnych mikrobialnych povrchov,
ktoré vyrazne podporuju aj zachovanie hypichnialnych
stop prave v porovnatelnych spodnotriasovych sukcesiach
(pozri Seilacher, 2008).

SV od Hronseka boli najdené len velmi zriedkavo
fragmenty masivnej8ich Sikmych stop s priemerom az
20 mm.

Profil Salkova obsahuje na prvy pohlad réznorodejsie
ichnospolo¢enstvo. Diplocraterion nie je jeho dominantnou
sucastou. Nachadzaju sa tu dva typy masivnejsich
bioturbacii. Prvym typom su vertikalne az Sikmé stopy
meniace svoj smer. V tychto bioturbovanych vrstvach sa
zachovala pdvodna heteroliticka sedimentarna textira
len fragmentarne. Masivne bioturbované vrstvy Casto
asociuju s ¢erinovym zvrstvenim. Su to stopy, ktoré su na
kratkych vzdialenostiach nepravidelne zdzené, ryhované
a zaSkrcované do vertikdlneho az Sikmého retazca,
pozostavajuceho zo sudkovitych usekov (obr. 6e — f).
Segmentacia chodieb pravdepodobne suvisela s menia-
cimi sa podmienkami sedimentacie. Priemer chodieb je
od 3 az do 7 mm. Najdeny bol jedinec stopy Diplocraterion
mimo tychto vrstiev, ktory bol poznaceny podobnou
segmentaciou. Analogicky typ ichnostavby s vertikalnymi
domichniami bol opisany aj v Malych Karpatoch v lokalite
Amon (Olsavsky a Simo, 2007). Druhy typ vyrazne
bioturbovanych ¢&asti sekvencie obsahuje prevazne
horizontalne stopy Planolites s priemerom od 6 do 8 mm.
Samostatne tu boli najdené aj stopy Diplocraterion a tiez
vySSie opisané hypichnie. V heterolitickej sekvencii v lokalite
Salkova sa striedalo viac typov ichnofacii. Spoloénym
ichnologickym znakom je dominantny vyskyt ichnofosilie
Diplocraterion a celkova prevaha vertikalnych stép
v oboch sekvenciach. MonoSpecifické ichnospolocenstvo
v sekvencii drienockého prikrovu pravdepodobne vznikalo
za meniacich sa sedimentanych a ekologickych pod-
mienok poc¢as transgresie.

Fauna

Z nizkodiverzifikovaného spolo¢enstva lasturnikov
je pre obe lokality hronseckych vrstiev spolo¢ny rod
Anodontophora sp. BohatSie spoloCenstvo vSak pochadza
z lokality Hronsek-Hrabova, kde je dominantne zastupeny
rod Myophoria sp. juv., Neoschizodus — Nuculana? sp.,
a pritomné su aj rody Pleuromya sp. a Pseudomonotis-
-Entolium? sp.. Drobné schranky pravych aj lavych lastur,
zachované ako vnutorné jadra, su prevazne kompletné
a nevykazuju znaky transportu. Uvedené rody zodpovedaju
vekovému rozpétiu griesbach — spodny namal. Dominantne
zastupené druhy prehrabavali detriticky sediment, alebo
zili trvalejSie zahrabané, pric¢om filtrovali ziviny z vodnej
suspenzie.



414 Mineralia Slovaca, 42 (2010)

Brachiopody najdené severne od Salkovej boli druhovo
ur¢ené ako Lingula sp.. Ide o pomerne dobre zachované
misky, ako aj o ulomky €asti misiek v postmortalnej pozicii
v jemnozrnnom kremennom arenite.

Diskusia
Litostratigrafia
V sucasnosti sa v litostratigrafickom ¢leneni spodného

triasu hronika preferuju nazvy navrhnuté Bielym (in Andrusov
a Samuel et al., 1983, 1985): benkovské suvrstvie (podla

doliny Benkovo, ustie doliny Benkovo) pre spodnu
a $ufiavské suvrstvie (podla Suriavského potoka, lokalita
na sutoku Cierneho Vahu a Sunavského potoka — hj, Biely
potok) pre vrchnu €ast spodného triasu. Obidve stratotypové
lokality sa nachadzaju na severnych svahoch Nizkych
Tatier. Vo vysvetlivkach ku geologickej mape Nizkych Tatier
(Biely et al., 1997, s. 87 — 88) v8ak nachadzame informaciu:
,benkovské suvrstvie (Biely in Andrusov a Samuel, 1983)
je z hladiska priority neplatny nazov’ pricom spodna ¢ast
spodného triasu hronika je vo vysvetlivkach pomenovana
ako luznanské suvrstvie, stredna Cast ako seiské vrstvy
(lokalizované len v zapadnej ¢asti Horehronského podolia)

Obr. 7. Lokalita SSZ od Salkovej. Vrstvova plocha pretinajtica vertikalne fosilne stopy Arenicolites, Diplocraterion, Skolithos. Kontrast medzi
vypliou stdp a okolitym sedimentom je v niektorych pripadoch slaby (a, b). Na obr. 7c je viditelna hrubozrnnejsia piescita svetla vypln

stopy, mierka 10 mm.

Fig. 7. Locality NNW of the Salkova local part. Sections of vertical trace fossils Arenicolites, Diplocraterion, Skolithos on bedding surfaces.
Contrast between the filled material of the trace fossils and surrounding matrix is weak (a, b). Lighted coarser sandstone fill of the trace

fossils is the best displayed (Fig. 7c).
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a najvysSia Cast ako kampilské vrstvy. V rovnakych
vysvetlivkach je vSak v litostratigrafickej kolénke hronika
uvedené suvrstvie Benkovského potoka ~ seiské vrstvy
ako spodna Cast a kampilské vrstvy ako vrchna &ast
spodného triasu. Uvedené fakty pdsobili natolko zmétocne,
ze nejasné litostratigrafické ¢lenenie sa objavuje aj v novsej
geologickej mape a vo vysvetlivkdch ku geologickej
mape Starohorskych vrchov, Ciertaze a severnej éasti
Zvolenskej kotliny (Polak et al., 2003, s. 67 — 68), a to:
benkovské suvrstvie, Sunavské suvrstvie a kampilské
vrstvy. Takto definované ¢lenenie spodného triasu na tri
oddiely sa sice priblizuje realite, no ma niekolko vaznych
nedostatkov. V horninovej naplni benkovského suvrstvia su
uvedené ilovité a ilovitopiescité bridlice, pricom je zname,
ze v stratotypovej lokalite na SV svahoch Nizkych Tatier
v doline Benkovo (a prilahlej lokalite v doline Ipoltica) sa vo
svetlych arkdzach a v subarkézach nenachadzaju ziadne
polohy jemnozrnnych sedimentov. Naopak, ide prednostne
o svetlé lavicovité az SoSovkovito zvrstvené stredno/
hrubozrnné arkézy s krizovym zvrstvenim. Sufiavské
suvrstvie je opisané ako pieskovce a ilovito-piescité bridlice.
Jeho litologicka napln v kontexte stratigrafie vyhovuje, ale
nazov je nevhodny, pretoze nazov Sufiavské suvrstvie bol
a doteraz je spajany s piescCito-karbonatovym vyvojom
najvys8ej ¢asti spodného triasu hronika (Biely in Andrusov
a Samuel et al., 1985). Kampilské vrstvy z hladiska
litofacialneho obsahu a fosilii de facto reprezentuju to, ¢o
je dnes chapané ako Sunavskeé suvrstvie. Nazov kampilské
vrstvy — Campilian Beds (Richthoffen, 1859; Roth, 1938;
Mahel, 1957; Bystricky in Andrusov a Samuel, 1983) sa
doteraz pouziva pre Alpsky a Dinaridny spodny trias,
avsak na ¢lenenie zapadokarpatského spodného triasu je
z viacerych dévodov nevhodny.

Kedze drienocky prikrov je chapany ako sucast silicika
(Mello in Polék et al., 2003), na spodnotriasové formacie
bolo uplatnené nazvoslovie kodifikované Kovacsom
et al. (1989). Kovacs et al. (l. ¢.) ich nazval Bodvaszilas
Sandstone Formation a Szin Marl Formation (pévodne
oznacované ako seiské a kampilské vrstvy). Mello (in Mello
et al., 1997; in Mello et al., 2000; in Polak et al., 2003)
vSak tieto nazvy (bodvaszilasské a sinské vrstvy) pouzil
ako nizSie litostratigrafické Cleny, nie ako suvrstvia. Ak by
sme chceli korelovat spodny trias hronika a silicika s. I.,
dospeli by sme do situacie, ked sa ¢len (vrstva) dostava
na rovnaku uroven ako suvrstvie.

silicikum s.l.  hronikum
szinské vrstvy = Sufiavské suvrstvie
bodvaszilasské vrstvy = benkovské suvrstvie

Podla poznatkov z litolégie spodného triasu hronika
v Bystrickom Podoli (pripadne v Nizkych Tatrach) su
v porovnani so spodnym triasom drienockého prikrovu
vySSie uvedené rozdiely v hierarchii stratigrafickych
jednotiek irelevantné. Uvedené litostratigrafické jednotky
spifiaju kritérid pre suvrstvia (mapovatelna jednotka
s relativne homogénnymi litologickymi charakteristikami,
na zaklade ktorych je mozné odliSit ju od susediacich
suvrstvi). Preto je snad na mieste navrh pouzivat na
oznacenie jednotiek spodného triasu drienockého prikrovu
terminy bodvaszilaS§ské a szinské suvrstvie, pricom je

nutné dodrzat zaklad slova pévodného nazvu (Bddvaszilas
Formation a Szin Formation).

Popis litolégie bodvaszilaSského suvrstvia v praci
Kovacsa et al. (1989) sa napadne podoba na vyvoj hron-
seckych vrstiev. Autori vSak nespominaju charakteristicku
skolitovu ichnofaciu. DetailnejSie ¢lenenie na tri ¢asti tohto
suvrstvia uvadza Hips (1996). V strednej Casti suvrstvia
opisuje ichnofosilie a v najvy$Sej ¢asti uvadza ¢ervené
oolitické vapence. V bodvaszila§skom suvrstvi s. s.,
opisovanom autorkou (l. ¢.), sa nenachadza litoldgia, ktoru
pozname zo spodnych Casti bodvaszilaSského suvrstvia
v drienockom prikrove (OlSavsky a Simo, 2007). Ak by
sme hodnotili hronsecké vrstvy podla definicie autorov
z Madarska (Kovacs et al., 1989; Hips,1996), potom
bodvaszilasské suvrstvie reprezentuju prave hronsecké
vrstvy, ale to, o sa nachadza v ich podlozi, uz nemézeme
nazyvat bodvaszilaSské suvrstvie ani benkovské suvrstvie.
Spodnu ¢ast spodnotriasového suvrstvia drienockého
prikrovu reprezentuju pestré hrubo/jemnozrnné arkézy
s lokalnymi preplastkami bridlic, resp. s ich zvySkami
v podobe polbh ilovcovych intraklastov (mud pebbles/
mud chips), su beznou litofaciou nielen v spodnej Casti
bodvaszilasského suvrstvia v drienockom prikrove, ale aj
v benkovskom suvrstvi vo frankovskom Ciastkovom prikrove
hronika (e. g. lokality: Mostenicka dolina, Jasenie-Cierny
diel, Lopej-Borovie, Horna Lehota-Richtarovo). Pritomnost
tejto jemnozrnnejSej a pestrej litofacie v hroniku si v§imol
aj A. Biely. Tento fakt ho nakoniec viedol k dvojznacne;j
interpretacii, ktord si mozno vSimnut na geologickej mape
1:200 000 (list Banska Bystrica 36), a teda k pritomnosti
bodvaszila§ského a szinského suvrstvia v hroniku (lok.
Horna Lehota).

Podobny sedimentarny zaznam bol tiez registrovany
popri mapovani spodného triasu hronika v Malych
Karpatoch. V najvy$Sej Casti benkovského suvrstvia s. I.
a podlozi Sunavského suvrstvia sa nachadza obdobny
vyvoj hronseckych vrstiev so skolitovou ichnofaciou a tiez
brachiopodovou faunou. Je situovany rovnako na rozhrani
klastického (benkovského suvrstvia s. I.) a karbonatovo-
-klastického suvrstvia (Sunavské suvrstvie). NavySe
v nej boli najdené aj inartikulatne brachiopody — Lingula
sp. (lok. Veterlin — Celo), &im sa zaraduje k identickému
sledu, aky pozname zo Salkovej. Typické hrubozrnné
kremence a kremenné arkdézy spodného triasu tak, ako
ich pozname z nizkotatranskych dolin Benkovo, Ipoltica
v Malych Karpatoch, predstavuju len zlomok objemu
benkovského suvrstvia s. I.. AvSak pre nekompletny vyvoj
spodnotriasovych suvrstvi v hroniku Malych Karpat nie je
moznd ich detailnejSia korelécia. Priestorové rozsSirenie
podobnych facii nielen v hroniku naznacuje, ze proces
transgresie mal sice regionalny charakter, no v jednotlivych
oblastiach v ramci hronika sa liSil (hrubka sekvencie
hronseckych vrstiev, znamky regresie v najvyssej Casti
hronseckych vrstiev). Nepritomnost facii s oolitickymi
vapencami v najvy$Sej Casti klastického vyvoja spodného
triasu v obidvoch ¢&iastkovych prikrovoch znamena ich
samostatnost voci spodnotriasovym suvrstviam silicika
s. s., kde su jeho typickou sucastou (Kovacs et al., 1989;
Hips, 1996; Mello et al., 2000).
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Obr. 8. Geologické mapky zobrazujuce prikrovovu stavbu lokalit z okolia Banskej Bystrice, s vyobrazenim litostratigrafickych ¢lenov
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Fig. 8. Geological settings from both localities around the town Banska Bystrica. Maps illustrate the distribution of the formations
and the Hronsek Beds in study area.
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Fig. 9. Lithostratigraphic correlation of the Lower Triassic development between partial nappes Frankova and Drienok.
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V suvislosti s litostratigrafiou spodného triasu hronika
treba spomenut dalsi fakt. Pri terénnej rekognoskacii na
jednej z Ciastkovych uloh (ul. 1606 — T-05/06A) v r. 2007
bola na pravej strane ustia doliny Benkovo najdena fauna
lamelibranchiatov. Samotny nalez fauny nijako neprekvapuje.
Prekvapujuca je vSak pozicia nalezu. Pomerne tenka poloha
jemnozrnnych pieskovcov a bridlic s faunou ?Myophoria sp.
je situovana v nadlozi vrchnopermskych bazaltovych efuzii
(pravdepodobne aj ¢ast sedimentov v ich nadlozi m6ze patrit
eSte ?permu) a v podlozi benkovského suvrstvia s. s. (na
odkryve lavicovitych subarkéz benkovského suvrstvia vedla
cesty je poznatelha znacka profilu NT-24, prezentovaného
v praci Vozarovéa a Vozar (1981). O existencii tejto sekvencie
Zapadnych Karpat nemame Zziadne poznatky. Jedinu
zmienku, ktord by sme mohli vztiahnut na uvedeny vyvoj,
mozno najst v pracach byvalého uranového prieskumu
(Badar et al., 1965, s. 66), kde autori poznamenavaju:
»ha vyvoji celého cyklu (rozumej seisu) sa da zistit, Ze
transgresia neprebehla v jednej vine, ale aspori lokalne
(Cierny Vah) najmenej v dvoch fazach s men$ou regresiou
uprostred” Rovnako z ich litostratigrafického ¢lenenia
(Novotny a Janc¢ok, 1971, s. 20) sa da vytusit, ze klasticku
Cast spodného triasu vnimali detailnejSie: ,,kremencové
suvrstvie je mozné rozdelit na spodné kremencové vrstvy,
spodné bridli¢nato-pieskovcoveé vrstvy,vrchné kremencové
vrstvy a vrchné bridlicnato pieskovcové vrstvy” Za spodné
kremencové vrstvy pravdepodobne povazovali eSte
vrchnopermské arkézy. Z uvedenych faktov je zrejmé, ze
doteraz nam na definovanie litostratigrafie spodného triasu
chyba podrobnejSie spracovanie referenénych profilov, a to
sa tyka nielen hronika, ale nesporne vSetkych tektonickych
jednotiek.

Sedimentacné prostredie

Pozicia hronseckych vrstiev v sekvencii spodného triasu
evidentne dokumentuje odozvu kolisania morskej hladiny
v podobe transgresie. Zmenu sedimenta¢ného prostredia
determinuju samotné facie a objavenie sa ichnofosilii,
ako aj makrofauny méakkySov a brachiopodov. Sedimenty
hronseckych vrstiev vznikali v prostredi tidalnej ploSiny,
resp. plytkého subtidalu (coastal tidal flat/shalow subtidal
environments) s moznostou brakického vplyvu (OlSavsky
a Simo, 2007; Simo a Olsavsky, 2007). Tento predpoklad velmi
dobre koreSponduje s vyhodnoteniami facii a interpretaciou
sedimenta¢ného prostredia bodvaszilasského suvrstvia s. s.
z oblasti Aggtelek — Rudabanya (Hips,1996, s. 374 — 377).

Fauna

Podobné fosilne spolo¢enstva (méakkysov a brachiopodov)
su v spodnom triase uvadzané zo severu Talianska (Werfen
Formation) (Broglio Loriga et al., 1988), z Madarska, zo
zdpadnej Tetydy z tzv. Dinwoody Formation (griesbach)
(Boyer a Bottjer, 2002; Woods, 2003) a tiez v Japonskych
spodnotriasovych suvrstviach (Hiraiso Formation, Kamura
Formation) s rodmi bivalvii Eumorphotis, Promyalina, Claraia
a Unionites. Rhynchonelliformné brachiopody su takmer
uplne vylu¢ené zo spodnotriasovych horizontov. Inartikulatne

brachiopody a mikrogastropody, menej krinoidy, konkurovali
bivalviam ako dominantnej biote (Frasier a Bottjer, 2003).
Nalezy brachiopodovej fauny v podobe druhu Lingula sp.
sU u nas velmi vzacne. DoterajSie informacie o podobnych
nalezoch Lingula tenuissima BRONN sa v podstate
obmedzuju na par lokalit zo silicika s. s. z oblasti Slovenského
krasu (Bartko, 1953; Suf, 1960). Najnovsie bola v r. 2008
brachiopodova fauna v spodnotriasovych sedimentoch
lokalizovana pri podrobnom geologickom mapovani spodnej
Casti veterlinskeho prikrovu Malych Karpat (na JZ od k.
Celo). Jej nalez je situovany v rovnakej stratigrafickej trovni,
a to na rozhrani prevazne siliciklastickych ark6z najvy$sej
Casti benkovského suvrstvia a spodnej Casti Sufiavského
suvrstvia. Ide o jeden z postpermskych prezivSich druhov,
ktoré sa rozsirili po celej Tetyde (Xu a Grant, 1994). Tento druh
je v Eurépe opisovany hlavne v keuperskych sedimentoch.
Schranka inartikulatneho brachiopoda sa od prvého vyskytu
v ordoviku dodnes takmer nezmenila. Dnes zijuce formy
obyvaju plédzovu oblast s ilovito-pies€itym podkladom.

Zaver

Hronsecké vrstvy su v Bystrickom Podoli pritomné vo
dvoch ¢iastkovych prikrovoch, frankovskom a drienockom.
Ich spoloénym znakom je heterolitické zvrstvenie, asociujuca
skolitova ichnofacia a nizkodiverzifikované spolo¢enstvo
fauny méakkysov a brachiopodov. Hribka hronseckych vrstiev
dosahuje radovo niekolko desiatok metrov (max. do 40 m).

Sedimentaéné prostredie hronseckych vrstiev mozno
stotozriovat s prostredim tidalnych plosin, deltového ustia
alebo estuaria s moznostou brakického vplyvu. Tento
sedimentologicky zaznam je odpovedou na transgresivny
rezim s Ciasto€nou regresiou v najvysSej Casti (obr. 9).
Vyvoj s uvedenymi charakteristikami reprezentuje
prechod z vyluéne siliciklastickej do karbonatovo-klastickej
sedimentacie spodnotriasovych suvrstvi v obidvoch
Ciastkovych prikrovoch.

Korelacia hronseckych vrstiev obidvoch &iastkovych
prikrovov vychodne od Banskej Bystrice napoveda, ze
nemusi nutne ist o dva vzdialené tektonické elementy.
Skoér je pravdepodobné, ze v pévodnej paleogeografickej
konfiguracii boli tieto dve sedimenta¢né oblasti (hronikum
a silicikum s. I.) blizko seba.

Podakovanie. Praca vznikla vdaka projektu ,,Aktualizacia geologickej
stavby problémovych uzemi SR v mierke 1 : 50 000” (T-05/06B),
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Hronsek Beds: Correlation member between the Silicicum s.l. (Drienok nappe)
and Hronicum (Frankova nappe; Western Carpathians)

The Lower Triassic formations of Hronicum and Silicicum
s. |. in the Horehronské podolie area are bearing a specific
lithostratigraphical feature. In the upper part of each of the lower
siliciclastic formations in both units (Hronicum — Frankova nappe
— Benkovo Fm. and Silicicum — Drienok nappe — Bodvaszilas Fm.)
there occurs a characteristic sedimentary sequence called
the Hronsek Beds. It has numerous significant features which
allow dividing them from the uppermost part of both siliciclastic
formations. Typical lithofacies contain the heterolithic bedding
(alternating sand and mud), wavy and lenticular bedding, less
frequently flaser bedding. Skolithos ichnofacies is the most
characteristic feature of the Hronsek Beds. The assemblages of
the trace fossils comprise commonly Diplocraterion parallelum,
Arenicolites, Skolithos and other unknown trace fossils occur in
several isolated cases as well. The Hronsek Beds in the Silicicum
s.l. include a dominant ichnogenera Diplocraterion. On the other
side, the Hronsek Beds from the Hronicum contains relatively wide
spectrum of the trace fossils. A low diversity of the mollusc fauna

was found in both localities. The present genera (Anodontophora
sp., Myophoria sp., Pleuromya sp. and Pseudomonotis-Entolium?
sp., Neoschizodus — Nuculana? sp.) allow correlations not only
between the southern development of the Lower Triassic of the
Western Carpathians but also with the other Tethyan Lower
Triassic formations. All accompanied features allow suggesting
that the Hronsek Beds originated in the shallow marine intertidal/
subtidal environment. Finding of the brachiopod Lingula sp. (this
time the only in the Hronicum) accordingly supports marine,
at the most brackish conditions. The Hronsek Beds (from the
environmental point of view) are situated between two different
sedimentary conditions of their origin (lower are continental and
upper are marine). Their occurrences in both partial nappes in the
Horehronské podolie Basin suggest their tectonic relation as well.
Both of them have very similar lithological and facial compositions
(besides rhyolites in the Drienok nappe), including thickness.
Therefore it is very probable than both nappes were in close vicinity
in the original paleogeographic position.
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Paleoecological interpretation of the Lower Sarmatian sediments from the Malacky
and Pernek vicinity (Slovak part of the Vienna Basin)

In the paper the results of the foraminiferal analysis of three drill cores of sediments from
the Malacky (MZ 55) and Pernek (ZNV 11, ZNV 12) localities are presented. Altogether 27 rock
samples were studied for the biostratigraphical and paleoecological purposes. In the washed
material we identified 68 taxa of foraminifers (attachment 1). Obtained assemblages are ranked
into Early Sarmatian. The most abundant members of assemblages in the studied material were
the species of the Ammonia genus together with a small miliolide taxa. Mentioned assemblages
characterize the shallow water environment of the lagoons up to lowermost marshes of various
water salinity. In the second type assemblage the keeled elphidids prevail and document the
younger assemblage of the Large elphidia Zone (Grill, 1941). This assemblage characterizes
deeper water of normal marine to hypersaline lagoon. We provide in the paper a correlation of
the main paleoecological changes in the studied boreholes.

Key words: foraminifers, paleoecological interpretations, Lower Sarmatian, Vienna Basin

Uvod

Viedenska panva je jednou z predoblukovych panvi
v Zapadnych Karpatoch. Roztvarala sa v blizkosti sub-
dukénej zény vonkajsich Karpat. Jej vyplh mozno rozdelit
na dve Strukturne etaze, na ¢o upozornil uz Andrusov
(1938). Struktirne &lenenie panvy bolo vyuzité aj pri
regionalnom rozdeleni panvy na senicki a zahorsko-
-dolnomoravsku ¢€ast (Vass, 2002). StarSia ranomiocénna
etaz vznikla scasti v ramci zapadoslovenskej striznej zény
(Marko a Kovacg, 1996) v prevladajucom transpresnom
rezime, s€asti v extenznom rezime na chrbtoch flySovych
prikrovov koliznej akreénej prizmy (piggy-back). MladsSia
stredno a pozdnomiocénna Struktirna etaz panvy
vznikla v transtenznom rezime. Sedimenty sarmatu
dosahuju hrubku cca 500 m a zaberaju geograficky
a badenu na zaklade dierkavcov je velmi zlozité. Kedze
uplne mizna planktonické formy, ktoré su zakladom
modernej biostratigrafie (Cicha et al., 1975; Zlinska, 1998;
Andrejeva-Grigorovi€ et al., 2001), stazuje sa aj moznost
urenia veku na zaklade izotopového zlozenia schranok
z dévodov zmien obsahu soli vo vodach (Branzila
a Chira, 2005; Piller a Harzhauser, 2005; Bannikov,
2009). V sarmate sa opierame o nastup novych druhov
bentickych dierkavcov, ako Anomalinoides badensis
(Orb.), Elphidium reginum (Orb.), Nodobaculariella
sp. a Articulina sarmatica (Karrer), niektoré z nich vSak
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evidujeme uz v najvrchnejSom badene (Cicha et al.,
1998; Zlinska, 1997, 1998). Vysvetlenie zmien v pod-
mienkach sarmatského mora a pokusy o interpretaciu
velmi réznorodych sedimentaénych podmienok v oblasti
Paratetydy su v poslednych rokoch v centre zaujmu réznych
autorov, pretoze v tomto obdobi prebiehali ako klimatické,
tak aj geologické zmeny (Filipescu, 2004; Sztano et al.,
2005; Branzila a Chira, 2005; Piller a Harzhauser, 2005;
Piller et al., 2007; Bannikov, 2009; Cornée et al., 2009;
Koubova a Hudackova, 2010). V slovenskej ¢asti panvy
nachadzame velmi réznorodé plytkovodné spolocenstva,
ktoré boli viazané aj na ¢asovu liniu. Klasické biozény
Grilla (1941) predstavuju spoloéenstva zén velkych elfidii
(= Elphidium reginum, Elphidium hauerinum) a zény
Porosononion granosum (obr. 2).

Lokalizacia a material

Skumané vrty MZ 55, ZNV 11 a ZNV 12 sa nachadzaju
v katastralnom tzemi Malaciek (obr. 1), ktoré je situované
v centre juznej Casti Zahorskej niziny na nive a terase
rieky Moravy. Podla geomorfologického ¢lenenia uzemia
Slovenska (Mazur a Lukni$§, 1980) je malacké uzemie
zaradené do Borskej niziny v Zahorskej nizine. Vrty boli
odvftané v dvoch geomorfologicky odliSnych astiach;
MZ 55 v znizenine — tzv. Zahorské plafnavy, vrty ZNV 11
a ZNV 12 v oblasti Boru. Bor ma charakter zvinenej roviny,
tvorenej pieskovymi dunami a presypmi.
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Obr. 1. Geograficka pozicia Studo-
vanych vrtov.

Fig. 1. Geographical position of the
studied wells.

Previtané sedimenty neogénu patria holi¢skemu

suvrstviu; pévodne ho opisali Ele¢ko a Vass (in Banacky
et al., 1996) ako suvrstvie zahrnujuce cely sarmat vo
Viedenskej panve. Prevladajucim litotypom suvrstvia je sivy
vapnity il/ilovec az siltovce s polohami piesku/rozpadavého
pieskovca a s vlozkami kyslého tufu. Holi¢ske suvrstvie lezi
v strede panvy transgresivne na studien¢anskom suvrstvi.
Na okrajoch transgreduje na ranomiocénne sedimenty,
resp. na fly§ vonkajsich Karpat. Nadlozim su sedimenty
skalického suvrstvia. V Studovanom materiali tufy neboli

zastupené.

Vrty prevrtali okrem zaujmovych sedimentov neogénu
aj kvartérne sedimenty, zastipené hlavne pédami, hlinito-

-kamenitym deldviom a deldviom so sivozelenym Skvrnitym
ilom. Neogénne, teda sarmatské sedimenty vo vrtoch
ZNV 11 a ZNV 12 zastupovali najméa sivozelené ily
s vrstvickami pieskov (obr. 3). Sedimenty spodného sarmatu
v jadrach vrtu MZ 55 boli tvorené hlavne tmavosivym ilovcom
s primesou siltu. V intervale 856,17 — 856,24 m sa vrstva
jemnozrnného pieskovca nahor zjemnuje do siltovca
s laminami ilu. Interval 856,24 — 856,58 m tvori Skvrnity
sivohnedy ilovec s €ervenkastymi Skvrnami a sivohnedy
ilovec s malym mnozstvom siltu. V intervale 861 az 862 m
zelenosivy ilovec prechadza do laminovaného siltovca az
jemnozrnného pieskovca. Velmi tenké laminy su tvorené
ilom. Od 857,60 m je jadro tvorené sivym sludnatym

é’ Regionalne E ., , .

o | e Geomagneticka = 2 2 é biozony g gReglonalne stvrstvi

= % polarita 3 < E2 | @rillioany |5 § — (Vass2002)

> | & z = > g © @

I N14 [\ MIT/ , _

- NN7 'orosononion
i CS Nl 3 ~ M 1 0 ’ granosum

12— B
] Plphidium | 3 Obr. 2. Stratigrafickd tabulka,
- Elphidium g a| Vvytvorena na zéklade korelacie
1 = reginum n Standardnych zén (Gradstein et al.,
1 E C5A M9b Anomalinoides 2004; Ogg, 2007), lokalnych biozon
1 = N12 NN6 Ammonia (Grill, 1941; Cicha et al., 1975)
] é \}fe‘ﬁ,’;"e‘ﬁi‘;‘,a =21 alitologickych jednotiek (Vass, 2002).

13— & ndigena uy »| Fig-2. Stratigraphical charts compiled
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] C5A | N11 suturalis Ba9a81  (1941) and Cicha et al. (1975) as well
7 M7 as local lithostratigraphical formations
- 10\ NN5 grap
] NIQ sensu Vass (2002).
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jemnozrnnym pieskovcom. V hibke 858 — 859 m je vrstva
silne rozruSeného jemnozrnného az strednozrnného
pieskovca. V podlozi, v hibke 859,2 m, je sediment
tvoreny sivohnedym Skvrnitym ilovcom s ¢ervenkastymi
Skvrnami, a to az do hibky 863 m. V intervale 863 az
869 m sa striedaju zelenosivé Skvrnité ilovce s primesou
siltu s poCetnymi siltovymi laminami, v najhlbSej ¢asti jadra
sa vyskytuju zelenosivé Skvrnité ilovce.
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Metodika

Za ucelom vyseparovania schranok dierkavcov boli
vzorky drvené (na velkost 1 cm?3), rozpustané vo vode
s pridavkom H,O, a pyrofosfore¢nanu alebo rewoquatu.
Po rozpusteni boli plavené na sitach s ¢ 0,07 mm na ziskanie
frakcie so skamenelinami. Mimoriadne znecistené vzorky
boli podrobené Eisteniu pomocou ultrazvuku.

’ Malacky 55 ZNV 11 ZNV 12
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vzoriek a spoloCenstiev skupin = 11.00m —] -
vymedzenych kvalitativhou 867m | : = .| hlina so sut'ou s rozne vel'kymi klastami
analyzou pri zdruzovani 3 = EE  vrstvicky hrubozmnejsicho piesku
wardovou metodou. 3 4 E=]  vsstvieky prachu v iloch
Fig. 3. Lithological columns of 3 12.0m ] E=  nneds skvmy oxidov zeleza
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position of the samples and = = zuholnateny rastlinny detrit
clust_erg resulted from th_e 3 ] schranky lastamikov
qualitative cluster analysis 3 13,00m
using Ward’s clustering 86om —
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method.
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Dierkavce boli skimané a dokumentované nielen
pomocou svetelného mikroskopu, ale boli aj pozlatené
a snimané v elektrénovom mikroskope Hitachi S-800
(Ustav informatiky SAV). Dokumentagny fotograficky
material je zobrazeny na fototabulkdch 1 a 2. Ostatna
fauna a fléra bola pozorovana na svetelnom mikroskope
a tiez fotograficky zdokumentovana.

Pri biostratigrafickom vyhodnoteni sme sa opierali
o Standardnu zongciu Grilla (1941) a Cichu et al. (1975).
Okrem biostratigrafie sme sa snazili interpretovat
podmienky sedimentacie na zdklade obsahu foraminifer,
najmé na zaklade dominancie ekologicky vyznamnych
druhov. Pri zédkladnom ekologickom zaradeni sme
vychadzali z prac niektorych autorov — Kaiho (1999),
Spezzaferri et al. (2002) a Murray (2006). V praci bola
pouzitd aj viacrozmerna Statisticka metdda zhlukovania.
Interpretacie paleoprostredia boli doplnené na zaklade
interpretacie hodnét diverzity (H) — Simpsonov vzorec D =
1/Z n; (n;— 1)/N (N — 1), kde i je poCet druhov a N celkovy
pocet v spoloCenstve — vyuzili sme hlavne zakladny typ
zistovania diverzity — o diverzitu, z dévodu rézneho
pristupu k vyhodnocovaniu vzoriek. Ternarne diagramy
(Murray, 2001, 2006) boli pouzité na zaradenie Studovanych
spolo&enstiev do priblizného typu paleoprostredia. Udaje
boli spracovavané pomocou programov PAST (Hammer
et al., 2001) a POLPAL (Nalepka a Walanus, 2003).

Vysledky

Za ucelom biostratigrafického zaradenia a interpretacie
paleoekologickych podmienok boli detailne Studované
ily holic¢skeho suvrstvia z troch vrtov okolia Malaciek
a Perneka.Vrt MZ 55 bol vftany v blizkosti zastavanej oblasti
Malaciek a vrty ZNV 11 a ZNV 12 blizSie k obci Pernek.
Z vrtu MZ 55 bolo Studovanych 12 m sedimentov z jadra
3 a4 (856 —863 ma863—869 m),vrty ZNV 11 a ZNV 12
boli plytké vrty. Vo vrte ZNV 11 bol do neogénu zaradeny
sediment z hibky 6,00 — 13,00 m a vo vrte ZNV 12
sediment hibky 0,30 — 3,00 m. Z uvedenych sedimentov
boli odobrané vzorky v intervaloch 20 — 40 cm (obr. 3). Vo
vyplavoch z vrtnych jadier sa v hojnej miere nachadzali
schranky dierkavcoy, ihlice hubiek a ostne jezoviek, zvy$ky
juvenilnych lasturnikov a ulitnikov a tiez hojné mnozstvo
schranok lasturni¢iek (ostrakdd). V niektorych vzorkach
vrtu MZ 55 sa vyskytli lastdrni¢ky, rozsievky, Supiny
a kosti¢ky ryb. Lasturnic¢ky boli velmi ¢asto poskodené
predatormi, pravdepodobne naticidmi (fototab. 2, obr. 9).
Podobné poskodenia dokumentovala vo svojej praci ako
fenomén ,N“ Maddocks (1988).

Vyseparované schranky dierkavcov umoznili datovat
horninovy sled do sarmatu, pri€om vrt MZ 55 obsahoval

spoloenstva dierkavcov typickych pre najspodnejsi
sarmat — zénu Ammonia vienensis (obr. 2). Vo vrtoch
ZNV 11 a ZNV 12 bola uréena mladsSia ¢ast spodného
sarmatu, zéna velkych elfidii, mozno az bazalna ¢ast zény
Elphidium hauerinum (obr. 2).

Pre porovnanie vzoriek sme si zvolili postupy zhluko-
vacej analyzy, pricom — reSpektujuc rézny pristup k vy-
hodnocovaniu vzoriek — boli vstupnymi Gdajmi prezencia
a absencia druhov. Na zaklade zhlukovacej analyzy
(zdruzovanie Wardovou metdédou) boli odliSené 3 hlavné
skupiny vzoriek (A, B, C) na hladine podobnosti — 5.
V skupine A sa nachadzali vzorky, ktoré sa na hladine
podobnosti —3,5 rozdelili do 2 podskupin s 1 ,outlierom®
(A1:MZ55-867 m, MZ55-862,5m, MZ—-861m, ZNV 12
1,5 m; A2: MZ 55 — 865,33 m, MZ 55 — 867,45 m, MZ 55 —
863,5 m, MZ 55 — 864,5 m). Skupina B bola na hladine —
3,5 rozdelena na dve nerovnomerné skupinky, pricom B1
zdruzovala vzorky MZ 55 — 859,6 m, MZ 55 — 866,5 m,
MZ 55 — 862 m, MZ 55 — 864 m, MZ 55 — 860,9 m, MZ 55 —
858,5 m a B2 vzorky (MZ 55 — 863 m, MZ 55 — 861,5 m).
Posledna skupina C, zdruzovala vzorky z vrtov ZNV 11
a ZNV 12 (ZNV 12 2,9, ZNV 11 12,7 a ZNV 11 7) (obr. 3).
Zistovanie diverzity bolo tiez obmedzené spracovanim casti
materialu, preto boli vyuzité hlavne o diverzita a taxicka
diverzita. Redepozity iného veku neboli pri analyze udajov
MZ 55 — 864, MZ 55 — 862, MZ 55 — 859,9, MZ 55 —
867,45, MZ 55 — 866,5, MZ 55 — 861,5 MZ 55 — 865,33,
najvyssi ZNV 12 2,9, ZNV 11 12,7 a ZNV 11 7, pricom
ZNV 12 2,9 obsahovala 22 sarmatskych druhov. NajvysSiu
dominanciu (D = 0,7 az 0,95) dosahovali vzorky MZ 55 —
863,6, MZ 55 — 866,5, MZ 55 — 862,1, MZ 55 — 861,6;
najniz8iu ZNV 11 7, ZNV 11 12,7, ZNV 12 2,5.V ternarnych
diagramoch boli vzorky zaradené do oblasti normalne
slanej az hypersalinnej laguny.

Zaver

V préaci boli mikropaleontologicky vyhodnotené tri
vrty z oblasti Malacky — zasobnik (MZ 55) s horizontmi
jadier pévodne uréenymi ako vrchny baden a sarmat
z oblasti Perneka (ZNV 11 a ZNV 12). Z fosilii boli
podrobne vyhodnocované dierkavce. Na biostratigrafické
a paleoekologické ucely bolo odobratych a vyhodnotenych
27 vzoriek s intervalom cca 20 — 40 cm, ich paleontologicky
obsah bol zdokumentovany v databaze Viennadat.
Z dierkavcov bolo uréenych celkovo 68 taxdnov.
NajdélezitejSie druhy a spologenstva boli odfotografované
(fototab. 1 a 2).

Urcit stratigrafické rozhranie sarmat/baden bolo
velmi problematické, prechod sarmat/baden v uvedenej

TAB. I. 1 — Articulina sarmatica (Karrer), ZNV 11/7 — 7,1 m; 2 — Articulina articulinoides Gerke-lssaeva, ZNV 11/12,5 — 12,7 m;
3 — Orthomorphina dina (Vengl.), ZNV 11/12,5 — 12,7 m; 4 — Nonion biporus Krash., ZNV 12/2 — 2,1 m; 5 — Schackoinella imperatoria
(Orb.), ZNV 12/2 — 2,1 m; 6 — Bolivina sp., ZNV 12/2 — 2,1 m; 7 — 9 — Elphidium josephinum (Orb.), ZNV 12/2,9 — 3 m; 10, 11, 17, 20,
26 — Bolivina sp. (cf. B. moldavica Didk.), ZNV 12/2,9 — 3 m; 12 — Bolivina sarmatica Didkovsky, ZNV 12/2,9 — 3 m; 13 — 14 — Elphidium
josephinum (Orb.), ZNV 12/2,9 — 3 m; 15 — 16 — Schackoinella imperatoria (Orb.), ZNV 12/2,9 — 3 m; 18 — Porosononion granosum
(Orb.), ZNV 12/2,9 — 3 m; 19 — Ammonia ex gr. beccarii (L.), ZNV 12/2,9 — 3 m; 21 — Elphidium rugosum (Orb.), ZNV 13/14,7 — 14,8 m;
22 — Articulina articulinoides Gerke-lssaeva, ZNV 12/2,9 — 3 m; 23 — Elphidium aff. hauerinum (Orb.), ZNV 12/2,9 — 3 m; 24 — Nonion
tumidulus Pischvanova, ZNV 12/2,9 — 3 m; 25 — Elphidium macellum (F.-M.), ZNV 13/14,7 — 14,8 m.
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oblasti je pravdepodobne nepreruseny a je vyvinuty
vo velmi plytkom a salinitne rozkolisanom prostredi, kde
sa indexové fosilie takmer nevyskytuju. NajcastejSie su
pritomné monoasociacie tolerantnych, oportunistickych
druhov s velkym stratigrafickym rozpatim. Takuto zénu
nazyva Grill (1941) zénou Ammonia vienensis (povodne
nazyvana rotédliovd zéna) — premenovana v zmysle
Medzinarodnych pravidiel zoologickej nomenklatury
(€l. 54, 2, 1988). V pripade, ze sme zistili v spolo¢enstvach
redeponované vrchnobadenské druhy, priklonili sme sa
k sarmatskému veku, pretoze predpokladame redepozicie
na hranici SB1. VSetky Studované sedimenty sme mohli
zaradit do spodného sarmatu, zény Ammonia vienensis,
Anomalinoides badenensis a do zény velkych elfidii. Zéna

Ammonia vienensis bola identifikovana vo vrte MZ 55
(867 — 856,33 m), zéna Anomalinoides badenensis a zéna
velkych elfidii vo vrtoch ZNV 11 a ZNV 12.

Analyza prostredia depozicie badenskej a sarmatskej
vyplne Viedenskej panvy v okoli zdsobnika Malacky
poukazuje na znacnu facialnu ¢lenitost, a to ako z hladiska
sedimentologického, tak paleontologického.

Na zaklade biostratigrafického vyhodnotenia Studo-
vaného materialu sme vytvorili korelaéni schému nami
spracovanych jadier vrtov spolu s nacrtnutim najvy-
raznejSich zmien paleoprostredia po¢as sedimentacie
(obr. 3).

Diferenénym prvkom rozdelenia $tudovanych
spolocenstiev do skupin bola dominancia rodu Ammonia.

TAB. 2. 1 — Elphidium cf. joukovi Serova MZ 55 864,6; 2, 3 — Elphidium cf. grilli Papp MZ 55 860; 4, 5, 5a — Haynesina depressula
(Walker et Jacobs), 4 — MZ 55 867,1, 5 — 5a — MZ 55 863,1; 6 — Porosonion martkobi (Bogdanowicz) MZ 55 864,1; 7 — Ammonia
vienensis (Orb.) MZ 55 867,5; 8 — Ammonia parkinsoniana (Orb.) MZ 55 864,6; 9 — Valva lasturnic¢ka poskodena pravdepodobne
utokom predatora MZ 55 vzorka 17. Mierka zvac¢Senia je uvedena v rohu tabulky, ak bola ina, je uvedena pri dotyénom obrazku./
Ostracod shell with sign of damage probable by a predator attack. Magnification of the species is in the right corner of the table.

In the case of other magnification, it is near the figure.
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V skupine A — v spolo€enstvach — rod Ammonia vyrazne
dominoval (obr. 3), v podskupine A1 pribudol k améniam
rod Haynesina. Celda skupina mala velmi chudobny
obsah druhov 2 — 5. Druha skupina vzoriek — B — bola
druhovo bohatSia (vzorky obsahovali 5 — 9 druhov). V tejto
skupine sa v podskupine B1 okrem rodu Ammonia vyskytli
Nonion a malé miliolidy. Dve vzorky, oddelené na hladine
podobnosti 3,2, obsahovali chudobné spolo€enstva
s obsahom rodu Anomalinoides. Posledna skupina vzoriek
— C — obsahovala spologenstvo tvorené prevazne roznymi
druhmi rodu Elphidium.

Spolo¢enstva foraminifer spodného sarmatu v Studo-
vanych sedimentoch z okolia Malaciek obsahuju ako
dominantny prvok rod Ammonia sp. div. spolu s malymi
miliolidami, ¢o je charakteristické pre velmi plytké
prostredia (do 1 m) marSov, prechodnych, alebo hyper-,
¢i hyposalinnych. V hibSich €astiach Studovanych vrtov
(priblizne 850 m) je sarmat vyvinuty v mierne hlbSom
prostredi, do 10, maximalne 20 m hibky, kde sa v okrajovych
Castiach (vrt MZ 55) striedaju spolo¢enstva dierkavcov
Ammonia a Ammonia/Haynesina s monoasociaciami
Anomalinoides badenensis, ktoré interpretujeme ako
hibokovodnejSie oblasti s dnom porastenym riasami,
s deficitom kyslika pri dne.V mnohych polohach su vyvinuté
monoasociacie s Ammonia vienensis (MZ 55 861 — 862),
charakterizujuce plytkovodné, pravdepodobne eutrofné
prostredia so znizenou salinitou [Ammonia vienensis
je schopna tolerovat salinitu 1 ppm (Bradshow, 1957)
a mbze dokonca znasat az kratke obdobia anoxie (Murray,
2006)]. Vo vrtoch ZNV 11 a ZNV 12 boli identifikované
pravdepodobne mladSie spolo€enstva zény velkych elfidii.
Vo vzorkach prevladali morfotypy elfidii s kylom, ktoré patria
k herbivornej skupine epifaunalnych elfidii, obyvajucej —
uz o malo hibSie — teplé az mierne prostredie so sali-
nitou blizkou normalnej salinite, alebo az hypersalinne
(35 — 70 %o) prostredie (Murray, 2006).

Podakovanie. Tato praca bola finanéne podporena Agenturou pre
vedu a vyskum, projektom APVV-0280-07 a ministerstvom Skolstva
prostrednictvom projektu KEGA K-09-009-00. Autori vyjadruju
podakovanie spolo¢nosti Nafta, a. s., za poskytnuty Studijny
material a Dr. Kamilovi ZagorSekovi za umoznenie vyuzitia SEM
mikroskopu Hitachi S 3700N a projektu Barrande I.
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Paleoecological interpretation of the Lower Sarmatian sediments
from the Malacky and Pernek vicinity (Slovak part of the Vienna Basin)

In the middle west of the Slovak part of the Vienna
Basin, the area of Malacky surroundings was studied
for paleoecological interpretation of the Middle Miocene
sediments. In the paper we present the study results of the
foraminiferal assemblage separated from the Sarmatian
(Upper Serravallian — 12.7 to 11.6 Ma) part of the well
core sediments. Material was taken from the well cores
MZ 55, drilled by the Nafta, a. s., oil company, as well as
ZNV 11, ZNV 12, drilled by the State Geological Institute
of Dionyz Stur. The studied wells are situated in the centre
of mentioned area — in the Malacky town vicinity and two
wells are situated on the Malé Karpaty foothill, near the
Pernek village. Sediments consist of clays and silts with
sandy layers, the sediments are sometimes bioturbated.
Standard laboratory methods were used for the fossil
separation. Foraminiferal tests were determinated by
the stereoscope microscope and scanned by SEM
microscope for a detail study of the test wall. For the
paleoecological interpretations the dominance diagrams
and diversity indices (Simpson’s, Fisher o) were used. The
multidimensional statistical method as Cluster analysis
was also employed. The studied sediments contained
foraminiferal shells typical for the Lower Sarmatian. One
of the most abundant species was the leading one for
the Lower Sarmatian — Elphidium reginum D Orbigny
accompaniedbyAnomalinoides badenensisOrb.,Articulina
sarmatica (Karrer) and Sarmatiella moldaviensis Bogd.
as well. The assemblages here generally dominated by
the elphidiids and ammonias, which are opportunistic and
generally live in sediment as epifaunal or infaunal dwellers

(Murray, 1991; Hayward et al., 1997). Based on statistical
methods we could identify foraminiferal assemblages
typical by the dominance of species Ammonia/Elphidium,
Ammonia, large elphidia and Anomalinoides badenensis/
dividens. The most conspicuous assemblages are those
with a highest dominance of Ammonia and Elphidium
genera. The most dominant species herein, ammonias,
are mostly detritivorous, living in eutrophic conditions,
and sometimes even surviving short dysoxic events
(Murray, 2006). The elphidiids are herbivores but they
may be in some cases detritivorous also. In the studied
assemblages, the keeled morphotypes (herbivorous,
epifaunal) highly prevail in the lower parts of the studied
well cores; the rounded elphidiids (detritivorous) prevail in
their upper parts. Other dominant genus in some samples
is Anomalinoides, which presupposed the adaptation to
the planktic or pseudoplanktic way of life, which requires
a certain depth of water (Filipescu, 2004). Foraminiferal
associations identified in the sediments of the studied
wells are typical for the shallow water environment of
the various salinities. Mentioned assemblages, more
than stratigraphy, mirror changes of the environmental
factors. The upper part of Lower Sarmatian sediments
studied in the scope of this paper contains the
foraminiferal association with elphidiids along with small
miliolids, typical for the very shallow water environment
of normal marine or hyper saline lower marshes. The
associations of Ammonia, Ammonial/Elphidium and small
miliolids are alternating in the marginal parts depending
on the nutrient and water supply.
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Reticulofenestra ornata — endemicka vapnita nanofosilia
v oligocénnych sedimentoch Zapadnych Karpat
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Reticulofenestra ornata — indigenous calcareous nannofossil
from the Oligocene sediments of the Western Carpathians

The calcareous nannofossil Reticulofenestra ornata Muller (1970) is the first endemic form
typical for the Paratethys area. It has its occurrence in the Middle—Upper Oligocene sediments
throughout the nannoplankton zones NP 23-24. This species is typical for the environment with
the decrease of salinity due to proceeding isolation of the Paratethys area. In the Oligocene
sediments from the boreholes Vlachy (Liptovska kotlina Depression) and Rapovce (LuGenska
kotlina Depression) there was determined the interval with the species Reticulofenestra ornata.
Its first appearance was determined in the zone NP 22 and the maximum occurrence in the zone

NP 24.

Key words: Reticulofenestra ornata, calcareous nannofossils, biostratigraphy, paleoecology,

Oligocene

Uvod

Pre oligocén v oblasti Zapadnych Karpat je
charakteristické vyrazné obdobie ochladenia, ktoré
zacalo vo vrchnom eocéne a pokracovalo dalej az do
vrchného oligocénu, v nom v8ak nastalo kratke obdobie
oteplenia. Z geografického hladiska sa zacal v eocéne
proces izolacie Paratetydneho mora z Tetydneho
oceanu. lzolacia Paratetydy pokracovala v spodnom
oligocéne a na rozhrani spodného a vrchného oligocénu
bola ukonéena (Nagymarosy, 1991). Spolu s izolaciou
Paratetydy doS$lo aj k splytSovaniu a vysladzaniu mor-
ského sedimentacného priestoru. Tieto paleoklimatické
podmienky sa odzrkadlili v zlozeni spoloCenstva
vapnitych nanofosilii. V podmienkach znizenej salinity,
zvySeného prisunu terestrického materialu a splytS§eného
morského priestoru sa nachadzali spolo€enstva so
znizenou diverzitou druhov, miestami az mono — duo
Specifické spologenstva. Pogas oligocénneho ochladenia
sa z nanospolo€enstva vytracaju teplomilné formy, ako
sfenolity a diskoastery. Pre oblast Paratetydy je typicka
endemicka forma Reticulofenestra ornata spolu s druhmi
Pontosphaera fibula, Pontosphaera latus (Nagymarosy
a Voronina,1991).

V oligocénnych nanoplanktéonovych zénach NP 23
a NP 24 boli mono az duo Specifické spolo¢enstva druhu
Reticulofenestra ornata spolu s druhmi Pontosphaera
fibula a Pontosphaera pax opisané vo Vychodnych
Karpatoch, napr. v oblasti Cierneho mora v lokalite Kamchia
(Sachsenhofer et al., 2009), v Rumunsku, napr. vo vrte
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Tandala (Melinte, 2005, 2006); v Zapadnych Karpatoch
— v Cechach, napr. v lokalite Velké Nemgice (Krhovsky
a Djurasinovi¢, 1993), v lokalite Pouzdfany vo formacii
Uhercice, v slienoch Dynov v pouzdfanskej jednotke
(Krhovsky, 1992), v Predmagurskej jednotke (Svabenicka
et al., 2007), v Madarsku, v Rakusku — v spodnorakuskej
zéne Waschberg (Krhovsky a Djurasinovi¢, 1993).V Polsku
dominancia druhu nebola takd vyrazna, napr. v Jaslo
a Zagorz formaciach v lokalitach Mszana Dolna a Szczawa
(Oszczypko-Clowes a Oszczypko, 2004), podobne ani
v Madarsku a na Slovensku.

V oblasti Zapadnych Karpat bol vyskyt druhu
zaznamenany v lokalitdch Stulany v malcovskych vrstvach
na vychodnom Slovensku, kde tvorila vyraznu Cast
ochudobneného spolo¢enstva zény NP 23 (Bystricka,
1980), v lokalite Kordiky (Bystricka, 1980), v pucovskych
zlepencoch v zéne NP 23 (Soték et al., 2007), dalej
v polhorskom vyvoji Horehronského podolia a v lokalite
Bravacovo v zéne NP 24 (Zecova et al., 2006).

V niektorych lokalitach aj napriek uréenym nano-
plankténovym zénam NP 23 a NP 24, napr. v lokalite
Zavadka nad Hronom v Breznianskej kotline druh nebol
najdeny (Bystricka, 1980), podobne ani v juhoslovenskych
lokalitach Kovacovce M — 12, Kovacov K-II, Muzla M, kde
boli uréené nanoplankténové zény — NP 22 — NP 24/NP 25
(Bystricka, 1975).

ZvySeny vyskyt druhu Reticulofenestra ornata s vy-
skytom pontosfér bol zaznamenany aj v paleogénnych
panvach Zapadnych Karpat — vo vrte Vlachy z Liptovskej
kotliny a vo vrte Rapovce z Lu€enskej kotliny.
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Obr. 1. Lokalizacia vrtov Rapovce a Vlachy.

Fig. 1. Location of the Rapovce and Vlachy boreholes.
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Geologicka situacia

Paleogénny vyvoj Zapadnych Karpat je zastupeny
centralnokarpatskym paleogénnym bazénom (CKP),
vnutrohorskymi paleogénnymi panvami a tzv. ,budinskym*
paleogénom.

Vrt Vlachy sa nachadza v Liptovskej kotline, ktora je
suc¢astou CKP a vrt Rapovce v Luéenskej kotline, ktora je
sucastou ,budinskeho” paleogénu.

Zauzivané clenenie sedimentov CKP bazénu bolo
zavedené v praci autorov Gross, Kéhler a Samuel (1984).
Sedimentarna vyplii CKP bazénu je rozdelena na 4
suvrstvia — borovské, hutianske, zuberecké, bielopotocké
a niz$iu litostratigraficku jednotku — pucovské zlepence,
ktoré spolu vytvaraju vySsiu litostratigraficku jednotku
— podtatransku skupinu.

Borovské suvrstvie je stratigraficky najnizsie,
obsahuje plytkomorské transgresivne sedimenty stredno
az vrchnoeocénneho veku. Je tvorené najmé brekciami,
zlepencami, pieskovcami, piesc€itymi vapencami a organo-
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detrickymi az organogénnymi vapencami. Patria sem
i bauxity (pri MarkuSovciach a Mojtine). Hutianske
suvrstvie je tvorené vrchnoeocénnymi hrubymi polohami
ilovcov striedajucich sa s polohami lavic drobnozrnnych
zlepencov, pieskovcov a siltovcov. Zuberecké stvrstvie
vrchnoeocénneho az spodnooligocénneho veku je
zlozené z pravidelne sa striedajucich lavic pieskovcov,
zlepencov a ilovcov. Bielopotocké suvrstvie je tvorené
prevazne pieskovcami, menej ilovcami oligocénneho az
spodnomiocénneho veku. Pucovské zlepence su zvaésa
polymikiné zlepence, obsahujuce paleogénne intraklasty,
a su povazované za vypln privodovych ¢asti podmorskych
kuzelov (Janoc¢ko et al., 2002).

Vrt Vlachy je umiestneny v strednoeocénnych vrstvach
borovského suvrstvia az spodnooligocénnych vrstvach
hutianskeho suvrstvia, ktoré dosada na borovské suvrstvie.
Je tvoreny striedajucimi sa vrstvickami pieskovca, siltovca
a ilovca.

Vrt Rapovce zasahuje od najspodnejSieho oligocénu
az do spodnomiocénnych sedimentov. Spodnooligocénne
sedimenty su zastipené rupelskym ¢&izskym suvrstvim,
vrchnooligocénnym lu¢eneckym suvrstvim a spodno-
miocénnym filakovskym suvrstvim.

Metodika prace

Vzorky na §tudium vapnitého nanoplankténu sa
odoberaju najma z pelititickych hornin (slienitych
a ilovitych) s obsahom CaCOs.

Na pripravu preparatov sa pouziva jednoducha
metdda gravitatného usadzovania: v skimavke sa zaleju
destilovanou vodou asi 3 g horniny. Suspenzia sa necha
sedimentovat 1 — 2 min., nasledne sa kvapalina zleje nad
usadenou frakciou do druhej skimavky a necha sa usadit
45 minut pri vy$ke vodného stipca 45 mm. Kvapalina nad
usadenou frakciou sa vyleje a k frakcii sa opat doleje
destilovand voda. Vzniknuta kvapalina sa premieSa
a pripravi sa z nej preparat.

Pripravené preparaty vapnitého nanoplankténu
mézeme pozorovat vo svetelnom alebo rastrovacom
elektronovom mikroskope pri viac ako 1 000 — nasobnom
zvacseni.

Ziskané udaje sa dalej vyhodnocuju v programoch
CorelDraw, Corel PHOTO-PAINT a Excel.

Na biostratigrafické vyhodnotenie bola pouzita
Martiniho zonacia pre paleogén (Martini, 1971) a biostrati-
graficka korelacia podla Bowna (Young et Bown, 1997).

Biostratigrafické vyhodnotenie
Vrt Vlachy

Biostratigraficka analyza 78 vzoriek z rozpatia 350
az 1 136 m potvrdila spodno az stredno oligocénny vek
sedimentov vrtu Vlachy — 1, nanoplankténové zény
NP 21 — NP 23 (sensu Martini, 1971) (obr. 2).

Zona NP 21 Ericsonia subdisticha — bola stanovena
v rozpati 1 136 — 935 m (vzorky ¢. 46 — 71) na zaklade
vyskytu druhu Isthmolithus recurvus a spoloCenstva
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W Reticulofenestra ornata
B Braarudosphaera bigelowii
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Obr. 3. Vyskyt druhu Reticulofenestra ornata vo vrte Vlachy.

Fig. 3. Occurrence of the species Reticulofenestra ornata in the
Vlachy borehole.

25 - M Reticulofenestra ornata
H Braarudosphaera bigelowii
[OPontosphaera multipora

20 1 [OPontosphaera latelliptica
OPontosphaera discopora
15 O Pontosphaera rothii
O Pontosphaera enormis
[0 Pontosphaera formosa
10 1
5 -

1 6 11 16 21 26 31 36 41 46 51 56 61 66 71

Obr. 4. Vyskyt druhov ¢elade Pontosphaeraceae vo vrte Vlachy.

Fig. 4. Occurrence of the species from the family Pontosphaeraceae
in the Vlachy borehole.

vapnitych nanofosilii Biantolithus spinosus, Chiasmolithus
oamaruensis, Reticulofenestra hillae, Reticulofenestra
cf. lockeri, Reticulofenestra umbilica, Sphenolithus
distentus, Lanternithus minutus, ktoré spolu s absenciou
druhov Discoaster barbadiensis a Discoaster saipanensis
poukazuju na vrchnu €ast zony NP 21.

Zoéna NP 22 — Helicosphaera reticulata — bola
stanovend v rozpéti 935 — 508 m (vzorky €. 9 — 45), najma
v dosledku sporadického vyskytu druhov Isthmolithus
recurvus a Lanternithus minutus, objavenia sa formy
Chiasmolithus altus. Dalej boli ndjdené Chiasmolithus
oamaruensis, Reticulofenestra ornata, Reticulofenestra
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Obr. 5. Litologické a biostratigrafické vyhodnotenie vrtu Rapovce.
Fig. 5. Lithological and biostratigraphical evaluation of the Rapovce borehole.

< TAB. 1. Vlachy. 1 — Reticulofenestra lockeri, Milller, Vlachy, vz./sample 188; 2 — Reticulofenestra hillae, Bukry et Percival, Vlachy, vz. 210;
3 — Reticulofenestra umbilica, (Levin) Martini et Ritzkowski, Vlachy, vz. 176; 4 — Dictyococcites bisectus, (Hay, Mohler et Wade) Bukry
et Percival, Vlachy, vz. 219; 5 — Reticulofenestra cf. ornata, Miiller, Vlachy, vz.188; 6 — Discoaster cf. sublodoensis, Bramlette et Sullivan,
Vlachy, vz. 210; 7, 8 — Discoaster saipanensis, Bramlette et Riedel, Vlachy, vz. 176; 9 — Discoaster barbadiensis, Tan Sin Hok, Vlachy, vz. 38;
10 — Discoaster binodosus, Martini, Vlachy, vz. 188; 11, 12 — Helicosphaera recta, Haq, Vlachy, vz. 11; 13 — Helicosphaera compacta,
Bramlette et Wilcoxon, Vlachy, vz. 210; 14 — Helicosphaera truncata, (Bramlette et Wilcoxon), Vlachy, vz. 210; 15 — Helicosphaera euphratis,
Hagq, Vlachy, vz. 11; 16 — Sphenolithus furcatolithoides, Locker, Vlachy, vz. 210; 17, 18 — Sphenolithus moriformis, (Brdnnimann et Stradner)
Bramlette et Wilcoxon, Vlachy, vz. 38; 19 — Sphenolithus predistentus, Bramlette et Wilcoxon,Vlachy, vz. 38; 20 — Coccolithus eopelagicus,
(Bramlette et Riedel) Bramlette and Sullivan, Vlachy, vz. 210; 21 — Pontosphaera rothii, Haq Vlachy, vz. 38; 22 — Pontosphaera discopora,
Schiller, Vlachy, vz. 11; 23 — Coronocyclus nitescens, (Kamptner) Bramlette et Wilcoxon, Vlachy, vz. 188; 24 — Cyclococcolithus formosus,
(Kamptner) Wise, Vlachy, vz. 210; 25 — Cyclicargolithus floridanus, (Roth — Hay) Bukry, Vlachy, vz. 38; 26 — Zygrhablithus bijugatus,
(Deflandre) Deflandre, Vlachy, vz. 188; 27 — Thoracosphaera operculata, Bramlette et Martini, Vlachy, vz. 11; 28 — Lanternithus minutus,
Stradner, Vlachy, vz. 188; 29 — Tribrachiatus contortus, Aubry, Vlachy, vz. 38; 30 — Chiasmolithus altus, Bukry et Percival, Vlachy, vz. 210.
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TAB. 2. Rapovce. 1 — Helicosphaera carteri (Wallich) Kamptner, Rapovce 175 m; 2 — Helicosphaera perch-nielseniae Gartner, Rapovce
205 m; 3 — Rhabdosphaera tenuis Bramlette et Sullivan, Rapovce 585 m; 4 — Helicosphaera recta Haq, Rapovce 235 m; 5 — Helicosphaera
euphratis Haq, Rapovce 315 m; 6, 7 — Reticulofenestra ornata Mller, Rapovce 545 m; 8 — Reticulofenestra lockeri Miiller, Rapovce 295 m;
9 — Reticulofenestra minuta Roth, Rapovce 285 m; 10 — Reticulofenestra hillae Bukry et Percival, Rapovce 480 m; 11, 12 — Cyclicargolithus
abisectus (Muller) Wise, Rapovce 485 m; 13 — Cyclicargolithus floridanus (Roth et Hay) Bukry, Rapovce 485 m; 14 — Coccolithus formosus
(Kamptner) Wise, Rapovce 590 m; 15 — Coronocyclus nitescens (Kamptner) Bramlette et Wilcoxon, Rapovce 480 m; 16 — Pontosphaera
latelliptica (Baldi-Beke et Baldi) Perch-Nielsen, Rapovce 325 m; 17 — Pontosphaera rothii Haq, Rapovce 435 m; 18 — Pontosphaera
multipora (Kamptner) Roth, Rapovce 435 m; 19 — Pontosphaera discopora Schiller, Rapovce 435 m; 20 — Pontosphaera enormis (Locker)
Perch-Nielsen, Rapovce 545 m; 21 — Sphenolithus conicus Bukry, Rapovce 315 m; 22 — Pemma papillatum Martini, Rapovce 590 m;
23 — Rhabdosphaera cf. pinguis Deflandre, Rapovce 585 m; 24 — Sphenolithus predistentus Bramlette et Wilcoxon, Rapovce 525 m;
25 — Sphenolithus distentus (Martini) Bramlette et Wilcoxon, Rapovce 355 m.
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Obr. 6. Vyskyt druhov c¢&elade
Pontosphaeraceae vo vrte Rapovce.

Fig. 6. Occurrence of the species
from the family Pontosphaeraceae
in the Rapovce borehole.

hillae, Reticulofenestra lockeri, Reticulofenestra umbilica,
Sphenolithus predistentus, Sphenolithus moriformis.

Zéna NP 23 — Sphenolithus predistentus — bola
stanovena v intervale 508 — 350 m (vzorky ¢. 1 — 8) najma
na zaklade spolo¢enstva druhov Reticulofenestra ornata,
Helicosphaera compacta, Sphenolithus moriformis,
Sphenolithus predistentus.

Vo vSetkych zénach najvacsie zastupenie jedincov
mala skupina druhov v zlozeni: Coccolithus pelagicus,
Cyclicargolithus floridanus, Dictyococcites bisectus,
Reticulofenestra umbilica a Zygrhablithus bijugatus.

Vo vzorkach sa nachadzali taktiez preplavené fosilie
z kriedy, paleocénu a eocénu, napr. kriedova Arkhangelskiella
sp., paleocénne Cruciplacolithus sp., Prinsius sp.,
Nannotetrina sp., eocénne Discoaster saipanensis,
Discoaster barbadiensis, Discoaster sublodoensis.

Paleoekologické vyhodnotenie

Vzorky obsahujuce vapnité nanofosilie boli pomerne
kvantitativne i kvalitativne bohaté. V rozpati 350 — 885 m sa
objavuje druh Reticulofenestra ornata (obr. 3). Na Useku,
na ktorom boli uréené zény NP 22 a NP 23, bol pozorovany
aj zvySeny vyskyt jedincov Celade Pontosphaeraceae
(obr. 4). Spolu s vyskytom druhu Braarudosphaera
bigelowii mozno konstatovat plytkovodnejsi charakter
prostredia so znizenou salinitou.

Vo vzorkach z rozpatia 720 m a 500 — 550 m
bol zaznamenany zvySeny vyskyt druhov cCelade
Discoasteraceae — Discoaster saipanensis, Discoaster
barbadiensis, Discoaster sublodoensis, Discoaster
lodoensis, ktoré maju svoj posledny vyskyt v zone NP 20,
v najvrchnejSom oligocéne. Tento jav mozno vysvetlit
preplavenou vrchnoeocénnou sedimentarnou vrstvou,
podobne ako aj zvySeny vyskyt druhu Reticulofenestra
umbilica v rozpéti 400 — 450 m, ktory by mal mat svoj
posledny vyskyt na baze zény NP 22.
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OPontosphaera enormis

OPontosphaera
latelliptica

OPontosphaera rothii

[l Reticulofenestra ornata
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Obr. 7. Vyskyt druhu Reticulofenestra ornata vo vrte Rapovce.

Fig. 7. Occurrence of the species Reticulofenestra ornata
in the Rapovce borehole.

Vrt Rapovce

Vo vrte bolo vyhodnotenych 81 vzoriek pozitivnych
na pritomnost vapnitych nanofosilii, v rozpéti 770 — 55 m,
pricom boli uréené oligocénne nanoplankténové zény
NP 23 — NP 25 a spodnomiocénne nanoplankténové zény
NN 1 — NN 2 (obr. 5).

Zéna NP 23 Sphenolithus predistentus — bola uréena
v rozpéti 775 — 595 m (vzorky €. 66 — 71) na zaklade druhov,
ktoré maju svoj prvy vyskyt v tejto zéne: Helicosphaera
obliqua, Helicosphaera recta, Reticulofenestra lockeri,
Reticulofenestra ornata a druhov Helicosphaera compacta
a Helicosphaera bramlettei, ktoré maju v tejto zéne svoj
posledny vyskyt.
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Zény NP 24 - Sphenolithus distentus/NP25
Sphenolithus ciperoensis — zéna NP 24 bola uréena
v Useku 595 — 315 m (vzorky €. 65 — 30) na zéklade prvého
vyskytu druhu Cyclicargolithus abisectus vo vzorke
z hibky 595 m, ktory sa prvykrat objavuje na hranici zén
NP 23/NP 24. Hranicu medzi zénami NP 24 a NP 25 nebolo
mozné urcit, pretoze je definovana ako Usek posledného
vyskytu druhu Sphenolithus distentus, ktory sa vo vzorkach
nevyskytoval. NajhojnejSie boli vo vzorkach zastupené
druhy Dictyoccocites bisectus, Cyclicargolithus floridanus,
Coccolithus pelagicus, Coccolithus eopelagicus,
Cyclicargolithus abisectus a Zygrhablithus bijugatus.
Medzi stratigraficky vyznamné druhy najdené vo vzorkach
patria Helicosphaera recta, Helicosphaera euphratis,
Helicosphaera perch-nielseniae, Reticulofenestra lockeri,
Pontosphaera latelliptica. Od hibky 560 m sa vo zvysenej
miere zacina objavovat endemicka forma Reticulofenestra
ornata, jej pocet kulminuje v rozpéati 590 — 450 m.
Ojedinele sa vyskytovali aj preplavené eocénne formy, ako
napr. Reticulofenestra umbilica, Isthmolithus recurvus,
Lanternithus minutus, Pemma papillatum a kriedové, ako
napr. Arkhangelskiella cymbiformis.

Paleoekologické vyhodnotenie

Vo vzorkach z intervalu 55 — 455 m sa vyskytovali
vo vacSej miere jedince Celade Pontosphaeraceae
(Pontosphaera discopora, Pontosphaera multipora,
Pontosphaera latelliptica, Pontosphaera discopora,
Pontosphaera rothi), €o znadi splytSenie sedimentaéného
prostredia (obr. 6).

Od 760 m sa zacina objavovat endemicka forma
Reticulofenestra ornat a jej po€et kulminuje v rozpati 585
a 455 m. Tato forma je typicka pre brakické prostredie,
ak netvori vacésinu spoloéenstva, tak znamena pokles
salinity. Spolu so zvySenym vyskytom druhov celade
Pontosphaeraceae a druhom Braarudosphaera bigelowii
mozno tento Usek vrtu (spodna Cast zény NP 24 ) oznadit
ako najplytkovodnejsi a najbrakickejsi (obr. 7).

V intervale 265 — 545 m bol zaznamenany zvySeny
vyskyt druhu Braarudosphaera bigelowii, ktory
charakterizuje brakické a plytkovodnejSie prostredie.

Vo vzorkach z intervalu 370 — 340 m boli preplavené
vrchnoeocénne formy, ako Isthmolithus recurvus
a Reticulofenestra umbilica.

Diskusia

V oligocénnych sedimentoch vrtov Rapovce a Vlachy
boli uréené nanoplankténové zény NP 21 — NP 25, pricom
v zénach NP 22 — NP 24 bola najdena endemicka forma
Reticulofenestra ornata.

Druh Reticulofenestra ornata sa objavil velmi ojedinele
v nanoplankténovej zéne NP 22, jeho rozSireny vyskyt
nastal v zéne NP 23 a pokracoval v zéne NP 24, kde
postupne doznel.

Vo vrte Vlachy sa druh Reticulofenestra ornata objavil
uz v zéne NP 22 a jeho vyskyt pokracuje dalej aj v zone
NP 23 (obr. 3). ZvySeny vyskyt mozno pozorovat vo

vrchnej €asti zony NP 22 a pokraduje v zéne NP 23. Na
tomto Useku mozno pozorovat aj zvySeny vyskyt druhov
Celade Pontosphaeraceae [aj ked neboli najdené druhy
Pontosphaera fibula a Pontosphaera pax, ako uvadzaju
Nagymarosy a Voronina (1991)] a Braarudosphaera
bigelowii, ktoré spolu charakterizuju plytkovodnejSie
a brakické prostredie (obr. 4).

Na zaklade vyskytu tychto druhov a poklesu druhovej
diverzity mozno konstatovat, ze zény NP 22 a NP 23 vo vrte
Vlachy maju skoér plytkovodnejsi a brakickejSi charakter. Aj
ked nemozno presne urcit Usek, v ktorom by tieto zhorSené
ekologické podmienky kulminovali.

Vo vrte Rapovce sa Reticulofenestra ornata objavila
v zéne NP 23, pri¢om jej zvySeny vyskyt nastal vo vrchnej
Casti zény a kulminoval v spodnej Casti zony NP 24.
Vyskyt druhu bol doprevadzany zvySenou pritomnostou
pontosfér (Pontosphaera multipora, Pontosphaera
discopora), ktoré signalizuju splytSenie sedimentaé¢ného
priestoru. Druh Reticulofenestra ornata netvoril prevaznu
Cast spolo¢enstva a spolu s pontosférami a druhom
Braarudosphaera bigelowii charakterizoval zmeny
v paleoekologickych podmienkach panvy, mierne
splytSenie a zbraki¢tenie najma v zéne NP 24.

Uvedené pozorovania podporuju uz skorSie udaje
z biostratigrafického vyskumu oligocénnych sedimentov
v paleogénnych sedimentoch Zapadnych Karpat, podla
ktorych druh Reticulofenestra ornata nie je dominantnou
zlozkou v spolo¢enstve nanofosilii v nanoplankténovych
zénach NP 23 a NP 24, ale svojim zvySenym vyskytom
spolu s pritomnostou inych druhov, napr. Braarudosphaera
bigelowii a pontosfér signalizuje splytSovanie a zbrakictenie
sedimentacnej panvy v ¢asovom uUseku oboch zon.
Rovnako aj Bystricka (1990) charakterizovala zénu NP 23
ako ,plytkovodné pribrezné relativne studené prostredie
borealnej provincie} avSak svoje tvrdenie podoprela
zvySenym vyskytom druhu Reticulofenestra lockeri.
Taktiez uddva néstup druhu Reticulofenestra ornata
v oblasti Zapadnych Karpat v zéne NP 22 a posledny vyskyt
tejto formy vyuzila na stanovenie hranice medzi zénami
NP 24/NP 25 (Bystricka, 1980). Stanovenie hranice zén
NP 24/NP 25 v paleogénnych panvach Zapadnych Karpat
je problematické, pretoze indexova fosilia uréujuca hranicu
zén Sphenolithus distentus sa Casto vyskytuje velmi
ojedinele, av8ak vyuzitie druhu Reticulofenestra ornata
na tieto Ucely nie je potvrdené.

Zaver

V analyzovanych oligocénnych sedimentoch centralno-
karpatského bazénu a ,budinskeho” paleogénu boli vo vrte
Vlachy (Liptovska kotlina) uréené nanoplankténové zény
NP 21 — NP 23 a vo vrte Rapovce (Lu¢enska kotlina)
vrchnooligocénne zony NP 23 — NP 25 a spodnomiocénne
z6ny NN 1 a NN 2.

Vo vrtoch bola néajdend endemicka forma
Reticulofenestra ornata, jej prvy vyskyt bol v zéne NP 22
(vrt Vlachy) a posledny v zéne NP 24 (vrt Rapovce),
pricom najvacsi rozvoj zaznamenala v najvy$sej ¢asti zony
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NP 23 (vrt Rapovce) a v najspodnejSej Casti zény NP 24
(vrt Rapovce).

Na zaklade zvySeného vyskytu druhu Reticulofenestra
ornata spolu s dal$imi druhmi, ako napr. Braarudosphaera
bigelowii, Pontosphaera discopora, Pontosphaera
multipora, rovnako aj na zéklade znizenej druhovej diver-
zity mozno zrekon$truovat paleoekologické podmienky.
V Studovanej oblasti sedimentaéného bazénu Zapadnych
Karpat v strednom oligocéne bolo prostredie plytké,
chladnovodné, mierne brakické a vzniklo v dbésledku
separacie paratetydneho oceanu.

Studium bolo uskuto&nené vdaka finanénej podpore projektu
VEGA 2/0140/09 .
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Reticulofenestra ornata — indigenous calcareous nannofossil
from the Oligocene sediments of the Western Carpathians

Reticulofenestra ornata Miller (1970) represents
endemic species typical for the Paratethys area. It signalizes
the decrease of salinity caused by isolation of Paratethys from
Tethydian ocean. This species was observed in the Eastern
and Western Carpathians, where composed the major
portion of the nannoassemblage together with Pontosphaera
fibula, Pontosphaera latus and Braarudosphaera bigelowii
of the family Pontosphaeraceae (Nagymarosy and Voronina,
1991).Inthe Oligocene sediments from the boreholes Viachy
(Liptovska kotlina Depression) and Rapovce (Luenska
kotlina Depression) there were determined the Oligocene
nannoplankton zones NP 21-25. Reticulofenestra ornata
occurs in zones NP 22-24.

The nannoplankton zones NP 21-23 sensu Martini
(1971) were determined in the Lower Oligocene sediments
of the borehole Viachy (Liptovska kotlina Depression).
In the interval 350-885 m also Reticulofenestra ornata has
appeared. In this interval zones NP 22-23 were determined
with increased occurrence of Braarudosphaera bigelowii
and pontosfers, which indicates the shalow and brackish
character of the sedimentary area.

In the borehole Rapovce (Lu¢enska kotlina Depression)
Oligocene (Upper Rupel) nannoplankton zones NP 23-25
and the Lower Miocene (Upper Egerian/Eggenburgian),
nannoplankton zone NN 1-2 sensu Martini (1971) were
defined.
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In the samples from the interval 55-455 m the species
from the family Pontosphaeraceae (Pontosphaera
discopora, Pontosphaera multipora, Pontosphaera
latelliptica, Pontosphaera discopora and Pontosphaera
rothi) were observed. An endemic Reticulofenestra
ornata begins in the interval 760-585 m. In this lower
part of the NP 24 zone, together with the accumulation

of Pontosphaeraceae and Braarudosphaera bigelowii
it signalizes the shallow and brakish character of the
sedimentary area. These results from the boreholes in
the Oligocene sediments of the Western Carpathians
correspond with the results of Dr. Bystricka, who appointed
the first occurrence of Reticulofenestra ornata in the zone
NP 22 and the last occurrence in the zone NP 24.
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Paleoekoldgia a diverzita neogénnych chobotnatcov (Proboscidea,
Mammalia) na slovenskom uzemi Zapadnych Karpat v zavislosti

od klimatickych zmien a biotickych interakcii
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Stredoslovenské mizeum, Radvanska 27, 974 05 Banska Bystrica;
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Paleoecology and diversity of Neogene proboscideans (Proboscidea, Mammalia)
from the Slovak part of the Western Carpathians area depending
on climatic changes and biotic interactions

Present analysis summarizes the changes in taxonomical and ecomorphological diversity
of Neogene proboscideans in Slovak part of the Western Carpathians. Through the time
span from Early Miocene to Late Pliocene 14 taxa have been documented, which are ranked
to three different ecomorphological groups. Their time and place distribution reflected the
main climatic and paleogeographic events in the region of Central Paratethys. Various taxa
of two ecomorphological categories (browsers — deinotheres, and mixed browsers/grazers —
“mastodonts”) were successfully adapted to regionally heterogeneous habits from Early to Late
Miocene. Climatic changes caused the final disappearance of strictly browser deinotheres in Late
Miocene. The first taxon of the third category (grazers) occurred here at the end of Pliocene, this
indicated shifting from humid biotopes towards more open, woody steppe habitats with the lower
amount of precipitation. The extinction of browser/grazers taxa is linked to the environmental
changes, but the biotic competition with progressive strictly grazer elephant taxa cannot be also
excluded. The comparison of changes in the proboscideans diversity in Slovakia with overall
trends in Europe shows a very similar development, however with the absence of endemic taxa

mainly restricted to Mediterranean area.

Key words: Neogene proboscideans, diversity, ecomorphology, climate change, Slovakia

Uvod

Chobotnatce prekonali pomerne rychly fylogeneticky
vyvoj, po€as ktorého niektoré skupiny dosiahli vysoky
stupen Specializacie, iné vo svojom vyvoji zacali stagnovat.
Dominantnou ¢&rtou evolucie tejto skupiny cicavcov je rad
adaptivnych posunov, ktoré sa v zavislosti od klimatickych
zmien prejavili hlavne morfologickymi modifikaciami zubov
a lebky (Maglio, 1973). Popri abiotickych ciniteloch mohli
dolezitu ulohu v diverzite a celkovej evolucii chobotnatcov
zohravat aj biotické interakcie, ktoré zahffiaju kompeticie
r6zneho druhu (Todd, 2006).V sucasnosti ziju chobotnatce
len v etidpskej a indomalajskej zoogeografickej oblasti,
preto v eurdpskej faune predstavuju zdanlivo cudzorody
prvok. Dodnes prezili iba tri druhy dvoch rodov Celade
slonovitych, ktoré tak tvoria len nepatrné torzo zo svojho
niekdajSieho rozkvetu. V obdobi neogénu bola diverzita
tychto cicavcov neporovnatelne vys$Sia, preto mohli
intenzivnejSie pdsobit na celkovu Strukturu a dynamiku
ekosystémov. Aj napriek tomu, ze paleoekologicky
vyznam chobotnatcov nie je az taky velky ako napr. pri
hlodavcoch, mnohé z nich slizia ako dobré ukazovatele
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nielen na zakladnu rekonstrukciu paleoprostredia, ale aj
na definovanie jednotlivych ¢asovych horizontov vys$Sieho
radu a makrobiozon&ciu.

Chobotnatce tvoria dominantnu skupinu fosilnej
makrofauny stavovcov Slovenska. Stratigraficky su na
nasom Uzemi pritomné od spodného miocénu az po
vrchny pleistocén. Hlavnym cielom tohto prispevku je
podat prehlad poznatkov o paleoekolégii a zmenach
diverzity neogénnych chobotnatcov na slovenskom uzemi
Zapadnych Karpat.

Material a metodika

Analyzované udaje boli ziskané zo starSich publiko-
vanych prac (hlavne Holec, 1985; Schmidt, 1969a, 1969b,
1975), ako aj detailnym Studiom dosial nespracovaného
pocetného fosilneho materialu. Na zaklade komplexnej
revizie nalezov v zmysle najnov8ich poznatkov boli
neogénne chobotnatce z Uzemia Slovenska taxonomicky
zaradené do 6 ¢eladi, 8 rodov a 14 taxénov (Shoshani
a Tassy, 1996, 2005; Toth, 2006a, b). Celkovy pocet
Studovanych vzoriek zahffia 145 zubov z 31 lokalit.
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Véacsina fosilii pochddza z nalezisk nachadzajucich sa na
Uzemi zapadného Slovenska (Zahorska a Podunajska
nizina), mensia ¢ast zo stredného (Juhoslovenska nizina)
a vychodného Slovenska (Vychodoslovenska nizina)
(obr. 1).

Pri kazdom Studovanom taxéne boli zaznamenané
udaje o prvom (najstarSom) a poslednom (najmladSom)
preukazatelnom stratigrafickom vyskyte vo fosilnom
zazname na uUzemi Slovenska. Okrem malopoc€etnych
vynimiek je stratigrafické rozSirenie fosilnych chobotnatcov
mimoriadne rozsiahle, preto boli informacie o veku
jednotlivych lokalit ziskané na zéklade paleontologickych,
geologickych a sedimentologickych dat. Podla tychto
udajov sa fosilny material chobotnatcov z jednotlivych
nalezisk zaradil do eurdpskych terestrickych cicavéich
biozon MN (stratigraficka tabulka podla Kovaca et al.,
2006 a Harshausera a Pillera, 2007). Kedze hranica
pliocén/pleistocén s kalibraciou priblizne 2,6 mil. r. nebola
eSte vSeobecne akceptovana, v prispevku uvedenu
hranicu definuje kalibracia na GSSP 1,8 mil. r. Poznatky
o charaktere prostredia, v ktorom tieto cicavce Zzili, boli
nadobudnuté pomocou palynologickych, paleontologickych
a litologickych Studii. Informacie o moznom druhu prijimanej
potravy nepriamo poskytuju najmé& morfoldgia zubnej
korunky, hypsodoncia zubov a s€asti aj celkové telesné
rozmery.

Zoznam pouzitych skratiek:

HNMP — Hornonitrianske mizeum, Prievidza

MAFI — Madarsky &tatny geologicky Ustav, Budapest,
Madarsko
+  Prodeinotherium cuvieri ‘ Anancus arvernensis
<> Prodeinotherium bavaricum V' Anancus sp.
@ Deinotherium giganteum P> Anancus aff. arvernensis
@ Deinotherium proavum
O Zygolophodon turicensis
& Gomphotherium angustidens
mm Tetralophodon longirostris
[ Tetralophodon sp.

MMP - Malokarpatské muzeum, szinok
NMP  — Narodné muizeum, Praha, Ceska republika
SNM - Slovenské narodné mizeum—Prirodovedné

muzeum, Bratislava

TMT  — TribeCské muzeum, Topol¢any
p — spodny premolar

M — vrchny molar

m — spodny molar

dext. — pravy

sin. — lavy

Ekomorfologia

Potrava je jednym z primarnych elementov, ktory
najviac reflektuje vztah medzi organizmom a prostredim.
Preto morfoldgia denticii vela napoveda o potencialnom
druhu prijimanej potravy, ¢o zaroven poukazuje aj na
celkovy charakter biotopu. Na zaklade funkénej morfoldgie
zubov boli taxény zistené z uzemia Slovenska zaradené
do troch skupin. Prvd skupinu (A) tvoria archaické
taxény s bunolofodontnou denticiou, ktord ma pri
spracovani potravy len vertikalnu strihaciu funkciu. Okrem
primitivnych paleogénnych chobotnatcov su takéto zuby
charakteristickym znakom druhov z ¢elade Deinotheriidae.
Pri zastupcoch druhej skupiny (B) prebiehalo Zuvanie
spo6sobom drvenia, priom sanka vykonavala kombinovany
predozadny, lateralny a vertikdlny pohyb. Uvedena forma
zuvacieho aparatu bola typicka pre druhy z celade
Mammutidae (zygodontné taxény) (B1), rovnako aj pre
bunodontné (B2) trilofodontné (Gomphotheriidae) a tetra-

O Mammut borsoni
QO Mammut aff. borsoni

O Mammuthus cf. meridionalis

Obr. 1. Lokality s vyskytom neogénnych chobotnatcov na slovenskom Uzemi Zapadnych Karpat. 1 — Dolné Plachtince, 2 — Svinna,
3 — Borsky Mikula$, 4 — Devinska Nova Ves — Stokeravska vapenka, 5 — Devinska Nova Ves — Sandberg, 6 — Pezinok, 7 — Nova Vieska,
8 — Madunice, 9 — Strekov, 10 — Horné Ozorovce, 11 — Devinska Nova Ves — Bonanza, 12 — Novaky, 13 — Handlova, 14 — Perin, 15 — Prusy,
16 — Topol¢any-Kalvaria, 17 — Ivanovce, 18 — Zavada, 19 — Slep€any, 20 — Nitra-Kynek, 21 — Kuzmice, 22 — Biskupova, 23 — Klizske
Hradiste, 24 — Velké Bielice, 25 — Dolné Obdokovce, 26 — Drahovce, 27 — Velké Riprany, 28 — Hajnacka, 29 — Moravsky Svéaty Jan,

30 — VEelare, 31 — Drevenik.

Fig. 1. Localities with the Neogene proboscidean fauna in the Slovak part of the Western Carpathians. For the name of locality see Slovak

explanation.
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lofodontné formy s nejasnym systematickym zaradenim
na urovni ¢elade (Inc. sedis 1, Inc. sedis 2). Spracovanie
potravy v tretej skupine (C), tvorenu predstavitelmi ¢elade
Elephantidae s lofodontnym typom zubov, sa deje vyluéne
strihanim v désledku horizontalneho predozadného pohybu
sanky (Maglio, 1972; Todd, 2006).

Chronologicky prehlad
Otnang (MN 4)

Stratigraficky najstarSie datované zvysky chobotnatcov
z uzemia Slovenska pochddzaju z néleziska v blizkosti
obce Dolné Plachtince v Ipelskej kotline. Zvysky druhu
Prodeinotherium cuvieri s najva¢Sou pravdepodobnostou
pochadzaju zo sedimentov bukovinského suvrstvia, ktoré
je stratigraficky radené do spodného otnangu (MN 4)
(Kovag, 2000).

Baden (MN 6)

Z obdobia stredného a vrchného badenu je znamych
niekolko lokalit s vyskytom fosilii chobotnatcov. Prvykrat
boli doloZzené zvySky mamutida druhu Zygolophodon
turicensis — lokality Stokeravska vapenka, Sandberg
a Bonanza (Thenius, 1952; Zapfe, 1954; Holec, 1985,
2002). V rovnakom obdobi sa objavuje prvy zastupca rodu
Deinotherium (Deinotherium giganteum), ktorého nalezy
z lokalit Stokeravskd vapenka, Sandberg a Borsky Mikulas
patria medzi najstarSie v Eurdpe (Thenius, 1952; Zapfe,
1954; Schmidt, 1969a; Téth, 2006a).

Sarmat (MN 7/8)

Nalezy chobotnatcov s preukazatelnym sarmatskym
vekom (stredna Cast biozony MN 7/8) su geograficky
viazané na uUzemie Hornonitrianskej a Béanovskej
kotliny. Z lokality Svinna je doloZeny jediny vyskyt druhu
Prodeinotherium bavaricum (obr. 2a) na naSom uzemi.
Ojedinelé nalezy bunodontného trilofodontného druhu
Gomphotherium angustidens (obr. 2e) boli objavené
pri obci Horné Ozorovce (Petrbok, 1930). ZvySky druhu
Zygolophodon turicensis (obr. 2d) z tejto biozdny
pochadzaju z viacerych lignitovych vrstiev Hornonitrianskej
kotliny (lokality Handlova a Novaky) (Holec, 1985).

Spodny panén (MN 9)

Zaciatkom pandénu sa odohrali vyrazné paleogeo-
grafické a klimatické zmeny, ktoré sa prejavili aj
v taxonomickom zastupeni chobotnatcov Zapadnych
Karpat. Nalezy chobotnatcov su na uzemi Slovenska
v uvedenom obdobi malopocetné a vSetky lokality su
stratigraficky viazané do biozény MN 9. Vo fosilnom
zazname sa prvykrat objavuje tetralofodontny druh
Tetralophodon longirostris (obr. 2f), ktorého zvySky boli
najdené pri obci Perin. Deinotéria opatovne reprezentuje
zastupca progresivnejSieho rodu Deinotherium (druh D.
giganteum; obr. 2b) z naleziska Pezinok (Holec, 2005;

Toéth, 2006d). Zaroven spomenuté nalezy predstavuju
posledny bezpe€ne zaznamenany vyskyt obidvoch
druhov na naSom uzemi.

Vrchny panén (pont?) (MN 12 — MN 137?)

V severnej ¢asti Podunajskej niziny sa nachadza
niekolko vyznamnych lokalit s fosilnymi chobotnatcami
vrchnomiocénneho veku. VSetky zvysky pochadzaju zo
sedimentov beladického suvrstvia (resp. hlavinskych
vrstiev), ktoré su na zaklade litoldgie radené do vrchného
pandénu az pontu (Pristas, 2000; Vass, 2002). Okrem
chobotnatcov z uvedenych uloZzenin nepozname ziadne
pozostatky indexovych cicavcov, preto su predbezne vSetky
nalezy zaradené do biozény MN 12 — MN 13 (obr. 4, 5).

Z okolia obce Madunice pochadzaju nalezy posledného
zastupcu eurdépskych deinotérii, druhu Deinotherium
proavum (obr. 2c; Musil, 1959; Toth, 2006a, d). Z lokalit
Topol€any-Kalvaria a Prusy (obr. 2g) bol dolozeny
posledny vyskyt bunodontného tetralofodontného taxénu
rodu Tetralophodon (Tetralophodon sp.). Zo sedimentov
priblizne rovnakého veku pochadzaju aj najstarSie nalezy
bunodontného tetralofodontného taxénu — Anancus sp.
(obr. 3c) a A. arvernensis — a taktiez zvySky mamutida
— ,,Mammut“ aff. borsoni z lokalit Zavada, Velké Bielice,
Klizske HradiSte a Topol¢any-Kalvaria (Schlesinger, 1922;
Silnicky, 1930; Holec, 1985).

Dak (MN 14 — MN 16)

V déku st na naSom uzemi nadalej pritomni zastupcovia
bunodontnych, ako aj zygodontnych ,mastodontov’ Rod
Anancus zastupuje druh A. arvernensis (lokality Nitra-
-Kynek, Biskupova, Kuzmice, Dolné Obdokovce), ako aj
problematicky taxén Anancus aff. arvernensis (lokality
Slep€any a Novaky?, obr. 3d), zrejme s obmedzenym
vyskytom v obdobi pontu? az bazy déku. V biozéne
MN 13, resp. MN 14 je pravdepodobne stale pritomny
taxon ,,Mammut” aff. borsoni (lokalita Kuzmice, obr. 3a),
kym prvy vyskyt ,typického druhu ,,Mammut” borsoni
je vekovo predbezne radeny do biozéony MN 15 (lokality
Ceroviny, Drahovce, Velké Riprany a lvanovce) (Schmidt,
1963; Fejfar a Heinrich, 1985; Holec et al., 2002).

Ruman (MN 16 — MN 17)

PocetnejSie zvySky druhov A. arvernensis (obr. 3e) a ,,M:*
borsoni su zname z lokalit Hajna¢ka (MN 16) a Moravsky
Svaty Jan (pravdepodobne MN 16) (Fejfar, 1964; Holec,
1986; Toth, 2006a). Nalezy bunodontného druhu boli
dolozené aj z lokalit vychodného Slovenska (Drevenik
a Vcelare), ktoré su priblizne datované na rozhranie biozén
MN 16 — MN 17 (Toth, 2006a; Toth a Krempaska, 2008).

V lokalitach Strekov a Nova Vieska (pravdepodobne
baza MN 17) bol spolu s druhmi ,M. borsoni (obr. 3b)
a A. arvernensis prvykrat zaznamenany vyskyt zvySkov
zastupcu celade slonovitych (Elephantidae, taxén
Mammuthus cf. meridionalis, obr. 3f) (Schmidt, 1975;
Téth, 20062, 2007).



442 Mineralia Slovaca, 42 (2010)

Diverzita

Z chronologického prehladu vyplyva, Zze vo vaéSine
lokalit boli najdené zvysky chobotnatcov, ktoré patria len
jednému druhu, resp.taxénu. Na niekolkych malopocetnych
naleziskach (Stokeravskd vapenka, Sandberg, Velké
Bielice, Topol€any-Kalvéria, lvanovce, Hajnacka a Moravsky
Svéty Jan) boli zistené dva druhy a len v dvoch pripadoch
(Strekov a Nova Vieska) boli dolozené az tri druhy.

Zmenu taxonomickej diverzity a ekomorfologickych
skupin neogénnych chobotnatcov na uzemi Slovenska
znazorfuju tab. 1 a obr. 4, 5. Napriek nedplnému fosilnemu

zaznamu, ako aj celkovému nizkemu poctu druhov, grafy
poukazuju na vyznamné trendy v diverzite a paleoekoldgii
tychto cicavcov.

Celkova taxonomicka diverzita bola po¢as obdobia
neogénu pomerne vyrovnana. Kolisanie kvantity a zmena
kvality taxonov odzrkadluju vyznamné klimatické,
paleoekologické a paleogeografické eventy. V niektorych
pripadoch zniZenie poctu druhov alebo ich Uplna absencia
koreluju aj s nedostatkom fosilii z presne datovanych lokalit,
hlavne z obdobia spodného a vrchného miocénu (MN 4
az 5, MN 10 — 11). Napriek uvedenym skuto¢nostiam je
mozné z hladiska diverzity rozlisit Styri vyraznejSie ¢asové

Obr. 2. Denticie chobotnatcov z miocénnych lokalit Slovenska. a — Prodeinotherium bavaricum, Svinna, p4 dext. (SNM — Z 2564);
b — Deinotherium giganteum, Pezinok, M2 sin. (MMP — 2004/2); ¢ — Deinotherium proavum, Madunice, M3 dext. (reprodukcia, Schmidt,
1969a); d — Zygolophodon turicensis, Novaky, M3 dext. (HNMP — 2850); e — Gomphotherium angustidens, Horné Ozorovce, M2 dext.
(NMP — 22 649/2); f — Tetralophodon longirostris, Perin?, mandibula s M1 — M2 dext. in situ (SNM — Z 429, foto: Denisa Pakozdyova,
fotoarchiv SNM); g — Tetralophodon sp., Prusy, M3 dext. (foto Milan StrieZzenec).

Fig. 2. Teeth of proboscideans from Miocene localities of Slovakia.
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obdobia. Charakterizuju ich typické asociacie druhov
roznych ekomorfologickych skupin, pricom hranice medzi
nimi predstavuju vyznamné paleoekologické a takisto
biostratigrafické markery.

Obr. 4 jasne znazornuje tri obdobia maximalnej taxo-
nomickej diverzity (MN 6 — 7/8, MN 12 — 13?7 — 14 a MN 17),
pricom z paleoekologického a kvalitativneho zastupenia
druhov predstavuje dblezité obdobie aj biozéna MN 9.

1. baden — sarmat (MN 6a — MN 7/8). Typickymi druhmi
sU mamutid (Z. turicensis), gomfotérium (G. angustidens)
a dva druhy deinotérii (P, bavaricum, D. giganteum), ktoré
zastupuju dve ekomorfologické skupiny (A, B), pricom

z druhej menovanej kategdrie su pritomné obidve vyvojové
linie (B1 a B2).

2. spodny panén (MN 9). V diverzite nastali hlavne
kvalitativne (taxonomické) a mierne kvantitativne zmeny
(v pocCte druhov). Zastupcovia zygodontnych aj buno-
dontnych ,mastodontov” stredného miocénu vyhynuli.
Kontinualne boli zachované obidve ekomorfologické skupiny
(A, B) zname z obdobia badenu a sarmatu s tym rozdielom,
ze zastupcovia linie B1 (zygodontné taxdny) absentuju.
Prvykrat bol zaznamenany vyskyt tetralofodontného
bunodontného druhu Tetralophodon longirostris, deinotéria
su opatovne zastupené druhom Deinotherium giganteum.

5cm

Obr. 3. Tretie molare chobotnatcov z vrchnomiocénnych aZ vrchnopliocénnych lokalit Slovenska. a — ,Mammut” aff. borsoni, Kuzmice,
M3 dext. (TMT — Pzv 22); b — ,Mammut“borsoni, Nova Vieska, M3 sin. (SNM); ¢ — Anancus sp., Zavada, M3 dext. (MAFI — Ob 947);
d — Anancus aff. arvernensis, Novaky?, M3 dext. (HNMP — VII 633); e — Anancus arvernensis, Hajnacka, M3 dext. (SNM — Z 25659);
f — Mammuthus cf. meridionalis, Nova Vieska, M3 dext. (SNM).

Fig. 3. Third molars of proboscideans from Late Miocene to Late Pliocene localities of Slovakia.
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Tab. 1
Stratigraficky rozsah neogénnych chobotnatcov na slovenskom Uuzemi Zapadnych Karpat (FAD = prvy zaznamenany vyskyt;
LAD = posledny zaznamenany vyskyt)
Stratigraphical range of Neogene Proboscideans on Slovak territory of the Western Carpathians (FAD = first documented occurrence;
LAD = last documented occurrence)

Celad Druh Stratigraficky vyskyt Literatdra
FAD LAD
Deinotheriidae  Prodeinotherium cuvieri MN 4 MN 4
Deinotheriidae  Prodeinotherium bavaricum MN 7/8 MN 7/8 Toth (2006a)
Deinotheriidae  Deinotherium giganteum MN 6 MN 9 Thenius (1952), Zapfe (1954), Schmidt
(1969a), Holec (2005), Téth (20064, b, d)
Deinotheriidae  Deinotherium proavum MN 12 — 13? MN 12 — 13?7 Musil (1959), Schmidt (1969a), Téth (20064, d)
Mammutidae Zygolophodon turicensis MN 6 MN 7/8 Zapfe (1954), Schmidt (1969b), Holec (1985,
2002), Téth (2006a)
Mammutidae <Mammut“borsoni MN 15 MN 17 Fejfar (1964), Schmidt (1969b), Holec (1985,
1986), Holec et al. (2002), Téth (20064, c)
Mammutidae <Mammut“ aff. borsoni MN 12 - 13? MN 12 — MN 14? Schmidt (1963), Cernansky (2006a)
Gomphotheriidae Gomphotherium angustidens MN 7/8 MN 7/8 Petrbok (1930)
Inc. Sedis 1 Tetralophodon longirostris MN 9 MN 9 Schmidt (1969b), Toth (2006a)
Inc. Sedis 1 Tetralophodon sp. MN 12 - MN 13? MN 12 — MN 13? Silnicky (1930), Schmidt (1969b)
Inc. Sedis 2 Anancus arvernensis MN 12 — MN 13? MN 17 Fejfar (1964), Schmidt (1969b), Holec (1985,
1986), Cernansky (2006b), Téth (2006a, b, c)
Inc. Sedis 2 Anancus sp. MN 12 -—MN 13? MN 12 — MN 13? Schlesinger (1922)
Inc. Sedis 2 Anancus aff. arvernensis MN 13 — MN 14? MN 13 — MN 14?
Elephantidae Mammuthus cf. meridionalis MN 17 MQ 1 Schmidt (1975), Téth (2006a, b, ¢, 2007)
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) et al. (2003) a Markov (2008a, b). Pc —
8 - Eurdpa Prodeinotherium cuvieri, Zt — Zygolophodon
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according to Géhlich (1999); Gasparik (2001);
Ferretti et al. (2003) and Markov (2008a, b).
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Obr. 5. Porovnanie stratigrafického
rozSirenia a diverzity ekomorfo-
logickych skupin neogénnych
chobotnatcov na Uzemi Slovenska
a Eurdpy. A — deinotéria (Celad
Deinotheriidae); B1 — zygodontné
taxony (¢elad Mammutidae);
B2 - bunodontné trilofodontné
a tetralofodontné druhy (Celade
Gomphotheriidae, Inc. sedis 1.,
Inc. sedis 2.); C — elefantidy (Celad
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= Eurépa
= Slovensko

B2

Elephantidae).
Fig. 5. Stratigraphical occurrence

B1

and diversity of ecomorphological
groups of Neogene proboscideans
in the Slovak and European

territory. A — deinotheres (family
Deinotheriidae); B1 — zygodont taxa
(family Mammutidae); B2 — bunodont
trilophodont and tetralophodont
taxa (family Gomphotheriidae and
groups Incertae sedis 1 and Incertae
sedis 2); C — elephantids (family
Elephantidae).

4 $

3. vrchny pandn-pont? (MN 12 — 137?). Uvedené
obdobie je charakterizované definitivne poslednym
vyskytom deinotérii (druh Deinotherium proavum)
a tetralofodontného ,mastodonta® rodu Tetralophodon
(Tetralophodon sp.). Zaroven su pritomné najstarsSie
zvyS8ky mamutida rodu ,Mammut” (,Mammut” aff.
borsoni) a bunodontného tetralofodontného rodu Anancus
(Anancus sp. a A. arvernensis, prip. aj A. aff. arvernensis).
Ekomorfologické diverzita bola v porovnani s obdobim
panénu znovu rozsirena o zastupcu mamutidov, preto je
totozna so stavom z obdobia sarmatu.

4. Ruman (MN 17). NajstarSie dolozené zvySky taxénu
Mammuthus cf. meridionalis, jediného neogénneho
predstavitela tretej ekomorfologickej skupiny (C) na uzemi
Slovenska. Ide o posledny zaznamenany vyskyt druhov
.M borsoni a A. arvernensis.

Diskusia

Uvedena analyza biochronolégie a diverzity reflektuju
aktudlny stav skimanej problematiky na uzemi Slovenska.
Objavenie novych lokalit a pokrac¢ujuca taxonomicka
revizia mOzu priniest menSie zmeny, vS§eobecny trend
v diverzite vS8ak — s najva¢Sou pravdepodobnostou —
zostane nezmeneny.

Taxonomicka diverzita jednotlivych biozén bola zna¢ne
ovplyviiovana paleobiogeografickymi a klimatickymi
zmenami, ale aj biotickymi faktormi. Od obdobia spodného
miocénu az po koniec pliocénu je badatelné postupné
znizovanie priemernych ro¢nych tepl6t a rozliéné vykyvy
v intenzite zrazok. Je v8ak pravdepodobné, ze samotny
pokles teploty bol len sekundarnym limitujucim faktorom
v rozsireni a v celkovej diverzite spominanych cicavcov.
Takmer vSetky chobotnatce sa vyznacuju mimoriadne
velkymi telesnymi rozmermi, preto su menej citlivé
na zmeny teploty. Jej zmena vS8ak znacne ovplyvnuje
charakter prostredia, teda aj mnozstvo a druh dostupnej

6
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potravy. V zavislosti od tychto Cinitelov nastal v priebehu
evolucie neogénnych chobotnatcov postupny posun od
prijimania mékkej, tavnatej potravy — ovocie, listy drevin
— k abrazivnej, vlaknitej vegetacii — travy a byliny (Van der
Made a Mazo, 2003).

Otnang (MN 4)

Prvy vyskyt chobotnatcov na uzemi Eurdpy v obdobi
vrchnej ¢asti spodného miocénu (MN 4) predstavuje
vyznamnu biostratigraficki a paleobiogeograficku udalost.
Takmer sucasne sa v paleozoocendze objavili zastupcovia
mamutidov (Zygolophodon turicensis), amebelodontidov
(Archaeobelodon filholli), gomfotérii (Gomphotherium
sylvaticum) a deinotérii (Prodeinotherium cuvieri),
¢o dokazuje relativne vysoku taxonomicku, ako aj
ekomorfologicku diverzitu uz od ich najstarSieho vyskytu
na europskom kontinente (Tassy, 1990). Ekologicku
a troficku segregaciu taxénov pravdepodobne zapri€inili
rozdiely vo velkosti telesnych rozmerov, odliSna etoldgia,
ako aj dostupnost zdroja potravy v dosledku vertikalnej
stratifikacie habitatu.

Okrem amebelodontida boli vSetky uvedené druhy
dolozené vo viacerych lokalitach severného Madarska
otnangského veku, ¢im sa jasne dokazuje ich vyskyt aj na
uzemi strednej Eurdpy (Gasparik, 2001).

Vsetky nalezy chobotnatcov datované do spodného
miocénu su viazané vyhradne na vrstvy uholnych slojov, ¢o
indikuje rozsiahly vyskyt teplého, humidneho (mociarneho)
biotopu bez vyskovej diferenciacie vegetacie (Kovacova
a Kovag, 2006). Paleobotanické, ale aj paleozoologické
Studie jasne poukazuju na dosiahnutie maxima miocén-
neho klimatického optima v tomto obdobi, s maximélnou
priemernou roénou teplotou 22 °C (Béhme, 2003). Pre
vSetky chobotnatce spodnomiocénneho veku su typické
pomerne malé telesné rozmery, ¢o nasvedcCuje, ze zili vo
viac uzavretych biotopoch. Ich celkova vyska dosahovala
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pravdepodobne maximalne 2 m. Zuby kazdého taxénu boli
brachyodontné, bez cementacie, preto ich potravu mohlo
tvorit vyhradne makkeé rastlinstvo, v ktorom prevazovalo
ovocie a listie drevin (Van der Made a Mazo, 2003).

Baden a sarmat (MN 6 — MN 7/8)

Zaciatkom stredného miocénu nastala dalSia vyrazna
imigracia niekolkych novych druhov chobotnatcov.
V biozéne MN 6 sa na Uzemi Eurdpy prvykrat objavuju
druhy Gomphotherium angustidens, Deinotherium
giganteum, Choerolophodon chioticus, Platybelodon
danovi a pravdepodobne aj Protanancus sp. Posledné
tri menované druhy boli rozSirené len v mediterannej
oblasti. Ich vyskyt v strednej Eurépe dosial nebol
zaznamenany (Tassy, 1990; Markov, 2008a), ¢o
nasvedcuje prvej zoogeografickej diferenciacii druhov
chobotnatcov. Paleogeografické zmeny a tektonicka
reorganizacia centralnej Paratetydy vyrazne ovplyvnili
charakter klimy, ktora sa v porovnani s predchadzajucimi
obdobiami vyznaovala prvymi sezénnymi oscilaciami
zrazok a subtropickou vegetaciou. V désledku postupnej
kontinentalizacie klimy poklesla maximalna priemerna
ro¢nd teplota na 18,4 °C (B6hme, 2003; Kovac et
al., 2006). Na zaklade fauny mé&sozravcov z lokalit
Stokeravska vapenka a Sandberg bolo poukdzané na
zmeny biotopu v obdobi stredného a vrchného badenu
(Sabol, 2008). V taxonomickej diverzite chobotnatcov
sa vSak tieto zmeny neprejavili. V obidvoch lokalitach
su pritomné druhy Z. turicensis a D. giganteum. Vyskyt
druhu D. giganteum v badene je zriedkavy a v oblasti
centralnej Paratetydy ide o jeho prvy potvrdeny nalez.
Zvysky druhu G. angustidens, ktory mal pocas stredného
miocénu takmer celoeurdpske rozsirenie, v sedimentoch
badenského veku strednej Eurépy pravdepodobne uplne
absentuju a su limitované len do sarmatu.

Druhové zlozenie chobotnatcov, ako aj inych skupin
cicavcov z obdobia sarmatu je na celom Uzemi Eurépy
znacne podobné v doésledku existencie morskej bariéry
medzi mediterannou oblastou a vychodnou Paratetydou,
ktora mohla byt limitujucim faktorom pre imigraciu novych
druhov (Régl, 1999). V porovnani s taxonickym zlozenim
z obdobia badenu neboli zaznamenané takmer ziadne
zmeny. Codrea a Ursachi (2007) uvadzaju ojedinelé
zvysky druhu Tetralophodon longirostris (lokalita Draxeni,
Rumunsko), v sarmatskej faune centralnej Paratetydy v§ak
tento druh nebol preukazany.

Odlisné spdsoby spracovania potravy u deinotérii
a mamutida (t. j. taxénov patriacich k rozdielnym
ekomorfologickym skupinam) vysvetluju vyskyt dvoch
druhov v rovnakych lokalitdch (Stokeravska vapenka
a Sandberg) bez vzajomnej trofickej konkurencie.
Morfolégia zubov deinotérii indikuje, ze boli vhodné
len na spracovanie Stavnatej potravy, priCom denticie
mamutida boli viac prispdsobené na abrazivnejsi typ
vegetacie. Zuby gomfotéria boli najmenej Specializované,
pravdepodobne bez strikinej adaptacie na vymedzeny
druh potravy. Limitujucim trofickym faktorom mohol byt
regionalne odliSny charakter prostredia, ako aj kompeticia

s inymi bylinozravcami. Fosiliférne lignitové horizonty
lokalit Handlova a Novaky naznacuju humidne biotopy.
Na druhej strane zvySky flory indikuju pritomnost luznych
lesov striedajucich sa s mensSimi travnatymi plochami
s vyskytom halofytnej subtropickej vegetacie a mensim
zastupenim tropickych elementov (Planderova, 1990).
Je isté, Ze na charakter prostredia mali vplyv aj lokélne
topografické podmienky.

Vyskyt amebelodontida druhu Archaeobelodon filholli
bol doteraz obmedzeny na Uzemie zapadnej Eurdpy, ale
revizia materidlu gomfotérii sarmatského veku z lokality
SzurdokpuUspoki (severné Madarsko) potvrdila pritomnost
tohto druhu aj v oblasti centralnej Paratetydy (Gasparik,
ustna informacia 2008).

Z uvedeného vyplyva, ze obdobia baden a sarmat
sa vyznacovali relativne vysokou druhovou diverzitou
chobotnatcov (obr. 4, 5). Vyhynutie takmer vSetkych
strednomiocénnych druhov (Z. turicensis, P bavaricum, G.
angustidens) koncom sarmatu je pravdepodobne spojené
s postupnym zniZzovanim sa teploty a zva¢Sovanim sa
intenzity sezénnych vegeta¢nych zmien. Chobotnatce
uvedeného obdobia boli zrejme uzko viazané na prijimanie
menej abrazivnej potravy (rbzne druhy ovocia a listie
drevin), ktora vSak zo spominanych dovodov prestala byt
dostupnda pocas vsetkych ro¢nych obdobi. Potencialnym
rieSenim nedostatku potravy mohli byt prvé periodické
migracné trasy (Van der Made a Mazo, 2003).

Spodny panén (MN 9)

Zaciatkom vrchného miocénu sa odohrali vyrazné
paleogeografické a klimatické zmeny, ktoré sa markantne
prejavili aj v taxonomickom zastupeni chobotnatcov
Zapadnych Karpat. Tobien (1980) spomina typické
strednomiocénne druhy Gomphotherium angustidens
a Prodeinotherium bavaricum z lokalit Dinotheriumsande
(MN 9), ktoré neboli preukdzané uz nikde inde na uzemi
strednej a juhovychodnej Eurdpy. Podla revizie Pickforda
(nepublikované udaje) fosilne zvySky eurépskych deinotérii
valeského veku patria vyluéne druhu Deinotherium
giganteum. K definitivnemu vymiznutiu vSetkych typickych
druhov stredného miocénu (G. angustidens, Z. turicensis
a mozno aj P. bavaricum) z celej Eurdpy do$lo na rozhrani
spodného a vrchného valesu (MN 9/MN 10) pocas tzv.
valeskej krizy (Agusti a Antén, 2002). Ekomorfologicka, ako
aj druhova diverzita kopiruju na nasom uzemi celoeurdpsky
klesajuci trend (obr. 4b).

Druh Tetralophodon longirostris je povazovany za
typického predstavitela hipariénovej fauny, objavujucej sa
v strednej Eurdpe v biozéne MN 9 (Régl, 1999; Géhlich,
1999). Je charakteristicka pritomnostou r6znych skupin
terestrickych cicavcov, ktoré su prisp6sobené na suchsie
a otvorenejsie biotopy striedajuce sa s redSimi lesnymi
porastmi s vyraznejSimi sezénnymi zmenami klimy
(Kovaé et al., 2006). Ustup subtropickych habitatov na
ukor opadavych lesov s vaésim vyskytom otvorenejsich
biotopov spdsobil, ze hiparionova fauna sa v obdobi
spodného panénu pomerne rychlo rozSirila takmer
po celej zapadnej, strednej a juhovychodnej Eurdpe.
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Vysledkom bola zna¢na podobnost medzi faunami
centralnej a vychodnej Paratetydy (Agusti a Anton,
2002).

Adaptaciu imigrantského druhu T. longirostris na
uvedené zivotné prostredie naznacuju morfologické znaky
zubov, konéatin, ako aj celkové telesné proporcie. Zvysenie
poctu hrebenov intermedidlnych zubov, ako aj poslednych
molarov indikuje prispdsobenie sa abrazivnejSiemu typu
potravy.Tiez je pozorovatelné zva¢Senie sa hribky skloviny,
nenastala vSak vyrazna zmena hypsodoncie v porovnani
so Strukturalnymi trilofodontnymi predkami. Rovnako
ako u deinotérii, celkové telesné proporcie dosahuju
v porovnani so strednomiocénnymi druhmi znacné
rozmery. Narast telesnych rozmerov suvisel s konzumaciou
vacsieho objemu potravy nizSej nutri¢nej hodnoty, preto
bolo nutné zvaésenie traviaceho Ustrojenstva. Predizenie
koncatin a semidigitigradne usporiadanie metapddii
poukazuju na lepSiu adaptaciu na pohyb po tvrdSom teréne
(Tobien, 1962; Harris, 1973). Z dbévodu nizSej produktivity
habitatov chobotnatce boli pravdepodobne nitené obyvat
rozsiahlejSie teritoria.

Lokalita Perin ma na zaklade stratigrafického
zaradenia sedimentov pravdepodobne identicky vek
s lokalitou Rudabanya, ktora paleogeograficky lezala na
okraji rozsiahleho Panénskeho jazera. Z tohto néleziska
bolo opisané bohaté spolo¢enstvo cicavcov (69 druhov)
s vyraznou prevahou brachyodontnych taxénov. Nepatrné
zastupenie hypsodontnych taxénov, ako aj zvysky flory
naznacuju, ze v blizkosti jazera prevliadalo humidne lesné
prostredie. Podla menSieho poctu fosilii chobotnatcov
sa predpoklada, ze spolu s nosorozcami a hyenami
uprednostriovali skér otvorené habitaty, vyskytujuce sa
v odlahlejSich oblastiach od brehu jazera (Bernor et al.,
2004). Vzdialenost medzi lokalitami Perin a Rudabanya
je len niekolko desiatok kilometrov, preto mézeme
predpokladat, ze nalezisko Perin mohlo spadat do
SirSieho okruhu lesostepnych biotopov severného okraja
Pandénskeho jazera.

Vrchny panén (pont?) (MN 12 — MN 137?)

Obdobie vrchného pandénu v Eurépe charakterizuje
zmena miernej humidnej klimy na kontinentalnu
xerotermnu, €o spdsobilo znaénu redukciu lesnych
biotopov. V désledku znizenia intenzity zrazok sa zacali
vo vaésom rozsahu Sirit travnaté plochy a spolu s nimi
sa objavilo rozmanité spolo¢enstvo velkych bylinozravcov,
vratane chobotnatcov, ktoré preferovali prave takéto
otvorené habitaty (Agusti a Antén, 2002). Severna Cast
Dunajskej panvy sa vyznacovala prostredim aluvialnych
nizin s mociarnymi plytkymi jazerami. Z viacerych lokalit
uvedenej oblasti boli zdokumentované spolo¢enstva
makkysov, v ktorych vSak dominovali lesné druhy (Kovac
et al., 2005).

Nalezy druhu Deinotherium proavum, ako aj taxénu
~Mammut“ aff. borsoni na Uzemi Slovenska predstavuju
pravdepodobne vrchny stratigraficky vyskyt druhov,
ktoré sa na Uzemie vychodnej Eurdpy dostali uz koncom
spodného, resp. zagiatkom vrchného panénu (MN 107?

az MN 11) a postupne sa rozSirili do zapadnej Eurépy
(Markov, 2008b). Na rozdiel od Stredozemia so suchsim
charakterom prostredia v strednej Eurdpe pretrvavali
humidnejSie biotopy podstatne dlhSie. Preto nemozno
vylucit prezitie druhu Tetralophodon longirostris v tejto
oblasti az do vrchného pandnu. Predbezne su nalezy
rodu Tetralophodon z lokalit Topol¢any-Kalvaria a Prusy
zaradené ako Tetralophodon sp. Mediteranna oblast sa
vyznacovala niektorymi endemickymi druhmi chobotnatcov
(Choerolophodon pentelici, Stegotetrabelodon syrticus
a Tetralophodon atticus), ktoré vo vrchnopandnskej faune
centralnej Paratetydy s najva¢Sou pravdepodobnostou
absentuju (Géhlich, 1999; Ferretti et al., 2003).

Silnicky (1930) a Schmidt (1963) opisali zvySky druhu
,Mastodont“ grandincissivus, pochadzajice z ulozenin
vrchného pandnu, resp. pontu. Taxonomicka revizia
uvedenych nalezov jednoznaéne poukazala na chybnu
determinaciu, preto pritomnost tohto problematického
druhu na naSom uzemi nie je dosial potvrdend (Téth,
2006a; Cerfiansky, 2006a).

Pred 7 mil. rokov, €o priblizne zodpoveda vrchnej Casti
biozony MN 12, sa hranice otvorenych travnatych biotopov
grécko-iranskej bioprovincie rozSirili do celej Eurépy
(Spassov et al., 2006). V tomto obdobi sa objavuje prvy
zastupca rodu Anancus (A. sp.) (Markov, 2008b) a zrejme
o nieo neskoér aj progresivnejsi druh A. arvernensis.

Znizenie intenzity zrazok spdsobilo znaénu reduk-
ciu lesnych biotopov. Asociacia uvedenych zmien
zapri€inila definitivne vyhynutie deinotérii, ktoré boli uzko
Specializované na konzumaciu stromovej vegetacie.
Ekomorfologicka skupina (A) bola velmi uspesna (obr. 5),
ale zaroven aj najkonzervativnejSia. Bez vyraznych
morfologickych zmien zubov sa deinotéria na uzemi
Eurdpy, vratane nasho uzemia, vyskytovali od otnangu
(MN 4) az po vrchny panén (pont?) (MN 12 — MN 13?)
(Huttunen, 2002; Markov, 2008b).

V obdobi vrchného pandnu (pontu?) je zastupenie
jednotlivych ekomorfologickych skupin identické ako
v sarmate (obr. 5). Taxonomicka diverzita je vSak vysSia
a zaroven dosahuje svoje maximum pocas celého
obdobia vyskytu chobotnatcov na uzemi Slovenska (obr.
4a, b). Je to jediné obdobie, v ktorom sa vyskytuje viac
taxénov rovnakej ekomorfologickej skupiny. Teoreticky
to méze indikovat, ze progresivnejsi taxdn Anancus sp.
predstavoval biotického konkurenta pre taxén
Tetralophodon sp., o mohlo spdsobit jeho vyhynutie.
Na druhej strane konkurencia mohla nastat aj medzi
odliSnymi taxénmi rodu Anancus, na ¢o poukazuje aj
kratkodoby vyskyt taxénu Anancus sp. V obdobi pontu,
resp. zaCiatkom pliocénu dokonca nemozno vylucit ani
epizodicku migraciu africkych taxénov rodu Anancus
(Anancus aff. arvernensis) na uzemie Eurdpy.

Pri vSetkych turolskych taxdnoch chobotnatcov
je pozorovatelna ich progresivna adaptécia denticie
na spracovanie abrazivnejSej mezofytickej vegetacie,
ktora bola ovplyviiovana prejavujucimi sa vykyvmi teplot
a hlavne kolisanim mnozstva zrazok. Pri druhu D. proavum
doslo k zvyrazneniu entolofidu, pri mamutidovi k zosilneniu
semilofodontnosti hreberiov. Pre taxény rodu Anancus
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je charakteristicka alternacia polhreberiov, na mlie€nych
premolaroch ptychodoncia a choerodoncia, ¢im sa znaéne
zvacSuje povrch zuvacej plochy, a to bez vyrazného narastu
celkovych rozmerov zubov (Lehmann, 1950). Pri ziadnom
taxone vSak nebolo zaznamenané vyrazné zvySenie
hypsodoncie, ktora bola uz v tomto obdobi charakteristicka
pre viacero skupin bylinozravcov (Agusti a Anton, 2002).
Trend narastania telesnych rozmerov pokracoval aj po¢as
turolu. Druh D. proavum dosahoval vysku viac ako 4 m
a patril medzi najvac¢sie chobotnatce vébec.

Podla analyzy izotopu uhlika '*C zo skloviny zubov
deinotérii sa zistilo, ze boli uzko Specializované na
konzumaciu C3 vegetacie — listie a vetvicky stromov. Pri
zastupcoch druhej ekomorfologickej skupiny (mamutidy
a bunodontné taxdny) bola potvrdena postupna zmena
adaptacie na C4 vegetaciu — travy a byliny (Cerling et al.,
1999). Van der Made a Mazo (2003) predpokladaju, ze
C4 vegetécia sa v strednej Eurépe prvykrat vyskytovala
vo vacsSej miere az v obdobi vrchného panénu a pontu,
€o je v sulade s vrchnym stratigrafickym vyskytom deinotérii.

Dak (MN 14 — MN 15)

V spodnom pliocéne oblast Zapadnych Karpat
charakterizovali mozaikovité lesné biotopy s miernou az
subtropickou klimou s malymi roénymi vykyvmi teplot
a sezénnymi monzunovymi zrazkami (Kovag et al., 2005).
V tomto obdobi je na uzemi Slovenska pritomna len jedna
ekomorfologicka skupina chobotnatcov, v ramci ktorej tiez
dos8lo k znaénému znizeniu taxonomickej diverzity (obr.
4, 5). Rod Tetralophodon uz nie je preukazany. Jedinymi
zastupcami su taxény rodov ,Mammut“ a Anancus.
V spodnom daku je pravdepodobne nadalej pritomny
taxon ,Mammut“ aff. borsoni, ktorého nasledne nahradza
Ltypicky“ druh ,Mammut“borsoni. Podobny trend klesajucej
taxonomickej diverzity je pozorovatelny na celom uzemi
Eurdpy (obr. 4b).

Od spodného pliocénu sa v Eurépe pravdepodobne
vyskytoval len jeden druh rodu Anancus — A. arvernensis.
Adaptaciu na abrazivnejSiu C4 vegetaciu jasne naznacuju
morfologické znaky zubov mamutidov aj bunodontného
druhu. Pri mamutidoch do$lo k celkovému zosilneniu
a zaostreniu hrebefiov molarov. Pri druhu ,,M. borsoni
je v porovnani s taxénom , M. aff. borsoni badatelné
zvacsenie krescentoidov a zvinenie skloviny, ¢im sa
zvacsila zuvacia plocha zuba. Posledné molare druhu
A. arvernensis charakterizuje zvySenie poctu hreberiov
a v ojedinelych pripadoch aj vyskyt cementovej vrstvy.
Pri obidvoch vyvojovych liniach je badatelny progresivny
trend hypsodoncie. Priblizne pred 4 mil. rokov nastalo
kratkodobé ochladenie, ktoré spdsobilo imigraciu
stepnych arvikolidnych hlodavcov na uzemie Eurdpy
(Agusti a Anton, 2002). Zrejme do tohto obdobia spada
posledny vyskyt taxénu ,,M.” aff. borsoni a tiez redukcia
populécii druhu A. arvernensis s pomerne nizkou korunkou
zubov. Zaroven sa objavuje ,typicky“ progresivnejsi druh
»Mborsoni (s. stricto) (lokality Drahovce, Ceroviny a Velké
Ripnany) a pri druhu A. arvernensis je badatelné prvé
zvysenie hypsodoncie.

Ruman (MN 16 — MN 17)

V biozéne MN 16 su pritomné len druhy A. arvernensis
a ,M! borsoni. Ich spolo¢ny vyskyt je pomerne Casty,
bol zaznamenany v lokalitich Moravsky Svéty Jan
(pravdepodobne MN 16), Ivanovce (MN 15) a Hajnacka
(MN 16) (Holec, 1985; Fejfar, 1964; Fejfar a Heinrich,
1985). V obidvoch posledne menovanych lokalitach
sa uvedené druhy vyskytovali spolu s ekologicky
rébznorodou faunou, pricom na nalezisku lvanovce
mierne prevazuju faunistické elementy charakteristické
pre suchsie, otvorenejsie biotopy (Fejfar a Heinrich,
1985). Na nalezisku Hajnacka sa obidva druhy vyskytuju
v asociacii cicavcov, ktoré su povazované za typickych
obyvatelov humidnych, listnatych a zmieSanych lesnych
biotopov (Tapirus, Stephanorhinus). V priblizne rovnakom
pomere su tu vSak pritomni aj zastupcovia rodov Hyena,
Sus, Megantereon, indikujucich otvorenejSi, mozaikovity
typ prostredia (Sabol et al., 2004). Na zaklade odlinych
typov zubov sa predpoklada, ze druh ,,M.“ borsoni
bol ekologicky viac viazany na lesné biotopy, kym
A. arvernensis mohol preferovat menej uzavreté habitaty
s vac¢sSim zastupenim travnatych ploch.

Vrchny stratigraficky vyskyt obidvoch druhov
s,mastodontov“ siaha do konca biozény MN 17. Vo vrchnej
Casti biozény MN 16 sa v juznej Eurdpe objavuje prvy
zastupca slonovitych (ekomorfologicka skupina C),
druh Mammuthus rumanus. V strednej Eurdpe, vratane
Slovenska, nebol tento druh dosial bezpecne preukazany.
Nalezy slonovitych z lokalit Strekov a Nova Vieska boli
priradené taxénu Mammuthus cf. meridionalis. Podla
Garutta (1986) boli rané eurazijské elefantidy v porovnani
s kvartérnymi druhmi troficky relativne malo Specializované,
pretoze strihacia efektivita ich zubov bola pomerne nizka
(maly pocet lamiel, nizsi stupen hypsodoncie zubnej
korunky). Za hlavnu ¢ast potravy najstarSich elefantidov
sa povazuju vetvi¢ky drevin, Ciasto¢ne xerofytickych trav
a bylin. Nembzeme vsak vylucit zmeny potravového spektra
pocas striedania ro¢nych obdobi. Elefantid s lofodontnymi
zubami bol v8ak zjavne lepSie adaptovany na konzumaciu
viac abrazivneho rastlinstva suchs$ich lesostepnych
a savanovitych habitatov, ktoré sa na uzemi Eurépy v tom
Case roz8irili (Radulescu et al., 2003). Preto nemozno
vylugéit, Zze k vyhynutiu druhov ,M.“borsoni a A. arvernensis
prispela bioticka interakcia v kombinacii s podnebnymi
zmenami. Vymretie uvedenych druhov predstavuje
sucasne zanik druhej ekomorfologickej skupiny, ktora
predstavovala mimoriadne uspesny a progresivny evolu¢ny
model po¢as celého obdobia neogénu (obr. 5). Od zaciatku
az po koniec pleistocénu su druhy dvoch rodov (Elephas
a Mammuthus) Celade Elephantidae jedinymi predstavitelmi
chobotnatcov v Eurdpe.

Zaver

Diverzita taxénov, ako aj zastupenie jednotlivych
ekomorfologickych skupin chobotnatcov boli pocas
neogénu znacne ovplyvnené zmenami klimy, reliéfu
a paleogeografie a biotickymi interakciami.
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NajstarSie nalezy chobotnatcov druhu Prodeinotherium
cuvieri otnangského veku (MN 4) predstavuju délezity
paleogeograficky, ako aj biostratigraficky marker.
Palynologické Studie naznacuju, Ze tieto chobotnatce zili
v humidnych a teplych habitatoch.

Od stredného miocénu az po vrchny pliocén je mozné
na zaklade kvantitativnych a kvalitativnych zmien taxénov
a ekomorfologickych skupin vyc€lenit Styri vyrazné obdobia
diverzity chobotnatcov na uzemi Slovenska.

1. Stredny miocén (vrchny baden — sarmat, MN 6 az
7/8) charakterizuje pomerne Siroké spektrum taxénov
dvoch ekomorfologickych skupin (Specializované
deinotéria a dve evoluéné linie ,mastodontov” bez uzsej
potravnej Specializacie), ktoré potencialne poukazuju
na réznorodé mozaikovité biotopy. V Ziadnej lokalite
neboli preukazané zvysky viacerych taxénov z rovnakej
ekomorfologickej skupiny, €¢o indikuje ich odlisné
ekologické poziadavky.

2. Spodna c¢ast vrchného miocénu (panén, MN 9)
sa vyznacovala nahradenim takmer vSetkych stredno-
miocénnych taxdénov progresivnej§imi druhmi, ktoré
na uUzemie strednej Eurdépy imigrovali v zavislosti
od paleogeografickych a klimatickych zmien. Obidve
predchadzajuce ekomorfologické skupiny boli kontinuélne
zachované. Celkova diverzita je nizSia, doposial nebola
z nasho Uzemia dolozena pritomnost mamutida z obdobia
spodného pandénu. Typickymi druhmi su Tetralophodon
longirostris a Deinotherium giganteum.

3. Vrchna &ast vrchného miocénu (vrchny pandn — pont?,
MN 12 — MN 137?) je charakterizovana najvysSou diverzitou
taxénov pocas celého obdobia neogénu, ekomorfologicka
diverzita je totozna s obdobim sarmatu. Nalezy chobot-
natcov zrejme dokumentuju vrchny stratigraficky vyskyt
taxonu ,Mammut“ aff. borsoni, resp. druhu Deinotherium
proavum, ktoré sa na uzemi Eurdpy objavili na hranici
valesu a turolu (MN 10 — MN 11). Definitivne vymiznutie
deinotérii pravdepodobne spdsobila vyrazna aridizacia
klimy a ustup lesnych biotopov. Zaroven je zaznamenany
prvy vyskyt zastupcov rodu Anancus (Anancus sp.,
A.arvernensis, v ponte pravdepodobne aj A. aff. arvernensis),
pricom na uzemie Eurépy migrovali v dosledku rozSirenia
viac otvorenych travnatych biotopov, resp. vytvorenim
suchozemskych migracnych ciest. Vyhynutie taxdnu
Tetralophodon sp. mOze suvisiet s biotickou kompeticiou
imigrantskych taxénov rodu Anancus.

4.Vrchny pliocén (vrchny ruman — MN 17) sa vyznacoval
vyraznymi klimatickymi zmenami, ktoré spdsobili rozSirenie
otvorenych suchsich lesostepnych biotopov na ukor
suvislych lesnych porastov. V tomto obdobi sa na uzemi
Slovenska objavuje prvy predstavitel elefantidov, taxén
Mammuthus cf. meridionalis. Stuasne je zaznamenany
posledny vyskyt druhov Anancus arvernensis a ,Mammut*
borsoni, ktoré kontinualne prezivali od obdobia vrchného
daku. Ich vyhynutie pravdepodobne spdsobila kombinacia
zmien environmentalnych faktorov s pripadnou biotickou
konkurenciou elefantida.

Podakovanie. Chcel by som sa podakovat prof. RNDr. Petrovi
Holecovi, CSc. a doc. Martinovi Sabolovi, PhD. za vecné

pripomienky, Dr. Mihalyovi Gasparikovi, prof. Martinovi Pickfordovi
a Dr. Georgimu Markovovi za poskytnutie nepublikovanych
informacii. V neposlednom rade moja vdaka patri prof. RNDr.
Michalovi Kovacovi, DrSc., RNDr. Alexandrovi Nagyovi, CSc.,
RNDr. Klementovi Fordinalovi, PhD., Mgr. Lubomirovi Slivovi,
PhD., Mgr. Petrovi Joniakovi, PhD. a Mgr. Martinovi Vlaéikymu
za odborné konzultacie ohladom stratigrafie jednotlivych lokalit.
Vyskum bol realizovany vdaka finanénej podpore grantovych
agentur Ministerstva Skolstva Slovenskej republiky (VEGA
1/3053/06) a UK (320/2007).

Literatara

AgusTi, J. & ANTON, M., 2002: Mammoths, Sabertooths and
Hominids. Columbia University Press. New York, 316.

BeErNOR, R. L., Korpos, L., Rook, L., AcusTi, J., ANDREWS, P,
ARMOUR-CHELU, M., BEGUN, D. R., CAMERON, D. W., DAMUTH,
J., DAXNER-HOCK, G., DE Bonis, L., FEJFAR, O., FESSAHA, N.,
FORTELIUS, M., FRANZEN, J., GASPARIK, M., GENTRY, A., HEISSIG,
K., HERNYAK, G., KAISER, T., Kouros, G.D., KrRoLoPP, E., JANOSSY,
D., LLENNAS, M., MEszARoOS, L., MULLER, P., RENNE, P., ROCEK,
Z., SEN, S., ScoTT, R., SzYNDLAR, Z., TOPAL, GY., UNGAR, P. S,,
UTESCHER, T., VAN DAM, J. A., WERDELIN, L. & ZIEGLER, R., 2004:
Recent advances on multidisciplinary research at Rudabanya,
Late Miocene (MN 9), Hungary: A compendium. Palaeontogr.
italica, 89, 3 — 36.

BoOHME, M., 2003: The Miocene Climatic Optimum: Evidence from
ectothermic vertebrates of Central Europe. Palaeogeogr.
Palaeoclimatol. Palaeoecol. (Amsterdam), 195, 380 — 401.

CERLING, T. E., HARRIS, J. M. & LEAKEY, M. G., 1999: Browsing and
grazing in elephants: The izotope record of modern and fossil
proboscideans. Oecologia, 120, 364 — 374.

CODREA, V. & URsACHI, L., 2007: The Sarmatian vertebrates from
Draxeni (Moldavian platform, Romania). Stud. Univ. Babes-

. -Bolyai, Ser. Geol., 52,2, 19 - 28.

CERNANSKY, A., 2006a: Revision of a mastodon find from the
Neogene at Kuzmice near Topol€any (Slovakia). Slovak Geol.

. Mag. (Bratislava), 12, 1, 57 - 62.

CERNANSKY, A., 2006b: Nalez mastodonta Anancus arvernensis
CROIZET et JOBERT na lokalite Biskupova v okrese Topol¢any.
Miner. Slov. (Bratislava), 38, 1, 61 — 66.

FesFAR, O., 1964: The Lower Villafranchian Vertebrates from
Hajnacka neir Filakovo in Southern Slovakia. Rozpr. Ustr. Ust.
geol., 30,1 - 115.

FeJrar, O. & HEeINRICH, W. D., 1985: Zur Bedeutung der
Wirbeltierfundstatten von lvanovce und Hajnacka fur die
Séugetierpaléontologie im Pliozén und frihen Pleistozén
in Europa: Kenntnisstand und Probleme. Vést. Ustf. Ust. geol.,
60,4,213 - 224.

FErRReTTI, M., Rook, L. & Torrg, D., 2003: Stegotetrabelodon
(Proboscidea, Elephantidae) from the Late Miocene
of Southern ltaly. J. Vertebrate Paleontology, 23, 3, 659 — 666.

GaruTT, W. E., 1986: The origin and phylogeny of the Elephantida.
Treatises of the Zoological Institute of the Russian. Acad. Sci.,
149, 15 — 32 (In Russian).

GASPARIK, M., 2001: Neogene proboscidean remains from Hungary:
An overview. Fragm. mineral. palaeont. (Budapest), 19,
61-77

GOHLICH, U., 1999: Order Proboscidea. In: Réssner, G. G. & Heissig,
K. (eds.): The Miocene Land Mammals of Europe. Verlag Dr.
Friedrich Pfeil, Miinchen, 157 — 168.

HaRRis, J. M., 1973: Prodeinotherium from Gebel Zelten, Libya.
Bull. Brit. Mus. natur. Hist., Ser. Geol., 23, 5,283 — 384.

HARzHAUSER, M. & PILLER, W. E., 2007: Benchmark data of
a changing sea — Palaeogeography, Palaeobiogeography
and events in the Central Paratethys during the Miocene.
Palaeogeogr. Palaeoclimatol. Palaeoecol. (Amsterdam), 212,
295 - 314.

HoLEc, P., 1985: Finds of Mastodon (Proboscidea, Mammalia)
Relics in Neogene and Quaternary Sediments of Slovakia
(CSSR). Zapad. Karpaty, Sér. Paleont., 10, 13 — 53.



450 Mineralia Slovaca, 42 (2010)

HoLEc, P, 1986: Reste von Mastodonten (Mammalia, Proboscidea)
aus dem Neogen des Beckens bei Moravsky Jan (Slowakei).
Acta geol. geogr. Univ. Comen., Geol., 41, 135 — 144.

HoLec, P., 2002: Zygolophodon turicensis (ScHiNz, 1833)
(Vertebrata, Mammalia, Proboscidea) z lokality Devinska
Nova Ves (Slovensko). Miner. Slov. (Bratislava), 34, 53 — 56.

HoLEc, P., 2005: Deinotherium giganteum Kaup (Proboscidea,
Mammalia) z pandnskych sedimentov hliniska tehelne
v Pezinku. Miner. Slov. (Bratislava), 37 551 — 554.

HoLEec, P., KovA¢, M., SLIvA, L., VoJTko, R. & JoNiAk, P, 2002: Nalez
mastodonta Mammut borsoni (HAys, 1834) pri Cerovinach
— litologické pomery a stratigrafia. Miner. Slov. (Bratislava), 34,
353 - 358.

HuTtTuneN, K., 2002: Systematics and Taxonomy of the European
Deinotheriidae (Proboscidea, Mammalia). Ann. Naturhist. Mus.
(Wien), 103 A, 237 — 250.

KovA¢, M., 2000: Geodynamicky, paleogeograficky a Strukturny
vyvoj karpatsko-pandénskeho regiénu v miocéne: Novy
pohlad na neogénne panvy Slovenska. Bratislava, Veda,
202 s.

KoVAC, M., BARATH, |., FORDINAL, K., GRIGOROVICH, A. S., HALASOVA,
E., HubACkoVA, N., Joniak, P., SAaBoL, M., SLAMKOVA, M.,
SLIvA, L. & VoJTkO, R., 2006: Late Miocene to Early Pliocene
sedimentary environments and climatic changes in the
Alpine — Carpathian — Pannonian junction area: A case
study from the Danube Basin northern margin (Slovakia).
Palaeogeogr. Palaeoclimatol. Palaeoecol. (Amsterdam),
238,32 - 52.

KovACovA, M. & KovA¢, M., 2006: Miocénna klima a vegetacia
karpato-pandnskej oblasti v paleogeografickom kontexte.
In: Kovac, M. & Dubikova, K. (eds.): CeloZivotné odborné
vzdelavanie a priprava pracovnikov v oblasti geovied — Nové
metddy a vysledky vyskumu v geoldgii Zapadnych Karpat.
Zbor. Prif UK — Geografika, Bratislava, 109 — 112.

LeHmANN, U., 1950: Uber Mastodontenreste in der Bayerischen
Staatssamlung in Miinchen. Palaeontographica, Abt. A, 99,
121 - 228.

MagLio, V. J., 1972: Evolution of mastication in the Elephantidae.
Evolution, 26, 638 — 658.

MagLlIo, V. J., 1973: Origin and evolution of the Elephantidae. Trans.
Philosoph. Soc. Amer., 63, 3, 1 — 149.

MaRrkov, G., 2008a: Fossil proboscideans (Mammalia) from
the vicinities of Varna: A rare indications of Middle Miocene
vertebrate fauna in Bulgaria. Historia naturalis bulgarica, 19,
137 - 152.

Markov, G. N., 2008b: The Turolian proboscideans (Mammalia) of
Europe: Preliminary observations. Historia naturalis bulgarica,
19,153 - 178.

MusiL, R., 1959: Prvni nalez druhu Deinotherium gigantissimum
STEFANESCU, 1892, na naSem Uzemi. Acta Mus. Morav., 44,
81 -88.

PeTRBOK, J., 1930: Mastodon angustidens Cuv. v andezitovych
tufech u Banovcu na Slovensku. Véda pfir, 11,3 — 6.

PLANDEROVA, E., 1972: Pliocénne sporomorfy z oblasti Zapadnych
Karpat a ich stratigraficka interpretacia. Geol. Prace, Spr., 59,
209 - 284.

PLANDEROVA, E., 1990: Miocene microflora of Slovak Central
Paratethys and its biostratigraphical significance. Manuskript.
Bratislava, Geol. Ust. D. Stiira, 144 p.

PRISTAS, J. (ed.), 2000: Vysvetlivky ku geologickej mape Podunajskej
niziny — Nitrianskej pahorkatiny 1 : 50 000. Bratislava, SGUDS,
Vyd. D. Stira, 250 s.

RaDULEscu, C., SAmsoN, P. M., PeETcuLEscu, A. & STIUCA, E.,
2003: Pliocene Large Mammals of Romania. Coloquios de
Paleontologia, 1,549 — 558.

RoaL, F, 1999: Circum-Mediterranean Miocene Paleobiogeography.
In: Réssner, G. G. & Heissig, K. (eds.): The Miocene Land
Mammals of Europe. Verlag Dr. Friedrich Pfeil, Miinchen,
39 -48.

SasoL, M., 2008: Fosilne méasozravce kenozoika Slovenska.
Habilitaéna praca. Archiv Katedry geoldgie a paleontoldgie
Prif UK, Bratislava.

SABoL, M., Vass, D., ELECKO, M., KONECNY, V., HENSEL, K., HOLEC,
P., HUDACKOVA, N., KERNATSOVA, J., KLEMBARA, J., PIPiK, R.
& SLAMKOVA, M., 2004: Reconstruction and Evolution of the
Hajnacka | Paleoenvironment. In: Sabol, M. (ed.): Early
Villanyian site of Hajnacka | (Southern Slovakia). Gemer-
-Malohont museum in Rimavska Sobota, 131 — 141.

SCHLESINGER, G., 1922: Die Mastodonten der Budapester
Sammlungen. Geologica hung., 2,1, 1 - 284.

ScHMIDT, Z., 1963: Tetralophodon grandincisivus SCHLESINGER,
1917 z pliocénu (Pontu) v Kuzmiciach pri Topol¢anoch. Geol.
Prace, Zpr., 27 169 — 174.

ScHmipT, Z., 1969a: Deinotherioidea Karpatskych niZin na Slo-
vensku. Manuskrlpt Bratislava, archiv SGUDS, 31 s.

ScHwmIDT, Z., 1969b: Mastodontoidné chobotnatce slovenskych
Karpat a nizin. Manuskript. Bratislava, archiv SGUDS, 64 s.

ScHmipT, Z., 1975: Elefantoidné chobotnatce slovenskych Karpat
a nizin. Manuskr/pt Bratislava, archiv SGUDS, 74 s.

SHoOsHANI, J. & Tassy, P., 1996: The Proboscidea. Evolution and
Palaeoecology of Elephants and the new ir relatives. Oxford
University Press, 472 p.

SHOsHANI, J. & Tassy, P.,, 2005: Advances in proboscidean
taxonomy & classification, anatomy & physiology, and
ecology & behavior. Quaternary International, 126 — 128,
5-20.

SILNICKY, K., 1930: Zprava o naleze zbytkov kostry mastodonta
v Topol€anoch. Sbor. Muz. slov. Spoloé., 24, 1 — 2,98 - 100.
Spassov, N., Tzankov, T. & GErRAADS, D., 2006: Late Neogene
stratigraphy, biochronology, faunal diversity and environments
of South-West Bulgaria (Struma River Valley). Geodiversitas,

28,3,477 — 498.

Tassy, P., 1990: The “Proboscidean Datum Events”: How many
Proboscideans and how many Events? In: Lindsay, E. H.,
Fahlbusch, V. & Mein, P. (eds.): European Neogene Mammal
Chronology. NATO ASI Series, (A) 180, 237 — 252. New York
(Plenum Press).

THENIUS, E., 1952: Die Saugetierfauna aus dem Torton von Neudorf
an der March (CSR). Neu. Jb. Geol. Paldont., Abh.; Mh., 96, 1,
27 - 136.

Tosien, H., 1962: Uber Carpus und Tarsus von Deinotherium
giganteum KAUP (Mammalia, Proboscidea). Paldontologische
Zeitschrift, 231 — 238.

TosieN, H., 1980: A Note on the Mastodont taxa (proboscidea,
Mammalia) of the “Dinotheriensande” (Upper Miocene,
Rheinhessen, Federal Republic of Germany). Mainzer geowiss.
Mitt., 9, 187 - 201.

Topp, N. E., 2006: Trends in Proboscidean Diversity in the African
Cenozoic. J. Mammalian Evolution, 13, 1, 1 — 10.

ToTH, Cs., 2006a: Osteologickd morfometria, paleogeografia
a paleoekoldgia terciérnych a kvartérnych chobotnatcov
(Proboscidea, Mammalia) Slovenska. Pisomna ¢ast skusky
postgraduélneho Studia. Manuskript. Bratislava, archiv Katedry
geoldgie a paleontoldgie PriF UK, 100 s.

ToTH, Cs., 2006b: Paleoekoldgia a stratigrafické rozsirenie
chobotnatcov (Proboscidea, Mammalia) vrchného terciéru
a kvartéru Slovenska. Ekosystémy vrchného miocénu, pliocénu
a kvartéru — indikator veku a klimatickych zmien. Manuskript.
Bratislava, Vedecko-technicky projekt Ministerstva Skolstva
Slovenskej republiky, 27 s.

ToTH, Cs., 2006c: Nalezy chobotnatcov (Proboscidea, Mammalia)
z lokalit Strekov a Nova Vieska (Hronska pahorkatina,
Slovensko). In: Abelovéa, M. & Ivanov, M. (eds.): Kvartér 2006.
Brno, Sbornik abstraktoy, 28 — 29.

ToTH, Cs., 2006d: Deinotheres (Proboscidea, Mammalia)
of Slovakia, an overview. Miner. Slov., Geovestnik (Bratislava),
38,4,13.

ToTH, Cs., 2007: Nalezy primitivnych elefantidov z lokality
Nova Vieska (Hronska pahorkatina). Studentska vedecka
konferencia, 18. april 2007, Bratislava. In: Zbor. prispevkov.
2.2v., 178 - 180.

ToTtH, Cs. & KREMPASKA, Z., 2008: Pliocene Proboscidea
remains from travertine Drevenik site (near SpiSské
Podhradie, Slovakia). In: Krempaska, Z. (ed.): 6th Meeting



Cs. Téth: Paleoekoldgia a diverzita neogénnych chobotnatcov (Proboscidea, Mammalia) na slovenskom tzemi
Zapadnych Karpat v zavislosti od klimatickych zmien a biotickych interakcii 451

of the European Association of Vertebrate Palaeontologists.
Volume of Abstracts, SpiSska Nova Ves, 116 p.

VAN DER MADE, J. & MAZz0, A., 2003: Proboscidean dispersals from
Africa towards Western Europe. In: Reumer, J. W. F,, De Vos, J.
& Mol, D. (eds.): Advances in Mammoth Research. Deinsea,
9,437 — 452.

Vass, D., 2002: Litostratigrafia Zapadnych Karpat: neogén
a budinsky paleogén. Bratislava, SGUDS, 202 s.

ZapFe, H., 1954: Die Fauna der miozénen Spaltenfillung
von Neudorf a. d. March (CSR) Proboscidea. Sitz.-Ber. Bayer.
Akad. Wiss., math.-naturwiss. KI. 1, 163, 71 — 87

Rukopis doruceny 2. 2. 2010
Revidovana verzia dorué¢ena 18. 10. 2010
Rukopis akceptovany red. radou 8. 12. 2010

Paleoecology and diversity of Neogene proboscideans (Proboscidea,
Mammalia) from the Slovak part of the Western Carpathians area
depending on climatic changes and biotic interactions

Proboscideans represent the important elements of
the Neogene large mammal community in Slovak territory
of the Western Carpathians. Paleobiogeographical
configurations, climatic fluctuations and orogen building
radically influenced the taxonomic composition and the
ecomorphological diversity of these mammals. Present
study analyses the fossil material found at 31 localities
in Slovakia, biostratigraphically dated from Ottnangian
(MN 4) up to Late Pliocene (MN 17).

The first occurrence of deinothere (Prodeinotherium
cuvieri) in Slovakia from the Lower Miocene strata is
a key paleobiogeographical and biostratigraphical marker
(Tassy, 1990). However, due to the lack of more numerous
finds, we have only fragmentary data concerning
proboscideans diversity from Early Miocene. From the time
between Middle Miocene to Late Pliocene the findings are
more frequent, and four distinct periods of proboscidean
diversity have been recognized. The boundary between
them marked both the considerable environmental and the
faunal turnovers linked with quantitative and qualitative
changes of proboscidean taxa (Figs. 1 and 2).

1. Badenian/Sarmatian (MN 6—MN 7/8) association of
proboscidean taxa belongs to two ecomorphological groups
— browsers (deinotheres—Prodeinotherium bavaricum and
Deinotherium giganteum) and non-specialized browsers/
grazers (trilophodont bunodont species Gomphotherium
angustidens and mammutid — Zygolophodon turicensis).
Relatively high diversity of taxa indicates variable ecological
adaptation to the different niches in subtropical, regionally
heterogeneous environment.

2. In Early Pannonian (MN 9) the considerable
paleogeographic changes took place. They controlled the
diversity of proboscideans by both the numeric reduction
and the quantitative change of taxa. Both Middle Miocene
“mastodonts” disappeared and were replaced by immigrant
species of typical “hipparion fauna” — Tetralophodon
longirostris, which was ecologically better adapted to open

grassy areas with the sparse forests. Beside T longirostris,
a deinothere (D. giganteum) is known from this period.
Representation of both previous ecomorphological groups
are continually presented, but no remains of mammutid
taxa are known from the entire period of Vallesian in
Slovakia. All Vallesian finds of proboscideans are restricted
to biozone MN 9 only, which corresponds with the scarcity
of localities.

3. In the Late Pannonian-Pontian (MN 12—MN 137?),
a maximal diversity of taxa has been documented. Some
of them probably represent an upper stratigraphical
occurrence of taxa (“Mammut” aff. borsoni and
Deinotherium proavum) which were present in Europe at
the boundary of Vallesian and Turolian (Markov, 2008b). On
the other hand new progressive immigrant taxa of genus
Anancus (A. sp., slightly later A. arvernensis and probably
A. aff. arvernensis) firstly appeared in the area of Slovakia.
Co-existence of an assemblage of browser/grazer species
indicates their ecological differentiation in feeding habits.
However, competition between Tetralophodon sp. and
immigrant taxa of genus Anancus, which could cause the
final disappearance of the first mentioned one, can not be
excluded. Also in this period, the last occurrence of probably
strictly browser Deinotherium proavum is documented,
which extincts in the consequence of the gradual humidity
decrease and the disappearance of its particular niche of
forested habitats.

4. “Mammut” aff. borsoni was still present in Pontian—
Early Dacian (MN 13-MN 14), “typical” “Mammut”
borsoni is documented from MN 15. A. arvernensis and
“M? borsoni co-occurred more or less continually up to the
Late Romanian (MN 17). Their different molar morphology
permits partitioning of the mosaic woodland niches.
Also in the Late Romanian (MN 17), the first occurrence
of elephantid — Mammuthus cf. meridionalis (member
of the third ecomorphological group — strictly grazer) is
documented, which indicates the gradual spreading and
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enlargement of open woody steppe biotopes with lowered
humidity to the territory of Central Europe. Climatic and
drastic environmental changes together with the possible
biotic competition of this immigrant progressive taxon

could lead to the definitive extinction of “M.” borsoni and
A. arvernensis. For the whole period of Pleistocene, solely
highly specialized taxa of two genera of the Elephantidae
are present in the fossil record Slovakia.
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Abstract

The Ladinian—-Lower Carnian biohermal Raming Limestone exposed in the vicinity of the
village Liptovska Osada (Western Carpathians, Slovakia) is well known by its rich content of
fossil invertebrates. Although echinoderms are also very abundant in this lithofacies, they have
never been studied in detail. From the small cavern and fissure fillings in the biohermal limestone
a number of echinoderm ossicles have been collected. They belong to six echinoid and one
crinoid species. Because echinoids are preserved mostly as isolate spines, they are treated
parataxonomically. Finally, taphonomy and paleoecology of recognized fauna is also discussed.

Key words: echinoids, crinoids, biohermal Raming Limestone, Ladinian-Lower Carnian,

Western Carpathians

Introduction

At the end of the Permian, echinoderms, a highly
diversified group of marine invertebrates in the Paleozoic
era became almost extinct. Only very few species of
crinoids, echinoids and other members of the echinoderm
groups survived this mass extinction event at the end
of Permian. Consequently, during the Early Triassic,
echinoderms were poorly diversified and inhabited certain
environments only. However, during the Middle and Late
Triassic the echinoderms became widespread and highly
diversified again.

In the Triassic deposits of Europe and Asia, echinoderms
are commonly preserved as intact fossils. A very good
example is represented by the Muschelkalk of the Central
Europe (Hagdorn, 1999, and literature cited therein) with
the beautifully preserved crinoids and other echinoderms.
In the Triassic deposits of the Western Carpathians
echinoderms are also very common. Unfortunately, in
most cases they are preserved as fragments or isolated
ossicles only. This unfavourable preservation and low
stratigraphic potential was probably the reason why Triassic
echinoderms were omitted from the most paleontological
studies concerning Triassic macrobenthic fauna from the
Western Carpathians. Only few works have dealt with
echinoderm taxonomy and paleoecology in detail. One
of the first studies was carried out by Lefeld (1953) who
described beautifully preserved crowns of Dadocrinus
grundeyi Langenhan from the Middle Triassic deposits of
the Polish Tatra Mts. Additionally, Kotariski (1959) during his
stratigraphical research on the Middle Triassic deposits of
the Tatra Mts. considered Dadocrinus as an indicator of the
Anisian. Two Middle Triassic (Anisian) crinoids Dadocrinus
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gracilis (Buch) and Encrinus liliiformis Lamarck were also
reported from the Hainburg Hills in the northeast Austria
(Kristan-Tollmann and Spendlingwimmer, 1975). More
recently, Niedzwiedzki and Salamon (2006) described
isolated columnals of five crinoid species recognized in
the Middle Triassic carbonate deposits of three tectonic
units (Tatricum, Fatricum and Hronicum). Finally, Ledvak
(2010) described stem fragments of pseudoplanktonic
crinoid Traumatocrinus from the Upper Ladinian Reifling
Limestone and Carnian black shales of Svarin Formation
in the Nizke Tatry Mts.

In many works, echinoderms are commonly mentioned
in the lithological or microfacies analyses of carbonate
rocks but without any taxonomical description or
illustration. This is also the case of the Raming Limestone
at Liptovska Osada (Fig. 1) from which Jablonsky (1973)
and Bujnovsky et al. (1975) mentioned echinoid spines of
Cidaris dorsata Braun, Cidaris hausmanni Wissmann and
crinoid columnals of Encrinus cassianus Laube. Present
study tries to fill this gap and enlarge the knowledge of the
Triassic echinoderms coming from the Western Carpathian
orogen.

Geographical and geological settings

The studied locality represents an abandoned quarry
situated about 500 meters south from the Liptovska Osada
village at the boundary of the Nizke Tatry and Velka
Fatra Mts. (Fig. 2). In the small quarry, Middle and Upper
Triassic carbonate sequence of the Hronicum is exposed.
The lower part of the sequence represents the light grey
biohermal Raming Limestone. Because ammonites and
conodonts are very rare in this formation and have not
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Fig. 1. The abandoned quarry near the village Liptovska Osada, frontal panoramatic view. The line marks the boundary between Raming

(R) and Korytnica (K) Limestone. Photo was taken during summer 2010.

poorly diversified echinoderm and brachiopod fauna which

indicates Ladinian—Cordevolian age.

been described so far, the exact stratigraphical range of the
Raming Formation is still unclear. Based on Sphinctozoa

Jablonsky (1971) considered the Raming Limestone to be

the

In the upper part of the exposed sequence,
Raming Limestone is overlain by the grey to black thick-

of Ladinian age. Additionally, from the uppermost part of

the Raming Limestone Bujnovsky et al. (1975

limestone with small bodies
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of biohermal limestone (patch-reef bodies). This part of
the sequence was introduced as a new lithostratigraphical
unit — Korytnica Limestone, and placed into Julian on the
basis of the brachiopod and bivalve fauna by Bujnovsky
et al. (. c.). Jablonsky (1973) previously suggested for
the organodetrital limestone Julian or Cordevolian age.
More precise dating of this unit was given by Gazdicki
etal.(1978), who described rich assemblage of foraminifers,
conodonts, holothurian sclerites and sponge spicules.
On the basis of holothurian sclerites Gazdicki et al. (I. c.)
assigned the Korytnica Limestone into Cordevolian, Theelia
koeveskalensis Zone in the sense of Mostler (1972).

Material and methods

Studied material was taken from the light grey biohermal
limestone exposed at the left margin of the abandoned
quarry. Because of the massive nature of the limestone,
the macrofossils were sampled almost exclusively from
the weathered rock surface. The best preserved material
consisting of the crinoid and echinoid ossicles, was
obtained from the small fissures and caverns filled by the
muddy sediment. Since this sediment is weakly lithified,
echinoderm ossicles could be easily extracted using chisel
and brush. To remove remaining mud, some specimens
were treated with the alcohol-detergent Rewoquad.
Specimens prepared for SEM photographing were
additionally cleaned with ultrasound.

Figured echinoderm ossicles are deposited in the
Slovak National Museum, Bratislava, under SNM Z 36943
— Z 36957. All remaining material is stored in the personal
collection of the first author.

Systematic description

Because isolated spines cannot be attributed to certain
echinoid test fragments and thus to any formal species,
their systematics is based on parataxa. Echinoid species
(parataxa) based solely on the spine morphology are
classically assigned to “Cidaris”.

Fig. 3. Close up view on weathered surface of a small cavern in
biohermal limestone. Well preserved spine of “Cidaris” trigona is
exposed in the centre.

Class: ECHINOIDEA Leske, 1778
Subclass: Cidaroidea Smith, 1984

“Cidaris” dorsata Braun, 1841

(Figs.4A — D)

1858 Cidaris dorsata Braun — Desor, p. 19, Pl. 2, Fig. 4

1865 Cidaris dorsata Braun — Laube, p. 283, PI. 9,
Fig. 12

1909 “Cidaris” dorsata — Bather, p. 178, PI. 11, Figs.
334 — 339

1909 “Cidaris” dorsata typica — Bather, p. 179, PI. 11,
Figs. 310, 311, PI. 14, Fig. 438

1909 “Cidaris” dorsata marginata mut. nov. — Bather,
p. 180, PI. 11, Figs. 312 — 333; PI. 12, Fig. 439

1957 Cidaris dorsata (Bronn. mns.) Minster — Szdrényi,
p. 130, PI. 5 (unnumbered figure)

1973 Cidaris dorsata Braun — Zardini, p. 17, PI. 7, Figs.

29 — 34; PI. 8, Figs. 1 — 19; PL. 9, Fig. 10; PI. 11,
Fig. 48; PI. 18, Figs. 39 — 41

Material: 10 spines with or without the base and numerous
spine fragments.

Description: Spines are stout and clavate with the length
ranging from few millimeters up to 2 cm. In the cross
section spines are circular or slightly depressed. Maximal
diameter lies in the upper half, but it can also be situated
in the middle section. Shaft is covered by the dense and
irregularly arranged pustules, which can be relatively
long and uprising, or low. In some specimens pustules
can be arranged in indistinct rows (Fig. 4A). Neck is
short and smooth. Large or rarely small spines may have
a ring of minute perforations in the uppermost part of
the neck directly beneath the shaft (Fig. 4A, B, D). Base
is relatively short and separated from the collar by the
well developed milled ring. Margin of the acetabulum
is non-crenulated.

Remarks: A large number of spine based “species” is
known from the Triassic of Western Europe and Asia.
Probably most of these parataxa were described from the
Upper Ladinian—Lower Carnian dolomites of the famous
St. Cassian. In the Cassian Formation “Cidaris” dorsata
co-occur with the similar species “Cidaris” hausmanni
and “Cidaris” trigona. The former species differ from
“C” dorsata with its narrower and fusiform spines and
with the shaft having pustules arranged in the distinct
longitudinal rows. The latter species “C.” trigona has
also a shaft with the dense and irregularly arranged
pustules, but its transverse profile is strongly depressed,
not circular. All three mentioned parataxa are generally
close in morphology and commonly co-occur in the fossil
record. This may suggest that they were situated in the
different regions of one type of echinoid test and thus
could belong to one nominal species. Only new finds of
the echinoid tests with associated spines can solve this
problem.

Distribution: Clavate spines assigned to “C.”dorsata are
common in the dolomites of St. Cassian (ltaly) and in the
Ladinian—Carnian deposits of Bakony Mts. (Hungary).
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In the biohermal Raming Limestone at Liptovska Osada
these spines represent the most common echinoderm
remains.

“Cidaris” trigona Minster, 1841
(Fig. 4E)

1865 Cidaris trigona Munster — Desor, p. 19, PI. 2, Fig. 3
1909 “Cidaris”trigona Munster — Bather, p. 219, PI. 13,

Figs. 413 — 416
1973 Cidaris trigona Munster — Zardini, p. 16, PI. 7, Figs.
11-20

Material: One complete spine.

Description: The spine is moderately large with the ovate
and strongly depressed shaft covered by the irregularly
arranged pustules. In the middle and upper part of the
shaft pustules are relatively large and uniform, but they

diminish towards the neck. They are directing outwards
and slightly upwards. The neck is relatively short and
smooth. It is well separated from the markedly sunken
collar. Milled ring is poorly developed and the base
moderately high. Margin of the acetabulum is non-
-crenulated.

Remarks: “Ctrigona includes by the original designation
two spine types: relative massive spines with more or less
trigonal profile and the spines with strongly depressed
shaft. Our material represents the second type. “C.
trigona closely resembles spines of “Cidaris ’alata which
are also depressed in the profile and have shaft covered
by the irregularly arranged pustules. The only character
which separates these two species is the lateral keel
present in “C.alata, but absent in “C.’trigona. However,
both parataxa show some variability in ornamentation
which may cause confusions in determination.

Distribution: Similar as for “C.”dorsata.

Fig. 4. Echinoid spines from biohermal Raming Limestone. A — D — “Cidaris” dorsata Braun, 1841, SNM Z 36943-36946; E — “Cidaris”
trigona Munster, 1841, SNM Z 36947; F — “Cidaris” flexuosa Munster, 1841, SNM Z 36948; G — H — “Cidaris” waechteri Wissmann
in Mlnster, 1841, SNM Z 36949-36950. Scale bars equal 5 mm (horizontal, A — E) and 1 mm (vertical, F — H).
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“Cidaris” flexuosa Munster, 1841

(Fig. 4F)
1855 Cidaris flexuosa Munst. — Desor, p. 22, PI. 2, Figs.
30, 31
1865 Cidaris flexuosa Munster — Laube, p. 290, PI. 10,
Fig. 7
1973 Cidaris flexuosa Munster — Zardini, p. 25, PI. 13,

Figs. 16 — 19; PI. 14, Figs. 1 — 17; PI. 15, Figs. 1, 2;
PI. 22, Figs. 13, 15, 16

Material: One spine fragment.

Description: The fragment is cylindrical and about 5 mm
long. The shaft is ornamented with the transversal ridges
which have a wave-like form.More delicate ornamentation
is represented by the densely arranged longitudinal
crests which form a fine striation. Ornamentation on
the opposite side of the spine fragment is composed
of regularly arranged notches. Unfortunately this
ornamentation is poorly preserved (for the better detalil
see Zardini, 1973, PI. 14, Fig. 16a, c).

Remarks: “C. flexuosa is well known by its typical
ornamentation composed of transversal ridges which
may be oblique or wavy. Our material is almost identical
to spines figured by Zardini (I. c.) on PI. 14, Fig. 16.

Distribution: Common species in Cassian Formation.

“Cidaris” waechteri Wissmann in Minster, 1841
(Fig. 4H)

1855 Cidaris waechteri Wissmann — Desor, p. 22, PI. 2,
Fig. 27

“Cidaris”waechteri Wissmann in Miinster — Bather,
p. 191, PI. 12, Figs. 347 — 351

Cidaris waechteri Wissmann in Mlnster — Zardini,
p. 24, PI. 10, Figs. 7, 12, 18, 31, 35, 36; PI. 11, Figs.
32-43

1909

1973

Material: One complete spine and several spine
fragments.

Description: Spines are small, narrow and fusiform.
In the cross section they are circular with the stellate
margin. The only one complete spine is tapering distally
and posses a sharp tip. The shaft is ornamented by the
several distinct longitudinal ribs which bear a single
row of relatively large and densely arranged pustules.
Pustules are generally uniform throughout the shaft,
only slightly reduced in the lower part. Two adjacent
ribs are well separated by a distinct furrow. Neck is very
short and smooth. Margin of the acetabulum is non-
-crenulated.

Remarks: Described spines represent small specimens of
“C”waechteri. They may be well compared with material
known from the Cassian Formation (compare Zardini,
1973, PI. 10, Figs. 7, 12 and 19). From the whole spectrum
of Triassic cidarid the spines “C.” waechteri mostly
resemble “C.” hausmanni. However, in “C.” hausmanni
the longitudinal rows of pustules are more densely
spaced and they are not arranged on ridges as well.
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Distribution: Common parataxon in Ladinian—Carnian
deposits of St. Cassian and Bakony Mts.

“Cidaris” buchi Munster in Goldfuss, 1829
(Figs. 5A; — Ay)

1855 Cidaris buchii Munst. — Desor, p. 20, Tab. 2, Fig. 8

1865 Cidaris buchii Miinster — Laube, p. 288, PI. 10,
Fig. 2

1909 Anaulocidaris buchi — Bather, p. 155, PI. 10, Figs.
245 - 255

1973 Cidaris buchi Munster — Zardini, p. 22, PI. 17, Figs.

1-4;Pl. 19, Fig. 1

Material: One incomplete spine with the base.

Description: The spine is relatively small and has partly
broken shaft. The broad flattened shaft is strongly inclined
and possesses fine ornamentation of densely arranged
longitudinal crests which form a fine striation. Neck is
short, but it can be hardly distinguished from the shaft.
Milled ring is also poorly preserved. The base is wide and
non-crenulated and has a deep concave acetabulum.

Remarks: Spines of “C.”’buchi can be easily recognized by
theirflattened shaft which may lie in the vertical, horizontal
or oblique position to the neck. The only species which
resembles “C.”buchi is “C.testudo. Bather (1909) gave
a number of characters which can be used to distinguish
these two species. However, if comparing their variability
and morphology of their different forms, it is unlikely, that
they represent separate parataxa.

Distribution: Until now, this species was known only from
St. Cassian (if excluding “C.”testudo from the Bakony
Mts.).

Cidaroidea indet.
(Figs. 5B, C;—C,)

Material: 2 interambulacral plates.

Distribution: Interambulacral plates are wider than
high and bear one large primary tubercle which
occupies most of the plate surface. Both plates have
distinctly crenulated primary tubercles with moderately
large and perforate mamelon. Areoles are oval and
slightly incised. Scrobicular tubercles are large and
differentiated. They are sparsely arranged along adradial
and interradial margins. Few extrascrobicular tubercles
are heterogeneous and also confined to adradial and
interradial parts of both plates. One interambulacral plate
has visible denticulation at adradial margin.

Remarks: Kier (1977) described from the Cassian
Formation several corona fragments and interambulacral
plates which strongly resemble our material. He assigned
them to three “species with crenulated tubercles” Because
specimens from the Raming Fm. are so fragmental, no
exact comparison can be made. However, basing on the
morphology of the interambulacral plates, no significant
differences can be recognized.

Distribution: Known from Raming Lm. and possibly
Cassian Fm.
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Fig. 5. Echinoid spines and interambulacral plates. A; —A; — “Cidaris” buchi Munster in Goldfuss, 1829, in the plane (A,), lateral (Ay)
and oral (A3) views, SNM Z 36951; B, C, — C, — Cidaridae indet. in external (B, C;) and internal (C,) views, SNM Z 36952-36953. Scale
bar equals 3 mm.

Class CRINOIDEA Miller, 1821
Subclass Articulata Zittel, 1879
Order Isocrinida Sieverts-Doreck, 1952

Isocrinus tyrolensis (Laube, 1865)
(Figs. 6A — D)

1865 Pentacrinus tyrolensis Laube — Laube, p. 57, PI. 8,
Fig. 19
Isocrinus tyrolensis major subsp. nov. — Bather,
p. 32 — 36, PI. 2, Figs. 39 - 50
Isocrinus tyrolensis var. o~y — Bather, var. o, p. 36,
37, PI. 2, Figs. 51 — 53, 55, 56; var. B, p. 37, Pl. 2,
Fig. 54; var. v, p. 37, 38, PI. 2, Figs. 57 — 60
Tyrolecrinus tyrolensis — Klikushin, p. 87, text-fig. 4a
Tyrolecrinus tyrolensis (Laube, 1865) — Klikushin,
p. 117, text-fig. 17a, b; PI. 13, Fig. 7
Tyrolecrinus sp. cf. T tyrolensis — Baumiller &
Hagdorn, p. 227, Fig.6a — ¢

1909

1909

1983
1992

1995

Material: 15 columnals, 5 pluricolumnals — each with
single nodal.

Description: Columnals are small, up to 3mm in diameter.
Internodals are sub-pentagonal to pentalobate, in
small specimens almost circular. Nodals are distinctly
sub-stellate with rounded interradii. They may be equal
in size to internodals or slightly higher. Articulation
between internodals represents symplexy with
a distinct crenulation pattern. Marginal and adradial

crenulae are mostly long. Marginal crenulae increase
in length towards the radius and all reach the columnal
margin. The adradial crenulae of adjacent areole may
be indistinctly separated or more commonly fused
with their distal ends. Symplectial areoles are slender
and elliptical. Lumen is moderately small. Articulation
between the nodal and infranodal is cryptosymplectial
with the minute marginal and adradial crenulae. Latera
of both nodals and internodals is straight or slightly
concave and smooth. Indistinct radial pores are present.
In the lateral side nodals have 5 relatively small cirral
scars which can be circular or slightly depressed.
Cirral scars are markedly sunken in the radial areas
and projecting downwards. Noditaxis is composed
of 6 columnals.

Remarks: /. tyrolensis represents the earliest known
isocrinid with cryptosymplexy between nodals and
infranodals. This is probably the most important feature
which distinguishes the advanced isocrinids from
Holocrinus species (Hagdorn, 1983). Considering the
stem morphology of some Triassic isocrinid species
Klikushin (1983) established new genus Tyrolecrinus
and designated /. tyrolensis its type species. Klikushin
(I. c.) distinguished Tyrolecrinus from other isocrinid
genera by the equal size of nodals to internodals
hawing both smooth latera, by nodals having 5 rather
small cirral scars which are directed downwards and
by the lanceolate or drop like areoles bordered by the
large clenulae. However, these characters are not good
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Fig. 6. Columnals of [socrinus
tyrolensis (Laube, 1865). A, C,
D — articular surfaces of internodals
(all represent symplexy), SNM Z
36954-36956; B — cryptosymplexy of
infranodal with minute adradial and
marginal crenulae, SNM Z 36957
Scale bar equals 1 mm.

indicators for establishing a phylogenetic relationship
because they are highly influenced by the ontogeny
and position of columnals in the stem. Therefore,
and according to the presence of cryptosymplexial
articulation between nodals and infranodals with the
minute marginal and adradial crenulae, the present
species is assigned back to Isocrinus.

Distribution: /. tyrolensis was reported from the
Ladinian — Carnian deposits of Italy, Hungary, and
Russia and sporadically from other regions of the
Western Europe. Poruba (1951) reported this species
also from the Wetterstein Limestone, Muran nappe.

Discussion and conclusion

As seen from the fauna described above, echinoderms
from the Raming Limestone are preserved exclusively
as disarticulate ossicles. This unfavourable preservation
results from their delicate skeletons and from original
environment conditions.

In the case of Triassic echinoids their bodies were
composed mostly of imbricate plates which could easily
disjoin after death. Disintegration of echinoid skeletons
could also be accelerated if exposed to strong currents,
common in the shallow reef environments. Crinoids have
also multi-element skeletons composed of many ossicles
connected with soft tissue. Consequently crinoids can
disarticulate into fragments within a few days after
death (Cain, 1968; Meyer, 1971). Only if buried alive or

immediately after death echinoids and crinoids could
be preserved intact. This however, has not been observed
in the case of Raming Limestone.

Most Triassic echinoids belong to primitive cidaroids
which lived on the sea floor using their strong jaws to
rasp algae and small epibionts. Recent cidaroids are
relatively abundant and well diversified in the reef dwelling
communities. Because of the fragmentary nature of the
echinoids found in the Raming Limestone, their diversity
can not be clearly determined.

Only one crinoid species Isocrinus tyrolensis
has been recognized in the Raming Limestone. This
species belongs to isocrinids, a large group of free
living crinoids which use their cirri for attachment and
locomotion. They anchor to a hard or soft sediment and
use their crowns to filter small microorganisms from the
sea water. . tyrolensis represents one of the earliest
isocrinids with cryptosymplectial articulation between
the lower facet of a nodal and the adjacent internodal.
Cryptosymplexy is a type of articulation with strongly
reduced crenularium and thus represents the weakest
point in the crinoid stalk. If exposed to strong currents,
crinoid stalks could brake preferably between columnals
with cryptosymplexies. Because the cryptosymplexy
occurs always at the lower surface of a nodal element,
breaking of the stalk in this point would give crinoids
a great opportunity to re-anchor again. Cryptosymplexies
represent also specialized sites for the autotomy (Emson
and Wilkie, 1980).
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Abstract

The article deals with the possibility to apply the natural sorbents zeolite and bentonite,
compares their sorption capacity and selects the suitable sorbents for the sorption of cadmium,
chromium and lead in the contaminated sediments from the locality water reservoir Ruzin |. These
areas are well-known for their mining and metallurgical activities lasting several centuries. The
heavy metals from the source of pollution are transported by the river water and accumulated in
sediments. These metals may come directly from the weathering process of rocks, where the soil-
-forming process influences their concentration and distribution. The results obtained during the
determination of the influence of sorbents on the sorption of Cd, Cr and Pb have demonstrated
that on the sorption of cadmium and chromium the bentonite has the most significant sorption
capability from three used sorbents in the order: Bentovet K (bentonite from Hlinik nad Hronom,
product of the firm GENES, a. s.) > zeolite from Nizny Hrabovec > zeolite from Majerovce for all
samples S1 — S5. The results for the sorption of lead are in the order: zeolite Nizny Hrabovec >
Bentovet K > zeolite from Majerovce.

Key words: cadmium, chromium, lead, bottom sediments, immobilization, natural sorbents

Introduction

Sediments play an important role in aquatic systems,
both as a medium where contaminants can be stored and
as a source of these contaminants to the overlying water
and to biota. Due to their ability to sequester metals, the
sediments are a good indicator of the water quality and
record the effects of anthropogenic emissions (Baudo in
Quevauviller, 1990). Cadmium is a natural, usually minor
constituent of the surface and groundwater. It may exist in
the water as the hydrated ion, in inorganic complexes such
as carbonates, hydroxides, chlorides or sulphates, or as
organic complexes with humic acids. Cadmium may enter
aquatic systems through weathering and erosion of soils
and the bedrock, atmospheric deposition, direct discharge
from industrial operations, leakage from the landfills and
the contaminated sites, and the dispersive use of the
sludge and fertilizers in agriculture. Particulate matter may
rapidly adsorb much of the cadmium entering the fresh
waters from the industrial sources, and thus sediment may
be a significant place of storage for the cadmium emitted
to the aquatic environment (WHO 1992). Some data show
that recent sediments in lakes and streams range from 0.2
to 0.9 ppm in contrast to the levels of generally less than
0.1 ppm cited above for fresh waters (Cook et al., 1995).
Although Cr is an essential nutrient for human (lyengar
et al., 1989), there is no doubt that Cr¥' compounds are
both acutely and chronically toxic (Rinehart, 1989). The
dose threshold effect for this element has not been yet
determined accurately enough to allow regulations to
be defined. However some risk assessment analysis is
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currently being undertaken. Cr' is less toxic than some
other elements (Hg, Cd, Pb, Ni and Zn) to mammalian
and aquatic organism, probably due to the low solubility
of this element in its trivalent form (Moore et al., 1984).
Cr'"" compounds also have a very low mobility in soils and
are thus relatively unavailable to plants (Adriano, 1986).
Compared to Cr"!, the toxicity of Cr'!' is not significant. Lead
is a highly toxic metal found in small amounts in the earth’s
crust. Because of its abundance, low cost, and physical
properties, lead and lead compounds have been used in
a wide variety of products including paint, ceramics, pipes,
solders, gasoline, batteries, and cosmetics. Today, the
most common sources of lead exposure are lead-based
paint in older homes, contaminated soil, household dust,
drinking water and lead crystal. The region of the Central
Spi§ was classified as a loaded region, where the water
reservoir Ruzin | is also situated. Mining operations with
the subsequent processing of complex metals and copper
ores left negative effects in this region. The region has three
general industrial sources of contamination, Rudfany,
Krompachy and SpiSskd Nova Ves. Water reservoir
Ruzin I, situated on the river Hornad, is shown in Fig. 1.
It assumes that the main sources of the contamination are
the river-basin of the Hornad river and its biggest tributary
the Hnilec river. The most part of depositions lie in the
branches of the reservoir, where the rivers flow into the
free maximal headwater level of the reservoir and deposit
eroded materials and pollutants. The bottom sediments of
the water reservoir are contaminated by heavy metals as
Cu, Pb, Ni, Zn, Cd, Cr, As and Hg (Bobro, 1996). Sediment
is evaluated as a complicated, dynamic, chemical and
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Fig. 1. The location of the sampling
of sediments S1 — S5 from the water

biological reactive system including matter, which comes
from the erosion and sedimentation processes. The mobility
and redistribution of heavy metals are influenced by the
character of interaction (pH, redox potential, sorption/de-
sorption, precipitation, precipitation-dissolution, the rise
of organic and inorganic complexes, etc.; Borovec, 2008).
Soil pH is one of parameters that affect significantly to
the share of bioavailable forms of metals. Increased
proportions of mobile fractions of metals in the Central
Spi$ region were detected in samples taken from soils with
acidic pH (Takag¢ et al., 2009). Madrid et al. (2008) found
from the results for zeolite of Sevilla soils that this material
is not suitable to decrease metal (Cu, Zn and Pb) in these
soils. Then, the overall effect would only be an increase
in metal exchangeability.

Adsorption is the most efficient and economical
physico-chemical method for the immobilization of heavy
metals from the wastewater and contaminated soils.
The efficiency of heavy metals immobilization from the
wastewaters depends on the quality of used sorbents.
The sorption velocity is influenced by pH of environment,
the sorption into soil increases at a lower pH value. One
of the possibilities of the heavy metals immobilization is
the application of sorbents as natural zeolites, bentonites,
active coal and the others.

The aim of presented work was the research of the
influence of the sorbents zeolite (from Nizny Hrabovec
and Majerovce), bentovet K on a decrease of cadmium,
chromium and lead contents in contaminated sediments

reservoir Ruzin | (www.mapy.zoznam.sk).

from the water reservoir Ruzin | from the Hnilec river
branch.

Natural zeolites have a solid structure formed by the
polyoxides of silicon and aluminium, with a large adsorption
surface; they are hydrophilic, polar, microporous and
thermal resistive (FoldeSova et al., 2007). Bentonite is
a natural clay, soft and oozy in the wet state. It consists
of montmorillonite, a mineral with a multi-layer structure
having a high ion exchange capacity and adsorptive
ability.

Materials and methods

The used method consisted from the static sorption of
cadmium, chromium and lead ions on 3 types of sorbents
carried out on 5 samples of sediments, which were taken
from the Hnilec river branch of the water reservoir Ruzin |
in 2007. The samples of bottom sediments were sampled
into the glass bottles by sample device “Multisampler’

The samples were dried at room temperature, then
quarted and sieved under 0.1 mm. The sorbents zeolite
Nizny Hrabovec (fraction 50 um), zeolite Majerovce
(fraction 1 mm) and Bentovet K (bentonite from Hlinik nad
Hronom, product of the firm GENES, a. s. — 50 um) were
applied for the ion sorption in the quantity of 5 wt.%, to be
precise 1 g of sediment were added to 0.05 % of sorbent
and 10 ml of distilled water. All components were stirred
and the time dependence of cadmium, chromium and lead
ions static sorption in the interval of 21, 90 and 365 days
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Tab. 1

The values of the quality factors of sediments and of sorbents from the chosen localities of the Hnilec river basin sampled in 2007

Localities pH  Redox potential Total conc. of sediment CEC Sorbents CEC
(mV) (mg - kg™) (mol - kg™ (mol - kg™)
Cr

S1 Estuary Hornad-Hnilec 787 262 1.06 1.8 38.6 0.015 zeolite N. H. 0.805
S2 Hnilec branch Rybar house 755 259 0.57 1.5 45.6 0.84 zeolite Majerovce 0.455
83 Hnilec branch Vapenka 7.03 256 0.69 1.5 36 0.101 Bentovet K 0.590
S4 KojSov stream 725 287 0.55 14 50.8 0.058
S5 Hnilec branch Backwater 7.52 257 0.67 2.2 48.2 0.044

(CEC) Cation exchange capacity NH,* according to CSN 72 1076
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Figs. 2 — 3. The kinetic dependence of cadmium adsorption on

zeolites ZNH, ZM in the samples of the sediments S1 — S5 in the
leachates of 2M HNO; after 21, 90 and 365-day sorption.

was observed. According to the Supplement No. 2 of the
Law No.220/2004 S. c. about the protection and application
of agricultural soils, the quantity of sorbed Cd, Cr, Pb on
sorbents was examined in the leachates of 2M HNO; by
the atomic absorption spectroscopy method (AAS), Pb
was detected by the flame technique and Cd, Cr by the
graphite furnace AAS (Varian, Australia). The authors
stated that the content of metals determined with 2M
HNO; is a more effectual in the risk assessment of metals
in the environment than the total content. Bioavailability of
metals plays a key role in the risk assessment for the metal
contaminated sites such as the highly industrialized areas

10 _'\. Sorbent: Bentovet K (Cd)

Concentration (mg.kg™!)

—&— 51-0—S2 s3 s4 3

T T T T T T T
0 50 100 150 200 250 300 350 400

Time (days)

Fig. 4. The kinetic dependence of cadmium adsorption on
Bentovet K in the samples of the sediments S1 — S5 in the
leachates of 2M HNO; after 21, 90 and 365-day sorption.

under the former and present impacts of the ore mining
and smelting industry (Takac et al., 2009).

The initial sediments and sorbents properties

Qualitative mineralogical analysis of the bottom
sediment of the water reservoir Ruzin | was carried out by
the X-ray diffraction analysis. Sediments S1 — S5 contained
quartz, sericite, plagioclase as major minerals >15 % and
chlorite as a minor mineral 3 — 15 %. These minerals are
the bases for the occurrence of heavy metals. Qualitative
mineralogical analysis of sorbents confirmed that zeolite
from Nizny Hrabovec and Majerovce contained >15 %
clinoptilolite and cristobalite as major minerals and 3 — 15
% of plagioclase, quartz and dolomite as minor minerals.
Bentovet K contained more than >15 % of smectite as major
mineral and 3 — 15 % of sericite, plagioclase, magnesite and
talc as minor minerals. Specific surface of tested sediments
was determined to 5.2490 — 8.2713 m? - g

Results and discussion

Static sorption experiment used in the interval of 21,
90 and 365 days was followed. The results of the influence
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Figs. 5 — 6. The kinetic dependence of chromium adsorption

on zeolite in the samples of the sediments S1 — S5 in the leachates
of 2M HNO; after 21, 90 and 365-day sorption.
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Fig. 7. The kinetic dependence of chromium adsorption on
Bentovet K in the samples of the sediments S1 — S5 in the
leachates of 2M HNO; after 21, 90 and 365-day sorption.

of the sorbents (zeolites from Nizny Hrabovec (ZNH)
and Majerovce (ZM), bentovet K (BK) on a decrease
of Cd, Cr, Pb concentrations in the sediment samples
S1 - S5 from the water reservoir Ruzin I, from the Hnilec
river branch, are shown in Figs. 2 — 10.

The influence of sorbents on the sorption of Cd in the
leachate of sediment from the locality S1 is shown in Tabs.
2, 3 and 4. It is obvious that the highest decrease of the
concentration of Cd was confirmed in 21-day sorption
by the zeolite ZNH (from 1.06 mg - kg~' to 0.4 mg - kg™).
The concentration of Cd by the application of Bentovet K
(BK) after 90 days decreased from 1.06 mg - kg~ to 0.51
mg - kg~'. The results of the sorption of samples S2 — S5
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Figs. 8 — 9. The kinetic dependence of lead adsorption on zeolites
in the samples of the sediments S1 — S5 in the leachates of 2M
HNO; after 21, 90 and 365-day sorption.
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Fig. 10. The kinetic dependence of lead adsorption on Bentovet K
in the samples of the sediments S1 — S5 in the leachates of 2M
HNO; after 21, 90 and 365-day sorption.

shown in Tab. 1 have confirmed that the highest decrease
of Cd concentration in the leachates was reached by the
zeolite sorbents ZNH after 365-day static sorption. After
the application of zeolite ZM (S1 — S5), the reduction
of Cd concentration after 21, 90, 365 days was minimal.
The highest decrease of the concentration of Cd was
reached after 90-day sorption of Bentovet K on sample S4
(from 0.55 mg - kg~' to 0.16 mg - kg™).

As is shown in Tabs. 5, 6 and 7 the influence of sorbents
on the sorption of Cr in the leachate of sediment from the
locality S1 — S5 did not cause any important changes in Cr
concentration. Its sorption efficiency was not significantly
proved.
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Proportion decrease in the content of metals (%)

Sediments/(days) sorbent: Zeolite NH sorbent: Zeolite M sorbent: Bentovet K
Cd Cr Pb Cd Cr Pb Cd Cr Pb
S1 21 377 55.5 52.8 84.9 X X 94.4 94.5 X
90 89.6 X 100 75.5 100 79.8 48.1 72.2 70.5
365 46.7 X 74.6 85.8 X 715 68.9 100 61.1
S2 21 70.2 100 94.6 877 X 96.9 877 100 96
90 96.5 X 95.6 877 X X 98.2 X X
365 26.7 X 79.8 877 X X 877 X X
S3 21 579 X 86.7 72.5 X X 579 86.7 90
90 86.9 X 97.2 89.8 X X 68.1 100 778
365 36 X 76.7 86.9 X 80 79.7 100 66.7
S4 21 72.7 X 98.8 90.9 X X 54.5 92.8 71.2
90 96.6 X 98.8 0 X X 29.1 714 22.6
365 36 X 64.2 98.2 X 69.3 83.6 X 60.2
S5 21 59.7 X 89.6 74.6 X X 59.7 90.9 79.7
90 91 X 98.4 80.6 X X 98.5 X 98.3
365 30 X 87.9 88 X X 89.5 X X

x — the content of metals in the leachates was overdrawn on the total content of metals of sediments, zeolite NH: zeolite from Nizny

Hrabovec, ZM: zeolite from Majerovce, Bentovet K

The influence of sorbents on the sorption of Pb from
S1 - S5 localities is shown in Tabs. 8, 9 and 10. The maximum
lead concentration decrease was after 21-day sorption
by zeolite NH (from 38.6 mg - kg~' to 20.4 mg - kg™")
measured on sample S1. In the case of zeolite sorbent
ZM, its sorption efficiency was not significantly proved.
The decrease of lead concentration on the Bentovet K
from 50.8 mg - kg~' to 11.5 mg - kg~ occurred in 90-day
interval measured on sample S4. The sorption experiments
on samples S2 — S5 did not cause any important changes
in lead concentration.

A summary of the results for these experiments is
given in Tab. 2.

The most significant sorption effect of zeolite Nizny
Hrabovec was observed for the lead and cadmium
sorption after 90 days. Generally, the highest decrease
of cadmium, lead and chromium concentration in all
leachates of sediments was determined for Bentovet K. The
sorption capacity was not so strong in the case of zeolite
Majerovce for lead and chromium, the highest decrease of
concentration was reached for cadmium (85.8 — 89.8 %)
after 365-day sorption. Following the results of the kinetic
dependencies of cadmium adsorption of Bentovet K, it can
be assumed that the highest decrease of Cd concentration
occurred during 90 days for samples S2, S5 and of lead
in the case of zeolite from Nizny Hrabovec. The decrease
was in the range from 95.6 to 100 %, after 90-day sorption
for the samples S1 — S5.

Conclusion
The results obtained during the determination of the

influence of sorbents on the Cd, Cr and Pb sorption have
confirmed that the sorption of cadmium and chromium on

Bentovet K has the most significant sorption capability from
three used sorbents in the order: Bentovet K (bentonite
from Hlinik nad Hronom, product of the firm GENES, a. s.)
> zeolite from Nizny Hrabovec > zeolite from Majerovce
for all samples S1 — S5. The results for sorption of lead are
in the order: zeolite NiZny Hrabovec > Bentovet K > zeolite
from Majerovce. The kinetic dependence of cadmium,
chromium and lead adsorption on each sediment has
shown that long sorption experiments have not proved
the bond stability of metals ions in sediments. Until now,
it is not possible to recommend some of used sorbents
for the immobilization of cadmium, chromium and lead
in contaminated bottom sediments of the water reservoir
Ruzin | in the Hnilec river branch.

Reservoir sediments may be classified as complicated
dynamic system. Their chemical and biological reactivity
cause the difficulties in finding of the optimal method for the
immobilization of heavy metals in the bottom sediments.
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Surface functionalized adsorbents on the base of natural zeolite

Recently, numerous approaches have been studied for the development of new economic
and environmental technologies using biomorphic adsorbents for pollutants sequestering. In the
submitted work the scope of our investigation was to broaden the natural zeolite of clinoptilolite
type exploitation for the processes of anionic species removal from waters. The zeolite matrix
was templated or peletized by some natural polysaccharide.
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peletization

Uvod

Voda je jedna z najdélezitejSich zloziek zivotného
prostredia a jej spotreba neustale rastie nielen so
zvySujucim sa zivotnym Standardom obyvatelstva,
ale aj demografickym prirastkom populdcie na Zemi.
Zavaznym problémom sa stéva eutrofizacia povrchovych
véd spOsobena najma dusi¢nanmi a fosfore¢nanmi,
ktoré maju pévod v intenzifikacii polnohospodarskej
vyroby a v pouzivani priemyselnych hnojiv. Davkovanim
tychto priemyselnych produktov ale aj vplyvom samotnej
priemyselnej ¢innosti sa do zivotného prostredia dostavaju
mnohé cudzorodé latky a zlu€eniny, ako napr. sklenikové
plyny, fredny, perzistentné organické polutanty (POP),
tazké kovy, pesticidy, prasnost, fotochemicky smog,
detergenty, nitrozoaminy, polyaromatické uhlovodiky
(PAU) a podobné syntetické organohalogény. Fenolické
zlu€eniny ako chlérfenol, trihalogénmetéany a iné, ktoré
mézu byt produkimi reakcii dezinfekénych prostriedkov
a huminovych latok, resp. inych Zivo¢iSnych metabolitov,
su preukazatelne karcinogénne (SamesSova a Ladomersky,
2003).

Adsorpcia ako separa¢na metdda je podla histo-
rickych analov zndma uz od ¢ias antiky. Sucasna
moderna adsorpcia zaloZzena na Langmuirovej teorii
a chémii povrchov sa odhaduje na cca 80 rokov. Svoju
autondmiu ako vedna disciplina si udrziava aj zasluhou
enormnej komplexnosti fenoménu samotnej adsorpcie
a fazového rozhrania latok, ale vo vSeobecnosti aj
zésluhou kazdodenného vyskytu tohto a pribuznych feno-
ménov v prirode a spotrebitelskej praxi. Preto ju mozno
jednoznacéne oznacit ako technolégiu 21. storoCia. Stava
sa klu¢ovou metddou aj pri rozvoji progresivnej vyroby
ekologickej energie alebo inteligentnych produktov novej
generacie (tepelné Cerpadla, chladnicky, transformatory,
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klimatické zariadenia, automobily) a aplikuje sa vo vyskume
vesmiru, ¢o pre buduci vyvoj spolo¢nosti predstavuje istu
intelektualnu vyzvu (Podkoscielny a Dabrowski, 2001).

K zdrojom rbznych rizikovych prvkov patria horniny,
popoléeky, priemyselné hnojiva, COV kaly, sedimenty
tokov a nadrzi, antropogénne emisie a polutanty z prie-
myslu a automobilizmu, zo spalovni a neriadenych
skladok odpadov a podobnych ¢innosti. Prirodny zvySeny
vyskyt kovov je najmd v geochemickych anomaliach.
Na Slovensku su najvyznamnejSie geochemické
anomalie, a teda potencidlne zdroje kovov, Stiavnické
vrchy a Slovenské rudohorie (Spi$ a Gemer).V sucasnosti
su ich bane prevazne vytazené, ale pozostatky v podobe
hlusiny predstavuju stale velké nebezpecenstvo pre Siroké
okolie.

Prave u kovov, ktoré su zial v zivotnom prostredi
perzistentné prichddza do uvahy na znizenie ich
nepriaznivych vplyvov voci biote a ¢loveku okrem
konvenénych oxida¢no-redukénych a zrazacich postupov
adsorpcia. Z ekonomického hladiska ma pre domacu
aplikaciu a metal-katiénové Spécie vyznam predovSetkym
nas zeolit z priemyselného loziska pri Niznom Hrabovci
(typ klinoptilolit), ktory prejavuje selektivne vlastnosti ku
kationom kovov v nasledovnom poradi: Cs > Ag > Pb >
Ba > Co > Zn > Cu > Fe. Tieto vlastnosti domaceho
zeolitu (klinoptilolitu) boli v rozsiahlej miere preskimané
a mnohokrat publikované este v obdobi rokov 1985 — 1989,
ked Keramické zavody KoSice ako hlavny koordinator Statnej
vyskumnej ulohy iniciovali vyskum vlastnosti a moznosti
vyuzitia prirodného zeolitu z priemyselného loziska pri
Niznom Hrabovci v narodnom hospodarstve CSFR.
Problematika ochrany véd sa rieSila v ramci Ciastkovej ulohy
Vyskum vyuZitia upraveného zeolitového tufu pri tprave
a Cisteni véd na Vyskumnom ustave vodného hospodarstva
(VUVH) v Bratislave. Zaroven nemozno nespomenut
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prinos pracovnikov Katedry loZiskovej geoldgie PriF UK
v Bratislave, ktori mali najvac¢Sie zasluhy na objaveni
nasSich bohatych zasob velmi kvalitného prirodného zeolitu
(klinoptilolitu). V tomto obdobi sa na VUVH preskumali aj
vlastnosti iného druhu zeolitu — mordenitu, avSak podstatne
niz8ej kvality, ktorého vyskum v tom ¢ase financoval
Geologicky prieskum, stredisko Banské Bystrica.

V predkladanej praci sa venujeme moznosti
rozSirenia vyuzitia prirodného klinoptilolitu z loziska
Nizny Hrabovec po funkcionalizacii povrchu aj pre
sekvestraciu metal-anidnovych Spécii, a to predovSetkym
pomocou organickych templatov, prip. po jeho peletizacii
s prirodnymi polysacharidmi, ktoré nie su doposial zname
ani z literatdry, avSak v podstatnej miere by mohli rozsirit
sortiment ponuky novych, inovovanych adsorbentov na
baze lacnych prirodnych materialov. Spomedzi ostatnych
prevazne prirodnych adsorbentov (alginit, perlit, lignit,
bentonit, priemyselné popoloviny ako chezacarb, korok,
pyrolyzne uhlie, antracit, aktivne uhlie, geokompozitny
prefabrikat slovakit, granulovany hydrat Fe(lll) — GEH)
tuzemsky klinoptilolit preukazal oproti kovom jednu
z najvys$Sich uc€innosti adsorpcie, ako aj najvhodnejSie
hydrodynamické vlastnosti, kym ostatné materialy pésobili
zvacSa len paliativne (okrem GEH). Syntetické idnexy
novych generécii na baze styrén—divinyl benzénu, resp.
membranové procesy su pre nase podmienky a velké
objemy véd stale prilis nakladné (Inglezakis et al., 2005;
Horvathova, 1989; Samajova a Kraus, 1978).

Sucasné trendy vo vyvoji environmentalnych
(supramolekularnych) adsorbentov

Vyvoj novych, ale amorfnych mezopdrovitych mole-
kulovych sit (MMS) — americkou spolo¢nostou Mobil
Oil od 90. rokov minulého stor. — mbze potencidlne
ohrozit svetové trhy so zeolitom, obzvlast s ekonomicky
nakladnejsimi syntetickymi druhmi. Treba v8ak pozna-
menat, Ze tieto mezopodrovité molekulové sitd sa zatial
komeréne nevyrabaju, ale v budidcnosti mézu najst
uplatnenie aj pri adsorpcii. Ich nedostatkom je nizka
hydrotermalna stabilita, mechanicka krehkost a navyse
ako amorfné molekulové sitd nevykazuju ziadnu
priestorovu selektivitu. Pripravili sa tiez mezopdrovité
vlakna milimetrovej dizky a mikrometrového priemeru
a filmy. Usilie inkorporovat hlinik do neutrélneho sili-
katového skeletu MMS bolo spocdiatku motivované
snahou ziskat kysly katalyzator na krakovanie velkych
molekul uhlovodikov, ktoré nemozno uskuto¢nit pomocou
Standardnych katalyzatorov na baze zeolitu Y. Doposial
sa v§ak nepodarilo pripravit dostato¢ne stabilnu Struktiru
tychto aluminosilikatovych MMS. Hierarchické Struktury
templatovanych silikatovych a aluminosilikatovych MMS
sa v suUcCasnosti povazuju za najaktudlnejSi problém
v oblasti syntéz pérovitych materialov (Ratkovsky et al.,
1997).

Vzhladom na to, Ze cielom finanéne podporeného
vyskumu je Studovat kombinované, resp. kompozitné
adsorbenty na baze domaceho prirodného klinoptilolitu,
je vhodné uvedené materidly najprv charakterizovat.

Kompozitné (lat. composita = zloZzeny) materialy su
vytvorené z dvoch alebo viacerych chemickych, prip.
Strukturou rozdielnych zloziek, z ktorych aspon jedna,
oznacovana ako matrica (kovova, keramicka alebo
polymérna), je faza kontinudlna, pricom ostatné zlozky
vytvaraju fazu diskontinuélnu (v matrici dispergovanu).
Spravidla takmer vo vSetkych pripadoch kompozitnych
materialov ide o zlepSenie povodnych vlastnosti primarnej
fazy.

Samotny prirodny zeolit je v zmysle tejto definicie
v nativnej forme kompozit, a to na zaklade multipérovitosti,
ale aj viacfazového mineralneho zlozenia. V zmysle najnovsej
klasifikacie su zeolity makromolekularne klatraty, resp.
inkluzivne zlaéeniny, ktoré su svojou mikropérovitostou
a sietou pocetnych kanalov schopné pohlcovat tzv. hostujice
(guest), resp. iné, tiez intrastrukturne klatraty, pretoze tieto
integrované molekuly na rozdiel od vonkajSieho skeletu
podliehaju len slabym medzimolekulovym interakciam
(host/guest) (Chmielewska et al., 2008).

Metodika vyskumu

Pristrojové vybavenie na fyzikalno-chemicku charakterizaciu
pouzitych materialov

Na charakterizaciu pouzitych materialov boli
upotrebené riadkovaci elektrénovy mikroskop Jeol-JXA
840A s integrovanym EDX mikroanalyzatorom Kevex
a Si(Li) detektorom (Japonsko) a skenovaci tunelovaci
mikroskop STM, snimajuci v bezdotykovom mode,
NT-MDT zariadenie (Biont, a. s., Bratislava). SAXS
— metdéda malouhlového rozptylu bola vykonavana
na FF VU v Rakusku s pouzitim generatora s rotujucou
anddou, ktory bol vybaveny kamerou, zdrojom CuKo
radiacie a monochromatorom, t. j. Gébelovymi zrkadlami
(Nanostar, Bruker AXS, Karlsruhe).

Mdssbauerove spektrum bolo namerané na FEI
STU v Bratislave pomocou Standardného spektrometra
(transmisnou geometriou) s Co(Rh) zdrojom. Spektrum sa
ziskalo z praskovej formy vzoriek pri laboratérnej teplote.
Na vyhodnotenie bol pouzity program Normos. Dalej sme
pouZzili izotachoforeticky (ITF) analyzator ZKI 02 (Villa
Labeco, SR), pricom namerané koncentra¢né hodnoty boli
spracované vyuzitim ITP PRO 32 programu (Kas Comp,
Ltd. Bratislava), a UV-VIS spektrofotometer HP 8452A
(USA).

Analyzy anorganickych aniénov a azofarbiv AR 18 a AB 74

Stanovenie potravinarskeho farbiva AR 18 (acid red)
sa vykonalo na UV-VIS spektrofotometri pri vinovej dizke
506 nm a farbiva AB 74 (acid blue) pri vinovej dizke
610 nm; ortokremicitany, halogenidy, fosfore¢nany, dusic-
nany a sirany vo vodach sa analyzovali pomocou ITF.

Porovnavacie skusky jednotlivych adsorpénych
materidlov (spravidla 0,5 g navazky s analytickou
presnostou sa davkovalo do 50 ml modelového roztoku)
sa vykonavali v stacionarnych podmienkach pri dosiahnuti
rovnovaznych stavov.
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Obr. 1. SEM snimky (a) Fe-alginat-zeolitové
pelety; (b) vapex; (c) silanizovany zeolit; STM
snimka prirodného zeolitu (d); STM snimka
Fe-alginat-zeolitovych peliet (e).

Fig. 1. Scanning electron microphotographs
of (a) Fe-alginate pellets; (b) vapex; (c)
silanized zeolite; STM of natural zeolite (d);
STM of Fe-alginate-zeolite pellets (e).

Experimentalne vysledky a charakterizacia povrchovo
templatovanych a peletizovanych adsorbentov
so zeolitovou matricou

Obr. 1 znazorfiuje morfolégiu niektorych pouzitych
adsorbentov — (a) povrch Fe-alginat-zeolitovych peliet
pod rastrovacim elektronovym mikroskopom (SEM)
mozno charakterizovat ako povrazcovity, priCom asi
5 takychto povrazcov spolu predstavuje priblizne
10 um. Hydrofébizovany a expandovany perlit (vapex)
je nasnimkovany analogicky v jednotkovej mierke 20 um
(b) a silanizovany zeolit v mierke 30 um (c). Ako vidiet
na obr. 1b a 1c, mikroStruktura zeolitu po hydrofobizacii
organosilanom je morfologicky pribuzna perlitu, avSak

20

zeolit zrnity

zeolit praskovy
alginat (Fe)-zeolit
ODA - zeolit
karbonizovany zeolit

Intensity / a.u.

0 5 10 15 20 25
q/ nm”

Obr. 2. Snimky malouhlového rozptylu (SAXS) niektorych
zeolitovych produktov.

Fig. 2. SAXS analyses of some studied adsorbents.

podstatne jemnejSia. Skenovaci tunelovaci mikroskop
(STM) dokazal znazornit atomarne rozliSenie a konfiguraciu
Fe-alginat-zeolitu, potvrdzujucu vrstevnatu (paralelnu)
texturu adsorbenta. Obr. 1d je STM snimka prirodného
zeolitu a obr. 1e STM snimka alginat (Fe)-zeolitového
adsorbenta (pelety).

Charakterizacia vzoriek pomocou metédy malo-
uhlového rozptylu (SAXS) niektorych pripravenych
zeolitovych produktov, vratane prirodného v zrnitej
a praskovej konzistencii, sa uskutoCnila v spolupraci
s Viedenskou univerzitou.

Tato analytickd metdda sa dostala do povedomia
vedeckej verejnosti v suvislosti s charakterizaciou
mezoporovitych molekulovych sit (MCM-41). Ako vidiet

relative
transmission

0,99

0,98

-4 -2 0 2 4
velocity (1mn/s)

Obr. 3. Mdssbauerové spektrum prirodného klinoptilolitu.
Fig. 3. MOssbauer spectra of natural clinoptilolite.
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z obr. 2, najvySSie pozadie, a teda pritomnost amorfnej
fazy je mozné indikovat pri kompozitoch karbonizovany
a Fe-alginatovy zeolit, ¢o suvisi s najvy§s§im obsahom
mimozeolitovej fazy. ODA-klinoptilolit potvrdil lamelarnu
Strukturu naneseného templatu s priblizne 3,6 nm
vzdialenostou retazcov. SAXS analyzy zaznamenali
znizenie porovitosti o cca 13 % v hydrofébizovanom
a karbonizovanom zeolite oproti pévodnému, ale aj
o cca 20 % zvySenie (pravdepodobne mezopodrovitosti)
po peletizacii zeolitu s biomolekularnym alginatom.

Obr. 3 na doplnenie ilustruje vyskyt réznych oxida¢nych
stavov — Fe(lll) a Fe(ll) idnov pomocou Méssbauerovych
spektier (merané v kooperacii s Fakultou elektrotechniky
a informatiky STU v Bratislave). Prirodny zeolit obsahuje
cca 1 % celkového Zeleza, z toho asi 70 % Fe(lll) — dvakrat
pozorovany dublet na obr. 3 a cca 30 % Fe(ll). Aktivaciou
a dopovanim externého Fe(lll) do vzoriek sa jeho obsah
v Fe-alginat-zeolitovych peletach trojnasobne zvysil.

Obr. 4 znazornuje pKp (-log Kp — distribuény koeficient;
Kp ~ a(rov)/c(rov) v I/g) pre rbézne typy adsorbentov
a environmentéalnych polutantov. Vysledky sa ziskali
z laboratérnych experimentov zo stacionarneho rezimu,
pri dosiahnuti rovnovaznych stavov, s porovnatelnymi

vychodiskovymi koncentraciami adsorbatov. ODA zeolit (I,
II) reprezentuje hydrofdbizovany zrnity zeolit, typ klinoptilolit
z loziska pri Vranove nad Toplou pri nizSom (l) a vy§Som
(I1) stupni imobilizacie oktadecylaménneho (ODA) tenzidu.
Granulované aktivne uhlie HYS-N pochadza z Hnuste
— Likier, expandovany a hydrofébizovany perlit — Vapex
zo spolo¢nosti Kerkotherm KoSice, pyrolyzny zvySok sa
ziskal spalenim PET flias, zeocarb je karbonizovany zrnity
zeolit, slovakit je komerény geokompozitny prefabrikéat
na baze karbonatov, kaustobiolit — lignit pochadza
zo slovenského loziska na Zahori. Alginat-zeolitové pelety
(v hmotnostnom pomere 1 : 2) sa pripravili v laboratérnych
podmienkach. AR 1 a AB 74 su potravinarske azofarbiva
acid red a acid blue s dvomi a tromi benzénovymi jadrami
vo forme sulfonédtov sodnych. V zmysle uvedeného grafu
sa najlepsie vysledky dosiahli v tomto poradi (poradie
od najvysSej kapacity):

Fe alginat/zeolit (siran) > ODA-zeolit (AB 74, j6did) >
AU HYS-N (AR 1) > slovakit, zeolit (fosfat)

V snahe zvysit kapacitu klinoptilolitu a univerzalnejSie
vyuzit jeho vlastnosti ako prirodného adsorbenta sa

Adsorpéna ucinnost'(%) sorbentov pri réznych polutantoch

@ ortokremicitany

M fluoridy

Adsorpcéna
ucinnost’(%)

h )

QS‘f o,
6’O//Ir O//H/m//o//f*/\,

Obr. 5. Adsorpéna ucinnost v %
,q~ . pre rézne adsorbenty a 3 modelové
polutanty vod.

Fig. 5. Adsorption efficiency in %
for various adsorbents and 3 model
water pollutants.
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pripravilo niekolko typov peliet z jemne mletého zeolitu
(zrnitost < 0,050 mm) v spolupraci s VURUP — Slovnaft.

Obr. 5 znazoriuje adsorpénu ucinnost (v %) zo 6-tich
typov adsorbentov k ortosilikatom, fluoridom a azofarbivu
AR 18. Pod oznacéenim 20chezacarb/95zeolit+KMC je
uvedeny kombinovany peletizovany adsorbent pripraveny
z retortovych sadzi spolo¢nostou UNIPETROL Litvinov
v percentualnom pomere 20 : 95, pricom ako spojivo
obidvoch komponentov sa pouzila karboxyceluléza.

Nakolko pelety pripravené pod tlakom, bez spojiva
(20chezacarb/80zeolit), nemali dostato¢nu integritu
a primerané hydrodynamické vlastnosti, v dalSom postupe
sa navrhol len variant so spojivom. Cielom tohto vyskumu
bolo porovnat ucinnost takto ziskanych zeolitovych peliet
s ODA-klinoptilolitom, ale aj v su€asnosti vynikajucim
komerénym adsorbentom na baze hydratovanych oxidov
zeleza (GEH) a vysokoucinnych priemyselnych (odpa-
dovych) sadzi a v neposlednom rade vyuzit zvySeny efekt
adsorp&ného povrchu praskovej formy tufu. Na zaklade
S(BET) merani ma niznohrabovecky tuf adsorpény povrch
v jemne mletej frakcii pod 0,020 mm takmer 60 m?/g, takze
je priblizne 2-krat va¢sinez v zrnitostnej frakcii 0,2—1,0 mm.
Z obr. 5 je zrejmé, ze vSetky pripravené pelety, v ktorych
ma majoritné hmotnostné zastuipenie zeolit vratane ODA-
-klinoptilolitu, m6zu konkurovat produktu oznaenému ako
Chezacarb, ale v porovnani s produktom GEH vykazuju
o cca 20 % niz8iu kapacitu.

Zaver

V tomto Stadiu vyskumu nemame k dispozicii cenovu
ponuku pre vSetky produkty, ale jednoznac¢ne bude
ekonomicky ukazovatel pre adsorbenty vpravo od GEH
podstatne priaznivejsi, pretoze 1 t GEH stoji 3 750 €.
Porovnatelné mnozstvo prirodného zeolitu zo slovenského
loziska ma podstatne nizSiu cenu, ktora sa pohybuje
v desiatkach eur.

Mikronizovany zeolit mozno v najjednoduchs$ej forme
pouzit pri intenzifikacii biologického Cistenia odpadovych
vod konvenénou nitrifikaciou tak, Zze sa v narazovych stavoch
pri vysokych koncentraénych vykyvoch amoniakalneho
dusika vo vodach prida do aktivaénej nadrze, aby pohiltil
amonne ioény alebo amoniak a potom ho postupne
uvolfioval, resp. sa prostrednictvom baktérii nitrifikoval.
V uvedenych pripadoch sa prirodny zeolit vyuzival, resp.
sa okrem niekolkych dalSich aplikacii nadalej vyuziva

predovSetkym v polnohospodarstve ako podny kondicionér
pri zvySeni retencie biogénnych prvkov v péde (tzv. slow-
-release, t. j. pomaly uvolfujuci), ako nosi¢ fungicidov,
prip. pesticidov, ale aj v zivociSnej vyrobe pri skrmovani
hospodarskych zvierat a pri dezodoriz&cii (odpachovani)
exkrementov v hospodarskych objektoch. Zeolity dopované
striebornymi alebo medenymi kationmi s vhodné ako
antimikrobialne filtre do masiek, respiratorov, farbiv, ale
tiez na blokovanie mykotoxinov a oSetrenie osiva proti
plesniam, ako odpachovace do hospodarskych objektov
alebo ako desikanty technickych plynov. Znaény podiel
prirodného zeolitu odobera priemysel vyroby cementov,
kde sa zeolit spotrebuva na vyrobu portlandského
alebo puzolanového cementu pre agresivne prostredia
a stabilizaciu radioaktivnych odpadov.

Podakovanie. Vyskum je vykonavany s finané¢nou podporou
MS SR v ramci projektu VEGA 1/0193/09 a slovensko-&inskej
spoluprace SK-CN-0002-09.
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Surface functionalized adsorbents on the base of natural zeolite

Recently, numerous approaches have been done for
the development of new economic and environmental
technologies using biomorphic adsorbents for pollutants
sequestering. Zeolites are becoming widely used as
alternative materials in the areas where adsorptive
applications and thermal and radiation resistance are
required. They have been intensively studied because

of their high efficiency in removing trace quantities
of pollutants such as heavy metal ions, ammonium,
radionuclides, some colour entities and many others
noxious substances. Zeolite unique market position
is progressing by continued development of their ion
exchange, adsorption properties and especially through
their surface treatment. The zeolite crystal structure
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is unique, in contrast to silica gel or traditional activated
carbon adsorbents, in uniform pores distribution. This
distribution limits the filling of zeolite micropores volume
on the basis of the relative sizes of adsorbates and their
states of solvation inside and outside the zeolite. Mesoporous
organosilica (MOS), by which the structural characteristics
arise from the used surfactant micelles and the final
framework is usually amorphous, has attracted lately
a great interest in analytical and preparative chromatography
and organic pollutants removal, too. Despite of many
progressive characteristics of recent MOS, regarding
to zeolite, this potential adsorbent does not posses a shape
selectivity, such as that found in the molecular sieving
effect of the crystalline zeolite. It is hydrothermally instable,
fragile and currently for the massive technical applications
still to expensive. In the submitted work the scope
of our investigation was to broaden the natural zeolite

of clinoptilolite type exploitation for the processes of anionic
species removal from the waters. The zeolite matrix was
templated or peletized by some natural polysaccharide.
A laboratory set-up was used to examine the uptake of the
mono- and polyatomic single or mostly double charged
anions like sulfate, phosphate, nitrates, halogenides,
orthosilicates and some organic substances like azodyes
(acid red, acid blue) from aqueous model solutions
by the octadecylammonium [hereafter ODA] modified,
or alginate pelletized clinoptilolites (Chmielewska et al.,
2008). Thus some novel nano-structured inorganic-organic
zeocomposites are designed and thereafter thoroughly
characterized by SEM (Fig. 1a, b, c), Mdssbauer (Fig. 3),
SAXS (Fig. 2) and STM (Fig. 1d, e) spectral analytical
methods in order to get a better insight understanding
of the above pollutants uptake mechanisms by the new
designed, hybridized zeoadsorption materials.
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New minerals approved by IMA and published in year 2009 and transcript
of prefixes potassic- and sodic-

Commission on Nomenclature and Terminology in Mineralogy of Slovak Geological Society
(CNTM SGS) publishes the list of Slovak transcriptions of new mineral names approved by
CNMNC IMA and published in year 2009. List of new Slovak mineral names contains approved
crystallochemical formula and IMA Number of listed minerals. CNTM SGS also informs about
new transcriptions of prefixes potassic- and sodic- to Slovak language mainly in amphibole

group.

Key words: new minerals, Slovak terminology, nomenclature, amphibole nomenclature

Komisia pre nomenklaturu a terminoldgiu v mineraldgii
pri Slovenskej geologickej spolo¢nosti (KNTM SGS)
po pociato€nej konsolidacii po vzniku v r. 2001 pravidelne
uverejfiuje nové slovenské nazvy mineralov, ktoré schvalila
Komisia pre nové mineraly, nomenklatiru a klasifikaciu
pri Medzinarodnej mineralogickej asociacii (CNMNC
IMA — Commission on New Minerals, Nomenclature
and Classification of the International Mineralogical
Association) (Ozdin, 2004; Ozdin et al., 2009; Stevko
et al., 2009). Tieto ndzvy dopifiaji a upravuji najnovsie
slovenské mineralogické nazvoslovie z roku 2002 (Ozdin
a Uher, 2002). Komisia (KNTM SGS) tvori a schvaluje
nielen ndzvy mineralov, ale aj ich kryStalochemické vzorce.
Vyznam schvalenych krysStalochemickych vzorcov spociva
v tom, aby ich vedecka, ako aj laicka komunita nemusela
pri pisani hladat v réznych literarnych zdrojoch, v ktorych
sa Casto neuvadzaju rovnako. Problém pisania vzorcov je
v tom, ze napriklad autori do navrhu na novy mineral (ktory
neskor v skratenej forme uvedie na svojej webstranke
CNMNC IMA) napiSu jeho vzorec v nejakom tvare, v ¢lanku
neskor pouziju iny tvar a dal$i systematicki mineralégovia
zaradujuci mineraly do mineralogického systému uvedu
v konecnej podobe treti tvar kryStalochemického vzorca.
Prave €innost tychto systematikov je velmi vyznamna,
pretoze keby nebolo ich, ¢asto by v jednej skupine boli
mineraly s takymi odliSnymivzorcami, ze by vac¢Sina Citatelov
nepochopila, prec¢o su v jednej skupine. Z dévodu absencie
vyraznejSej osobnosti tohto typu v CNMNC IMA sa takéto
»nekoordinované“schvalovanie krystalochemickych vzorcov
robipriamo pod jejzastitou a systematiku domineralogického
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systému potom vnasaju rozliéni vedci po celom svete
a Casto aj poloprofesionalni nad$enci mineraldgie.

V tabulke 1 uvedenej dalej sa okrem tradiéného sloven-
ského nazvu mineralu, pévodu nazvu, krystalochemického
vzorca, sustavy, €isla schvaleného navrhu CNMNC IMA
a skratenej citacie uvadza aj stipec s poznamkami
obsahujuci anglické nazvy niektorych mineralov, ktoré sa
v angli¢tine piSu inak ako v slovenéine. Medzi mineraly
uvedené v tabulke 1 sa zaroven zaradili aj tie, ktorych
nazvy boli v zahrani¢nej literatdre publikované pred rokom
2009 a neboli doteraz schvalené. Patria sem nazvy batisivit,
biachellait, brumadoit, cassagnait, grandviewit, chloro-
-kaliohastingsit a maghrebit.

Véacésina mineralov, ako aj kryStalochemickych vzorcov
zaradenych v zozname je kompatibilna s oficialnym
zoznamom minerdlov CNMNC IMA (Nickel a Nichols,
2009). Do zoznamu v tabulke 1 sa nezahrnuli ziadne
mineraly z najnovsej klasifikacie mineralov lovozeritovej
skupiny (Pekov et al., 2009), pretoze v tejto skupine neboli
prijaté nijaké nové nazvy mineralov a autori urcili len
potencialne nazvy niektorych novych ¢lenov skupiny.

Komisia (KNTM SGS) dalej schvalila zmenu v nazvo-
slovi mineralov, vac¢sinou zo skupiny amfibolu, pri ktorych
sa v doterajSom slovenskom nazvoslovi pri preklade
anglickych predpdn potassic- a sodic- pouzivali predpony
kalium-, resp. natrium-. Podla slovenského nazvoslovia
anglickej predpone potassic- zodpoveda slovensky
ekvivalent kalio- a anglickej predpone sodic- zodpoveda
slovenska predpona natro-. Tak boli schvalené nové nazvy
mineralov uvedené v tab. 2.
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Skratky pouzité v texte

Pévod nazvu: gr.— z gréctiny, chem. — chemicky, m. — podla
mena osoby, ost. — ostatné (iny pévod nazvu), zem. — podia
nazvu lokality.

Skratky kryStalografickych sustav: hex. — hexagonalna,
kub. — kubicka, mon. — monoklinicka, romb. — rombicka,
tetr. — tetragonalna, trig. — trigonalna, trikl. — triklinicka.

Skratky €asopisov (prip. inych publikacii):

AGS - Acta Geologica Sinica, AUJM — Australian
Journal of Mineralogy, AM — American Mineralogist,
AMSMA — Annual Meteorical Society Meeting Abstracts,
CM — Canadian Mineralogist, EJM — European Journal
of Mineralogy, JMPS — Journal of Mineralogical and
Petrological Sciences, LPSCA — 40th Lunar and Planetary
Science Conference and Abstracts, MM — Mineralogical
Magazine, MP — Mineralogy and Petrology, NJMA — Neues
Jahrbuch flar Mineralogie, Abhandlungen, PRMS -
Proceedings of the Russian Mineralogical Society, SM —
Der Steirische Mineralog, ZRMO — Zapiski Rossijskogo

Mineralogi¢eskogo Obs¢&estva, ZVMO — Zapiski Vserossij-
skogo Mineralogi¢eskogo Obscestva.
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Tab. 2
Spravny slov. nazov Slov. synonymum Anglicky nazov Cislo IMA
Fluoro-kaliohastingist - Fluoro-potassichastingsite IMA2005-006
Fluoro-kalio-magnezio-arfvedsonit - Fluoro-potassic-magnesio-arfvedsonite  IMA1985-023
Fluoro-kaliorichterit - Fluoro-potassicrichterite IMA1986-046
Fluoro-natro-feropedrizit - Fluoro-sodic-ferropedrizite IMA2007-070
Fluoro-natro-pedrizit - Fluoro-sodic-pedrizite IMA2004-002
Chloro-kaliohastingsit - Chloro-potassichastingsite IMA2005-007
Chloro-kaliopargasit - Chloro-potassicpargasite ?
Kalio-ferisadanagait - Potassic-ferrisadanagaite IMA1997-035
Kalio-feropargasit - Potassic-ferropargasite IMA2007-053
Kalio-feropargasit - Potassic-ferropargasite IMA2007-053
Kalio-fluororichterit kalium-fluororichterit Potassic-fluororichterite IMA1986-046
Kalio-chloropargasit - Potassic-chloropargasite IMA2001-036
Kaliokarfolit - Potassiccarpholite IMA2002-064
Kalio-magneziohastingsit - Potassic-magnesiohastingsite IMA2004-027b
Kalio-magneziosadanagait kalium-magneziosadanagait ~ Potassic-magnesiosadanagaite IMA1982-102
Kaliopargasit kaliumpargasit Potassicpargasite IMA1994-046

Kaliosadanagait
Natroantofylit
Natro-feri-feropedrizit
Natro-ferigedrit
Natro-feri-klinoferoholmquistit
Natro-fero-antofylit
Natro-ferogedrit
Natrogedrit
Kalio-auminosadanagait
Kalioarfvedsonit
Kalioleakeit

kaliumsadanagait
natriumantofylit

natrium-fero-antofylit
natrium-ferogedrit
natriumgedrit

Potassicsadanagaite
Sodicanthophyllite
Sodic-ferri-ferropedrizite
Sodic-ferripedrizite
Sodic-ferri-clinoferroholmquistite
Sodic-ferro-anthophyllite
Sodic-ferrogedrite
Sodicgedrite
Potassic-aluminosadanagaite
Potassicarfvedsonite
Potassicleakeite

schvaleny IMA 1997
schvaleny IMA 1978
IMA2001-068
IMA1998-061
IMA1995-045
schvaleny IMA 1997
schvaleny IMA 1997
schvaleny IMA 1997
schvaleny IMA 1997
IMA2003-043
IMA2001-049
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Informacny spravodajca pre geoldgiu, banictvo, Upravnictvo a Zivotné prostredie

.

Priloha ¢asopisu Mineralia Slovaca, ro¢. 42, ¢. 4

JAN MADARAS

ROOY, lgeollogiclkeho)
Sthrs (1940 = 204)

70. anniversary of the State Geological Institute
of Dionyz Stur

Statny geologicky Ustav Dionyza Stira, Mlynska dolina 1, 817 04 Bratislava 11

Abstract: In 2010, the State Geological Institute of Dionyz Stur (SGUDS) celebrated the 70.anniversary of its establishment. On this occasion,
several significant events took part, being sponsored by the Environmental Fund of the Slovak Republic. They culminated in celebrations of the
establishing of the Institute on 20. - 21. 10. 2010. The celebrations included the conference about the past, present and future of the scientific
investigation and geological research done by the Institute. In the jubilee year 2010 the collection of Slovak minerals and meteorites was
exhibited in the Institute. The paintings competition for the pupils of the basic schools of art concerning the geology and the protection of the
living environment took part and the thematic scientific publications were issued.

Key words: State Geological Institute of Dionyz Stur (SGUDS), 70. anniversary of the scientific Institute, report upon the conference

V roku 2010 si Statny geologicky ustav Dionyza Stira
pripomenul 70 rokov svojej existencie. Za sedem decénii presiel
dlhou hrbolatou cestou svojho vyvoja. Napriek turbulenciam
si udrzal kredit vyznamnej vedeckovyskumnej organizacie
v rezorte Ministerstva zivotného prostredia Slovenskej
republiky, zabezpecéujicej vykon Statnej geologickej sluzby
na Slovensku.

70. vyrocCie zalozenia geologického ustavu bolo vyzvou na
dostojné pripomenutie jubilea. Vdaka finan¢nej podpore dvoch
projektov Environmentalnym fondom Slovenskej republiky
bolo mozné nielen oslavit samotné jubileum, ale zanechat aj
nasledovnikom trvall stopu pripominajicu sedem desatroci
rozvoja geoldgie na Slovensku.

Hoci 70. vyrodie zalozenia SGUDS pripadlo na mesiace
maj a jun 2010 (15. méaja 1940 prijal Slovensky snem zakon
o Statnom geologickom Ustave a 12. jiina 1940 vyslo k nemu
vladne nariadenie), termin oslav a konferencie v zmysle
projektu Konferencia — Nové vyzvy geoldgie na Slovensku
— 70 rokov Statneho geologického ustavu Dionyza Stira
bol stanoveny na 20. — 21. 10. 2010. Vdaka mimoriadnemu

a nezi$tnému zapojeniu pracovnikov SGUDS, byvalému
riaditelovi RNDr. Lubomirovi Hraskovi, PhD., terajSiemu
riaditelovi Ing. Branislavovi Zecovi, CSc., ich kontaktom
a vdaka osloveniu kompetentnych ludi bolo mozné akciu
realizovat v takom termine a rozsahu, ako bolo schvalené
v projekte. Do programu oslav boli zahrnuté aj sprievodné
akcie — otvorenie pracoviska nového laboratérneho pristroja
hmotnostného spektrometra, uvedenie postovej znamky
s pritlacou loga oslav a geologickej mapy Slovenska
a usporiadanie miniburzy mineralov. Na oslavach a konferencii
prijali u¢ast zastupcovia partnerskych geologickych sluzieb
z Ceskej republiky, Rakuska, Madarska, Chorvatska a Polska,
veduci prezidentskej kancelarie prezidenta SR akademik
Milan Ci¢, predstavitelia MZP SR, vysokych $kol, SAV
a spolupracujucich organizacii. Slavnostné zhromazdenie
za pritomnosti su¢asnych a minulych pracovnikov ustavu
a pozvanych hosti spojené s kulturnym programom a recepciou
sa konalo 20. oktdbra 2010 v priestoroch Uc¢elového zariadenia
vlady SR na bratislavskom Bériku. V kulturnom programe
vystupil Damsky komorny orchester pod vedenim Eleny
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Sarayovej-Kovacovej a mlada huslova virtudzka, mimoriadna
ziaka hudobného konzervatéria v Bratislave Julia Sojkova
s klavirnym sprievodom Tomas$a Rojceka. Sucastou
slavnostného zhromazdenia bolo aj odovzdanie Ceny
Dionyza Stara akademikovi RNDr. Otovi Fusanovi, DrSc., za
celozivotné dielo a prinos pre rozvoj Ustavu, Prirodovedeckej
fakulte Univerzity Komenského a sekcii geoldgie a prirodnych
zdrojov Ministerstva zivotného prostredia Slovenskej republiky
za dlhoroénu spolupracu. 70 paméatnych medaili za prinos pre
rozvoj Ustavu prevzali byvali riaditelia ustavu, najvyznamnejsie
spolupracujuce organizacie a byvali a su¢asni zamestnanci
SGUDS. Na recepcii vystupovala Hanka Gregu$ova a jej
jazzband so saxofonistom Radovanom TariSkom, folklérny
subor Karpaty so sélovou spevackou Eleonérou Vanéikovou-
-Kapasnou a ludova hudba folklérneho suboru Chemlon so
spevéckou zlozkou Hadure z Humenného. Siroka verejnost
bola o akcii informovana prostrednictvom spravodajskej
reportaze televizie TA3 a vysielania niekolkych tematickych
reportazi v Slovenskom rozhlase.

Konferencia Nové vyzvy geoldgie na Slovensku — 70
rokov Statneho geologického Ustavu Dionyza Stura sa
konala 21. oktébra 2010 v priestoroch Velkej sdly Dionyza
Stara v SGUDS. Pri tejto prilezitosti vysiel tladou rovnomenny
konferenény zbornik, ktory v 21 referatoch na 190 stranach
priblizil minuld a su¢asnu vedecku a odbornu ¢innost oddeleni
vyskumu a vyskumnych ¢&innosti v Ustave. Jednotlivi autori
prispevkov nacrtli aj perspektivy dalSieho rozvoja ustavu.
Myslienka editorov zbornika RNDr. Jana Madarasa, PhD.,
a RNDr. Lubice Iglarovej v ucelenej forme prezentovat
desatroCia odbornej ¢innosti jednotlivych organizaénych
jednotiek Ustavu sa v takejto forme realizovala prvykrat.

Druhym projektom s podporou Environmentalneho fondu
Slovenskej republiky bola akcia Vyzva su€asnej geoldgie
— zvySovanie environmentalneho povedomia verejnosti.
Projekt bol zamerany najméa na realizaciu hmotného materialu,
ktory sa stal su€astou prezentacii Ustavu pre Siroku verejnost.
Jeho nosnou ¢astou je expozicia mineralov Slovenska, ktora sa
nachadza v 6smich, Specialne vyrobenych vitrinach vo Velkej
séle Dionyza Stura v budove Geofondu SGUDS v Bratislave.
Zbierka pozostava vyluéne z mineralov, ktoré sa nasli na uzemi
Slovenska. Dopifianie zbierky je otvorené; v stigasnosti ma
279 kusov mineralov a 12 meteoritov. Mineralogicky systém
obsahuje 140 druhov mineralov z takmer 600 druhov opisanych
zo Slovenska. Material zbierky pozostava z dobrovolnych
darov a trvalych vypozi€iek geolégov, zberatelov a entuziastov
z celého Slovenska. Pri zalozeni zbierky bolo 22 osobnych

darcov. Najvaésiu zasluhu pri napifiani zbierkového fondu
a jeho instalacii ma RNDr. Milan Gargulak, CSc. Expozicia
mineralov je na poziadanie otvorena aj verejnosti a Skolam
najma v ramci organizovania Dni otvorenych dveri v SGUDS.

Dal$ou vyznamnou akciou podporenou projektom bolo
usporiadanie vytvarnej sutaze pre zakladné umelecké Skoly
na tému Geoldgia a Zivotné prostredie, prirodné zaujimavosti
v mojom okoli. V troch vekovych kategoériach sa do sutaze
zapojilo 37 ZUS z celého Slovenska a odbornd porota hodnotila
527 prac ziakov. Vysledky vytvarnej sutaze, mena ocenenych,
zoznam kOl a ucastnikov a galéria v8etkych vytvarnych prac
st zaujemcom pristupné na internetovej stranke SGUDS
www.geology.sk. Vytvarné prace su vlastnictvom SGUDS.
Budu sa vyuzivat na propagacné ucely ustavu a geoldgie
v ramci réznych prezenta¢nych akcii. Koordinatormi vytvarnej
sutaze boli RNDr. Jan Madaras, PhD., a Mgr. Martina
Moravcova, PhD.

Pri prilezitosti 60. vyroCia zalozenia ustavu v roku 2000
nechybala publikacia priblizujuca histériu institicie, a tak
70-ro¢né jubileum sa pripomenulo podobnym spdsobom.
Na zostavenie monografickej publikacie 70 rokov Statneho
geologického ustavu Dionyza Stira sa podujal doc. RNDr.
Michal Kali¢iak, CSc. Publikacia volne nadvazuje na histériu
a premeny SGUDS od jeho vzniku do roku 2000, ktoré su
podrobne zhodnotené v materidli k Sestdesiatinam ustavu (O.
Samuel a P. Grecula, 2000: 60 rokov SGUDS). Na 80 stranéch
dopifia siedme decénium, ktorého vaésinu v najvyssej riadiacej
funkcii v Ustave viedol M. Kali¢iak (2001 — 2008).

Vdaka finanénému prispevku Environmentalneho fondu
bolo mozné vydat aj jednu odbornd monograficku publikaciu
RNDr. DuSana BodiSa, CSc., a kolektivu Pozadova kon-
centracia vybranych ukazovatelov v povrchovej a podzemnej
vode Slovenska (SGUDS 2010, 95 s.). Publikécia priblizuje
Citatelom odborné hodnotenie chemického stavu vody — jeho
pri¢in a désledkov na Zivotné prostredie.

Toto bol len struény prehlad hlavnych aktivit, ktoré boli
venované jubileu ustavu. Tych dalSich, drobnych, zameranych
najma na propagéciu institucie, bolo viac. Na zaver chceme
podakovat v§etkym byvalym a su¢asnym pracovnikom uUstavu,
spolupracujucim kolegom a instituciam za priazen a podporu,
ktoru venovali tejto najvyznamnejSej geologickej institucii na
Slovensku. Do dalSich rokov si prajeme vela zdaru a prace,
aby sme osemdesiatku mohli oslavit v plnom zdravi a dobrej
kondicii.

Obr. 1. Stéla expozicia minerélov Slovenska vo Velkej séle Dionyza Stira v SGUDS. Foto L. Martinsky.
Fig. 1. Permanent exhibition of Slovak minerals in the Great Hall of Dionyz Stdr in SGUDS. Photo L. Martinsky.

Obr. 2. Generalna riaditelka sekcie geoldgie a prirodnych zdrojov MZP SR V. Janova pri slavnostnom otvoreni nového pracoviska hmotnostného
spektrometra. Vlavo: riaditel SGUDS B. Zec a byvaly riaditel SGUDS L. Hrasko. Vpravo: P. Veis. Foto L. Martinsky.

Fig. 2. General Director of the Section of Geology and Natural Resources of the Ministry of Environment of the Slovak Republic (MoE SR) V. Janova
at the opening ceremony of the new workplace of mass spectrometer. Left: Director of SGUDS B. Zec and the former SGUDS Director L. Hrasko.

Right: P. Veis. Photo L. Martinsky.
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Obr. 3. Vytvarné diela Ziakov zakladnych umeleckych $kol vo vestibule SGUDS. Foto L. Martinsky.
Fig. 3. Paintings of the pupils of the primary schools of art in the S8GUDS entrance hall. Photo L. Martinsky.

Obr. 4. Veduci POFIS (Postova filatelistickd sluzba) M. Vanéo pri uvedeni postovej znamky s pritlagou loga oslav 70. vyrogia zalozenia SGUDS
a geologickej mapy Slovenska. Foto L. Martinsky.

Fig. 4. The head of POFIS (Postal Philatelic Service) M. Vanco at introducing of a new postage stamp with the imprint of the logo of the celebration
of 70. anniversary of SGUDS and the geological map of Slovakia. Photo L. Martinsky.

Obr. 5. Riaditel SGUDS B. Zec pri slavnostnom zaciatku oslav 70. vyroCia zaloZenia SGUDS. Vlavo: generalna riaditelka sekcie geologie
a prirodnych zdrojov MZP SR V. Janova, Statny tajomnik MZP SR G. Csicsai a veduci kanceldrie prezidenta SR M. Cié. Vpravo: Damsky komorny
orchester. Foto L. Martinsky.

Fig. 5. Director of SGUDS B. Zec opening celebrations of 70. anniversary of SGUDS. Left: General Director of the Section of Geology and Natural
Resources MoE SR V. Janova, Secretary of State in MoE SR G. Csicsai and Head of the Office of the President of SR M. Ci¢. Right: Ladies”
Chamber Orchestra. Photo L. Martinsky.

Obr. 6. Ugastnici slavnostného zhromazdenia pri prileZitosti 70. vyrogia zalozenia SGUDS v Hoteli Bérik. Foto L. Martinsky.
Fig. 6. Participants of the jubilee meeting on the occasion of 70. anniversary of SGUDS in the Bérik hotel. Photo L. Martinsky.

Obr. 7. Plaketa — Cena Dionyza Sttira. Foto L. Martinsky.
Fig. 7. Plague — The prize of Dionyz Stur. Photo L. Martinsky.

Obr. 8. Byvaly riaditel GUDS, prvy nositel Ceny Dionyza Stdra O. Fusan podas slavnostného prihovoru. Foto L. Martinsky.

Fig. 8. Former Director of Geological Institute of Dionyz Stir O. Fusan, the first honoured person by the Prize of Dionyz Star, during his ceremonial
speech. Photo L. Martinsky.

Obr. 9. Prodekan Prirodovedeckej fakulty UK M. Kovaé prebera z rik M. Ci¢a a B. Zeca Cenu Dionyza Stura. Foto L. Martinsky.

Fig. 9. Subdean of the Faculty of Natural Sciences, Comenius University, M. Kovaé accepts the Price of Dionyz Stur from M. Ci¢ and B. Zec.
Photo L. Martinsky.

Obr. 10. Generalna riaditelka sekcie geoldgie a prirodnych zdrojov MZP SR V. Janova pri preberani Ceny Dionyza Stira z rik M. Ciga a B. Zeca.
Foto L. Martinsky.

Fig. 10. General Director of the Section of Geology and Natural Resources MoE SR V. Janova receiving a Prize of Dionyz Stur from M. Cig
and B. Zec. Photo L. Martinsky.

Obr. 11. Pamitna bronzova medaila k 70. vyrogiu zalozenia SGUDS. Foto L. Martinsky.
Fig. 11. Commemorative bronze medal to 70. anniversary of SGUDS. Photo L. Martinsky.

Obr. 12. Byvali riaditelia SGUDS pri preberani pamétnych medaili z rik G. Csicsaia. Zlava: M. Kaligiak, P. Grecula a K. Vrana. Foto L. Martinsky.

Fig. 12. Former directors of SGUDS at receiving of the commemorative medals from G. Csicai. From the left: M. Kaligiak, P. Grecula and K. Vrana.
Photo L. Martinsky.

Obr. 13. Stéasni zamestnanci SGUDS pri preberani pamatnych medaili z rik V. Janovej a B. Zeca. Zlava: D. Bodis, A. Remsik, J. Kral a M. Havrila.
Foto L. Martinsky.

Fig. 13. Recent employees of SGUDS being honoured by the commemorative medals from V. Janova and B. Zec. From the left: D. Bodi§, A. Remsik,
J. Kral'and M. Havrila. Photo L. Martinsky.

Obr. 14. Namestnigka riaditela Madarského geologického Ustavu (MAFI) Annamaria Nador odovzdava dar riaditelovi SGUDS B. Zecovi.
Foto L. Martinsky.

Fig. 14. Deputy Director of the Hungarian Geological Institute (MAFI) Annamaria Nador delivers gift to SGUDS Director B. Zec.
Photo L. Martinsky.

Obr. 15. J. Madaras, M. Moravcova a M. Vlaciky pri vystave vytvarnych prac ziakov zakladnych umeleckych §kél v Hoteli Borik. Foto L. Martinsky.

Fig. 15. J. Madaras, M. Moravcova and M. Vlaciky at the exhibition of the paintings of the pupils of primary schools of art in the Borik hotel.
Photo L. Martinsky.

Obr. 16. Ocenenie za dlhoroénu spolupracu pri spracovani mapovych podkladov v projekte GeolS (Geologicky informacny systém SGUDS)
a v mapovom serveri SGUDS prevzali aj z&stupcovia spolo&nosti Esprit, s. r. 0. z Banskej Stiavnice. Zlava: namestnik pre informatiku SGUDS
S. Kager, zastupcovia Esprit-u: J. Pauk, |. Zvara, riaditel spolo¢nosti D. Madar, veduci odboru informacnych systémov SGUDS M. Antalik a riaditel
SGUDS B. Zec. Foto L. Martinsky.



Fig. 16. Awards for the long-term cooperation in the processing of maps in the project GeolS (Geological Information System of SGUDS) as well as
the SGUDS map server were received also by the representatives of the firm Esprit, s. r. 0., Banska Stiavnica. From the left: SGUDS Vice-Director
for Informatics S. Kacer, representatives of the firm Esprit, s.r. 0., J. Pauk, I. Zvara, Director of the company D. Madar, Head of the SGUDS Division
of Information Systems M. Antalik and the SGUDS Director B. Zec. Photo L. Martinsky.

Obr. 17. Hanka Gregu$ova a jej jazzband pocas vystupenia na recepcii v Hoteli Bérik. Foto L. Martinsky.
Fig. 17. The singer Hanka Gregu$ova and her jazzband during the performance at the reception in the Borik hotel. Photo L. Martinsky.

Obr. 18. O zabavu vo vinarni Hotela Bérik sa postaral aj folklérny subor Chemlon z Humenného so spevackou zlozkou Hacéure. Foto L. Martinsky.

Fig. 18. The entertainment in the wine cellar of the hotel Bérik was magnified by the folk ensemble Chemlon from the town Humenné with the
singers group Hacure. Photo L. Martinsky.

Obr. 19. M. Kohut prednasa o vysledkoch prace oddelenia krystalinika a paleozoika na konferencii k 70. vyroc€iu zaloZenia SGUDS vo Velkej séle
Dionyza Stura v SGUDS. Photo L. Martinsky.

Fig. 19. M. Kohut presenting the work results of the Department of Crystalline and Paleozoic in the conference devoted to 70. anniversary
of SGUDS in the Great Hall of Dionyz Stur in SGUDS. Photo L. Martinsky.

Obr. 20. Pamatni medailu pri prilezitosti 70. vyrodia zalozenia SGUDS na konferencii prebral z ruk riaditela SGUDS B. Zeca nestor slovenskej
geoldgie D. Vass. Foto L. Martinsky.

Fig. 20. The nestor of the Slovak geology D. Vass received the commemorative medal of the 70. SGUDS anniversary from the SGUDS Director B.
Zec during the conference. Photo L. Martinsky.
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Nové poznatky o stavbe a vyvoji Zapadnych Karpat
New knowledge about geological setting and evolution of Western Carpathians

ZoLTAN NEMETH', DUSAN PLASIENKA2, LADISLAV SIMON', MiLAN KOHUT', LuBICA IGLAROVA! @ MARTINA MORAVCOVA'
1Statny geologicky Ustav D. Stira Bratislava, 2Prirodovedecka fakulta Univerzity Komenského Bratislava

Abstract: The 9. pre-Christmas Seminar of the Slovak Geological Society “New knowledge about the geological setting and evolution of
the Western Carpathians’] held in Bratislava on 9. December 2010, was devoted to 70. anniversary of the geological institutions in Slovakia.
Altogether 27 lectures and 17 posters were presented in four thematic parts: (1) Mineralogy, petrology, geochemistry and geochronology,
(2) Environmental geology and GIS, (3) Geological setting and tectonometamorphic evolution of the Western Carpathians, and (4) Sedimentology,
biostratigraphy and paleontology.

An afternoon program of the seminar started with the awarding of the former scientists of the State Geological Institute of Dionyz Stur
by the Dionyz Stur plaque being forwarded by its Director B. Zec, as well as the Slavik Medal of the Slovak Geological Society forwarded
by its Chairman L. Simon. Among the most important decorated guests belonged Dr. E. Brestenska on behalf of her 90. jubilee.

The contribution reports about the seminar course and brings documenting photographs. The abstracts of the presentations are published

in the order corresponding to the time schedule of the seminar.

Key words: geoscientific seminar, report about seminar, abstracts of presentations

Celodenny seminar sa konal 9. decembra 2010 v SGUDS
v Bratislave. Seminar bol venovany 70. vyro€iu zalozenia
geologickych instittcii na Slovensku. Organizatormi seminara
boli za Slovensku geologicku spoloénost a Statny geologicky
tstav D. Stira Z. Németh, L. Simon, M. Kohtit, L. Iglarova, M.
Moravcova a D. Magélova. Seminar a popoludnajSie slavnostné
odovzdavanie plakiet Dionyza Stura, a odovzdavanie daru
SGUDS kazdému Uéastnikovi — broziry Geolégia do vrecka
— boli pod patronatom riaditela SGUDS B. Zeca (obr. 1 a 3).
Odbornym garantom seminara bol D. Plasienka z Univerzity
Komenského.

Dopoludnajsi program semindra sa uz tradi¢ne zacal
odbornou ¢astou Mineraldgia, petrologia, geochémia
a geochronoldgia (moderatori M. Puti§ a P. Uher). V prvej
prednaske P. Vojtko et al. prezentovali vyznam novej metodiky
— pocitaCovej mikrotomografie na $tddium vnutornej stavby
mineralov a distribicie mineralnych faz v hornine. Aplikaciu
danej metodiky na klasifikéciu trioktaédrickych a dioktaédrickych
slud z granitoidov Zapadnych Karpéat prezentoval v neskorsej
prednaske S. Cik. Dalsie prednasky boli venované krystalochémii

turmalinu z alterovanych andezitov v lokalite Biely vrch v Javori

(P.Bacik et al.) a produktom rozpadu monazitu z ortoruly Velkého
Zeleného Potoka (M. Ondrejka et al.) ¢i granitickych hornin
Zapadnych Tatier (R. Zubaj a P. Uher). Moznu provenienciu
granitického balvanu z Milotina hodnotil M. Kohut a mineraldgiu

meteoritu Kosice P. Uher et al. Kdrové Struktury Ceského masivu
a Zapadnych Karpat na baze seizmickych dat SUDETES 2003
prezentoval J. Vozar v ramci Studie P. Hrubcovej a SirSieho
kolektivu autorov.

Taziskovou prednaskou daldej asti semindra Environ-
mentalna geoldgia a GIS (moderator Z. Németh) bola
prezentacia o registracii, hodnoteni a protihavarijnych
opatreniach v pripade aktualnych svahovych deformacii
(zosuvov) v preSovskom a kosickom kraji v roku 2010 (P. Lis¢ak
et al.). Nasledujuce prednasky prezentovali medzinarodnu
monitorovaciu siet EUTecNet Slovakia (M. Briestensky et al.)
a webové spristupnenie geologickych map Slovenska (M. Antalik
a S. Kager), rovnako ako geologickych map eurépskych $tatov
(S. Kader). Vysledky aplikovanej geoldgie boli prezentované aj
formou pocetnych posterov. Stabilite Uzemia v Useku Gotovany
— Vazec bol venovany poster M. Duncka a stabilite zosuvnej
oblasti medzi obcami Sintava a Paradi¢ v oblasti Hlohovec
— Sered poster L. Petrydesovej et al. A. Bagelova prezentovala
digitdlny model podlozia neovulkanitov v oblasti povodia
Neresnice. Vyverovu oblast Lu¢ky v suvislosti s extrémne
vysokymi uhrnmi zrazok v roku 2010 hodnotili M. Chmelikova
a A. Bagelova. Vplyv antropogénnych sedimentov charakteru
environmentalnej zataze na vliastnosti podzemnej vody v oblasti
Hornej Nitry prezentovali na posteri V. Pramuk et al. Perspektivy
zasob uhlovodikov v moravskej ¢asti Viedenskej panvy na
zaklade interpretacie seizmickych dat hodnotili Z. Weissova a M.
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Obr. 1.V tvodnom prejave riaditel SGUDS Branislav Zec zddraznil, Ze 9. predvianoény seminar Slovenskej geologickej spolo¢nosti sa uskuto¢iiuje
v roku, ked SGUDS bilancuje svoju 70-ro¢nu existenciu. Zlava: Zoltan Németh — vedecky tajomnik SGS a Ladislav Simon — predseda SGS.
Foto L. Martinsky.

Fig. 1. In the introductory speech Director of the State Geological Institute of Dionyz Stur (SGUDS) B. Zec has emphasized that the 9. pre-Christmas
seminar of the Slovak Geological Society (SGS) is held in the year of 70. jubilee of SGUDS. From the left: Z. Németh — Scientific Secretary of SGS
and L. Simon — Chairman of SGS. Photo L. Martinsky.

Obr. 2. Cast tcastnikov celodenného maraténu geologickych prezentacii. Foto L. Martinsky.
Fig. 2. Part of participants of the all-day marathon of geological presentations. Photo L. Martinsky.

Obr. 3. Udelovanie plakety Dionyza Stra riaditelom SGUDS, Branislavom Zecom, RNDr. Edite Brestenskej pri prilezitosti jej 90. narodenin. Dalsimi
ocenenymi boli RNDr. Anna Mihalikova, RNDr. P. Snopkovd, CSc., prof. RNDr. A. Vozarovd, DrSc., RNDr. Ladislav Dublan, CSc. a RNDr. J. Vozar,
DrSc. Foto L. Martinsky.

Fig. 3. RNDr. E. Brestenskd is decorated by the Dionyz Stir plaque by the Director of SGUDS B. Zec. RNDr. A. Mihalikové, RNDr. P. Snopkova, CSc.,
prof. RNDr. A. Vozarové, DrSc., RNDr. L. Dublan, CSc. and RNDr. J. Vozar, DrSc. were further awarded geologists. Photo L. Martinsky.

Obr. 4. Udelovanie Slavikovej medaily Slovenskej geologickej spolodnosti RNDr. Edite Brestenskej predsedom SGS, Ladislavom Simonom.
Oslavenkyna povzbudila pritomnych t¢astnikov seminara do dalSieho napredovania v poznavani geologickej stavby Zapadnych Karpat. V pozadi
riaditel SGUDS, Branislav Zec. Foto L. Martinsky.

Fig. 4. RNDr. E. Brestenska was awarded by the Slavik medal of the Slovak Geological Society. Awarded scientist encouraged participants of the
seminar to uninterrupted work in the investigation of geological setting of the Western Carpathians. Director of SGUDS B. Zec is standing in the
background.
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Pereszlény. O pouZiti mikrogravimetrie pre detekciu stredovekych
krypt informovala M. PaSiakova et al. a metodiku hodnotenia
porusenosti horninového materialu vplyvom cyklickych zmien
prezentovali Z. Kompanikova a I. Simkova.

Popoludnajsi program semindra zacal odovzdavanim
oceneni SGUDS jeho riaditefom, B. Zecom (obr. 3). Plaketa
Dionyza Stdra bola udelena RNDr. Edite Brestenskej pri
prileZitosti jej 90. narodenin. Dalsimi ocenenymi boli RNDr. Anna
Mihalikova, RNDr. P. Snopkova, CSc., prof. RNDr. A. Vozarova,
DrSc., RNDr. Ladislav Dublan, CSc. a RNDr. J. Vozar, DrSc.
a F. Mitana. RNDr. Edita Brestenska bola ocenena aj Slavikovou
medailou, ktoru jej odovzdal predseda SGS — L. Simon (obr. 4).

Tretia Cast seminara — Geologicka stavba a tektonometa-
morfny vyvoj Zapadnych Karpat (moderatori D. PlaSienka
a L. Simon) — zadala predpremiérou videoprojekcie ,Geoldgia
Slovenska“ k vystave ,Planéta, na ktorej zileme" (1. Broska et al.).
Hlavné tektonické jednotky pieninského bradlového pasma
na vychodnom Slovensku zhodnotili D. PlaSienka et al. Prejavy
metamorfézy typu oceanskych chrbtov v bazickych magma-
titoch zlatnickej formacie (karbon gemerika) prezentovali P. lvan
a V. Cernék, bazicky vulkanizmus v oblasti Osobitej v Zapad-
nych Tatrach predstavili J. Madzin a M. Sykora. Nasledovali
prezentacie o vulkanizme v pohoriach Polana a Vtacnik
(L. Simon et al.), vo veporskom stratovulkéne (V. Koneé&ny
et al.) a v turovskej formacii Kremnickych vrchov (K. PoStekova
a J. Lexa). V posterovej sekcii boli prezentované predovsSetkym
vysledky Struktidrnej analyzy a rekonstrukcii paleonapéatovych
poli v oblasti Krivanskej Fatry (M. Sentpetery), v zdpadnej Casti
Hornadskej kotliny (L. Siikalova a R. Vojtko), maninskej jednotky
bradlového pasma (V. Simonova a D. Plasienka) a Povazského
Inovca (M. Hoffman). L. Pe¢efia zhrnul nové poznatky o stavbe
pieninského bradlového pasma v okoli Puchova.

V zavere€nej, 4. ¢asti seminara — Sedimentoldgia,
biostratigrafia a paleontolégia (moderatori J. Michalik a M.
Kovag) — bola prezentovana nova chronostratigrafia vrchného
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miocénu a pliocénu centralnej Paratetydy a nova interpretacia
depozicnych systémov a sedimentacného prostredia v severnej
Casti Podunajskej niziny (M. Kovag et al., R. Synak a M. Kovac).
J. Michalik et al. uviedli biostratigrafiu a izotopovu stratigrafiu
uhlika v hraniénom jursko-kriedovom profile Strapkovej
pod VrSatcom v pieninskom bradlovom pasme. Klimatické
zmeny na triasovo-jurskej hranici detekovali pomocou ilovych
minerdlov a izotopov uhlika O. Lintnerova et al. Fosilne stopy
v spodnotriasovom lGzfanskom suvrstvi opisal V. Simo.
S. Ozdinova a J. Sotak charakterizovali hranicu eocén/oligocén
na zaklade vapnitych nanofosilii z vrtov v Hornonitrianskej panve
a v Liptovskej kotline. flové mineraly luéenského suvrstvia z po-
hladu mozného uloZiska radioaktivneho odpadu charakterizovali
P. Uhlik et al. Vysledky vyskumu plio-pleistocénnej lokality Nova
Vieska v roku 2010 zosumarizovali M. Vlaciky et al.

V posterovej sekcii boli prezentované barémsko-aptska
mikrofauna a mikrofléra kysuckej jednotky bradlového pasma
(lokalita Podbielsky Cickov; S. J6zsa et al.), spodnobadenska
rybia fauna z lokality Hrusovany nad Jeviskou (Ceska republika;
B. Zahradnikova), spodnosarmatské paleoprostredie Zahorskej
niziny na zaklade foraminifer (A. Zlinska a N. Hudackova)
a vapnité nanofosilie sarmatu Dunajskej a Viedenskej panvy
(M. Jamrich).

9. predviano¢ny seminar Slovenskej geologickej spolo¢nosti
bol déstojnym zhodnotenim novych vedeckych vysledkov, ktoré
boli dosiahnuté v roku 2010 pocas vyskumnych aktivit v ramci
mnohych projektov a grantov viacerych instittcii na Slovensku.
Bol aj vhodnou platformou na koncoro¢né neformaline stretnutie
slovenskych odbornikov viacerych geovednych disciplin
a priestorom na rozvinutie dalSej spoluprace. Pri zavere€nom
zhodnoteni organizatori popriali vSetkym ucastnikom prijemné
koncorocné sviatky a poCetné vedecké Uspechy v nastavajucom
roku 2011.

Abstrakty prezentacii su radené v poradi, v akom boli
prezentované pocas seminara.

1. éast — Part 1
Mineraldgia, petrologia, geochémia a geochronoldgia

Mineralogy, petrology, geochemistry and geochronology

P.VOJTKO', I. BROSKA', R. SEVCIK?, D. STAREK" a M. HAIN2:
Aplikacia pocitacovej mikrotomografie v mineraldgii:
studium vnutornej stavby mineralov a distribucie
mineralnych faz v hornine

'Geologicky Ustav SAV, Dubravska cesta 9, P. O. Box 106, 840 05
Bratislava; 2Ustav merania SAV, Dubravska cesta 9, 841 04 Bratislava

Hlavnym cielom prispevku je demonstracia aplikacie metddy
pocitacovej mikrotomografie v geoldgii, a to konkrétne jej vyuzitie na
Studium vnutornej stavby akcesorickych mineralov pri vyhladavani
inkluzii v nich a na Studium distribucie mineralnych faz, trhlin a pérov
v hornine. Pri splneni podmienky rozli¢nych absorbcii jednotlivych
mineralnych faz na zaklade ich hustoty, ¢o je zakladnou podmienkou
pre Uspesnu aplikaciu pocitatovej mikrotomografie, sa tato metdda

ukazala ako mimoriadne prinosna pri vyhladavani inkluzii, trhlin,
puklin a dutin v horninach, ale i v mineraloch. Prednosti tejto metddy
su v prvom rade rychlost a nenaro¢nost merani, jednoducha priprava
vzoriek a fakt, ze ide o nedeStruktivnu metddu. Ide tiez o jednu
z mala metéd, umoziujucu Studium objektov prostrednictvom 3D
zobrazovania, ktorého vysledkom je rotujuci objekt v podobe 3D
animacie. DalSou sucastou merani je sada 2-dimenzionalnych rezov
kolmych na fubovolnd, nami zvolenu os, na réznej hibkovej urovni.
Na Studium boli pouzité horninové vzorky granitov, kde su hojné Fe-Ti
oxidy (vzorka z Malej Fatry) a turmalinové sInka (vzorka z Gemerika).
Vyseparované krystaly granatu a zirkdnu su zo vzorky metapelitov
z Malych Karpat. Distribucia pérov bola sledovana v hornine z vrtného
jadra z Viedenskej panvy. Metdéda sa ukazala ako velmi vhodna
na zistenie distribucie mineralov s kontrastnou mernou hmotnostou,
urenie dutin a poérov v horninach a mineraloch. Posledna aplikacia
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je velmi vyznamna aj z hladiska naftovej prospekcie. Pri vy§Som
rozliSeni boli odliSitelné aj menej absorb&né mineraly, resp. mineraly
s niz§im hustotnym rozdielom, ako napr. liStovité agregaty plagioklasu
alebo kremen. Vo vzorke granatu boli takto identifikované inkluzie
ilmenitu a vo vzorke zirkénu boli objavené prazdne dutiny, ktoré neboli
pozorovatelné pod binokularnou lupou. Dokonca bolo mozné porovnat
obrazy z BSE z mikrosondy s rezom z mikrotomografu. Navy$e metéda
poskytla prekvapujuco kvalitné obrazy morfoldgie krystalov. Prednosti
metddy najdu Siroké uplatnenie v mineraldgii.

P. BACIK, D. OZDIN, P. UHER a P. KODERA: Krystalochémia
turmalinu z alterovanych andezitov v lokalite Biely vrch,
Javorie

Prirodovedecka fakulta UK, Mlynska dolina G, 842 15, Bratislava;
bacikp @fns.uniba.sk

Turmalin s velmi Specifickym a unikatnym zloZzenim bol najdeny
v alterovanych andezitoch na loZisku Biely vrch, ktoré sa nachadza
v centralnej zéne neogénneho stratovulkanu Javorie. Lozisko Biely
vrch ako sucast hydrotermalnych systémov s mineralizaciou Au-
-porfyrového typu je viazané na intrizie dioritovych az andezitovych
porfyrov, umiestnenych do andezitového komplexu Starej huty,
v podlozi s hercynskymi granodioritmi a tonalitmi. Pomineraliza¢né
andezity a vulkanoklastika formacie Javorie sa vyskytuju J a V
od loziska Biely vrch (Kodéra et al., 2009).

Intrizia aj okolité andezity su intenzivne postihnuté premenami
(Kodéra et al., 2008), z ktorych dominuje premena typu strednej
argilitizacie, reprezentovana I-S, illitom, chloritom a pyritom. S r6znou
intenzitou zatla¢a starSiu vyssSieteplotnu K-silikatovi premenu
(K-zivec, biotit, magnetit/pyrotit) a v hibSich ¢astiach systému Ca-Na
silikatovu premenu (intermediarny az bazicky plagioklas, aktinolit).
Propyliticka/chloritickd premena (smektit, CS/corrensit, chlorit,
kremen, pyrit) reprezentuje vonkajsiu zénu systému. Zény pokrogilej
argilitizacie (pyrofylit, dickit, kaolinit, porézny kremen =+ pyrit, alunit)
patria do najmladSieho Stadia premien (Kodéra et al., 2009). V zéne
pokrocilej argilitizacie bol tiez objaveny Studovany turmalin.

Turmalin sa objavuje v podobe ziliek a radidlnych agregatov
tvorenych tenkymi prizmatickymi kryStalmi s pomerne vyraznou
chemickou zonalitou. Z hladiska chemického zlozenia turmaliny
zodpovedaju Sirokému spektru mineralnych druhov, od feruvitu cez
skoryl, foitit az po turmalin blizky hypotetickému koncovému ¢lenu
s0 zlozenim o(MgAl,)Alg(SigO15)(BO3)3(OH)30 (“o-Mg-O root name”
podla Henry et al., v tlaci). Vysoko hlinité turmaliny su starsie, tvoria
stredy radialnych agregéatov, pripadne izolované krystaly uzavreté
v mladSom niz8ie hlinitom turmaline zloZenia skorylu az feruvitu.
Pre vSetky analyzované turmaliny je typicky zvySeny obsah Ca, preto
sa z hladiska klasifikacie pohybuju na hranici alkalickej a vapenate;j,
resp. X-vakantnej a vapenatej podskupiny. Z hodnét obsahov aniénov
v pozicii W, pricom obsah O2- bol vypoéitany na zéklade nébojovej
bilancie, vyplyva, Ze Studované turmaliny prechadzaju z podskupiny
hydroxyturmalinov do podskupiny oxyturmalinov so zvy$ujucim sa
obsahom AI** oproti Fe?* a Mg?+.

Dominantnymi substiticiami v Studovanych turmalinoch
bola substiticia AIO(Fe,Mg)~"(OH)~", ktora spolu so substitticiou
AlXo(Fe,Mg)_;Na_, umoznila vznik vysoko hlinitych turmalinov.
Substitucia (Mg,Fe)CaAl_;Na_; umoznila zvySeny obsah Ca.

Najunikatnejsi na chemickom zloZeni Studovanych turmalinov je
vSak obsah ClI, ktory stupa az na 0,45 hm. %, ¢o zodpoveda 0,124
apfu. Chlér pozitivne koreluje s obsahom Al a vakancii v pozicii X,
obohacuje sa teda v starSom “0-Mg-O root name” turmaline. Toto
spravanie Cl je v rozpore so spravanim F, ktorého obsah v turmalinoch
klesa s podielom vakancii (Henry a Dutrow, 2010), rozdiel méze byt
sposobeny odliSnymi kryStalochemickymi vlastnostami F a Cl (iénovy
polomer, elektronegativita), ale vyraznym faktorom budu aj Specifické
genetické podmienky.

Podakovanie. Tato praca bola podporovana Agenturou na podporu
vyskumu a vyvoja na zaklade zmluvy VVCE-0033-07.
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M. ONDREJKA, P. UHER, M. PUTIS, I. SCHMIEDT a P.
BACIK: Sekundarne mineraly REE - produkty koronarneho
rozpadu monazitu z ortoruly Velkého Zeleného Potoka
(severné veporikum) vplyvom hydrotermalnych fluid
bohatych na H,0,CO, a F

Katedra mineralégie a petroldgie Prirodovedeckej fakulty UK, Mlynska
dolina G, 842 15 Bratislava

V hrubozrnnej granatickej ortorule z doliny Velkého Zeleného
Potoka pri obci Beru$ (severné veporikum) bola identifikovana
unikatna paragenéza sekundarnych mineralov REE, ktoré su
produktom koronarneho rozpadu primarneho monazitu-(Ce). Samotné
korény su az do 0,5 mm velké a koncentricky zonalne. Vystupuju
v asociacii s albitom, kremeriom, chloritizovanym biotitom az chloritom,
lokalne aj s akcesorickym ilmenitom a zirkbnom. Centralne Casti su
tvorené najma fluérapatitom s drobnymi inkltziami (< 2 um) ThSiO,
fazy (pravdepodobne zodpovedajuce mineralu huttonitu) a tiez REE
karbonatom [hydroxylbastnasit-(Ce)], priom vzacne je pritomny
aj relikiny monazit-(Ce). Externé casti kordn su charakteristické
pritomnostou mineralov skupiny epidotu — allanit-(Ce), klinozoisit.

Monazit-(Ce) ako primarne metamorfny akcesoricky mineral je
velmi zriedkavy. Vytvara len drobné alotriomorfné zhluky max. do
velkosti 15 um. Jeho chemickeé zloZenie je blizke Cistému koncovému
¢lenu CePO, (Xmnz = 0,88; Xiuw = 0,02; Xeny = 0,1) so zvySenymi
obsahmi Th (5,5 hm. % ThO,; 0,05 apfu Th) a tiez U (0,87 hm. % UO,;
0,008 apfu U). Obsahy As sa pohybuju do 0,2 hm. % As,O5 (0,004
apfu As).

Fludrapatit je sekundarneho pdvodu. Z chemického hladiska
predstavuje takmer €isty koncovy €len Cas(PO,)sF bez vyznamnejsich
obsahov REE, Mn a inych stopovych prvkov. Ide o produkt, v ktorom
sa preferenéne koncentroval Ca a P uvolneny z rozkladu monazitu-
-(Ce), kym Th putovalo do ThSiO, fazy blizkej zloZeniu huttonitu, ktora
intimne prerasta s fluérapatitom. Prvky vzacnych zemin uvolnené
z monazitu-(Ce) vstupovali do Struktiry novotvorenych mineralov
zo skupiny epidotu. Interné Casti epidotového lemu su tvorené
allanitom-(Ce), ktory plynule prechadza v okrajovych ¢astiach do REE
bohatého klinozoisitu, lokalne do klinozoisitu so zvySenou epidotovou
komponentou.

Najmladsi produkt rozkladu monazitu predstavuje hydroxylbastnasit-
-(Ce), ktory tvori nepravidelné zhluky, spravidla v internych ¢astiach
kordn. Lokalne je vyrazne obohateny o Th (do 9,2 hm. % ThO,; 0,065
apfu Th). Charakterizuje ho pomer Ca/(Ca+REE+Y) v intervale 0,06
az 0,16 a F/(F+OH) v intervale 0,12 — 0,24.

Koronarny rozpad primarne metamorfného monazitu-(Ce) je
pravdepodobne indukovany hydrotermalno/metamorfnymi fluidami
bohatymi na prchavé zlozky (H,O, CO, a F), ktoré sa generovali
pocas alpinskej (kriedovej) tektonotermalnej udalosti. Za zdroj F
povazujeme najma predalpinsky metamorfny biotit a muskovit, kym
CO, pravdepodobne pochadzalo z externého zdroja.

Takéto rozvinuté typy kordon monazitu su v prirode relativne
zriedkavé a predstavuju zatial najpokrocilejSie (finalne?) Stadium
rozkladu primarnych REE fosfatov [monazit-(Ce), xenotim-(Y)].

Podakovanie. Tato praca bola podporovana Agenturou na podporu
vyskumu a vyvoja na zaklade zmluvy APVV-0557-06 a APVV-0279-07.

R. ZUBAJ a P. UHER: Mineraly crichtonitovej skupiny:
produkt rozpadu monazitu v granitickych horninach
Zapadnych Tatier

Katedra mineraldgie a petrolégie Prirodovedeckej fakulty, Mlynska
dolina G, 842 15 Bratislava

Mineraly crichtonitovej skupiny boli identifikované v myloniti-
zovanych hercynskych biotitickych granitoch az granodioritoch
Zapadnych Tatier v oblasti masivu Ostrého Rohaca.

Mineraly crichtonitovej skupiny predstavuju komplexné oxidy
so vSéeobecnym vzorcom X'AVIBVIC,VT,044 (Orlandi et al., 1997),
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kde hlavné katiény su: A = Sr, Pb, Ca, Na, K, REE, Ba, U; B = Mn,
Y, REE, U, Zr; C =Ti, Fe, Cr a T = Fe, Mg. Z mineralov crichtonitovej
skupiny z oblasti Rohacov boli opisané crichtonit, dessauit-(Y), faza
zlozenim zodpovedajuca crichtonitu, avSak s dominantnym obsahom
Fe v pozicii B (,Fe-crichtonit?) a faza zloZzenim zhodna s loveringitom,
ale s dominantnym obsahom Mn (,Mn-loveringit®). Mineraly skupiny
crichtonitu zo Studovanych lokalit tvoria zrna nepravidelného tvaru
alebo inkluzie (velkost do 120 um) v muskovite a chloritizovanom
biotite v asociacii s monazitom-(Ce), apatitom, rutilom, allanitom-(Ce),
zirkénom a ilmenitom. Chemickému zlozeniu dominuje TiO, 50 az
59 hm. %, obsah FeO+Fe,O; je 25 — 28 hm. %, obsah XREE oxidov 2
az5hm. % a obsah SrO je 2 — 3 hm. %. Dessauit-(Y) tvori nepravidelné
zrné v muskovite, max. 50 um velké, spolu s dal&imi mineralmi skupiny
crichtonitu, biotitom, allanitom-(Ce) a apatitom. ,Fe-crichtonit* bol
opisany z chloritizovaného biotitu, kde tvori zrna max. 60 um velké.
Spolu s nim je pritomny aj rutil, apatit, zirkén, monazit a sericitizovany
plagioklas. ,Mn-loveringit“ tvori zrna velké max. 50 um v muskovitoch
spolu s titanitom, rutilom, monazitom, chloritom a sericitizovanym
plagioklasom.

Vznik mineralov skupiny crichtonitu je viazany na postmagmaticky
proces rozpadu monazitu-(Ce). Spolu s mineralmi crichtonitovej
skupiny vznikaju aj allanit-(Ce) az REE-epidot a apatit. Vznik mineralov
crichtonitovej skupiny je mozné vyjadrit nasledovnou rovnicou: biotit
(Ti) + plagioklas (Sr, Ca) + monazit (REE) — crichtonit + chlorit +
REE-epidot + rutil (+ titanit, iimenit). Ide o novy typ postmagmatickej
alteracie monazitu v prostredi bohatom na Ti (chloritizovany biotit)
a Sr (sericitizovany plagioklas).

M. KOHUT: Graniticky balvan z Milotina — nové tdaje
Statny geologicky Ustav Dionyza Stura, Bratislava

Granitické balvany zo severnej Oravy putaji pozornost miest-
nych fudi a odbornikov viac ako 100 rokov. NajstarSie dostupné
pisomné zmienky o exotickych balvanoch a konglomeratoch v tychto
oblastiach, budovanych flySovymi paleogénnymi sedimentmi,
pochadzaju z prace Kreutza (1927), aj ked je isté, Ze boli zname
odbornej verejnosti uz v druhej polovici 19. storocia. Neskér exotické
konglomeraty petrograficky opisal Zoubek (1931), ktory vo svojej
praci, publikovanej pri prilezitosti kongresu KBGA, podal prvykrat
chemické zlozenie granitickych konglomeratov. Zoubek (l. c.)
na zaklade chemického zloZzenia a petrografie z oblasti Bieleho
Potoka vy¢lenil medzi granitickymi obliakmi typ tatricky, blizky
granitom Vysokych Tatier, a typ exoticky, nemajuci analég medzi
zapadokarpatskymi granitmi. Okrem Bieleho Potoka sa velké balvany
s granitmi vyskytuju aj pri Krivej v udoli Krivského potoka. Andrusov
(1965) zaradil tieto horniny s exotickymi blokmi do zakopanského
suvrstvia a predpokladal, ze tieto granitické balvany pochadzaju
z pohltenej oravskej kordiliéry. Dve vzorky granitoidov od Andrusova
petrograficky a geochemicky spracoval Kahan (1965), potvrdiac,
ze horniny nepochadzaju z blizkeho kryStalinika Tatier, prijal nadzor
Andrusova (l. c.), av8ak pripustil ich podobnost so studeneckymi
Lneoidnymi“ granitoidmi (Kubiny, 1962). Exoticky graniticky balvan
z Krivej Studoval aj Kral (1983), ktory okrem chemického zlozenia
horniny stanovil aj vek stdp po spontdnnom rozpade 238U v apatitoch,
tzv. fission track” (AFT) s vekom 61 + 3 Ma, ¢&im obdobne vylugil
zhodu s granitmi Tatier, ktoré maju miocénny AFT vek. Podobny,
takmer 1,5 m velky graniticky balvan sa nachadza aj v Zuberci
— miestnej ¢asti Milotin, tento v8ak zatial nebol detailne Studovany
a je predmetom tohto prispevku. Pozicia tohto balvanu je v podstate
neista, kedze sa nachadza v nive malého potoka zarezaného
do zubereckého suvrstvia Podtatranskej skupiny (Gross et al., 1984).
Pod cca 3 cm hrubou, zvetranou, ruzovkasto nahnedlou kérou
sa nachadza tmavosiva, hrubozrnna, porfyricka graniticka hornina,
na prvy pohlad pripominajuca durbachitické horniny Ceského masivu.
Porfyrické vyrastlice (az do 3,5 x 1,5 cm) tvori bieloruzovkasty
K-Zivec, avS8ak hornina ma vyrazné znaky krehko-duktilneho
tektonicko-deformaéného postihnutia (TDP) s vyvojom usmernenych
biotitov a foliacie. Vyrazné postihnutie je pozorované aj v mikroskope
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s vyvojom paskovanych, polykry$talickych agregatov kremena,
tvorbou myrmekitov, mikroklinizaciou K-zivca, rekrystalizaciou
plagioklasu s tvorbou nového muskovitu, usmernenim biotitov
do pasov a ich postupnou chloritizaciou. Napriek znaénému TD
postihnutiu, hornina ma este stale viac charakter magmatickej horniny
ako metamorfitu (ortorula), aj ked metamorfné podmienky postihnutia
kratkodobo dosiahli vyse 400 °C a 350 MPa. Horninu mézeme
oznacit ako intenzivne tektonicko-deformacne postihnuty porfyricky,
biotiticky monzogranit. Geochemicky m6éZzeme Studovanu horninu
charakterizovat ako vysoko draselni magmaticku horninu vapenato-
-alkalickej série, spadajucu do peralumin6zno- subalumindznej
domény, magnezialnych granitickych hornin orogénnych oblasti,
afinujucu k A-typovym granitom, s vyraznou negativnou Eu anomaliou
v ramci chondritického normalizovaného zaznamu REE. Bodovym
U-Pb datovanim zirkénov na pristroji SHRIMP Il v Celoruskom
geologickom ustave (VSEGEI) v Petrohrade sme ziskali nové
vekové data, poukazujuce na permsky vek magmatického pévodu
s konkordiou cca 278 Ma. Tento vek je zhodny s vekom A-typovych
upohlavskych konglomeratov z pieninského bradlového pasma
274 + 13 Ma (Uher a PuSkarev, 1994). V otazke pévodu exotickych
granitickych balvanov na Orave nase nové udaje opatovne vylugili
ich zhodu s granitickymi horninami Tatier, ich permsky magmaticky
vek a priori nevylu€uje ladovcovy pévod, avSak predbezne nie su
zname primarne vyskyty identickych hornin severne od karpatského
obluka. Vekova a geochemické zhoda s €astou granitickych hornin
upohlavskych konglomeratov evokuje ich spoloény pévod a zdrojovu
oblast, ¢i to uz bolo v ,oravskej kordiliére” alebo nie.

Podakovanie. Vysledky boli ziskané vdaka finanénému prispevku
z grantu APVV 0549-07.

P. UHER!, D. OZDiN?, J. HALODA?, J. TOTH? a V. PORUBCANS:
Mineralogicka charakteristika meteoritu KoSice

"Katedra mineraldgie a petrolégie Prirodovedeckej fakulty UK, Mlynska
dolina G, 842 15 Bratislava; 2Ceska geologicka sluzba, Geologicka 6,
152 00 Praha 5; 3Katedra astronémie, fyziky Zeme a meteoroldgie,
Fakulta matematiky, fyziky a informatiky, Univerzita Komenského,
Mlynské dolina F, 842 48 Bratislava

Dria 28. 2. 2010 o 23:24:46 SEC preletel nad vychodnym
Slovenskom velmi jasny bolid, ktorého prelet atmosférou sa podarilo
zaznamenat televiznymi kamerami a vypoditat aj miesto dopadu
meteoritu zapadne od Kosic. Prvy ulomok meteoritu sa nasSiel pri
obci Vysny Klatov. Vo vypocitanej oblasti padu bolo v kratkom Case
najdenych 77 fragmentov rozpadnutého meteoritického telesa
s celkovou hmotnostou 4,3 kg, z ktorych najvac¢si ma hmotnost
2,2 kg. Ulomky meteoritu boli nasledne podrobené komplexnému
Studiu, ktorého sucastou je aj vyskum jeho mineralneho zlozenia
(opticky vyskum, elektronova mikroanalyza).

Zakladnymi texturnymi fenoménmi Studovaného meteoritu
su xenomorfne az hypidiomorfne zrnita zakladna hmota, v ktorej
lokélne vystupuju okruhle, 0,5 — 2 mm velké chondrule, priom
vyrazne prevladaju silikatové mineraly nad zliatinami Fe-Ni a sulfidmi,
na zaklade ¢oho mozno meteorit klasifikovat ako chondrit.

Hlavnymi mineralmi zakladnej hmoty aj chondrul su pyroxény
a olivin. Z pyroxénov prevlada enstatit s priemernym zastupenim
17 mol. % ferosilitovej zlozky, lokalne bol identifikovany diopsid
a augit. Olivin je reprezentovany forsteritom a ma v priemere 19 mol. %
fayalitovej zlozky. Lokalne sa vyskytuje plagioklas s vyraznou prevahou
albitovej zlozky (v priemere 82 mol. % albit, 12 mol. % anortit,
6 mol. % ortoklas). VzacnejSie vystupuje chromit s atbmovym pome-
rom Cr/(Cr+Al) = 0,83 — 0,86 a Fe/(Fe+Mg) = 0,77 — 0,85, chlérapatit
(0,54 — 0,85, v priemere 0,71 apfu Cl) a merrillit CagNaMg(PO,),
zaznamenané bolo aj silikatové sklo. Kovovu zlozku meteoritu KoSice
tvoria zliatiny Zeleza a niklu: niklové Zelezo (kamacit), obsahujuce
4 — 10 hm. % Ni, tenit (22 — 44 hm. % Ni) a vzécny tetratenit (47 az
55 hm. % Ni), v asociacii s troilitom (FeS), ktoré vystupuju v intersticiach
silikatovych mineralov a v tenkych Zilkach v rdmci zékladnej hmoty.
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Na zaklade chemického zloZenia enstatitu a forsteritu (pomer
Fe/Mg) mozno meteorit KoSice klasifikovat ako chondrit typu H5.
Planarne pukliny vo forsterite a undulozita albitu a forsteritu, ako aj
opakné Sokové zilky a lokalne uzavreniny taveniny indikuju stredné
Stadium Sokovej metamorfnej transformacie meteoritu (S3). Meteorit
KoSice patri k najbeznejSiemu typu chondritov, jeho mineralne
zlozenie je podobné nedavno opisanym chondritickym meteoritom
z oblasti Slovenska (Rumanova) a Ceska (Moravka).

P. HRUBCOVA', P. SRQDA2, M. GRAD?, W. H. GEISSLER?,
A. GUTERCH?, J. VOZAR?, E. HEGEDUS® and Sudetes 2003
Working Group: From the Variscan to the Alpine Orogeny:
Crustal structure of the Bohemian Massif and the Western
Carpathians in the light of the SUDETES 2003 seismic
data — tectonic implications

'Inst. of Geophysics, Academy of Science of the Czech Repubilic,
Prague, Czech Republic; 2Inst. of Geophysics, Polish Academy of
Sciences, Warsaw, Poland; ®Inst. of Geophysics, University of Warsaw,
Warsaw, Poland; “Alfred Wegener Inst. for Polar and Marine Research,
Bremerhaven, Germany; 3Slovak Academy of Sciences, Geological
Inst., Bratislava, Slovak Republic; 6E6tvos Lorand Geophysical Inst.,
Budapest, Hungary

The Variscan orogeny is the major Middle to Late Paleozoic
tectonometamorphic event in the central Europe. It represents the
final collision of Gondwana with the northern continent, Laurasia, and
marks the European version of the evolution of the supercontinent
of Pangaea at the end of the Paleozoic. The largest Variscan unit
in the central Europe, the Bohemian Massif, represents the most
prominent outcrop of the pre-Permian rocks deformed during this
orogeny. Though consolidated, the Bohemian Massif consists of
individual units, the Saxothuringian, Barrandian, Moldanubian and
Moravo-Silesian. Adjacent to this massif in the southeast, the Western
Carpathians form an arc-shaped mountain range related to the Alpine
orogeny during the Cretaceous to Tertiary.

The complex crustal-scale geological structure of the Variscan
Bohemian Massif and the Western Carpathians, and especially their
contact, were analysed employing the data of the SUDETES 2003
international seismic refraction experiment. The analysed seismic data
were acquired along the 740 km long, NW — SE oriented S04 profile
that crossed the Bohemian Massif and the Western Carpathians before
terminating in the Pannonian Basin. The data were interpreted by 2-D
trial-and-error forward modelling of P waves, additional constraints on
crustal structure were provided by the gravity modelling.

The most distinct lateral variations along this profile were found
in the deep crustal structure in the transition between the Bohemian
Massif and the Western Carpathians. There, proceeding from the SE,
at the western side of the Carpathians, the Moho rises from 32 km to
a depth of 26 km at a distance of 415 km along the profile and steeply
dips to the NW to a depth of 37 km. Such a steeply dipping Moho
was also modelled along the SW — NE oriented profile CEL11 at the
eastern edge of the Carpathians or at the south-eastern edge of the
Carpathian Belt in Vrancea (Janik et al., 2010; Hauser et al., 2007).
Considering the Pieniny Klippen Belt as a deep-seated boundary
between the colliding Paleozoic lithospheric plate to the north and
the ALCAPA microplate to the south, the abrupt change of the crustal
thickness can represent the continuation of this boundary to the depth.
The close later proximity (< 50 km) between these two significant
crustal features (Pieniny Klippen Belt and the abrupt Moho depth
change) may suggest that the zone between them is an area of the
contact of the European Platform plate and the microplate.

In the upper crust of this transition, low velocities of 4 km s
extend to a depth of 6 km and represent the sedimentary fill of the
Carpathian Flysch and Foredeep that thins towards the foreland. This
basin is also expressed as a pronounced gravity low and its shape is
imaged from reflection investigation in this area. Higher near-surface
velocities in the Carpathians correspond to the Tertiary volcanic
complexes exposed at the surface.
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The Moho in the Carpathians reaches a depth of 32 — 33 km. This
relatively small thickness compared to those of many other orogens, e.g.
the Alps, reflects a different tectonic evolution of the Carpathians with
the internal Carpathians being parts of two consolidated paleo-Alpine
lithospheric fragments or microplates Alcapa and Tisza. In contrast,
in the region influenced by the Tertiary extension, in the Pannonian
Basin, the Moho rises up to a depth of 25 km, which corresponds to
the Pannonian gravity high and the Pannonian lithospheric thinning.

8. CiK: Nova klasifikacia trioktaédrickych a dioktaédrickych
slid z granitoidov Zapadnych Karpat; 3D distribtcia
biotitu v ortorulach

Geologicky ustav SAV, Dubravska cesta 9, 840 05 Bratislava

Kompletné najnovsie zaclenenie dioaktaédrickych a trioktaédric-
kych slud z granitoidnych hornin zo slovenskej ¢asti Zapadnych
Karpat posliuzi na ich novu klasifikaciu a zaradenie do prislusnej
série. V zmysle novej klasifikacie podla Tischendorfa et al. (2007)
sa dioktaédrické sludy z granitoidov typu S a Ss klasifikuju pomocou
grafu (obr. 1) ako €leny muskovitovo-seladonitovej série, t. j. muskovity
a fengity, pricom dioktaédrické sludy z granitov typu Ss su posunuté
k Li-bohatSim fengitom.

Trioktaédrické sludy z | a S typov granitoidov sa klasifikuju ako
¢leny flogopitovo-annitovej série. Zlozenie trioktaédrickych sliud
z | typov je posunuté blizSie k flogopitu a z S typu k annitu. Trioktaédrické
sludy z Ss granitoidov su klasifikované ako ¢leny siderofylitovo-
-polylithionitovej série.

DalSou ulohou bolo zistit 3D, priestorovu distribuciu v ortorulach.
Cielom bolo overit, ¢i sa biotity akumuluju do pravidelnych pasov aj
v priestore. Priestorovu distribuciu biotitu v granitoidoch sme sledovali
pomocou RTG tomografu (Ustav merania SAV), na molybdénovej
katéde. Metéda umozriuje rozliSit objekty dostatone kontrastné pre
prienik RTG ziarenia. Menej priepustné objekty sa javia ako tmavsie.
Prvé meranie ukazalo, Ze pouzité vzorky horniny nie su vhodné pre
rozdielnu hrubku rotujucej platniéky. Na reprezentativne zobrazenie
je preto potrebny symetricky objekt (valec). Napriek tomu predbezné
merania ukazali, Ze metéda je velmi vhodna na Stidium priestorovej
distribucie pre Strukturne interpretacie.
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Obr. 1. Nova klasifikacia dioktaédrickych a trioktaédrickych slud
z granitoidov ZK podla Tischendorfa et al. (2007).

Fig 1. New classification of dioctahedral and trioctahedral micas from
granitoids of the Western Carpathians sensu Tischendorf et al. (2007).
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2. cast — Part 2

Environmentalna geoldgia
Environmental geology

P. LISCAK, P. PAUDITS, L. PETRO, L. IGLAROVA, P.
ONDREJKA, |. DANANAJ, M.BRCEK, |. BARATH, M.VLACIKY,
Z. NEMETH, L. ZAHOROVA, M. ANTALIK, M. REPCIAK,
D. DROTAR a J. MELICHERCIK: Registracia, zhodnotenie
a protihavarijné opatrenia na novovzniknutych svahovych
deformaciach v preSovskom a kosickom kraji v roku 2010

Statny geologicky Ustav D. Stira, Miynska dolina 1, 817 04 Bratislava

Jeden z najvyznamnejsich prejavov exogénnych geodynamickych
procesov nielen u nas, ale v celej strednej Eurdpe predstavuju
svahové deformacie. Kazdoro¢ne spésobuju Skody na komunikaciach,
na majetku obyvatelstva, na polnohospodarskej a lesnej pdde, ako
i degradaciu zivotného prostredia. Tieto javy sa vS8ak spravidla
vyskytuju v pomerne malych poctoch a zvy&ajne k ich vzniku prispieva
Elovek svojou nevhodnou aktivitou. V roku 2010 sme v8ak zaznamenali
bezprecedentny vyvoj svahovych poruch, ktory bol nepochybne
podmieneny mimoriadne vysokymi uhrnmi zrdzok v mesiaci maj,
na mnohych miestach prekracujucimi dlhodobé priemery 4- az
5-n&sobne. Mimoriadne postihnuté boli najmé uzemia na vychodnom
Slovensku (preSovsky a koSicky kraj), predovSetkym uzemie
karpatského flySu, a to ako vonkajSieho, tak i vnutrokarpatského,
a tiez uzky pruh bradlového pasma.

V desiatkach obci vychodného Slovenska si situacia zaciatkom
juna 2010 vyziadala vyhlasenie havarijného stavu. Najviac medializo-
vanymi pripadmi su obce Nizna Mysla a Kapu$any; evakuéaciu
niektorych rodinnych domov bolo vSak nevyhnutné realizovat aj vo via-
cerych dalsich obciach vychodného Slovenska vzhladom na rozsah
statického poruSenia budov. Podobne bola postihnuta cestna
infrastruktura nielen povodfiami, ale aj zosuvmi svahov, pri¢om niektoré
obce boli doslova odrezané od sveta (Sulin, Medzibrodie, Kace).

Sekcia geoldgie a prirodnych zdrojov Ministerstva pédohospo-
darstva, zivotného prostredia a regionalneho rozvoja SR poverila
SGUDS rieSenim geologickej ulohy zameranej na registraciu
a zhodnotenie havarijnych zosunov na vychodom Slovensku.
V priebehu juna az septembra 2010 kolektiv geolégov SGUDS
vykonal systematicku registraciu 551 novovzniknutych, resp.
reaktivizovanych svahovych deformacii, v drvivej vacsine zosuvov.
Pri terénnych pracach bola po prvykrat pouzitd metéda zamerania
svahovych deformacii pomocou GPS pristroja Trimble GeoXT
2005, kategérie GIS so submetrovou presnostou zaznamenavania.
Sucastou terénnych prac bola systematickd fotodokumentacia
identifikovanych deformacii. Bol vypracovany ucelovy zaznamovy
list svahovych deformacii, ktory zohladnil predchadzajuce etapy
registracie v obdobi 1960 az 2010, a tiez Struktura GIS databazy.
VSetky zaregistrované deformacie boli v sulade s koncepciou
hodnotenia multirizika (Marzocchi, 2009) rozdelené podla socio-
ekonomickej vyznamnosti do 4 tried:

— mala vyznamnost (R1): marginalne sociadlne, ekonomické
a environmentalne Skody — 273 zosuvov;

— stredna (R2): malé poSkodenie budov, infrastruktury a zivotného
prostredia; ziadne podstatné vplyvy na obyvatelstvo, funkénost budov
a ekonomické aktivity — 157 zosuvov;

— vysoké (R3): obavy o bezpeénost obyvatelstva; potencialne
poruchy funkénosti stavieb a infrastruktury, mozné prerusenie
ekonomickych aktivit a relevantné poskodenie zivotného prostredia
— 98 zosuvov;

— velmi vysoka (R4): o¢akavané Skody vratane obeti a zraneni,
vazne poskodenie budov a infrastruktury, zni¢enie existujuceho stavu
zivotného prostredia a socio-ekonomickych aktivit — 29 zosuvov.

NajvyznamnejSim prinosom geologickej ulohy je ,okamzita“
informacia o stave a dosahoch svahovych deformacii, ktoré vznikli,
resp. sa reaktivovali v maji a v juni roku 2010 v désledku klimatickych
extrémov. Inventarizacia, kategorizacia a aktualizacia su¢asného
stavu zosuvnych lokalit umoziuje vliadnym a samospravnym organom
efektivne smerovat finan¢né prostriedky potrebné na prieskum
a sanaciu takychto uzemi. Spdsob spracovania, ,bezmierkovost*
topografickej informacie, registracia poskodenych ¢&i ohrozenych
objektov umoznuju zapracovat tuto presnd dokumentaciu do uzemno-
planovacich podkladov, bez ohladu na detailnost spracovania
a geodetického zamerania (katastralne mapy parciel KNC a KNE,
geometrické plany, podrobné mapy inzinierskych sieti, rézne
pozemkové mapy, dokumenty USES, VZFU, lesnicke mapy a pod.).
Na zaklade suladu s katastralnymi mapami je tak mozné presne
vycislit velkost §kéd na danej parcele s moznostou identifikacie
vlastnika a pod., ¢o je dblezity Gdaj, napr. pre dokumentéciu poistnych
udalosti, identifikaciu rozsahu poskodenia plynovodov, vodovodnych
potrubi a pod..

Sucasne vznikla rozsiahla GIS databaza obsahujuca aj informaciu
o datume vzniku svahovych poruch, prva svojho druhu na Slovensku,
¢im sa do buducnosti vytvoril podklad pre vyskum navratnosti takychto
javov a ich vierohodnejsie prognézovanie.

M. BRIVEVS,TENSKYH L. PETRO?, J. VOZARS3, J. STEMBERK,
B. KOSTAK' and P. BELLA*: EUTecNet Slovakia: Results
from the TM71 monitoring network

'Institute of Rock Structure and Mechanics, Acad. Sci. Czech Rep.,
V HoleSovitkach 41, CZ-182 09 Prague 8, Czech Republic; 2State
Geological Institute of Dionyz Stur, Jesenského 8, SK-040 01 Kosice,
Slovak Republic; 3Geological Institute, Slovak Academy of Sciences,
Dubravska cesta 9, SK-840 05 Bratislava, Slovak Republic; *Slovak
Caves Administration, Hodzova 11, SK-031 01 Liptovsky Mikulas,
Slovak Republic

In Slovakia, thirty localities are presently equipped with the
optical-mechanical crack gauge known as the TM71. These gauges
monitor such geohazards as landslides and recent tectonic activity.
The first instrument was installed here in 1973, in the back-scarp
of a vast landslide located in the Mala Fatra Mts. (the Steny Site).
Similar long-term monitoring has been carried at a number of other
sites. However, in recent years many more sites have been equipped
with the gauge. These recent studies generally focus on monitoring
fault displacement activity. Many of the studied faults intersect cave
systems and are located in significant fault zones. Therefore, we are
able to better understand the current development of such zones. The
underground setting helps us to better constrain rock massive behaviour
because complicating factors such as seasonal massive dilations are
minimized. The current results show active tectonic displacements,
tidal effects, and landslide activity. In addition, phenomena related
to local earthquake episodes are also recorded. Moreover, fault
displacement monitoring is supplemented by the studies of structural
geology, geomorphology, and geophysical surveying. These enable
the wider geological context of the monitored sites to be constrained
more closely.
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M. ANTALIK a S. KACER: Geologické mapy on-line

Statny geologicky lstav Dionyza Stiira, Bratislava

1. aprila 2008 bol verejnosti spristupneny Mapovy server a Digi-
talny archiv ako vysledok rieSenia ulohy Geologicky informacny
systém (GeolS). Obidve sluzby su samostatne dostupné na stranke
www.geology.sk.VSetkym zaujemcom su bezplatne k dispoziciimapové
sluzby na prezeranie, resp. tla¢, vyuzivajuc pritom dalSie funkcie,
ktoré su opisané v kazdej aplikacii vo forme prirucky. NajrozsiahlejSou
a zarovef najpouzivanejsou aplikaciou je Digitalna geologicka mapa
SR 1:500 000.V sucasnosti (december 2010) Mapovy server SGUDS
obsahuje 17 aplikacii, vratane 6 registrov Geofondu a prehliadaca
WMS sluzieb. Zaroven prebieha priprava novych a aktualizacia
existujucich aplikacii po obsahovej aj technickej stranke.

Zoznam aplikacii Mapového servera SGUDS:

1. Prehliada¢ WMS (Web Map Service) sluzieb.

2. Geologicka mapa SR 1 : 50 000 (okrem plo$nych, liniovych
a bodovych informacii geologickej mapy su dostupné aj samostatné
vrstvy zoznamu pouzitych podkladov, vrstva kvality, prehlad mapovania
a Strukturna schéma).

3. Prehladné geologické mapy (4 dblezité geologické mapy
malych mierok, M = 200 000).

4. Geologické ¢lenenie Eurépy 1 : 20 000 000.

5. Tematické prehladné mapy (9 méap, M = 500 000).

6. Hydrogeologické a hydrogeochemické mapy (Hydrogeologicka
mapa SR 1:200 000 a 15 regionalnych zakladnych hydrogeologickych
a hydrogeochemickych map 1 : 50 000).

7. Geofyzikalne mapy (obsahuju 11 zakladnych vrstiev: Geofyzika
SR, SGR - geofyzika, Seizmika, Geofyzika CSUP, VES, Karotaz,
Mapa radioaktivity cézia, Mapy prirodnej radioaktivity, Gravimetricka
mapa SR, Magnetickd mapa SR a Zavere¢né spravy SR).

8. Atlas krajiny SR (9 map z Atlasu krajiny SR 1 : 500 000
a 1:1 000 000, vydaného v roku 2002 MZP SR, SAZP a Esprit,
s. . 0. Spracovangé a upravené su mapy, ktoré boli zostavené
pracovnikmi SGUDS).

9. Atlas Geotermalnej energie (Digitalna forma atlasu: Franko,
Remsik, Fendek, 1995: Atlas Geotermalnej energie. Obsahuje
15 tematickych map SR 1 : 1 000 000 a 14 vymedzenych oblasti
1 : 200 000; udaje o teplotach z 376 vrtov a o hydrogeotermii zo 61
geotermalnych vrtov.).

10. Atlas taZzkych mineralov (Digitalna forma atlasu: Baco, 2004:
Atlas tazkych mineralov. Obsahuje distribuéné mapy 37 vybranych
mineralov.).

11. Environmentalne a zdravotné indikatory SR (Informacny
systém geologickej ulohy Environmentalne a zdravotné indikatory
v SR: Rapant et al., 2009. Obsahuje informacie o stave znecistenia
v geologickom prostredi — environmentélne indikatory — a o ukazova-
teloch zdravotného stavu obyvatelstva — zdravotné indikatory.).

12. Prieskumné Uzemia (Register Geofondu, evidencia navrho-
vanych, uréenych, blokovanych a zruSenych PU.).

13. Loziska (Register Geofondu, vyhradené loziskd OVL,
evidencia chranenych loZiskovych uzemi a dobyvacich priestorov.).

14. Staré banské diela (Register Geofondu, prehlad historickych
prejavov banskej ¢innosti v SR mimo uzemi dobyvacich priestorov.).

15. Svahové deformacie (Register Geofondu, vrstva z Atlasu map
stability svahov SR 1 : 50 000, Simekova et al., 2006 — doplnena
pbévodnym registrom Geofondu).

16. Skladky (Register Geofondu, obsahuje informacie o skladkach
odpadu a o zloZeni odpadu.).
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17. Hmotna dokumentécia (prehladna datab&za vrtov usklad-
nenych v skladoch HD).

8. KACER: OneGeology-Europe — geologicka mapa
Eurdépy on-line

Statny geologicky Ustav Dionyza Stura, Bratislava

Jednym z cielov projektu OneGeology-Europe bolo vytvorenie
prvej digitalnej geologickej mapy starého kontinentu a zaistenie jej
on-line pristupnosti. Dokonc&enie tejto prace znamenéa vyznamny
prispevok k implementacii eurépskej smernice INSPIRE, ktora
zahffa rozvoj systému a protokolu, umoznujuceho lepSie zistovanie
dostupnosti, prehliadania a stahovania kli¢ovych geologickych
dat.

OneGeology-Europe umozriuje podielat sa na udajoch a geo-
logickych poznatkoch, a to taktiez vdaka spracovaniu uzivatelského
licenéného systému (tzn. zmluvy o pouziti, pristupe a vyuzivani
udajov a glosara spolo¢ného pre vSetky eurdpske Staty). K dispozicii
su tiez priklady najlepSich postupov, ktoré pomézu lepSie pochopit
to, ako pokracovat s dodavanim a aplikéciou geologickych udajov
vo verejnych a sukromnych sektoroch.

Tento eurdpsky projekt, ktory je pevne spaty s celosvetovou
iniciativou OneGeology, prvym geologickym googlom na nasej planéte
v histdrii, je vybudovany na vysokej technologickej urovni. Projektu sa
zUcastnilo 20 geologickych sluzieb a 9 réznych uradov a organizacii
podielajucich sa z réznych dévodov na ziskavani teritorialnych dat.

Specifické ciele OneGeology-Europe zahfriaju:

* Umoznit vymenu vedeckych, technologickych, informacnych
a komunikaénych schopnosti a skusenosti v ramci EU;

* Webovo pristupnd, interoperatibilna zostava geologickych
priestorovych dat celej Eurépy v mierke 1 : 1 000 000 (za pouzitia dat
eurdépskych geologickych sluzieb);

¢ Urychlenie rozvoja a Sirenia vznikajuceho S$tandardného
medzinarodného jazyka pre vymenu geologickych dat (GeoSciML);

* Umoznit zdielanie dat v ramci eurdpskej komunity zahffajlcej
nielen geoldgov, ale vSetkych so zaujmom o tieto data;

* Zjednodus$enie vyuzitia geologickych dat Sirokym spektrom
organizacii z verejného i sikromného sektora, a to prostrednictvom
smernic a supisov pravidiel v oblasti udelovania licencii;

* Vytvorenie spolo¢ného jazyka na zjednoduSenie ziskavania
geologickych poznatkov a jeho posun ku koncovym uzivatelom;

¢ Poskytnutie prikladov ,najlepSich postupov“ poskytovania
geologickych priestorovych dat s vysokym rozli§enim;

¢ Dosiahnutie vyznamného posunu pri zavadzani eurdopskej
smernice INSPIRE.

Partneri

OneGeology-Europe mal 29 partnerov v ramci konzorcia
zlozeného z 20 narodov. Zucastnilo sa ho 20 geologickych sluzieb
(poskytovatelia dat), 7 zastupcov komunity uzivatelov, expert na
pravne stranky pristupu ku geografickym datam a v neposlednom
rade organizacia zastreSujuca vSetky eurépske geologické sluzby
(EuroGeoSurveys).

Financovanie

Tento projekt financovalo Generalne riaditelstvo Eurépskej komisie
pre informaénu spolo¢nost a média a malo celkovy rozpocet vo vyske
3,25 mil. eur s tym, ze 2,6 mil. eur poskytla Eurdpska komisia a zvySnu
Cast partneri projektu.

Projekt OneGeology-Europe umoznil Eurépe hrat v globalnej
iniciative global OneGeology kltic¢ovu rolu.

Navstivte stranku hitp://onegeology-europe.eu/ a dozviete sa viac.
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M. DUNCKO: Zhodnotenie stability Gizemia v trase vedenia
vysokého napitia v useku Goétovany — Vazec

Katedra inzinierskej geoldgie Prirodovedeckej fakulty UK, Mlynska
dolina, 842 15 Bratislava; duncko @fns.uniba.sk

Predkladany prispevok sa zaobera posudenim zranitelnosti
stozZiarov vedenia vysokého napétia v dosledku aktivity gravitaénych
javov — zosuvov na uzemi Liptovskej kotliny, v Useku od obce Gétovany
po obec Vazec. Reaktivizované svahové deformacie znehodnocuju
popri polnohospodarskej pdde a lesnych porastoch aj energeticku
infrastrukturu v podobe poru$enia stability stoziarov vysokého napétia
a tym narusaju zabehnuty chod ekonomiky.

Z geologického hladiska najvac¢si podiel na stavbe Liptovskej
kotliny maju horniny paleogénneho veku a pokryvné utvary kvartérnych
hornin, z ktorych najvyznamnejsie su fluvialne, glacifluvialne
a glacigénne sedimenty. MenSou mierou su tu zastupené horniny
mezozoika (tvorené cho€skym a kriziianskym prikrovom) a na zapade
uzemia sa vyskytuju horniny neogénneho veku.

Zosuvy v zaujmovom Uzemi vznikaju najCastejSie v geologickom
prostredi, tvorenom horninami rytmického flySa (striedanie ilovcov
a pieskovcov zubereckého suvrstvia) a deluvialnych sedimentov.

Vypocet zranitelnosti prvkov prostredia je vo vSeobecnosti
zalozeny na jednoduchych Statistickych vypoctoch, do nich vstupuju

hlavné atributy (relevantné faktory), ktoré su urcujuce pri hodnoteni

stability danych prvkov prostredia (v nasom pripade stoziarov
vysokého napatia).

Beznym a u€innym prostriedkom hodnotenia zranitelnosti, resp.
analyzy rizik su tzv. logické stromy (logical tree). Iny nazov pre tento
postup je stromovy diagram (event tree) alebo vetveny graf. Ide
o grafické znazornenie vyvoja Studovanych udalosti a ich posudzovanie
v asovom slede. Logické stromy ur€uju, aky nasledok plynie z urcitej
udalosti, alebo ktora pri€ina vedie k urcitej udalosti. Pomocou logického
stromu je mozné odhadovat aj pravdepodobnost javu, s ktorym méze
analyzovana neziaduca udalost nastat (Pate-Comell, 1984).

Zhotovenie kazdého logického stromu zacina vypracovanim
scenara vyvoja relevantnych faktorov, v nasom pripade su to: sklon
svahu, hibka hladiny podzemnej vody, hibka zaloZenia stoziaru
a jej vztah k predpokladanej Smykovej ploche a pozicia stoziaru voci
svahovej deformacii.

Faktory v logickom strome su usporiadané vo forme ich
odstupnovaného vplyvu na aktivizaciu svahového pohybu — zosuvu
vyjadreného v % (pravdepodobnost aktivizacie). Pravdepodobnost je
vyjadrena v rozpéati 0 — 1, ¢o zodpoveda percentualnemu vyjadreniu
0 — 100 %. Vysledkom je uréenie pravdepodobnosti, s akou dbjde
k aktivizacii svahovych geodynamickych javov, pripadne k negativnym

dopadom na stoziare vysokého napaétia. Pri racionalnom postaveni

jednotlivych prvkov logického stromu pravdepodobnost, ze déjde
k aktivizacii svahového pohybu, poskodeniu objektu prostredia
(stoziarov a vedenia), udava sucin jednotlivych negativhych
pravdepodobnosti zvolenych faktorov.

Vyslednym inZinierskogeologickym podkladom aplikacie
zvoleného metodického postupu je mapa zranitelnosti uzemia
na zosuvanie s lokalizaciou stoziarov vedenia vysokého napétia.
Sucastou tohto postupu je aj navrh sanaénych opatreni, ktorymi by
sa minimalizoval negativny vplyv zosuvnych procesov na objekty
(stoziare vedenia) v Studovanom uzemi.

L. PETRYDESOVA!, R. PUTISKA' a P. LISCAK?: Stabilita
svahu zosuvnej oblasti medzi obcami Sintava — Paradi¢
v suvislosti s perspektivhou vystavbou VD Hlohovec
- Sered’

'Prirodovedecka fakulta UK, Mlynska dolina, 842 15 Bratislava;
2Statny geologicky Ustav D. Stura, Mlynska dolina, 817 04 Bratislava

V sucasnosti sa Coraz CastejSie spomina realizacia vodného diela
Hlohovec — Sered na rieke Vah. Usek Vahu v tejto oblasti predstavuje
mozny hydroenergeticky potencidl, o vyuziti ktorého sa uvazuje uz
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60. rokov minulého storo€ia. V 90. rokoch boli predstavené dva varianty
vodného diela (derivacny a rie€ny), z ktorych je v si¢asnosti aktualny
uz iba jeden — konecny variant (deriva¢ny).

Pri vystavbe samotného VD dojde ku kontaktu jeho vybranych
Casti so zosuvnym uzemim. Predpoklada sa, Ze ddjde k zmene
rezimu prudenia podzemnej vody v Uzemi, ¢o nasledne mbze viest
k poruSeniu stability svahov. Vyvoj zosuvov na uzemi medzi Hiohovcom
a Seredou bez vplyvu vystavby VD je v praci Otepku et al. (1983)
prognézovany ako negativny.

Na zaklade Studia predstavenej koncepcie vodného diela, ako aj
Studia geologickych pomerov a terénnej obchédzky boli vyélenené
kritické useky, na ktorych by v désledku nespravneho antropogénneho
zdsahu mohlo dojst k poruseniu stability. Podla mapy zosuvného
hazardu (Bednarik, 2007) su predmetné Useky zaradené do vysokého,
resp. velmi vysokého stupna zosuvného hazardu, a preto si vyzaduju
zvySenu pozornost.

Jednym z vyClenenych kritickych Usekov je aj zosuvny svah medzi
obcami Sintava — Paradi¢, zapadne od obce Vinohrady nad Vahom.
Ide o typicky regresivny zosuv s viacerymi vyvojovymi Stadiami, ¢o
je charakterizované aj morfologickou stavbou svahu s viacerymi
poklesovymi stupfiami. Teleso svahovej deformacie je tvorené
predovSetkym neogénnymi sedimentmi, ktoré vystupuju uz v hibkach
0,3-0,7 m pod povrchom. [de 0 mohutné suvrstvia vysoko plastickych
nepriepustnych ilov (skupiny F8 a F6) a zvodnenych jemnozrnnych
pieskov so vztlakovou vodou, ¢o vytvara Strukturu vhodnu na rozvoj
svahovych portch. Prave v tomto tiseku ma byt realizovany rozsiahly
stavebny zasah spodivajlci vo vyhibeni koryta Vahu zo suéasnej
urovne terénu (125 m n. m.) na kétu 117 m n. m. Takyto hiboky vykop
odpadového kanala bude priamo podrezavat zosuvny svah, ¢o méze
mat za nasledok reaktivizaciu svahovych pohybov. Po¢as samotnej
vystavby VD m6zZe mat na horninové prostredie mierne negativny
vplyv aj zvetravanie dna vykopov, zmena unosnosti v podlozi hradzi
a pod.

Na uzemi sme realizovali geofyzikalne meranie merného
elektrického odporu, na zéklade ktorého bola zistena hibka rotaénej
Smykovej plochy 30 m pod povrchom terénu (pravdepodobne bazélna
Smykova plocha). Vysledky z merania nam vyrazne napomohli pri
interpretacii litolégie telesa zosuvu. Podla stabilitnych vypoctov vo
vybranych profiloch je stav zosuvnych uzemi kriticky. Najkritickejsi stav
je na kontakte pdsobenia bocnej erézie Vahu so zosuvnym tzemim.
Ide aj o spominany Usek pri obci Sintava (narazovy breh meandra
Vahu). V pripade, Ze pri vystavbe VD budu vhodne zvolené technické
opatrenia, samotné VD vyrazne prispeje k zlepSeniu su¢asného
stabilitného stavu horninového prostredia.

A. BAGELOVA: Tvorba digitdlneho modelu podlozia
neovulkanitov v oblasti povodia Neresnice prostrednictvom
GIS

Katedra hydrogeoldgie Prirodovedeckej fakulty UK, Mlynska dolina,
842 15 Bratislava; bagelova @fns.uniba.sk

S rozvojom vypoctovej techniky a nastupom novych technolégii
vnikaju nové poziadavky na spdsoby spracovania informacii
s dérazom na presnost mapového diela. GIS spracuva geografické
Udaje v digitalnej podobe. Digitalny model reliéfu (DMR) predstavuje
mnozinu priestorovo priradenych udajov vypocitanych na zaklade
vhodnej interpola¢nej metddy. NajcastejSie pouzivanymi formami
priestorovej reprezentacie DMR je pravidelna siet (grid), alebo
nepravidelna trojuholnikova siet (triangulated irregular network, TIN).
Grid patri k rastrovym Struktdram, v ktorych je povrch rozéleneny do
matice buniek — Stvorcov. Kazda bunka nesie hodnotu nadmorskej
vysky, ktora sa vztahuje k stredu bunky, €o umozriuje velmi jednoducht
reprezentaciu v pocitaci (dvojdimenzionalne pole) ako aj jednoduché
spracovanie. TIN (triangulated irregular network) patri k vektorovym
topologickym Struktiram. Vychadza z nepravidelnej trojuholnikove;j
siete, kde elementarnu geometricku plochu povrchu reprezentuje
trojuholnik. Vyskové hodnoty su priradené vrcholom trojuholnikov, ¢o
sa prejavuje v zlozitejSej reprezentacii a spracovani. DalSou velkou
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nevyhodou TINu je, ze na modelovanie a analyzu nemozno pouzit
mapovu algebru. Mapova algebra umoziiuje vykonavat rézne operacie
na pravidelnych Strukturach (teda vratane grid) rovhakym spésobom,
ako su vykonavané na dvoch ¢islach. V naSom pripade mézeme tymto
spdsobom od¢itanim vrstvy podlozia neovulkanitov a vrstvy kvartéru
od vrstvy povrchu Uzemia zistit hribku neovulkanického komplexu.

PodloZie neovulkanitov sa vyznacéuje hrastovo — priekopovou
stavbou. Pri uzemi rozdelenom na vyzdvihnuté a poklesové kryhy
je potrebné pouzit zlozitejSie postupy tvorby digitalneho modelu
ako pri ,hladkom” reliéfe. Praca sa zaobera opisom tvorby grid typu
digitdlneho modelu v prostredi ovplyvnenom zlomami prostrednictvom
programu ArcGIS 9. Ako podkladové materidly (vstupné udaje) boli
pouzité jestvujuce geologické rezy, geofyzikalne merania a udaje
zo Strukturnych vrtov.

Podakovanie. Prispevok je sucastou rieSenia projektu UK/378/2010
a VEGA ¢. 1/0333/09 Ministerstva Skolstva SR.

M. CHMELIKOVA a A. BAGELOVA: Vyverova oblast Lucky
a extrémne vysoké uhrny zrazok v roku 2010

Katedra hydrogeolégie Prirodovedeckej fakulty UK, Mlynska dolina,
842 15 Bratislava

Hodnotené uzemie sa nachadza v Cho¢skych vrchoch, severne od
Liptovskej kotliny, v udoli potoka Teplianka, kde v désledku priaznivej
orientacii zlomov a tektonike dochadza k vyverom termalnych
mineralnych véd. Triasové karbonaty krizrianského a choéského
prikrovu tu predstavuju vyznamné kolektory podzemnych véd (Hanzel
et al., 2008).

Vyverova oblast mineralnej vody v Luckach je podmienena
kombinaciou pozdizneho SV — JZ choésko-podtatranského zlomu
a ,luéanskou elevaciou® Jej vychodny okraj prebieha udolim potoka
Teplianka, zjuznej strany je oomedzena SV — JZ zlomom, rovnobeZnym
so zlomom choc&sko-podtatranskym, a z vychodnej strany prie€nym
SSZ - JJV zlomom, prebiehajucim udolim potoka Teplianka (severny
okraj obce Lucky; Pohanka a Lizor, 1985).

Vymedzenu hydrogeologicku Strukturu prirodnej mineralnej vody
v Luckach v zmysle klasifikacie (Franko et al., 1975) zaradujeme
medzi otvorené hydrogeologické Struktury. Je doplfiovana prirodzenou
infiltraciou zrazok a odvodnovana prirodnymi pramenmi a umelymi
zdrojmi (vrty, studne), ako aj vo forme skrytych prestupov do
povrchového toku Teplianka. Vydatnost mineralnych véd zavisi od
doplfhania zasob podzemnych vod v infiltraénej oblasti — Povodie
Suchého potoka v Zapadnych Tatrach (Hanzel et al., 2008).

Hydrometrovanie hydrometrickou vrtulou bolo vykonané na
povrchovom toku Teplianky 11.8.2010 v piatich profiloch. Tieto merania
poskytuju vyznamné udaje, pretoze rozdiely v prietokoch predstavuju
priame vstupy mineralnych vod do potoka.

Hanzel et al. (2008) v ramci hodnotenia tlakovej retardacie medzi
infiltraciou zrazok v infiliraénej oblasti mineralnych véd v povodi
Suchého potoka a ich odrazom v minerdlnych vodach vo vyverovej
oblasti Lucky zistil, ze doba retardacie v severnej Casti vyverovej
oblasti (Méria, Helena) je 27 — 36 dni a v juznej ¢asti (BJ-101,
Barbora, Marta) 10 — 15 dni. TaktieZ zistil, ze v severnej €asti Uzemia
sa prejavuju aj klimatické vplyvy vo vyverovej oblasti. Namerané
hodnoty vydatnosti z 11. 8. 2010 su omnoho vy$Sie ako v mesiaci
august rokov 2005 — 2007. V sulade s Hanzelovym tvrdenim vysoké
hodnoty vydatnosti st odrazom vysokych uhrnov zrazok v infiltracnej
oblasti v juli 2010, kedy podla SHMU (2010) kumulativny dhrn zrazok
zo stanice 2010 — Lomnicky $&tit bol 300 mm (zrazkovy normal
130 mm), pricom vydatnejSie a CastejSie prSalo v druhej polovici
mesiaca (vplyv hlavne na zdroje juznej oblasti). Na zdroje v severnej
oblasti maju vzhladom na vaE&si rozkyv hodnét zrdzok a mensi thrn
zrazok v infiltraénej oblasti v prvej polovici jula vplyv aj klimatické
pomery, aj klimatické zmeny priamo vo vyverovej oblasti.

Z analyzy jednotlivych zdrojov prostrednictvom dat, ktoré boli
k dispozicii, mozno konstatovat, ze vydatnost zdrojov sa od roku 1991,
resp. 1996 nezmenila. Za sledované obdobie nie je zaznamenany
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viditelny pokles vydatnosti, avSak podla vypoc¢tov Hanzela et al. (2008)
je vydatnost zdrojov 0 10 — 15 % nizSia ako bola do roku 1981. Extrémne
vysoka vydatnost zdrojov mineralnych vod po¢as naSich merani dnha
11. 8. 2010 bola pripisana vysokym uhrnom zrazok v infiltraénej oblasti
(v Zapadnych Tatrach) v juli, pri¢om na vydatnost zdrojov v severnej
oblasti maju vplyv okrem klimatickych zmien v infiliracnej oblasti
aj klimatické zmeny priamo vo vyverovej oblasti.

Podakovanie. Tato praca bola finanéne podporena grantom VEGA
€. 1/0333/09 Ministerstva Skolstva SR.

V. PRAMUK, K. ADZIMOVA, S. GREXOVA a M. BURCOVA:
Vplyv antropogénnych sedimentov charakteru starej
environmentalnej zataze na kvalitativne a kvantitativne
vlastnosti podzemnej vody v oblasti Hornej Nitry

GEO Slovakia, s. r. 0., Stredisko hydrogeoldgie a environmentalnej
geologie, Kosice

Znecdistenie horninového prostredia podzemnej i povrchovej
hydrosféry, zastipené plejadou anorganickych ¢i organickych
komponentov, je v centralnej ¢asti Hornonitrianskej kotliny
spbsobené predovsetkym antropogénnou ¢innostou. Medzi jedny
z najvyraznejSich kontaminujucich latok antropogénneho pévodu,
ktoré su pritomné v réznych zlozkach environmentu, patria stopové
kovy. Neziaduce anorganické latky — stopové kovy — su v porovnani
s organickymi latkami nizko degradovatelné a vzhladom na schopnost
akumulacie ¢asto spdsobuju posSkodenia vazieb v ekosystémoch.

V centralnej ¢asti Hornonitrianskej kotliny ku kumulacii
anorganickych latok a ich moznému dlhodobému vplyvu na kvalitu
podzemnych i povrchovych vod prispelo aj poSkodenie hradze depdnia
popolovin v roku 1965, ked sa velky objem popolovin a trosky rozplavil
v predpoli depdnia. Relikty popolovin a trosky, nestce v su¢asnosti
charakter vrstvy antropogénnych sedimentov variabilnej hrubky,
obsahuju vysoké koncentracie stopovych kovov, predovsetkym As,
Mo, B, Hg. Antropogénne sedimenty lezia na kvartérnych sedimentoch
— aluvialnych néplavoch rieky Nitry, zasttpenych povodriovymi hlinami
a piescitymi Strkmi. Nerovnomerné lateralne a vertikalne rozsirenie
horizontu antropogénnych sedimentov, rézny diapazén obsahov
kumulovanych anorganickych latok a meniace sa hydrogeochemické
podmienky v zvodni zapri€ifuju réznu intenzitu interakcii medzi
migrujucimi znedistujucimi latkami, horninovym prostredim
a podzemnou vodou, prejavujucu sa v obsahoch anorganickych
kontaminantov v podzemnej vode v lokalnych hydrogeochemickych
zénach.

M. PASIAKOVA', R. PASTEKA', M. TERRAY?2 a M. HAJACH?:
Detekcia stredovekych krypt pomocou mikrogravimetrie

'Katedra aplikovanej a environmentélnej geofyziky Prirodovedeckej
fakulty UK, Mlynska dolina, 842 15 Bratislava; pasiakova @fns.uniba.sk;
2TERRA, s.r. 0., Mudroriova 29, 040 03 KoSice; terray @terray.sk

Moznosti nedestruktivneho geofyzikalneho prieskumu nam
ponukaju dalSiu oblast vyuZzitia nielen v geoldgii, ale napriklad
aj v archeoldgii. Zakladnym cielom je rychla a — v porovnani
s destruktivnymi metédami archeoldgie — vyrazne menej nékladna
presna priestorova identifikacia podpovrchovych archeologickych
objektov. Suc¢asné geofyzikalne metddy nam ponukaju rézne spdsoby
aplikacie jednotlivych metdd. V tejto praci sme sa zamerali na vyuzitie
uzkeho odboru gravimetrie, a to na mikrogravimetriu jej praktické
overenie na ucely prieskumu pripovrchovych podzemnych priestorov,
na spracovanie merani do foriem neupinych Bouguerovych anomailii,
pouzivanych v mikrogravimetrii. Dalej sme sa sustredili na realizaciu
kvalitativnej a kvantitativnej interpretécie ziskanych vysledkov a na
porovnanie vysledkov s dostupnymi vystupmi inych geofyzikalnych
metdéd. Skumana lokalita sa nachadza v Trnave a ide o Dém sv.
MikulaSa. Merania boli realizované v ramci historického prieskumu
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kostola a u¢elom merania bola lokalizacia historickych stavebnych
Struktur v podlozi. Mikrogravimetriou sa Uspesne podarilo lokalizovat
6 stredovekych krypt, ktoré boli nasledne overené georadarom
a videoinSpekciou.

Z. KOMPANIKOVA a |. SIMKOVA: Cyklické teplotné zmeny
a nasledné porusenie horninového materialu

Katedra inzinierskej geoldgie Prirodovedeckej fakulty UK, Mlynska
dolina, 842 15 Bratislava; kompanikova @fns.uniba.sk

Podmienky pod povrchom zeme sa zvy€ajne nemenia po celé
starocia, zatial ¢o podmienky nad jej povrchom sa menia zo dria na
den. Horniny su ovplyviiované zvetravanim, ako je rozklad jednotlivych
Casti spdsobeny rusivym vplyvom cyklickych teplotnych zmien. Cielom
tohto prispevku je preto podat zakladné informacie vplyvu cyklickych
teplotnych zmien na stavebny a dekoraény kamen. Laboratérny
vyskum pozostaval jednak zo Standardného laboratérneho vyskumu
na stanovenie zakladnych fyzikalnych vlastnosti hornin, ale tiez
z experimentalneho laboratérneho vyskumu s cielom detailného
Studia postupu tepelného frontu pri zmenach teploty.

Vyskum sa zameriava najmé na karbonatové horniny, akou je
travertin zo SpiSského Podhradia ¢i Ludrovej. SkusSobné telieska
— valéeky (50 x 34 mm) boli skudané pri prirodzenej vlhkosti

(GECT TS

v termodilatometri a boli vystavené teplotnym cyklom podla STN
EN 14617-11:2005 — Stanovenie sucinitela linearnej teplotnej
roztaznosti. Vzorky boli vystavené piatim teplotnym cyklom pri
teplote +20 °C az +70 °C, pricom uvedené teploty simuluju prirodné
podmienky pocas letnych mesiacov. Metéda merania pozostavala
z merania zmeny predlzenia (AL), indikovanej na meracej vzorke
pri definovanej zmene teploty t meraného telesa, ¢o predstavuje
zmenu teploty o 0,1 °C/min. Rovnako boli sledované teplotné
zmeny vzniknuté teplotnym striedanim, ako je relativna dizkova
teplotna roztaznost — dilatancia (¢) — a koeficient dlzkovej teplotnej
roztaznosti (o). Pred skuskou boli sledované rozdiely v rychlosti
Sirenia ultrazvukovych vin na vysuSenej referencnej vzorke,
nasledne po skuske bolo uskutoénené meranie v termodilatometri.
Pri vzorkach bola stanovena odolnost horninového materidlu
proti mrazu podla STN EN 12371:2003 — Skusky prirodného
kamena. Stanovenie mrazuvzdornosti. Teplotna expanzia vzoriek
ma linearny priebeh a vysledky ukazuju, ze dilatancia travertinov
sa zvySuje so zvySujucou sa teplotou. Skuskou na stanovenie
rychlosti Sirenia ultrazvukovych vin bolo zistené, Ze teplotné zmeny
v termodilatometri, ako aj simulacia laboratérnych podmienok pre
nasytené vzorky pod bodom mrazu pésobia na vzorky destruktivne,
€o sa prejavilo v znizeni rychlosti prechodu ultrazvukovych vin cez
vzorku. Velky vplyv na zhor8enie fyzikalnych vlastnosti horniny mal
aj hydraulicky tlak vyvolany kvapalinou v Strukture pérov horniny,
vytla¢any v désledku krystalizacie ladu.

3. cast — Part 3
Geologicka stavba a tektonometamorfny vjvoj
Zapadnych Karpat

Geological setting and tectonometamorphic evolution
on the Western Carpathians

I. BROSKA!, V. BEZAK?, J. LEXA', J. MICHALIK', D. PLASIENKA?
a D. STAREK': Predpremiéra videoprezentacie ,Geoldgia
Slovenska“ k vystave ,,Planéta, na ktorej Zijeme*“

'Geologicky ustav SAV, Dubravska cesta 9, 840 05 Bratislava; 2Statny
geologicky ustav D. Stura, Mlynska dolina 1, 817 04 Bratislava;
3Prirodovedecka fakulta UK, Mlynska dolina, 842 15 Bratislava

Ku kolekcii deviatich animacii, prezentovanych v ramci vystavy
,Planéta, na ktorej Zijeme“ v . SNM niektoré udalosti geologickej
minulosti, pribudla dalSia videoprezentacia ,,Geologia Slovenska“
Vytvorili sme ju zo zozbieranych dokumentov pre putovné reprizy
vystavy a pre pripravovanu prierezovu publikaciu.

Uloha predstavit geologicky vyvoj Slovenska v kratkej animacii sa
ukézala byt naro€nejSia nez sa oCakavalo, a preto jej realizacia tak
meskala. Jestvovalo niekolko variantov, ako v rozsahu 10 minut stvarnit
zlozitu geologicku stavbu Slovenska. Aby vSak téma zostala laikom
stale zrozumitelha, v animacii sme upustili od otvorenia diskusie ku
¢leneniu Zapadnych Karpat na vonkajSie a centralne, od prezentacie
tektonického Stylu alebo od vysvetlenia tvorby karpatského oblika.
Prezentovali sme v8ak zjednoduSenu geologicki mapu, ktoru sme
postupne rozoberali na hlavné horninové celky podla ¢asu ich vzniku.
Na podklade fotozaberov zo slovenskej prirody sa potom zjednoduSene
demonstruju hlavné horotvorné etapy: najprv vznik zapadokarpatského
paleozoického fundamentu pocas hercynskej orogenézy, dalej
otvaranie mezozoickych oceanskych Struktdr. Postupné uzavieranie
najskér meliatskeho a neskér peninského priestoru uz znamenalo
etapu alpinskych horotvornych pochodov. V tretom bloku animacii sa
demonstruje uzavretie severopeninského alebo magurského oceénu

a vznik rozsiahleho vulkanizmu v zaoblukovom extenznom prostredi.
V zavere videoprezentacie je predstavené formovanie reliéfu
Slovenska v kenozoiku, a to najméa ladovymi dobami. Pozornost sme
venovali aj ndSmu nerastnému bohatstvu. Autori su si vedomi, ze
chybou prvého pokusu o animaciu geologického vyvoja Slovenska
moze byt urcité trieStenie témy na epizddy, ale pri obmedzenych
moznostiach bolo zostavenie prepracovanejSieho diela pomerne
tazko rieSitelnym problémom.

Podakovanie. Praca bola financovana projektom APVV 0231/07.

D. PLASIENKA, V. MIKUS, E. HALASOVA, S. JOZSA
a J. SOTAK: Hlavné tektonické jednotky pieninského
bradlového pasma na vychodnom Slovensku a postupnost
ich formovania

Katedra geoldgie a paleontolégie Prirodovedeckej fakulty UK, Mlynska
dolina, 842 15 Bratislava

V pieninskom a SariSskom uUseku bradlového pasma (PBP)
na vychodnom Slovensku sme vy¢lenili a vymapovali tri hlavné
prikrovové tektonické jednotky, zaradované do oravickej superjednotky.
Odspodu nahor su to jednotky Sariska, subpieninska a pieninska
(Plasienka a Mikus$, 2010). Sarisska jednotka je nasunuta na
najvnutornejSie elementy magurskej (krynicko-Gergovskej) jednotky,
budovanej eocénno-oligocénnym magurskym a spodnomiocénnym
kremnianskym suvrstvim (Oszczypko et al., 2010). Sari§sku jednotku
tvoria jursko-spodnokriedové eupelagické suvrstvia, vrchnu kriedu
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reprezentuju hemipelagické Cierne a pestré ilovce, nasledované nahor
hrubntcim synorogénnym flySovym komplexom mastrichtu (?) az
spodného eocénu (proc¢ské suvrstvie). Sucastou pro¢ského suvrstvia
su aj telesa chaotickych brekcii pozostavajuce zo zmieSaného
~exotického® a ,bradlového* materialu, vratane bradiel — olistolitov
— derivovanych z nadloznej subpieninskej jednotky. Oznacujeme
ich ako milpoSské brekcie. Tieto mladSie ¢leny SariSskej jednotky
boli pévodne povazované za tzv. bradlovy obal, su vSak sucastou
tektonicky a vyvojovo samostatnej jednotky PBP.

Subpieninska jednotka, prikrovovo nasunuta na SariSsku,
je v dbésledku znaéného kontrastu v kompetentnosti jursko-
-spodnokriedovych a mladsSich €lenov tektonicky heterogénna
a pozostava z viacerych nasunovych duplexov a Supin. Sucastou
bradiel subpieninskej jednotky su okrem typickej czorsztynskej
sukcesie aj niektoré ,prechodné“ sukcesie, ako czertezicka cCi
niedzicka. Vrchnokriedové sedimenty zahriuju pestré sliefiovce
puchovskej litofacie a nahor hrubnuci synorogénny flys jarmutského
suvrstvia. Ten opéat obsahuje chaotické brekcie — olistostrémy,
tentokrat zlozené vylu€ne z materidlu nadloznej pieninskej jednotky
(radiolarity, pieninské vapence). Nemcok et al. (1989) ich na typovej
lokalite pri Jarabine opisali ako gregoridnske brekcie. Nadlozna
pieninska jednotka je reprezentovana typickou hlbokovodnou
pieninskou, resp. kysuckou sukcesiou, jej najmlad$im zistenym
¢lenom je flySové sneznicko-sromowské suvrstvie s exotickymi
zlepencami (turén — santén).

V oblasti tzv. plaveéského ,grabenu” je prikrovova stavba PBP
sCasti kolmatovana strednoeocénno-oligocénnymi sedimentmi
udolskej (ujackej) sukcesie. Jej usadeniu predchadzala nielen
deformacia podloznych oravickych jednotiek, ale aj extenzia
a nasledna subsidencia interpretovana ako extenzny kolaps tylovej
Casti rastuceho akre¢ného klinu magurskej jednotky v predpoli.
Udolska sukcesia obsahuje pestré ilovce, globigerinové sliene,
menilitové bridlice a vapnity fly§ malcovského suvrstvia.

Prikrovova stavba oravickych jednotiek je miestami, najma
vo vychodnej ¢asti pieninského useku, relativne dobre zachovana
v podobe priebezného pasmového usporiadania vyélenenych
jednotiek — SariSska jednotka buduje severny pruh PBP na styku
s krynickou jednotkou, subpieninska vystupuje v strednom pruhu
a pieninska tvori juzny pruh na styku s komplexmi centrélnokarpatskej
paleogénnej panvy (Plasienka a Miku$, 2010). Ako je to indikované
tektonickou poziciou, Struktirnou evoluciou, stratigrafickym rozsahom
sedimentarnych sukcesii jednotlivych jednotiek a predpokladanym
vekom synorogénnych hruboklastickych ulozenin, nasuvanie
a ,stohovanie” oravickych prikrovov prebiehalo podla nasledujuceho
scendra: 1) v najmlad$ej kriede presuvanie pieninskej jednotky cez
subpieninsky bazén (zaznamenané gregorianskymi brekciami); 2)
v paleocéne az spodnom eocéne presuvanie subpieninskej a ,nesenej*
pieninskej jednotky cez pro€sku panvu so synorogénnymi milpoSskymi
brekciami; 3) v spodnom miocéne nasuvanie $ariSskej jednotky
spolu s nadloznymi komplexmi subpieninskej a pieninskej jednotky,
ako aj udolskej sukcesie, do nadlozia vnutornych €asti krynickej
jednotky. To bolo spojené aj s po¢etnymi mimosekvenénymi nasunmi
vnutri postupne sa zuzujuceho a vztyCujuceho PBP. Pooligocénne
deformacie prebiehali v rezime dextralnej transpresie pozdiz ZSZ
az VJV priebehu PBP a spdsobili najma v zapadnej Casti SariSského
useku znaénu dezintegraciu a lateralnu disperziu pévodnej prikrovovej
stavby a stratigrafickych sukcesii az do su¢asného ,bradlového Stylu*
stavby PBP.

Podakovanie. Za finanénu podporu dakujeme agenturam APVV
a VEGA (projekty APVV-0465-06 Tectogen, LPP-0225-06 Bradlo
a VEGA 1/0388/10).

P. IVAN a V. CERNAK: Prejavy metamorfézy typu
oceanskych chrbtov v bazickych magmatitoch zlatnickej
formacie v oblasti Rudnian

Katedra geochémie Prirodovedeckej fakulty UK, Mlynska dolina G,
842 15 Bratislava
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Metamorféza typu oceanskych chrbtov (tiez metamorféza
oceanskeho dna) je typ premeny regiondlneho az lokalneho rozsahu
v prostredi so strmym geotermélnym gradientom v okoli oceanskych
centier rozpinania. Jej charakteristickym znakom je zvaé$a neuplina
rekrystalizacia pri Sirokom rozsahu tepl6t v dosledku metasomatickych
procesov vyvolanych cirkulaciou infiltrovanej oceanskej vody. Teplota
premeny narasta s hibkou — vo vrchnej Casti oceanskej kory, ktora pri
extenzii podlieha krehkej deformacii, ma charakter hydrotermalnych
ziliek (v bazaltoch a doleritoch), vo va¢sich hibkach sa prejavuje na
duktilnych zlomoch a premenou po intergranularach (gabra). Cirkulacia
fluidov zasahuje az do hibky cca 6 km a teplota prevySuje 350 °C (pri
maximach cca 700 — 800 °C, danych blizkostou magmatického krbu).
Rozpinanie oceanskeho dna a narastajuca vzdialenost od osovej
zény spdsobuju, ze v hibSej Casti oceanskej koéry tvorenej gabrami
sa objavuje heterogénna nizkotlakova (p < 0,2 GPa) rekrystalizacia
varirujuca v Sirokom intervale teplotnych podmienok od spodnej
amfibolitovej facie az po zeolitovu faciu (napr. Kornpropst, 2003).

Metamorféza typu oceanskych chrbtov nebola dosial v Zapadnych
Karpatoch podrobnejSie skumana, hoci jej vyskyt v zlatnickej forméacii
severného gemerika je uz dlhSie znamy (lvan, 1997). Zlatnicka
formécia vystupuje v oblasti medzi Dob&inou a KoSicami ako pruh
tvoreny prevazne metabazitmi v tektonickom nadloZzi rakoveckej, prip.
klatovskej skupiny. Jej vyskyt sa v zna¢nej miere kryje s pévodne
vymedzenym zlatnickym suvrstvim dobsinskej skupiny. Dominuju v nej
efuzivne metabazalty v najvysSej Casti s metasedimentmi prevazne
vulkanického pévodu, menej rozSirené su metagabra a metadolerity.
Priméarne predstavuje relikt prevazne vrchnej ¢asti ocednskej kory
zaoblukového bazéna pravdepodobne vrchnodevénskeho veku.

Metamorféza typu oceanskych chrbtov sa najvyraznejSie prejavuje
v horninach vznikajucich primarne v abysalnych az subvulkanickych
podmienkach — v metagabrach a metadoleritoch, ktoré sa vyskytuju
v oblasti Siva skala — Rudniansky les na juh od Rudnian. Detailné
geologické pomery tu nie su dosial zname, mozno vSak konstatovat,
Ze metagabra prevazuju nad metadoleritmi, z ktorych ¢ast evidentne
metagabra preraza v podobe dajok. Metagabra aj metadolerity boli
primarne tvorené klinopyroxénom, plagioklasom a ilmenitom, z nich sa
v podobe reliktov zachovali len klinopyroxény v metagabrach. Meta-
morfna premena nesie jasné znaky sprostredkovania rekrystalizacie
vodnymi fluidami — prestupujuci charakter, spodobovanie magmatic-
kych Struktur, vznik novotvorenych mineralov — prevazne silikatov
s obsahom hydroxylovej skupiny na intergranularach, metasomatické
zatlaanie primarnych mineralov od okrajov do centra. Zacina sa
tvorbou ¢ervenohnedého az hnedého amfibolu, ktory od okrajov
zatlaca klinopyroxény, alebo tvori izolované hypidiomorfné zrna a ich
zhluky. Plagioklas je saussuritizovany — t. j. nahradzany zakalenym
agregatom pozostavajucim prevazne z klinozoisitu. Premena méze
pokracovat tvorbou hnedastozeleného az modrastozeleného amfibolu,
ktory plynulo narastda na hnedom amfibole alebo tvori samostatné
zrnd a malé agregaty. Objavuje sa epidot, nahradzajuci klinozoisit
alebo tvoriaci samostatné zrna a malé agregaty, ako aj albiticky
plagioklas v podobe drobnozrnného panallotriomorfného agregatu.
Amfibol, epidot a albit tvoria aj vypln ziliek, s€asti aj monomineralnych.
Relativne najmladSou sa javi tvorba bezfarebnych amfibolov, plynulo
obrastajucich modrastozelené amfiboly, ostro lemujicich hnedé
amfiboly, popripade tvoriacich samostatné kratkostlpéekovité
hypidiomorfné zrna a ich zhluky. K tejto etape premeny patri zrejme aj
Cast chloritu, karbonatu, titanitu a svetlej sludy, a snad aj impregnéacia
sulfidmi. Trieskovity az viaknity bezfarebny amfibol, svetiomodrasty
dihostlpéekovity amfibol a tmavomodry reliktny amfibol patria uz ku
geneticky odliSnym nalozenym metamorfnym premenam. Analyzy
zlozenia amfibolov ukazali, ze v klasifika¢nej schéme (Leake et al.,
1997) hnedy amfibol zodpoveda kersutitu, Ti-pargasitu az pargasitu,
modrastozeleny edenitu a bezfarebny aktinolitu. Viac-menej plynuly
pokles hodnét Ti a Al'V za sti¢asného narastu Si (p. f. u.) pri stabilnom
# Mg je odrazom klesajucej teploty vzniku amfibolov za podmienok
vysSej amfibolitovej facie az po faciu zelenych bridlic. Ide o uplne
analogické zlozenia a trendy, aké boli zaznamenané v oceanskych
gabrach (napr. Hébert a Constantin, 1991; Gaggero a Cortesogno,
1997), kde su interpretované ako vysledok aktivneho rozpinania.
Pritomnost metamorfézy typu oceanskych chrbtov spolu s prejavmi
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nalozenych metamorféz vo faciach prehnit-pumpellyitovej, modrych
a zelenych bridlic sved¢i o ovela dynamickejSej historii zlatnickej
formacie ako sa dosial predpokladalo.

Podakovanie. Vyskum bol uskutoéneny v ramci projektu VEGA
1/0291/10.

J. MADZIN and M. SYKORA: Stratigraphic position and
nature of basic volcanism from the area of Osobita peak
in the Western Tatra Mountains

Dpt. of Geology and Paleontology, Fac. Natural Sci., Comenius
Univ., Mlynska dolina G, SK-842 15 Bratislava, Slovak Republic;
madzin @fns.uniba.sk

This paperdeals with Mesozoic basic volcanism andits stratigraphic
position in the succession of the Osobita peak in the High Tatra cover
unit in the Western Tatra Mountains. Hyalobasanites, hyaloclastites
— hydroclastic breccias and hyaloclastic tuffites are located in the
Upper Jurassic—Lower Cretaceous carbonate rocks. According to
revision of the stratigraphic position of the basaltic volcanic rocks
based on microfacial analysis of the carbonates surrounding the
volcanites, the volcanic activity took place in various less intensive
phases since Upper Tithonian. The age of the main phase of basaltic
volcanic activity in the area of Osobita peak is determined as the
Upper Berriasian—Lower Valanginian. The analogous volcanic activity
of the Aptian—Albian age is known from the Fatric unit in the Central
Western Carpathians.

L. SIMON, V. KOLLAROVA a M. KOVACIKOVA: Nové vysledky
Stadia vulkanitov v pohoriach Polana a Vtaénik

Statny geologicky tstav D. Stura, Miynska dolina 1, 817 04 Bratislava

Geologické mapovanie a geologické profilovanie v pohoriach
Polana a Vtaénik sme realizovali s pouzitim modernych metodik
vulkanologickej analyzy a litofacialnej analyzy s vyuzitim GPS
travel navigacie, kompatibilnej s Google Earth, a jej priestorovej
(3D) orientacie, ¢o je novym prinosom do $tidia mapovania
stredoslovenskych vulkanitov.

Pocas Studia v teréne juhovychodnej ¢asti vulkanitov Polany bolo
zaznamenanych 535 vyznamnych dokumentaénych bodov. Pre kom-
plexné pochopenie vulkanickej stavby bolo 8 vzoriek odobranych
na chemické analyzy. Na podrobnu litologickd, litofacialnu, petrograficku,
petrologicku, mineralogicku a geochemicku analyzu sme odobrali 16
vzoriek. Poc¢as realizacie ulohy 1606/T-0306 sme zaznamenali prinosy
do poznania geoldgie, vulkanolégie a charakteru vulkanologickych
dejov. Vyc€lenili sme novu formaciu Polana. Opisali sme r6znorodost
facialneho charakteru vulkanického komplexu Polany. Podrobne sme
roz€lenili lavové prudy a vytvorili systém rozdelenia lavovych pradov.
Vy¢élenili sme novy typ lavovych prudov — typ bazaltickych andezitov.
Na Studovanom uUzemi sme potvrdili vyskyty ré6znych jedine¢nych
vulkanoklastik. Redefinovali sme epiklastika a tiez sme opisali nové
vyskyty pyroklastickych pradov a napadanych tufov, ale aj pemzovych
tufov. Na S§tudovanom tzemi sme vyclenili 3 vulkanické formacie
vulkanitov Polany badensko-sarmatského veku, ktoré su ulozené
na predvulkanickom podlozi. Vulkanické forméacie reprezentuju od mlad-
Sich k star$im: formacia Polana, formacia Strelniky a formacia Sutovka.
Vé&csia Cast uzemia je budovana novodefinovanou formaciou Polana,
ktoru tvori sukcesia andezitovych lavovych prudov a vulkanoklastik
prechodnej zény stratovulkanu Polana. Jednotlivé polohy formacie
reprezentuju réznorodé litofacie vulkanitov. Na zaklade terénneho
geologického profilovania, vulkanologického vyskumu a litofacialnej
analyzy sme vo vulkanickej stavbe Polany mohli rekonstruovat facialny
model Uzemia, vulkanické prostredie, typy vulkanickych produktov,
charakter transportu a typy erupcii. V Studovanom tzemi sme vy¢€lenili
nasledujuce typy vulkanickych produktov, v ktorych sme definovali
charakter transportu a typy erupcii: 1. 1avové prudy, 2. vulkanicky dém,
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3. uloZeniny pyroklastickych prudov, 4. uloZeniny napadanych
pyroklastik, 5. ulozeniny repedonovanych pyroklastik, 6. ulozeniny
epiklastickych vulkanickych hornin. Facidlny model vulkanitov
reprezentuje synteticky stratigraficky profil tvoreny sukcesiou
19 litofacii, vytvarajucich 3 formacie. Litofacie su vo vzajomnom
priestorovom vztahu a maju kontinualne oscilaéno-lateralny vyvo;j.
Vulkanicke formacie reprezentuju od mladsich k starsim: formacia
Polana, formacia Strelniky a formacia Sutovka. Va¢siu ¢ast uzemia
buduje formécia Polana so sukcesiou andezitovych lavovych prudov
a vulkanoklastik. Vulkanické produkty Polany sa prednostne rozvijali
vychodnym a juhovychodnym smerom. Priestorovy rozvoj vulkanitov
Polany juznym smerom bol blokovany vyvojom vulkanitov Javoria
a v 8irSom priestore — okolo Detvy — bola medzi nimi kontaktna
zéna. Vulkanické erupcie, formujuce oblast, maju prevazne charakter
suchozemského vulkanizmu, ale zaznamenali sme aj prvky
hydrovulkanizmu. Vulkanizmus prebiehal v terestrickom a scasti
i v subakvatickom prostredi v symbioze vulkanizmu a tektoniky.
Uzemie Polana-vychod reprezentuje v kontexte vulkanitov Polany relikt
vulkanickej stavby. Z modelu vyplyva, Ze Studované uzemie s kétou
1 458 m — Polana a Detva — je uloZzené na vonkajSom vulkanickom
plasti vo vychodnej a juhovychodnej Casti v prechodnej vulkanickej
zéne stratovulkanu Polana. Uzemie je budované dominantne
vulkanoklastickymi horninami a horninami lavovych prudov, typickych
vo vyvoji produktov prechodnej vulkanickej zény.

Pocas Studia terénu severozapadnej ¢asti vulkanitov Vta¢nika
v kamenolome Cigel-KoSariska boli zaznamenané nové geologické
a vulkanologické vysledky. Tazeny andezit bol odkryty v lome, vznikol
tazbou vo vyvoji vtacnickej formacie strednosarmatského veku.
Andezit tvori su€ast efuzivneho komplexu Vtaénického stratovulkanu.
Hrubka lavového pruadu je 35 m, jeho sklon je 20° k severozapadu.
Lavovy prud je tvoreny andezitom sivociernej, sivej a tmavosivej
farby. Andezity su celistvé alebo pérovité, ale aj sklovité, stredno-
az jemnozrnne. Lavovy prud ma doskovitu, lavicovitd, lamina¢nd,
stlpcovitu, blokovu a hruboblokovitu odluénost. Lavovy prud pyro-
xénického andezitu ma v spodnej a vo vrchnej €asti prudu vyvinuté
lavové brekcie blokového charakteru. Lavové brekcie su zlozené
z fragmentov a blokov andezitov angulérneho tvaru a velkosti 1 az
50 cm. Matrix je zlozeny z fragmentov andezitu a drviny lavovej masy.
Matrix mé ¢ervenoruzovkastu, sivoruzovu alebo bordovohnedu farbu.
Hranica lavovych brekcii s telesom tazeného andezitu je démyselne
zasypana antropogénnou zavazkou, aby lom budil dojem, Ze lomovy
kamen pokracuje do nizSich Casti. Z petrografického hladiska ide
o hyperstenicko-augitické andezity, niekedy s akcesorickym amfibolom,
variabilne s hyalopilitickou, pilotaxitickou alebo mikrolitickou
zakladnou hmotou. Vyrastlice tvori plagioklas, augit, hyperstén
a opakové mineraly. Plagioklas ma velkost do 2 mm a je pritomny
v mnozstve do 30 %. Augit ma velkost do 2 mm a pritomny je v mnozstve
do 5 %. Hyperstén ma velkost do 2 mm a je pritomny v mnozstve
do 9 %. Lavovy prud vo vrchnej Casti je odkryty a mozno v iom
pozorovat znaéné rozpukanie a zvetravacie procesy.

V. KONECNY, P. KONECNY a P. KUBES: Paleovulkanicka
rekonstrukcia veporského stratovulkanu

Statny geologicky Ustav D. Stira, Milynska dolina 1, 817 04 Bratislava

Vulkanické a intruzivne horniny neogénneho veku v oblasti
zapadného veporika opisal v minulosti rad autorov (Kuthan et al.,
1963; Bacso, 1964; Klinec, 1976; Lexa a Konecny in Vass et al.,
1982; Koneény a Lexa in lvanicka et al.,1986; Dublan in Bezak et al.,
1999). Konecny et al. (2001) zhrnul poznatky a predlozil schému
priestorového rozlozenia tychto reliktov v ramci proximalnej a distalnej
vulkanickej zény vo vztahu k pozicii predpokladaného eruptivneho
centra, resp. centralnej vulkanickej zény situovanej SZ od Tisovca.

V priebehu rieSenia Ciastkovej Ulohy na SGUDS v obdobi 2008
az 2010 boli ziskané nové poznatky o stavbe a rozsireni reliktov
vulkanickych a intruzivnych hornin v oblasti zdpadného veporika. SZ
od Tisovca v SirSej oblasti Magnetového vrchu bol v podrobnej mierke
1 : 3 000 mapovany intruzivny komplex reprezentovany dioritovou
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intrdziou Stokového typu s prechodom do apofyz, prenikajucich
v niekolkych urovniach z rozhrania medzi krystalinikom a mezozoikom
do vysSie ulozenych hornin mezozoika. Pri kontakte dioritovej intrizie
s mezozoickymi karbonatmi doslo ku vzniku skarnovej mineralizacie
(v minulosti boli magnetitové skarny vyuzivané ako surovina na vyrobu
zeleza v miestnej hute v Tisovci).

Intruzivny komplex je prenikany rojmi mladSich dajok andezitov,
andezitovych porfyrov a bazaltov, ktoré predstavovali privodové
systémy, prenikajuce do vy$Sich urovni pévodnej vulkanickej stavby.

V SirSom okoli Magnetového vrchu v oblasti proximalnej vulkanickej
z6ny bol identifikovany rad diferencovanych intruzivno-extruzivnych
telies amfibolicko-pyroxenickych andezitovych porfyrov, pyroxenicko-
-amfibolickych andezitov az ryodacitov, ktorych priestorové parametre
boli v niektorych pripadoch spresnené vyuzitim metddy magnetického
profilovania. Vychodne od Fabovej hole v oblasti Klaku (StoZok) bol
zisteny relikt vulkdnu mens$ich rozmerov, tvoreny lavovym nekom
a zvySkom troskového kuzela.

Relikty pévodnej vulkanickej stavby stratovulkanu sa zachovali
v podobe vyplne paleodolin, orientovanych radialne vzhladom
na poziciu eruptivneho centra, resp. centralnej vulkanickej zoény.
Zapadne od centralnej vulkanickej zony v oblasti Hajnej hory (vychodne
od Brezna) je zachovany relikt vyplne paleodoliny orientovanej v smere
na SZ. Dno paleodoliny, vyplnenej vulkanoklastickym materidlom
(tufy, pyroklastické prudy, lahary, epiklastické vulkanické brekcie
a konglomeraty) postupne klesa od jej vychodného okraja v smere
na SZ, od urovne 855 m nad morom na uroven 650 m n. m. Hribka
vyplne v zapadnej Casti paleodoliny dosahuje okolo 200 m.

Dalsi relikt vyplne paleodoliny smerujucej na JZ je v oblasti
Klenovského Vepora (vychodne od Cierneho Balogu). Vypln
paleodoliny je v spodnej Easti tvorena fluvidlnymi sedimentmi (tufitické
piesky a vulkanické konglomeraty), ktoré su vo vrchnej trovni prekryté
lavovym prudom, budujucim vrcholovu ¢ast horského hrebena
Klenovského Vepora.

Najrozsiahlejsi relikt v oblasti distalnej (vzdialenej) vulkanickej zény
predstavuje komplex vulkanosedimentarnych hornin pokoradzskeho
suUvrstvia, ulozeny pri severnom okraji Rimavskej kotliny. V severnej
Casti sa uloZenie vulkanoklastického materialu uskuto¢nilo v sucho-
zemskom az fluvidlnom prostredi, v smere na juh jeho depozicia
prebiehala v rie€no-jazernom az jazernom prostredi.

Novym radiometrickym datovanim K/Ar metdédou bol stanoveny
vek vulkanickych hornin na spodny az stredny sarmat, ¢o je
v suhlase s biostratigraficky stanovenym vekom fléry v sedimentoch
pokoradzskeho suvrstvia (Sitar a Dianiska, 1979).

Po vzniku andezitového stratovulkdnu v obdobi stredného az
vrchného sarmatu prebiehal enormny vyzdvih rozsiahleho bloku
zapadného veporika. Nasledkom vyzdvihu exponovana vulkanicka
stavba podliehala rychlej erdzii a po odstraneni stratovulkanického
kuzela doSlo hlbokym denudaénym zrezom k odkrytiu subvulkanického
intruzivneho komplexu v oblasti Magnetového vrchu, ako aj
k obnazeniu intruzivno-extruzivnych telies v oblasti proximalnej
(blizkej) vulkanickej zény v ich subvulkanickej urovni. Povrchova
vulkanicka stavba sa zachovala len v oblasti distalnej (vzdialenej)
vulkanickej zény v podobe vyplne paleodolin, ako aj v podobe
pokoradzskeho vulkanosedimentarneho suvrstvia na juhovychodnom
Upéti stratovulkanu.

K. POSTEKOVA a J. LEXA: Paleovulkanicka rekonstrukcia
turovskej formacie Kremnickych vrchov

Geologicky ustav SAV, Dubravska cesta 9, 840 05 Bratislava

Turovska formacia predstavuje produkt stredno- az vrchno-
sarmatského andezitového vulkanizmu v juhovychodnej &asti
Kremnickych vrchov (Lexa et al., 1998). Na zaklade S$tudia
a interpretacie vulkanickych produktov tvoriacich turovsku formaciu
bol v prvej faze jej vyvoja interpretovany dominantne vulkansky typ
erupcii s prechodom k freatomagmatickému, resp. subplinijskému
typu a neskor strombolsky typ erupcii, ktoré sprevadzali efuzie
lavovych prudov. Na stavbe forméacie sa podiela 8 typov vulkanickych

4906

9o praciicnedng semindr &S

produktov, resp. facii: (1) Polohy lavicovito zvrstvenych netriedenych
epiklastickych vulkanickych brekcii, pieskovcov a konglomeratov
s polohami redeponovanych tufov, ktoré predstavuju ulozeniny
ulomkovych prudov. Tieto produkty buduju vacsiu €ast turovskej
formacie v centralnej, no najméa v jej vychodnej €asti na styku
so sedimentmi Zvolenskej kotliny. (2) V tej istej oblasti boli identifikované
aj ulozeniny hyperkoncentrovanych prudov, ktoré tvoria tensie polohy
mierne triedenych jemnych az hrubych epiklastickych vulkanickych
pieskovcov, v men8ej miere siltovcov, drobnych konglomeratov
a redeponovanych tufov medzi vy$Sie opisanymi ulozeninami
ulomkovych prudov. (3) UloZeniny blokovo-popolovych pyroklastickych
prudov v juznej €asti formacie v okoli obce Turova. (4) Ulozeniny
pyroklastickych pradov typu Saint Vincent zdpadne od obce Badin. (5)
Napadané aglomeraty a lapilové tufy v bezprostrednom okoli neku pri
Turovej. (6) Najma v zapadnej €asti formacie su medzi lavovymi pradmi
polohy redeponovanych freatomagmatickych tufov. (7) Explozivny
nek a dva lavové neky pri obci Turova, ktoré v8ak nie su povazované
za zdroj lavovych prudov forméacie. (8) Lavové prudy buduju zapadnu
a severnu Cast formacie. Svojou morfolégiou, kontaktom s podlozim
a nameranymi Strukturnymi udajmi naznacuju svoj zdroj v severnej
az severozapadnej ¢asti uzemia okolo vrchu Laurin. Facidlna analyza
naznacuje, ze pravdepodobne ide o zdroj aj ostatnych vulkanickych
produktov forméacie, s vynimkou pyroklastik v okoli obce Turova,
ktoré maju svoj pravdepodobny zdroj v explozivnom neku pri obci
Turova. Sucasna morfoldgia Uzemia nie je ndpomocna pri interpretacii
vulkanickych centier forméacie, pretoze nie je podmienena pdvodnou
morfolégiou vulkanu. Z priestorového rozlozenia facii je vSak zrejmé,
ze turovska formacia nikdy nevytvorila typicky vulkanicky kuzel.
Pravdepodobne iSlo teda skér o trhlinové erupcie, ktoré pre vystup
magmy na povrch vyuzili okrajové zlomy kremnického grabenu.

M. SENTPETERY: Southvergent structures inferred from
the geological and structural mapping (western part of
the Krivanska Fatra Mts.)

Comenius Univ., Fac. of Natural Sciences, Dept. of Geology and
Paleontology, Mlynské dolina, SK-842 15, Bratislava, Slovak Repubilic;
sentpetery @fns.uniba.sk

The Krivanska Fatra Mts. are located in the northern part of the
Central Western Carpathians within the Tatra-Fatra mountain belt.
The geological setting of the Krivanska Fatra Mts. is composed by the
several superposed Paleo-Alpine (Cretaceous) tectonic units — the
lowermost Tatricum basement/cover unit, which is overthrusted by
the décollement cover nappes of the Fatricum and Hronicum tectonic
units. These paleo-Alpine structures are typical by the top to the north-
-northwest tectonic displacement. In the eastern part of the Krivanska
Fatra Mts. the structures with the opposite tectonic polarity were
described. These specific structures are also documented from the
Paleogene sediments and from the tectonic units of the Externides
and Pieniny Klippen Belt in the vicinity of the studied area. The age
of the south-vergent structures is considered as Early Miocene. The
approach based on the detail geological and structural mapping,
kinematic analysis and constructing a series of cross-sections reveal
top to the south structures also in the western part of the Krivanska
Fatra Mts. This tectonic event is recorded in the Mesozoic sequences
of the Fatricum and Tatricum units including the Tatric crystalline
basement.

L. SUKALOVA a R. VOJTKO: Kenozoicky vyvoj
paleonapétovych poli v zapadnej ¢asti Hornadskej
kotliny (Zapadné Karpaty)

Katedra geoldgie a paleontolégie Prirodovedeckej fakulty UK, Mlynska
dolina G, 842 15 Bratislava; sukalova @fns.uniba.sk

Rekonstrukcia kenozoického vyvoja paleonapatovych poli
v zapadnej Casti Hornadskej kotliny a vychodného masivu Kozich
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chrbtov na zaklade analyzy zlomovych skizov, zilnych a puklinovych
systémov bola hlavnym cielom vyskumu. Najvaési déraz vSak bol
kladeny na podrobné Studium kinematiky zlomov, pri¢om vyrazne
dominantné su tektonické zrkadla so smerne-posuvnym tektonickym
rezimom. Merania boli vykonavané v horninach maluzinského suvrstvia
permského veku, v sedimentoch borovského suvrstvia podtatranskej
skupiny veku eocén — spodny oligocén a v travertinoch Hranovnického
plesa spodnopleistocénneho veku. Zistena chronoldgia deformaénych
udalosti sa vyvijala v siedmich rozdielnych paleonapéatovych
poliach. NajstarSia tektonicka udalost (D) na Studovanom uzemi
bola generovana v podmienkach smerne-posuvného tektonického
rezimu so Z — V kompresiou a S — J tenziou a bola zaznamenana
iba v permskom maluzinskom suvrstvi spolu s druhou deformaénou
etapou. Ta predstavuje smerne-posuvny tektonicky rezim so ZSZ
az VJV kompresnou zlozkou a SSV — JJZ tenznou zlozkou (Dy).
Obidve deformacie boli podmienecne zaradené do obdobia medzi
spodnym paleocénom az strednym eocénom/?oligocénom. DalSia,
velmi vyrazna deformaéna udalost (D3) je reprezentovana smerom
kompresie SZ — JV a smerom tenzie SV — JZ v smerne-posuvnom
tektonickom rezime. Zaraduje sa sem aj podskupina, v ktorej vystupuje
iba Cista SV — JZ tenzia (Dg,). Vekovo tato deformacéna faza spada
do spodného az stredného miocénu, kedze uz postihuje aj sedimenty
podtatranskej skupiny. Stvrta generacia zlomov (D,) je zaradovana
do strednomiocénneho veku. Tektonicky rezim je smerne-posuvny
so S — J kompresiou a Z — V orientovanou tenziou. Jej vek bol
stanoveny len relativne, pretoze deformaéné Struktary (D,) porusuju
deformacné Struktury (Ds). Piata deformaéna faza (Ds) vznikala
v smerne-posuvnom tektonickom rezime so smerom kompresie
SV — JZ a smerom tenzie SZ — JV. Jej predpokladany vek je vrchny
miocén. Siesta deformacéna etapa (Dg) je charakterizovana &istou
extenziou v smere Z — V a vznikala v kvartérnom obdobi, pretoze
bola identifikovana v staropleistocénnych travertinoch takisto ako
posledna najmladsia tektonicka faza. Tato pozostavala zo SSZ — JJV
orientovanej tenzie (D).

L. PECENA: Nové poznatky o stavbe pieninského
bradlového pasma v okoli Puchova

Katedra geoldgie a paleontoldgie Prirodovedeckej fakulty UK, Mlynska
dolina G, 842 15 Bratislava

Oblast medzi Pichovom, dolinou potoka Biela voda a dolinou
potoka Zubak predstavuje styk javorinskych vrstiev bielokarpatskej
jednotky s bradlami a bradlovym obalom pieninského bradlového
pasma. Pravdepodobne ide o tektonicky styk na zlomovej ploche
poklesu. Poklesnuta by mala byt vychodna (bradlova) ¢ast izemia voci
zdpadnym javorinskym vrstvam. Jednotky pieninského bradlového
pasma boli nasunuté na bielokarpatsku jednotku. Samotné lezia na
sebe najpravdepodobnejSie v pévodnej pozicii, ako boli nasunuté.
Na czorsztynskej jednotke lezi kysucko-pieninska jednotka a na nej
klapska jednotka. Neogénnou extenziou boli poklesnuté a tiltované,
preto sa teraz mierne sklanaju smerom na zapad. Teériu poklesu
podporuju niektoré ukazovatele, ako napriklad ulozné pomery vrstiev,
urcita priama linia (tektonického) styku pieninského bradlového pasma
s bielokarpatskou jednotkou. V tejto linii je mozné sledovat vyskyt
hornin, ktoré boli pravdepodobne mechanizmom poklesu vytiahnuté
na povrch a obnazené. Ide o vrchnokriedovo-paleocénne gregorianske
brekcie, zlozené zo svetlych kalpionelovych vapencov — “biancone”
— pieninského suvrstvia. Tieto brekcie vystupuju aj na inych miestach,
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tvoriac tak liniu paralelnu s ich vyskytom na povrchovom priemete
zlomu predpokladaného poklesu. Brekcie zo zlomu su tektonizované.

Podakovanie. VEGA 1/0388/10.

V. SIMONOVA a D. PLASIENKA: Paleonapitova rekonstrukcia
zalozena na kinematickej analyze zlomovych Struktur
vo vybranych lokalitach v maninskej jednotke

Katedra geoldgie a paleontolégie Prirodovedeckej fakulty UK,
Mlynska dolina G, 842 15 Bratislava; simonovae @fns.uniba.sk

Naplriou prace bolo rieSenie problematiky deformaénych Struktur
pomocou Strukturnej analyzy zlomov v mezozoickych komplexoch vo
dvoch vybranych lokalitich maninskej jednotky. Maninska jednotka
je v sucasnosti priradovana do tzv. pribradlovej zény, situovanej
medzi bradlovym pasmom s. s. a tatransko-fatranskym pasmom
centralnych Zapadnych Karpat. Vrchy Butkov a Kalis¢o su vyraznymi
morfologickymi dominantami na zapadnom okraji StraZzovskych
vrchov. Z paleogeografického hladiska sedimenty maninskej jednotky
sedimentovali v bazéne situovanom severne od pasma centralnych
Karpat a pocas mladSej fazy alpinskeho orogénneho cyklu bola
maninska jednotka deformovana spolu s Vonkaj$imi Karpatmi.

Andrusov (1932, 1938, 1945) opisal toto ,butkovsko-kali¢ianske”
teleso ako nesumernu brachyantiklinalu, prevratend na SZ.
Kamenolom Butkov sa rozklada na SZ svahu vrchu Butkov (765 m
n.m.).Z hladiska litologickej naplne vrstvového sledu su na Studovanej
lokalite odkryté komplexy vrchnojurskych az spodnokriedovych
sekvencii. Kamenolom Tunezice sa nachadza na vychodnom svahu
vrchu Kaliste (679 m n. m.). V lome su odkryté spodnoliasové
suvrstvia, ktoré predstavuju pokracovanie sekvencii odkrytych
v kameriolome Butkov.

Podrobné mapovanie deformaénych Struktur v mezoskopickom
meradle a vysledky paleonapéatovej analyzy preukazali pritomnost
niekolkych deformaénych etap v tektonickom vyvoji oboch bradiel.
Napatové pole vykazuje kompresiu orientovanu kolmo na priebeh
bradlového pasma v prvej faze jeho deformacie. Zlomy boli teda
generované pri transpresii ako najstarSej tektonickej udalosti, pri¢om
os kompresie rotuje zo smeru V — Z cez ZSZ — VVJV az do smeru SZ
az JV. Kompresia bola sprevadzana predovSetkym vznikom smernych
posunov a preSmykov. Transpresny tektonicky rezim bol nasledovany
zmenou na kompresny rezim, v ktorom boli generované hlavne
preSmyky sprevadzané parovymi smernymi posunmi. Etapa bola
datovana do obdobia oligocén — stredny miocén. Nasledne dochadza
k vyraznej zmene v tektonickom rezime, kedy transpresno-kompresny
rezim prechadza do transtenzného. Prejavuje sa vznikom sinistralne
orientovanych smernych posunov a poklesov. V tomto obdobi vznika
v bradlovom pasme sinistralna strizna zéna. Posledny zaznam
transtenzie je sprevadzany vznikom poklesov a dextralnych smernych
posunov. Maximalne napétie o je v tomto obdobi orientované v smere
VSV — ZJZ. NajmladSie namerané zlomy st uz vysledkom posledne;j
tektonickej udalosti, ktorou je SZ — JV orientovana extenzia pri vzniku
vyraznych poklesov v obdobi pliocénu.

Z uvedenych vysledkov paleonapétovej rekonstrukcie vyplyva,
Ze obidve lokality presli rovnakou deformaénou histériou. Tieto
vysledky su porovnatelné s vysledkami z prilahlych oblasti pribradlovej
z6ny, a preto boli zaradené do obdobia senén — pliocén.

Podakovanie. Specialne podakovanie patri grantom APVV-0465-06
a VEGA 1/0388/10.
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Sedimentologia, biostratigrafia a paleontoldgia
Sedimentology, biostratigraphy and paleontology

M. KOVAC!, I. BARATH?, K. FORDINAL?, J. HOK', P.
JONIAK!, M. KOVACOVA?', J. MAGLAY2, J. MINAR!, A.
NAGY?2, M. STANKOVIANSKY', R. SYNAK' and Cs. TOTH"
New chronostratigraphy of the Central Paratethys
Upper Miocene and Pliocene regional stages & New
interpretation of the northern Danube Basin depositional
systems: Impacts on the present Slovak lithostratigraphy
of this time span

'Dept. of Geology and Paleontology, Fac. of Natural Sciences,
Comenius Univ., Mlynska dolina G, SK-842 15 Bratislava, Slovak
Republic; kovacm@fns.uniba.sk; 2State Geological Inst. of Dionyz
Stur, Mlynska dolina 1, SK-817 04 Bratislava, Slovak Republic

Central Paratethys regional stages, used for the Upper Miocene
and Pliocene time span undergo a lot of changes in the last decades
because they were defined in isolated basins with various sedimentary
histories and biostratigraphies based mainly on endemic fauna
without possibility of interregional correlation. In some places the age
of sediments was controlled by the radiometric dating of intercalated
volcanic rocks or by the paleomagnetic study and the data helped us
to prepare correlation models based on study of electrical logs and
seismic profiles.

A new synthesis of the present knowledge about the Central
Paratethys Upper Miocene paleogeography and correlation of the
new data about the age of the Mediterranean, Central and Eastern
Paratethys stages allow us to determine the time intervals of the
regional stages used for the Danube Basin: Pannonian 11.6 — 5.8 Ma,
Pontian 5.8 — 4.8 Ma, Dacian 4.8 — 4.07 Ma and the Romanian stage
4.07 — 2.58 Ma.

Applying these Central Paratethys regional stages for the Danube
Basin Upper Miocene and Pliocene sedimentary fill we discovered
a big problem with a serious lithostratigraphic definition of the present
formations, because they represent fundamentally more depositional
systems developing in time. We suppose that the boundaries of
individual systems are heterochronous and not isochronous, as was
previously stated.

The “Pannonian and Pontian Ivanka and Beladice formations
therefore represent principally two groups of formations deposited
mostly in a lacustrine to alluvial environments from 11.6 to 8.9 Ma
(A — F zones sensu Papp, 1951). This problem was excellently solved
in Hungary, where the formations were defined as appearance of
sedimentary facies in time and space, e.g. the equivalents of the
“Ilvanka and Beladice formations” are: deepwater setting marls, clays
and sandy turbidites of the Endréd and Szolnok formations, towards
overlying strata deposits of the basin paleoslope or delta-slope
represented by the Algyé Formation and the final shallow water setting
deposits of marches, lagoons, coastal and delta plain built up by clays,
sands and coal seams, represented by the Ujfalu Formation.

Following the new time span of the used regional stages we can
assign the formations defined in Hungary to the Lower to Middle
Pannonian lvanka Group (11.6 — 9.7 Ma) and to the Upper Pannonian
Beladice Group (9.7 — 8.9 Ma) defined in the northern Danube Basin.

Up till now used “Pliocene (Dacian) Volkovce Formation” deposited
mostly in the alluvial environment should be included to the Upper
Pannonian and Pontian regional stages and possibly only on some
places also to the Dacian stage. Volkovce Formation (8.9 to 5.3;
4.02? Ma) can be correlated with the Zagyva Formation in Hungary,
characterized by the wide range of sedimentary facies — from fluvial,
deltaic, ephemeral lake to marches and dry land deposits.
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Last, the Upper Pliocene (Romanian) Kolarovo Formation
4.02 — 2.58 Ma comprises Pliocene sediments of the Danube Basin
Slovak part, deposited in the fluvial to alluvial environment.

This work was carried out in the scope of the Source and Sink project
and was supported by the Slovak Research and Development Agency
under the contracts APVV-0158-06, APVV LPP-0120-06 and VEGA
1/0483/10.

R. SYNAK and M. KOVAC: Depositional systems of the
Danube Basin in the Upper Miocene: Sedimentary
environments on the prograding margin of the Lake
Pannon

Dpt. of Geology and Paleontology, Fac. of Natural Sciences,
Comenius Univ., Mlynska dol. G, SK-842 15 Bratislava, Slovak
Republic; synak @fns.uniba.sk

The Danube Basin represents the NW depocentre of the
Pannonian Basin System, which developed after isolation of the
individual parts of the Central Paratethys Sea. The Upper Miocene
sedimentary formations were deposited in the large, brackish Lake
Pannon and in consequently formed fluvial and alluvial sedimentary
environments. The most typical feature of the sedimentary history in
the Danube Basin area is a gradual transition from the lacustrine to
deltaic and fluvial facies, as the margin of the lake was prograding
towards south-east. This fact is observable not only in the outcrops
but also in the seismic lines and well log data as well. Principally, three
periods of development can be distinguished:

First period is represented by the Pannonian Ivanka and Beladice
formations, deposited in the time span 11.6 — 8.9 Ma. The lacustrine
and alluvial sediments of this cycle were deposited on the prograding
basin margin in various environments, depending on the position
within the Lake Pannon, and in the adjacent fluvial and alluvial
plains. We can define this succession (similarly to Hungarian part
of the Danube Basin) as depositional system of alluvial, lagoonal,
and deltaic to basin slope and basin floor facies shifting in time and
towards the basin centre. Sedimentary facies of the first sedimentary
cycle are following: deepwater setting marls, clays and sandy
turbidites (Endréd and Szolnok formations), deposits of the Lake
Pannon paleoslope or delta-slope (Algyé Formation) and shallow
water setting deposits of alluvial and delta plain (marches, lagoons,
coastal and delta plain built ups, Ujfalu Formation). Mentioned
sedimentary environments of the Lake Pannon can be distinguished
from their typical record on the seismic lines and well log data.
Several stages of the Lake Pannon paleoslope progradation phases
can be also set into a timeframe, based on the magnetostratigraphic
measurements from several wells from the Hungarian part of the
basin.

Second period of the basin development started after fulfilling of
the lacustrine accommodation space during the Upper Pannonian-
-Pliocene time (8.9 — 4.2 Ma). The alluvial package of sediments is
represented by the Volkovce Formation. Sedimentary environments
of the second sedimentary cycle can be characterized as alluvial —
with the wide range of facies — from fluvial, deltaic, ephemeral lake to
marches and dry land deposits.

Third period of the basin development comprises the Pliocene
and Pleistocene sedimentation in the Danube Basin (4.2 — 2.6 Ma
to Present), and is represented mostly by the Kolarovo Formation,
deposited in fluvial and alluvial environment.



[OWAnnual¥SeminardofdthelSlovakiGeologicalfSociety;

.

Acknowledgements. This work was supported by APVV 0280-07,
ESF-EC-0006-07: EUROCORES-TOPOEUROPE: Source & Sink
and also by the Comenius University Grant No. 384/2010 and APVV
LPP-0120-06, as well as VEGA 1/0483/10.

J. MICHALIK', D. REHAKOVA2 a O. LINTNEROVAZ:
Biostratigrafia a izotopova stratigrafia uhlika v hraniécnom
jursko-kriedovom profile Strapkova pod VrSatcom
v pieninskom bradlovom pasme

'Geologicky ustav SAV, Dubravska cesta 9, 840 05 Bratislava;
geolmich@savba.sk; 2Prirodovedecka fakulta UK, Mlynska dolina G,
842 15 Bratislava; rehakova @fns.uniba.sk

Profil Strapkovej nedaleko Pruského na strednom Povazi obnazuje
jursko-spodnokriedovu sekvenciu hemipelagickych vapencov
kysuckej jednotky. Predbezné vysledky kvantitativnej analyzy asociacii
kalpionelid a vapnitych dinocyst v profile indikuju vyznamné zmeny
v ich hojnosti a zlozeni. Na charakterizovanie hraniéného intervalu
J/K a rekonétrukciu vtedajsich paleoceanografickych pomerov mozno
vyuzit korelaciu distribucie vapnitého mikroplankténu a vysledkov
analyzy stabilnych izotopov O a C. Zaznam distribucie mikrofosilii
a izotopov na jursko-kriedovej hranici sa velmi podoba profilu Brodno,
opisaného HouSom et al. (1996a, b), alebo Michalikom et al. (2009),
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Obr. 1. Jursko-kriedova hranica je na profile Strapkova pod VrSatcom
situovana medzi zénami Crassicollaria a Calpionella.

Fig. 1. The Jurassic—Cretaceous boundary is in the Strapkova pod
VrSatcom profile situated between Crassicollaria and Calpionella
zones.
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profilu Hibo¢a (Grabowski et al., 2010), alebo Nutzhof (Lukeneder
et al., 2010).

Biostratigrafické Studium distribucie kalpionelid umoznilo odlisit
v titénskej Casti sekvencie podzony Dobeni a Boneti zény Chitinoidella,
zénu Praetinnopsella a podzény Remanei, Intermedia a Par-
vula/Colomi zény Crassicollaria. V tomto intervale bolo identifikovanych
niekolko kalpionelidnych eventov — nastup, diverzifikacia a vymretie
chitinoidelid (stredny titon); nastup, diverzifikacia a vymretie takmer
vSetkych krasikolarii (neskory titon) a nastup mono$pecifickej kalpio-
nelidnej asociacie na rozhrani jury a kriedy. Hranicu J/K situujeme
medzi zény Crassicollaria a Calpionella (obr. 1). Toto rozhranie mozno
definovat morfologickou zmenou lorik a predominanciou sférickej
formy Calpionella alpina Lorenz v kalpionelidnych asociéciach.

Typicky priebeh kriviek hodnét stabilnych izotopov (§'®0 od —2,15
do —1,48 %o, 6'3C od 1,14 do 1,33 %.) indikuje zachovanie primarneho
zaznamu bez vyznamného ovplyvnenia diagenézou (obr. 1)
a dovoluje paleoekologické interpretacie. Negativha anomalia hodnét
izotopu kyslika blizko hranice J/K indikuje teplotné a salinitné zmeny,
pravdepodobne ovplyvnené invaziou teplych véd (&i stagnaciou
prisunu chladnej vody) do panvy, ktoré vyustili do epizédy premnozenia
nanokoénov (Michalik et al., 2009). Kratkodoby vykyv tepl6t v inak
pomerne chladnejSom obdobi po¢as neskorého titénu sprevadzal
nizky obsah organického uhlika a celkovy vzrast karbonatnosti.
Chladnejsie prudenie, umozriujuce rozvoj kalpionel, pokracovalo
na zaciatku beriasu.

Podakovanie. Autori dakuju grantovym projektom VEGA 0196, APVV
0280-07, LPP 0120-09 za finanénu podporu rieSenia projektov a dr. J.
Schlégelovi, PhD., za pomoc pri terénnych pracach.

O. LINTNEROVA', J. MICHALIK?, A. BIRON2 a P. UHLIK":
Klimatické zmeny na triasovo-jurskej hranici na zaklade
Studia ilovych mineralov a izotopov uhlika z terestrickych
a plytkomorskych sekvencii Zapadnych Karpat

'Katedra loziskovej geoldgie Prirodovedeckej fakulty Univerzity
Komenského, Mlynska dolina G, 842 15 Bratislava; lintnerova@fns.
uniba.sk; 2Geologicky Ustav SAV, Dubravska cesta 9, 840 05 Bratislava;
geolmich@savba.sk

Tomanovské suvrstvie je zdznamom rétskej terestrickej
sedimentéacie na okraji centralnych Zapadnych Karpat. Rtg. difrakéné
analyzy (program Rockjock; Eberl, 2003) z ¢iernych lakustrinno-
-palustrinnych pelitov v tatrickom profile Cerveny Uplaz ukazali
prevahu kaolinitu (34 — 44 %) a kremena (25 — 44 %) nad svetlou
sludou (11 — 23 %). Obsah kaolinitu v ilovej frakcii (58 — 65 %) klesa
do nadlozia v prospech illitu (z 28 na 48 %). Diageneticky postih
iflovych mineralov je nizky (Srodon et al., 2006). VysSie pribuda Fe
mineralov (siderit, chamosit), indikujucich redukéné podmienky poc¢as
akumulacie a rozkladu organickej hmoty v jazernom bahne. Vysoky
podiel kaolinitu v ilovej frakcii pieskovcov (56 — 57 %), zvySenie
obsahu organického uhlika (z 0,1 — 1,5 % na 2,5 % az 8,12 %)
a hodnét izotopového pomeru C v organickej hmote (5'3C,, —27
az —25 %» V-PDB) indikuju humidne obdobia s vy§Sou produkciou
a zachytavanim rastlinného materidlu. V sekvencii sa nasli stopy
dinosaurov, pelové zrna (Classopollis, Gliscopollis), sporomorfy
(Taeniasporites, Protohaploxypinus) a makrofléra s prvymi jurskymi
prvkami (Michalik et al., 1988).

Fatranské suvrstvie prilahlej morskej panvy pozostava z bio-
klastickych vapencov (profily Furkaska, Kardolina a Siroky Zlab)
s rétskymi foraminiferami (Triasina), lastirnikmi (Rhaetavicula),
koralmi (Retiophyllia) a brachiopodmi (Austrirhynchia) (Gazdzicki
etal., 1979; Michalik et al., 2007). Palynomorfy zastupuje Ricciisporites
tuberculatus, dinoflagelaty Dapcodinium priscum a Rhaetogonyaulax
rhaetica. V nadloZnom kopieneckom suvrstvi narasta pocet triletnych
levigatnych spér Deltoidospora a Concavisporites a dinoflagelat
(Dapcodinium priscum; Ruckwied and Goétz, 2009). Michalik (2003)
a Michalik et al. (1. c.) definovali hranicu T/J na zaklade mikrobiofacialnej
analyzy a negativnej vychylky 3'3C,q,. Priemerné hodnoty 3'3C,q
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sa pohybuju okolo —27 %. PDB a T/J hranicu definuju dve vychylky:
pozitivna —24,78 %. v najvyssej Casti (rétskych) ,prechodnych vrstiev®
a negativna —29,36 %o v hetanzskom ,hrani¢nom ilovci® Distribucia
kaolinitu v Studovanych profiloch fatranského suvrstvia je (bez
ohladu na ich marginalitu) podobna. llova frakcia ,hrani¢ného ilovca“
obsahuje do 10 % kaolinitu, ktory sa v podloznom fatranskom suvrstvi
prakticky nevyskytuje. ZmieSané vrstvové illitovo-smektitové mineraly,
dominujuce nad diskrétnym illitom v ilovych frakciach rétskych aj
hetanzskych vzoriek, indikuju relativne vysoky stuperi diagenetickej
premeny (Biron in Michalik et al., 2010; Srodon et al., 2006): vznikali
zrejme premenou pdvodného smektitu poas sezénnych zmien
podnebia v zdrojovej oblasti.

V. SIMO: Fosilne stopy v spodnotriasovej sukcesii
Luznanského suvrstvia v Liptovskej Liznej

Geologicky ustav SAV, Dubravska cesta 9, 840 05 Bratislava;
vladosimo @yahoo.com

Fosilne stopy zo spodnotriasovych sekvencii v lokalitach v Liptovskej
Luznej doplfaju mozaiku vyskytu fosilnych stép v Zapadnych Karpatoch.
Ide o relativne typickd a uniformnu ichnostavbu spodnotriasovych
sekvencii z tektonickych jednotiek hronika, tatrika a problematicky
zaradovaného drienockého prikrovu. Ichnostavba pozostava z pre-
vazne vertikalnych a subvertikalnych fosilnych stép. Spolo€enstvo
fosilnych stdp tvoria najéastejSie ichnorody Diplocraterion, Arenicolites
a Skolithos. Ojedinele sa tu nachadzaju aj jednoduché horizontalne
fosilne stopy Planolites. V lokalite Liptovska Luzna bol navySe potvrdeny
vyskyt ichnorodov Rhizocorallium, Thalassinoides a inych blizSie
neidentifikovatelnych fosilnych stép. Rhizocorallium je takisto relativne
vzacnou stopou na doposial evidovanych tuzemiach v spodnotriasovych
sekvenciach Zapadnych Karpat a upozorriuje na vysSiu ichnodiverzitu.
Thalassinoides z Liptovskej Luznej nie je Uplne typicky. Ide o labyrint
chodieb, ktoré sa horizontélne vetvia v pravych az ostrych uhloch.
Zvlastnostou tejto thalassinoidnej Struktury je niekolkonasobné
vetvenie chodieb pod ostrym uhlom vo vertikdlnom smere, €o je zase
typické pre ichnorod Theichichnus.

Thalassinoides je doteraz novou fosilnou stopou v spodnotriasove;j
sukcesii tatrika, ktora upozoriuje na pestrejSiu ichnodiverzitu.
Predpokladana ichnodiverzita na uzemiach v spodnotriasovych
sekvenciach tatrika bola v porovnani s hronickymi lokalitami nizSia,
¢o mOze byt ale zapriinené aj vyraznejSie slabsim fosilizacnym
potencidlom v hrubozrnnejSich sedimentoch. Objavenie sa fosilnych
stép v sekvencii indikuje ekologicki zmenu z kontinentalneho
fluvidlneho prostredia do plytkomorskych podmienok.

Podakovanie. Tato praca bola podporena Agenturou na podporu
vyskumu a vyvoja na zaklade zmluvy ¢. LPP 0107-07.

S. OZDINOVA! a J. SOTAK2: Charakteristika hranice eocén/
oligocén na zaklade vapnitych nanofosilii z vrtov Kocurany
(Hornonitrianska panva) a Vlachy (Liptovska kotlina)

'Geologicky ustav SAV, Dubravska cesta 9, 840 05 Bratislava;
geolsisa@savba.sk; 2Geologicky ustav SAV, Severna 5, 974 01
Banska Bystrica; sotak @ savbb.sk

Hranica eocén/oligocén je na zaklade vapnitych nanofosilii
charakterizovana nanoplankténovou zénou NP 21 — Ericsonia
subdisticha (Martini, 1971). Zéna je definovana ako interval medzi
poslednym vyskytom druhu Discoaster saipanensis a poslednym
vyskytom druhu Cyclococcolithus formosus. Nanospolo€enstvo tejto
z6ny je zloZené tiez z druhov Discoaster barbadiensis, Discoaster
saipanensis, Discoaster binodosus, Discoaster tani nodifer
a Istmolithus recurvus (Martini, 1971).

Z paleoekologického hladiska je hranica eocén/oligocén
charakterizovana fazou velkého ochladenia, ktoré sa v zlozeni
nanospolocenstva prejavilo ubytkom teplomilnych druhov, ako su
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Obr. 1. Vapnité nanofosilie nanoplankténovej zény NP 21, hranica
eocén/oligocén.
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Fig. 1. Calcareous nannofossil of nannoplankton zone NP 21, Eocene/
Oligocene boundary.

Discoaster a Sphenolithus, a nastupom chladnomilnych foriem,
ako su napr. Chiasmolithus, ¢asto vacsich rozmerov (Krhovsky, 1981).

Zona NP 21 bola uréena vo vrtoch Kocurany (Hornonitrianska
panva) a vo vrte Vlachy (Liptovska kotlina).

Vo vrte Kocurany bola uréena spodna €ast zény NP 21, ktora
zodpoveda najvrchnejSiemu eocénu a v nanospoloéenstve su
zastupené teplomilné formy — Discoaster ako D. barbadiensis,
D. saipanensis, D. tani nodifer a D. lodoensis. Vo vrchnej ¢asti zény
NP 21, ktora zodpoveda spodnému oligocénu, je v nanospolo¢enstve
badatelny ubytok druhu Discoaster a vo zvy$enej miere mozno
pozorovat aj iné druhy, ako Chiasmolithus, Cyclococcolithus,
Cyclicargolithus, Coccolithus, Reticulofenestra a Dictyococcites.

Vo vrte Vlachy bola uréend vrchna €ast zény NP 21, zodpovedajuca
spodnému oligocénu, v ktorej bolo nanospoloéenstvo zlozené
prevazne z druhov Chiasmolithus, Cyclococcolithus, Reticulofenestra
a Dictyococcites a bolo ochudobnené o druh Discoaster.

Vo vrte boli najdené planktonické foraminifery Pseudohastigeriny
a Globoquadriny, tieto druhy su charakteristické pre spodny oligocén.

Praca bola financovana z projektu VEGA 2/0140/09.

P. UHLIK!, I. STRICEK', M. SZCZERBA?, |. SLANINKA3
a D. BALLA": Charakterizacia ilovych mineralov lu¢enského
suvrstvia (sééensky $lir) — potencionalneho prostredia
na umiestnenie HU RAO

"Katedra loZiskovej geolégie Prirodovedeckej fakulty UK, Mlynska
dolina, 842 15 Bratislava; 2Ustav geologickych vied, Polska akadémia
vied, Senacka 1, 31 002 Krakow; 3Statny geologicky Ustav D. Stura,
Mlynska dolina 1, 817 04 Bratislava

Dominantnym ¢lenom lué¢enského suvrstvia je sécensky Slir (eger).
Je pritomny v kotlinach Juhoslovenskej panvy a jeho maximalna
mocnost sa pohybuje okolo 700 m. Sécensky Slir ma monoténne
litologické zlozenie. Su to vapnité prachovce so sporadickymi viozkami
prachovych ilov a jemne zrnitych pieskovcov. Pre svoju mocnost
ahomogenitu je séCensky $lir potencionalnou polohou na vybudovanie
hibinného uloziska radioaktivneho odpadu (HU RAO) na Slovensku
(Vass et al., 1989; Kovacik et al., 2001).

Jednou z mnohych oblasti, ktoré musia byt dostatoéne preskiimané
s ohladom na bezpeéné ulozenie RAO, je mineralne zlozenie
geologického prostredia a stabilita mineralnych faz v podmienkach
budovania i prevadzkovania HU RAO. Napriek chybajucej stratégii
dlhodobého ukladania RAO, vyprodukovaného na uzemi SR,
je pravdepodobnejsie uskladnenie RAO na uzemi SR ako jeho vyvoz
do zahrani¢ia. Uvedené fakty boli motivaciou na pilotné detailné
stadium ilovych mineralov v jednom z potencionalnych geologickych
prostredi pre HU RAO SR v sécenskom $lire Rimavskej kotliny.
Vybrané vzorky z archivnych vrtov (FV-1 a ERT-1), ako aj novych vrtov
(GOR-1 a RAO-5) predstavuju hibkovy rozsah od 22 do 870 m.
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Popri $tudiu ilovych mineralov bola urobena kvantitativna rtg.
difrakéna analyza celohorninovych vzoriek. Mineralna analyza
potvrdila homogenitu Studovaného sedimentu. Dominantné zastupenie
ma kremen so Zivcami, ktoré spolu tvoria polovicu pritomnych
mineralnych faz. Karbonaty (kalcit, dolomit + Fe karbonat) a vrstevnaté
silikaty (muskovit, illit, zmieSanovrstevnaty illit-smektit (I-S) a chlorit
+ kaolinit) tvoria priblizne po Stvrtine pritomnych minerélov. Popri
hlavnych mineraloch bol identifikovany pyrit, okolo 1 %, v stopovych
mnozstvach este rutil a apatit. V ilovej frakcii sa v niektorych vzorkach
objavili sirany (sadrovec a copiapit).

Semikvantitativna rtg. difrakéna analyza ilovej frakcie poukazuje
aj na jej homogenitu. Zastupenie ilovych mineralov zostava prakticky
nezmenené bez ohladu na hibku Studovanych vzoriek a lokalizaciu
vrtov. Hlavnym ilovym mineralom je I-S. Jeho podiel v ilovej frakcii
je 60 — 65 %. DalSimi identifikovanymi ilovymi mineralmi su illit (30 az
40 %), chlorit (do 3 %) a kaolinit (stopové mnozstva). Na zaklade pozicii
bazalnych difrakénych maxim I-S bola uréena expandabilita I-S (podiel
smektitovych medzivrstiev) 75 — 85 %, ¢o poukazuje na pociatoény
stupen illitizacie a nizky teplotny stupef premeny Studovanych
sedimentov. Na zaklade |-S paleotermometra (Sucha et al., 1993)
bola odhadnutd maximalna teplota pochovania sééenskych $lirov
na 40 — 60 °C. Nebol pozorovany vertikalny trend narastu illitizacie.

Velmi nizka hydraulicka vodivost sécenskych $lirov (Adamcova
et al., 2009) je jednym z faktorov podporujicich ich potencial pre HU
RAO. Nizka hydraulicka vodivost je spésobena jemnou zrnitostou sedi-
mentov, ako aj zistenou pritomnostou expandujuceho I-S (10 — 15 %
v celohorninovej frakcii) s vlastnostami blizkymi ¢istému smektitu.

Predkladané vysledky vznikli aj vdaka podpore projektu APVV
SK-PL-0039-09.

M. VLACIKY', M. MORAVCOVA', J. MAGLAY", J. ZERVANOVA?,
P. JONIAK? a Cs. TOTH?3: Pokrac¢ovanie vyskumu plio-
-pleistocénnej lokality Nova Vieska (SR) v roku 2010

1Statny geologicky Ustav D. Stiira, Mlynska dolina 1, 817 04 Bratislava;
martin.vlaciky @ gmail.com; 2Katedra geoldgie a paleontoldgie
Prirodovedeckej fakulty UK, Mlynska dolina G, 842 15 Bratislava;
lia20lia @ gmail.com; 3Stredoslovenské muzeum v Banskej Bystrici,
Radvanska 27, 974 01 Banska Bystrica; csabamamut@yahoo.com

Plio-pleistocénna lokalita Nova Vieska s bohatymi nalezmi fauny
prevazne velkych cicavcov, ulozenych v $trkovo-piescitych rie¢nych
sedimentoch, bola v roku 2010 predmetom terénneho vyskumu 2-krat,
z toho raz na pat dni. Pozornost v tomto roku bola okrem vyskumu
v teréne venovana hlavne determinacii, revizii a porovnavaniu vetkého
doteraz ziskaného materialu, rovnako aj uréeniu presnej stratigrafickej
pozicie sedimentov lokality.

Na zaklade studia plio-pleistocénneho geodynamického
a tektonicko-sedimentarneho vyvoja severnych okrajovych priehlbin
Dunajskej panvy je pieskoviia na lokalite Nova Vieska situovana
v bazalnej ¢asti spodnopleistocénneho proluvialno-fluvialneho
sUvrstvia, ktoré bolo v rdmci oblasti Hronskej pahorkatiny oznacené
terminom strekovské vrstvy. Tie predstavuju vo vSeobecnosti sedi-
menty korytovych facii meandrujucich tokov v striedani s povodriovymi
faciami rie€nych niv. Su diskordantne deponované na spodno-
pliocénne sivé az Skvrnité proluvidlno-limnické piescité ily a piesky
volkovského suvrstvia.

Pri vyskumoch v Novej Vieske bolo kazdoro¢ne najdenych
mnozstvo fragmentov klov chobotnatcov. Z ich makroskopického
Studia v8ak nebolo mozné uréit, z akého druhu pochadzali, preto
sme vybrali najzachovanejSie kusy klov a pokusili sme sa ich
priradit k jednotlivym taxénom pomocou mikrostruktdrnej analyzy ich
dentinu. Na jej zaklade sa zistilo, ze rozsah Schregerovho uhla sa
pri skimanych kloch pohyboval od 48° do 110° a jednotlivé kly bolo
mozné rozdelit do troch zakladnych skupin podla charakteru priebehu
jeho vzoru. Na zaklade toho mohol byt vysloveny predbezny zaver, ze
Studované kly potvrdzuju v lokalite Novéa Vieska vyskyt troch réznych
druhov chobotnatcov.
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Nalezy zubov druhu Mammuthus meridionalis z predchadzajucich
rokov vyskumu v Novej Vieske boli v tomto roku porovnavané
s nalezmi denticii elefantidov z ruskej lokality Chapry (Liventsovka),
determinovanymi ako Archidiskodon (Mammuthus) meridionalis
gromovi, priéom boli zistené takmer totoZné hodnoty poctu
lamiel a lamelarnej frekvencie. Podrobnym studiom morfolégie 18
izolovanych zubov korovitych (Equidae), doteraz najdenych v lokalite,
sa ich podarilo zaradit do skupiny poslednych eurépskych hiparionov
— Hipparion ex gr. crassum, ktoru tvorilo pravdepodobne viacero
samostatnych druhov. Hlavny vyskyt skupiny H. crassum kon¢i v zéne
MN 15, s otaznymi presahmi do z6n MN 16 a 17 (vyskyty v lokalitach
Kislang v Madarsku a Chapry v Rusku).

Po¢as roka 2010 boli okrem chobotnatcov a konovitych
spracovavané aj nalezy zubov nosorozcov, pochadzajuce z uvedene;j
lokality. Po revizii starSieho a determinacii nového materialu bola
zistena pritomnost dvoch taxénov fosilnych zastupcov nosorozcov
(Rhinocerotidae): Stephanorhinus jeanvireti (celkovo 18 ks zubov)
a Stephanorhinus etruscus etruscus (celkom 8 ks). Spolu bolo
najdenych 65 ks zubov. Z lokality bol tiez revidovany nalez dvoch
zubov bobrovitych (Castoridae). Ide o nekompletne zachovany lavy
vrchny premolar (P4 sin.) a fragment rezéka, ktoré boli po revizii
priradené k druhu Castor praefiber (?). Z hladiska biostratigrafie bol
C. praefiber rozsireny hlavne v obdobi od neskorého turolu po vrchny
ruscin (MN13 — 15).

Vyskum bol realizovany vdaka finanénej podpore grantu VEGA
€. 1/0176/10 a grantu Univerzity Komenského ¢. UK/336/2010.

S. JOZSA', D. REHAKOVA'!, E. HALASOVA' a M.
SMRECKOVA?: Barémsko-aptska mikrofauna a mikrofléra
lokality Podbielsky Cickov (Kysucka jednotka, Oravsky
usek bradlového pasma)

'Katedra geoldgie a paleontoldgie Prirodovedeckej fakulty UK, Mlynska
dolina G, 842 15 Bratislava; 2Katedra geografie, geologie a krajinnej
ekoldgie Prirodovedeckej fakulty, Univerzita Mateja Bela, Tajovského
40, 974 01 Banska Bystrica

Studované bradlo, zachytavajlice hlbokoocednske sedimenty
kysuckej jednotky bradlového pasma, sa nachadza v doline Podbielsky
Cickov nedaleko obce Podbiel. Material vhodny na separaciu volnych
foriem mikrofauny sa podarilo ziskat z ¢iernych az sivych sliefiov
tvoriacich medzivrstvy frekventovane bioturbovanych vapencov typu
majolika, litostratigraficky priradenych k mraznickému suvrstviu.
Na zaklade pritomnosti planktonickych foraminifer, Globigerinelloides
cf. blowi (BoLLl), Hedbergella aptiana BARTENSTEIN, Hedbergella
occulta LONGORIA, je mozné tieto sedimenty vekovo zaradit
do vrchného barému az spodného aptu.

Vo vzorkach bolo mozné identifikovat hlbokooceanske, najma
aglutinované formy rodov Nothia, Glomospirella, Glomospira, Hormosina,
Reophax, Subreophax, Pseudoreophax, Trochamminoides a vzacne
bentické rody s vépnitou schrankou (Lenticulina, Laevidentalina,
Gavelinella).

V Studovanych vzorkach boli pomerne bohato zastupené vapnité
dinoflagelata. Cysty dinoflagelat boli skimané dvoma metodickymi
postupmi.Facialna analyza sedimentov bola vykonana prostrednictvom
vybrusov pomocou optického mikroskopu (Leica DM 2500 P); volné
vyseparované cysty boli Studované v elektrénovom mikroskope SEM
(Hitachi-S 800).

Studium vybrusov potvrdilo pritomnost asociacie dinoflagelat,
v ktorej dominovala Colomisphaera vogleri (Borza) nad zriedkavo
pritomnymi cystami Stomiosphaera wanneri (Borza) a Stomiosphaera
cf. echinata Nowak. V mikritickom matrixe st cysty druhotne vyplnené
kalcitom a tiez pyritom. Podiel cyst na stavbe sedimentu predstavuje
1 — 2 percenta. Studium v elektrénovom mikroskope preukazalo
pirumelidny typ ultraStruktury stien vapnitych cyst, ¢o je v rozpore
s opisom Colomisphaera vogleri Borza (1969), ktory pri tomto
druhu predpokladal jednovrstvovu stenu cysty, budovanu radialne
usporiadanymi kalcitovymi krystalikmi. Na zaklade detailného
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morfologického Studia stien cyst a ich archeopylov bolo mozné
urcit dva druhy, a to Pirumella multistrata patriciagreeleyae (BoLLI)
a Pirumella sp.

Vapnity nanoplanktén reprezentuju formy odolnejSie vodi
rozpustaniu, vo véacésine pripadov ide o druhy Watznaueria
barnesae (BLAck) Bukry a Cyclagelosphaera margerelii NOEL,
vzacne Rucinolithus sp., Nannoconus steinmannii steinmannii,
Zeugrhabdothus embergeri (NOEL) PERCH-NIELSEN, Cretarhabdus sp.

Pomerne zriedkavo sa v niektorych vzorkach vyskytli radiolarie
rodov Cryptamphorella, Archaeodictyomitra, Dictyomitra. |de o hlboko-
vodné formy, ktoré spolu s asociaciou aglutinovanych foraminifer
indikuju viac eutrofické podmienky.

Podakovanie. Autori dakuju grantom APVV 0280-07, APVV 0465-06,
LPP 0120-09 a VEGA 2/0140/09 za finanénu podporu.

B. ZAHRADNIKOVA: Spodnobédenska rybia fauna z lokality
HruSovany nad JeviSovkou (Ceska republika)

Slovenské narodné muzeum — Prirodovedné muizeum, Vajanského
nabrezie 2, 810 06 Bratislava; barbara.chalupova @ snm.sk

V roku 2003 bol do spravy majetku Prirodovedného muzea
SNM v Bratislave prevedeny material z vyskumov prof. RNDr. Jozefa
Svagrovského, DrSc., ktory obsahoval aj nespracované zvysky rybej
fauny — otolity. Ide o 13 kusov otolitov — sagit (z toho 2 neulplné). Materiél
pochadza zo zarezu cesty pri trati zo spodnobadenskych sedimentov.
Zo SirSieho geologického hladiska ide o uzemie nachadzajuce sa
v Dyjskej klenbe, kde je neogén tvoreny vapnitymi ilmi spodného
badenu karpatskej predhibne.

Lastarniky a aj ulitniky z lokality HruSovany nad JeviSovkou
v minulosti Studoval profesor Svagrovsky. Otolity z uvedenej lokality
opisal R. Brzobohaty (1997), ktory uviedol 17 taxénov a vyslovil nazor,
Ze na zaklade zloZenia nim opisaného spolo€enstva rybej fauny ma
dominantny podiel mezopelagicka (Celad Myctophidae) a archibenticka
(Gelad Macrouridae) asociacia spolo¢enstva ryb. Hibka sedimentacie
je vyssia ako 400 m.

Studované otolity patrili do radu Gadiformes Goodrich, 1909
— Gadiculus argenteus (Guichenot, 1850) a radov Myctophiformes
Regan, 1911 — Hygophum hygomi (Litken, 1829), Diaphus cahuzaci
(Steurbaut, 1979), Diaphus haereticus (Brzobohaty & Schultz, 1978)
a Lampadena speculigeroides (Brzobohaty & Nolf, 1996).

Opisané spolo€enstvo ryb, pozostavajice prevazne z druhov
patriacich do ¢elade Myctophidae Gill, 1893, naznacuje hibSie
podmienky sedimentacie. Zastupcovia ¢Eelade Myctophidae
predstavuju v dnesSnych moriach a oceanoch najviac rozSirenu zlozku
rybieho mezopelagialu. Ich zastupcovia maju Siroky batymetricky
diapazon. NajCastejSie obyvaju hlbky medzi 200 az 1 000 m.
Véacsina druhov z tejto ¢elade migruje a vystupuje v noci takmer az
k hladine. Zastupcovia radu Gadiformes, druhu Gadiculus argenteus
predstavuju ryby zijuce tak isto v hibSich mezopelagialnych vodach
(200 — 500 m).

Podla uréeného spolo¢enstva rybej fauny z lokality Hrusovany nad
JeviSovkou mdzeme potvrdit, ze spodnobadenské ilovité sedimenty,
v ktorych boli najdené opisované otolity, sa usadzovali v panve hlbokej
viac ako 200 m.

A. ZLINSKA' a N. HUDACKOVA2: Spodny sarmat — paleo-
prostredie Zahorskej niziny na zaklade foraminifer

1Statny geologicky ustav D. Stura, Mlynska dolina 1, 817 04 Bratislava;
adriena.zlinska @ geology.sk; 2Ustav geolégie a paleontolégie
Prirodovedeckej fakulty UK, Mlynska dolina, 842 15 Bratislava;
hudackova@fns.uniba.sk

V prispevku su prezentované mikrofaunistické vysledky zo
spodného sarmatu (vrchny seraval — 12,7 az 11,6 Ma). Material
pochadza z jadier vriov MZ93, MZ34, MZ68, MZ26, MZ55, M1, MZ87
(v blizkosti Malaciek), odvftanych spolo¢nostou Nafta, a. s., vrtov
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ZNV11, 12 (v blizkosti Perneka) odvftanych Statnym geologickym
ustavom Dionyza Stura, a vrtov JV5, JV19, JV8 (na upéati Malych
Karpat) odvftanych firmou EQUIS.

Standardnymi laboratérnymi metédami, plavenim cez mlynarsky
hodvab, sme ziskané foraminifery urovali pod binokularnou lupou
a dokumentovali pod SEM. Na paleoekologické interpretacie
sme pouzili diagramy dominancie, equitability, pocitanie indexov
réznorodosti (Simpson, Fisher o) a niektoré z viacrozmernych
Statistickych metdd, ako zhlukova analyza a PCA analyzy. Statisticka
analyza bola spracovana pocitacovymi programami Past, POLPAL
a Statistica.

V Studovanej oblasti si sarmatské sedimenty tvorené ilmi, siltami
s piesCitymi vrstvami, niekedy bioturbiditmi. Sedimenty obsahuju
foraminifery typické pre spodny sarmat, mikrofaunisticky prislichajice
biozonam Ammonia vienensis, ktora prechadza z vrchného badenu,
dalej Anomalinoides dividens a Elphidium reginum (= zéna velkych
elfidii, Grill, 1941, obr. 1). Jeden z naj¢astejSie sa vyskytujlcich druhov
typickych pre spodny sarmat, Elphidium reginum Orb., sprevadzaju
Anomalinoides dividens Lucz., Articulina sarmatica (Karrer)
a Sarmatiella moldaviensis Bogd. Vo vSeobecnosti dominuju elfidia
a Ammonia, ktoré ziju v sedimentoch ako epifauna alebo infauna
(Murray, 1991; Hayward et al., 1997). Elfidia su bylinozravce, ale
mézu byt v niektorych pripadoch detritotvorné. Amdnie su vacsinou
detritotvorné, ziju vacésinou v eutrofnych podmienkach, niekedy
dokonca prezivaju kratke dysoxické podmienky (Murray, 2006).

Vo vrtoch z okolia Malaciek sa v spodnosarmatskych sedimentoch
vyskytovali asociacie foraminifer vSetkych biozén (obr. 1), priom
sa striedali v zavislosti od paleoekologickych podmienok pocas
sedimentacie.

Vo vrtoch ZNV11 a ZNV12 bola uréena mladsia ¢ast spodného
sarmatu, zéna velkych elfidii, mozno az bazalna ¢ast zény Elphidium
hauerinum. Vo vzorkach prevladali morfotypy s kylom, ktoré patria
k herbivornej skupine epifaunalnych elfidii, obyvajucej uz o malo hibsie,
teplé az mierne prostredie so salinitou blizkou normalnej salinite alebo
az hypersalinne (35 — 70 %o) prostredie (Murray, 2006).

Sedimenty spodného sarmatu vo vrtoch JV5, JV19, JV8 z Upétia
Malych Karpéat mikrofaunisticky priradujeme k biozénam Ammonia
vienensis a Anomalinoides dividens. Ide o velmi plytké eutrofné
prostredie, ktoré sa pravdepodobne neskér prehibilo (rod Anomali-
noides mohol zit meroplanktonicky alebo pseudoplanktonicky).

Foraminiferové biozony

STUPEN Grill, 1941

Nonion granosum

SARMAT

Elphidium hauerinum

Elphidium reginum
Anomalinoides dividens
Ammonia vienensis

bulimino-bolivinova

vrchny

BADEN

Spiroplectammina carinata
(z6na aglutinancii)

stredny

Obr. 1. Foraminiferové biozony (Grill, 1941).
Fig. 1. Biozones of foraminifers (Grill, 1941).
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M. JAMRICH: Vapnité nanofosilie sarmatu (vrchného
seravalu) Dunajskej a Viedenskej panvy Zapadnych
Karpat “state of art”

Katedra geoldgie a paleontolégie Prirodovedeckej fakulty UK, Mlynska
dolina, 842 15 Bratislava; jamrich@fns.uniba.sk

Vapnité nanofosilie, zvySky morskych rias, velmi citlivo odrazaju
klimatické a paleoceanografické zmeny a su dblezité pri ur€ovani veku
sedimentov. V rdmci Zapadnych Karpat boli Studované vapnité nano-
fosilie sarmatského veku z oblasti Dunajskej a Viedenskej panvy. Sarmat
je korelovany s vrchnou ¢astou zény NN6 Discoaster exilis a spodnou
NN7 zénou Discoaster kugleri (Martini, 1971). Sarmat v centralnej
Paratetyde koreSponduje s vrchnym seravalom v mediterannej oblasti;
konkom a spodnym besarabom vychodnej Paratetydy. K primarnym
biostratigrafickym charakteristikam spolo¢enstiev vapnitych nanofosilii
patri absencia Sphenolithus heteromorphus, ¢o umoziuje vyclenenie
biozony vapnitych nanofosiliit NN6 a prvy objav Discoaster kugleri,
ktory indikuje biozéonu NN7. Spodna hranica sarmatu je uréena na
zaklade posledného vyskytu Calcidiscus premacintyrei a prvého
vyskytu Calcidiscus macintyrei a C. pataecus. Spodnosarmatsky vek
spolocenstiev vapnitych nanofosilii potvrdzuju prvé vyskyty bentickej
foraminifery Anomalinoides badeniensis.

Z hladiska véapnitych nanofosilii su indiciou sarmatského
veku Studovanych sedimentov zapadokarpatského neogénneho
zaznamu biohorizonty s dominanciou Calcidiscus spp. (Calcidiscus
macintyrei, C. tropicus, C. leptoporus), Perforocalcinella fusiformis;

(CE restmils

Reticulofenestra pseudoumbilicus (velké variety); Holodiscolithus
macroporus; Braarudosphaera bigelowii bigelowii, B. bigelowii
parvula, Sphenolithus abies. Hranica sarmat/panén je datovana
na 11,6 mil. rokov, korelovana s hranicou seraval/tortén v medi-
terdnnej oblasti (Kova¢ et al., 2005). Sarmatské nanofosilie
zapadokarpatského regionu boli prvykrat detailne prestudované
vo vrte SVM-1 Tajna, v Dunajskej panve (Kova¢ et al., 2008).
Na baze sarmatu bola uréena zéna Calcidiscus macintyrei s. .,
s podzénami: Calcidiscus macintyrei s. s.; paraakmé Calcidiscus
macintyrei; Calcidiscus macintyrei s Perforocalcinella fusiformis.
Vo vrchnom sarmate boli stanovené podzoény: Braarudosphaera
bigelowii parvula a Sphenolithus abies. Prvy rozsiahly vyskum
vapnitych nanofosilii sarmatského veku Viedenskej panvy bol
uskutoéneny v ramci multidisciplinarneho Studia sedimentov vrtov
situovanych v oblasti Malacky a Jakubov. Korelaciou definovanych
spolocenstiev vapnitych nanofosilii s foraminiferami bolo mozné
stanovit predbeznu stratigraficki poziciu a paleoekologické
interpretacie. Doteraz boli identifikované biohorizonty s dominanciou:
Calcidiscus spp. (Calcidiscus macintyrei, C.tropicus, C.leptoporus);
Reticulofenestra pseudoumbilicus; Perforocalcinella fusiformis;
Braarudosphaera bigelowii parvula; Holodiscolithus macroporus.
Niektoré biohorizonty boli uréené aj v oblasti vychodnej Paratetydy,
¢o poukazuje na mozné kratkodobé spojenie paniev centralnej
a vychodnej Paratetydy v tomto obdobi.

Podakovanie. Tento prispevok vznikol za podpory projektu
APVV-0280-07.
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DANIELA REHAKOVA and STEFAN JOzSA, Dpt. of Geology and Paleontology, Fac. of Natural Sciences, Comenius Univ., Bratislava, Slovakia

Abstract: The article reports about the ESSE WECA conference held in Comenius Univ. Bratislava on 2. - 3. 12. 2010 and presents 40 abstracts

of lectures and posters.

Key words: International conference ESSE WECA, Western Carpathians, Bratislava, Slovakia

The traditional international conference ESSE WECA
with biennial periodicity was organized by the Department of
Geology and Paleontology in the Faculty of Natural Sciences
together with the Geological Club in Comenius University
Bratislava. Both, oral and poster presentations were held in
the AMOS room of Comenius Univ., Mlynska dolina, on 2. — 3.

Tradi¢nu medzinarodnu konferenciu ESSE WECA s dvoj-
ro¢nou periodicitou zorganizovala Katedra geoldgie a paleon-
toloégie spolu s Geologickym klubom na Prirodovedeckej
fakulte UK v Bratislave. Prednasky i posterové prezentéacie
boli v miestnosti AMOS na PriF UK v Mlynskej doline 2.
a 3. decembra 2010. Zaregistrovanych bolo 51 ucastnikov
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December 2010. Altogether 51 participants from Slovakia,
Czech Republic and Poland were registered for the conference.
Presentations were divided into four thematic groups:

1. New knowledge about the geology and tectonic
evolution of the Pieniny klippen belt and the Flysch belt

2. New knowledge about the geology and evolution
of the Carpathian Neogene basins and the Foredeep

3. Paleontology, sedimentology and stratigraphy
of the Western Carpathian sedimentary sequences

4. New knowledge about the crystalline basement
of the Western Carpathians

The foreign and Slovak participants evaluated the
conference with 28 lectures and 20 posters very positively,
concerning the logistics and the high scientific level of
presentations. The event took place in a friendly, partially
already the pre-Christmas atmosphere.

’AU il \\ ‘

Fig. 1. Participants of the ESSE WECA conference in the AMOS room of Faculty on Natural Sciences. Photo E. Halasova.

'ESSEAWECA!

konferencie zo Slovenska, Ceskej Republiky a Polska.
Prezentacie boli zaradené do Styroch tematickych okruhov:

1. Nové poznatky v geologickom a tektonickom vyvoji
Pieninského bradlového pasma a flySového pasma

2. Nové poznatky o geologii a vyvoji karpatskych
neogénnych bazénov a ¢elnej karpatskej predhibne

3. Paleontoldgia, sedimentoldgia a stratigrafia
sedimentarnych sekvencii Zapadnych Karpat

4. Nové poznatky o krystalinickom podlozi Zapadnych
Karpat

Na konferencii bolo odprezentovanych 28 prednasok a 20
posterov. Zahrani¢ni aj domaci U¢astnici hodnotili konferenciu
velmi kladne po organiza¢nej stranke, ocenili aj vysoku
vedecku Uroven prezentdcii. Podujatie prebiehalo v priatelskej,
sCasti uz prijemnej predviano¢nej atmosfére.

Obr. 1. Ugastnici konferencie ESSE WECA pogas prednésky v miestnosti AMOS na PriF UK. Foto E. Haldsova.

Fig. 2. Part of the participants of ESSE WECA conference during the reception in the hotel Druzba. From the right: J. Michalik, S. Hladilova,
E. Halasova, D. Rehakova, M. Smreckova, V. Némethova, Z. Keblovska, S. Ozdinova. Photo M. Gregarova.

Obr. 2. Cast tcastnikov konferencie ESSE WECA podas recepcie v zariadeni hotela Druzba. Sprava: J. Michalik, S. Hladilov4, E. Haldsova,
D. Rehakova, M. Smreckova, V. Némethova, Z. Keblovska, S. Ozdinova. Foto M. Gregarova.

ESSE WECA
Abstracts/Abstrakty

M. BABEL', D. OLSZEWSKA-NEJBERT', A. BOGUCKI? and A.
YATSYSHYN?2: The unique record of the Badenian salinity crisis
in the northern margin of the Carpathian Foredeep

'Fac. of Geology, Univ. of Warsaw, PL-02-089 Warsaw, Al. Zwirki
i Wigury 93, Poland; m.babel@uw.edu.pl; 2Fac. of Geography, lvan
Franko National Univ. of Lviv, P. Doroshenka 41, 79000 Lviv, Ukraine;
jacyshyn@yahoo.com

The Badenian (= Wielician) salinity crisis in the Central Paratethys
was a time of transformation during which several formerly marine
basins and subbasins of the Carpathian and circum-Carpathian
regions became evaporite basins due to restriction of their connection
with the Mediterranean Sea. The evaporite deposition was usually
preceded and followed by the Badenian marine sedimentation. The
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record of the Badenian salinity crisis in the basin of the Carpathian
Foredeep (in Ukraine and Poland) consists of gypsum and halite
deposits, and is particularly well exposed along the northern margin
of these basins, where the gypsum beds (less than 60 m in thickness)
outcrop on the surface. The areal extent of these sulphates to the
north is remarkably smaller than of both the under- and overlying
marine Badenian deposits. It is clearly a result of evaporitic water/
brine level fall in the marine basin followed by the rapid post-evaporitic
marine transgression or flooding. The basin was presumably
a saline-type basin, i.e. it was entirely cut-off from the ocean, and
its water/brine level was situated lower than the global sealevel. The
exposed gypsum deposits are mostly unaltered by the diagenesis
(e.g. modifications by dehydration-rehydration processes) during
burial and show exceptionally well-preserved primary sedimentary
structures. These include: (1) crusts of bottom-grown grass-like
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gypsum (= selenite) crystals (some up to 3.5 min length), (2) variants
of gypsum microbialite and selenite domes (some several meters
in size), (3) oriented structures produced by the growth of selenite
crystals in the up-current direction of inflowing brine, and others.
Certain beds within the layer-cake stratigraphy, interpreted to be
isochronous or near-isochronous, are traceable in the outcrops over
a distance of a few hundred kilometers, proving that these deposits
formed in the entire basin at the same time. The presence of such
aerially-extensive, well-preserved primary gypsum deposits makes
the northern margin of Carpathian Foredeep unique among the other
Badenian Paratethyan evaporite basins, the deposits of which are
commonly poorly exposed, diagenetically modified, and unavailable
for the direct study. Even in comparison with the famous Messinian
gypsum evaporites of the Mediterranean, this basin is unique. It
is much larger than any peripheral gypsum basin exposed along
the margin of the Mediterranean and is practically undeformed by
tectonics, as is usually the case of Messinian basins and subbasins.

M. BAK: Radiolarian records and environmental changes
in the Western Tethys during the 1.8 Ma interval including
the Cenomanian —Turonian oceanic anoxic event

Jagiellonian Univ., Inst. of Geological Sciences, Oleandry 2a, 30 063
Cracow, Poland; marta.bak @uj.edu.pl

The radiolarian fauna from the deep-water settings in the Umbria-
-Marche and the Outer Carpathian basins of the Western Tethys
is used for interpretation of environmental changes during the late
Cenomanian through the Early Turonian time interval. The frequency
of 184 recognized species, thirteen of them newly described, has
been processed and analysed.

The whole radiolarian set has been subdivided into six super
groups, including 25 groups related to specific water masses. The
assembled species represented various feeding preferences and
ecological strategies. An increase of the radiolarian total number in
the sediments related to the Bonarelli Level (BL) displays a positive
correlation with an increase of phosphorus (P) content, and with
a significant decrease in radiolarian diversity. Most of radiolarian
species avoided levels with the high P content, in contrast to some
species as H. barbui and C. conara increased significantly in the number
of specimens. On the contrary, diversified radiolarian assemblages
appeared at levels, directly preceded by a notable P increase, marking
a period when the water system was saturated in relation to nitrogen.

The radiolarian abundance in the sediments was strongly related
to their preservation during sinking in the water column and at the
water/sediment interface, increasing significantly at levels, marked by
the high pellet production. Thus, pelletization played an important role
in the transport of radiolarian skeletons and their further preservation,
irrespective to conditions of their growth.

Radiolarians experienced and responded to environmental
changes during the 1.8 Ma around the Bonarelli Interval (Bl).
The Cenomanian — Turonian press extinction event — a period of
unguestionable eutrophication represented by the BI, did not result in
the great radiolarian extinction and turnovers. The radiolarian radiation
preceded the Bl by over 330 kyr. The extinction, directly connected
with the OAE2 started ca 240 kyr before the end of the organic-rich
sedimentation, coinciding with the onset of enhanced diatom frustules,
recorded in the siliceous part of the BI. Since this period, a step-wise
radiolarian extinction continued through the Early Turonian. Many of
the radiolarian species previously considered as terminating during
the BlI, in fact outlived up to “post-Bonarelli” times, having their last
occurrence above the Bl or even in the Early Turonian. In the case of
the radiolarian fauna, the Bonarelli period caused the disappearance
of many Lazarus taxa, which returned in almost their initial state during
940 ky after the BI.

The current radiolarian study sheds light on the biological
effects of anoxic events, indicating the role of the mesopelagic zone
and oceanic circulation in nutrient exchange, which modulates and
controls the OAE2. The mesopelagic zone played an important role in
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P sequestration and was responsible for the release of the most of P,
leading to enhanced eutrophication of water column.

M. BARSKI, B.A. MATYJA and A. WIERZBOWSKI: On the age
of “black flysch” (Szlachtowa Formation) in the Podubocze
sections near Czorsztyn, Pieniny Klippen Belt of Poland

Inst. of Geology, Univ. of Warsaw, ul. Zwirki i Wigury 93, PL-02-089
Warszawa, Poland

The studied deposits of the dark coloured calcareous shales with
the subordinate intercalations of micaceous sandstones are exposed
in two unnamed creeks at Czorsztyn Dam Lake at Podubocze near
Czorsztyn. These deposits have been studied by Birkenmajer (1957,
1963) who used the term “flysch Aalenian” for all these strata (replaced
later by the Szlachtowa Fm., Birkenmajer, 1977) and included them
into the Upper Toarcian and/or lowermost Aalenian; he attributed the
deposits from the sections studied to the Branisko Succession of the
Klippen successions. Recently, the organic-walled dinoflagellate cysts
from this section have been studied by Gedl (2008) who recognized
two dinoflagellate cyst assemblages: the Upper Toarcian and the
Lower Bajocian ones.

The lithology of the sandstones in thin-sections and composition
of the organic-walled dinoflagellate cyst assemblages in the shale
samples were analysed by us to make clear the stratigraphical
position of the deposits in question, and their relation to deposits of
the Branisko Succession. The sandstones show a large content of
mica flakes as well as abundant lithoclasts, especially carbonates: the
latter consist mostly of micritic limestones and dolostones possibly
of Triassic age. There have not been encountered any clasts with
microfossils or microfacies indicative of late Middle Jurassic to Early
Cretaceous age. On the other hand, the shales yielded abundant
dinoflagellate cysts including Dissiliodinium giganteum and D.
lichenoides commonly occurring in almost all samples and indicative
of the Lower Bajocian. Other cysts recognized, either show a wider
stratigraphical range, or are evidently redeposited from older deposits
(Rhaetogonyaulax rhaetica of Triassic age, Wittnadinium minutum of
Early Jurassic age, Parvocysta nasuta of Toarcian to earliest Aalenian
age). Some of the studied samples are markedly enriched in cysts of
the genus Nannoceratopsis, such as N. gracilis — the species known
from the Upper Pliensbachian to Bathonian — but represented by
specimens which differ markedly in maturity of the organic matter as
evidenced under the UV light. This may suggest that Nannoceratopsis
cysts are partly also redeposited. It may be concluded that the
Szlachtowa Formation in the Podubocze section yields dinoflagellate
cyst assemblages with an age-indicative forms proving Early Bajocian
age of the deposits in question, but with a marked admixture of older
redeposited forms (from Triassic to Aalenian). Gedl’s (2008) concept
on Toarcian age of some deposits in the studied sections has been
based thus possibly on redeposited material.

It should be remembered, however, that the deposits in the studied
section differ markedly from coeval, the Early Bajocian deposits
of the Branisko Succession in the Pieniny Klippen Basin — i.e. the
Harcygrund Shale Fm., which does not show any features of the flysch
sedimentation. It stay thus an open question — whether the deposits
studied in the Podubocze section represent really the Pieniny Klippen
Basin succession or they belong to the Magura Basin succession?

M. CIESZKOWSKI, T. KYSIAK, A. SLACZKA and A. WOLSKA:
Olistoliths of gabbro from Osielec (Magura nappe, Outer
Carpathians, Poland)

Jagiellonian Univ., Inst. of Geological Sciences, Oleandry 2a, 30 063
Cracow, Poland; marek.cieszkowski@uj.edu.pl

In the Raga Subunit of the Magura nappe a gabbro block has

been found by prof. M. Ksigzkiewicz in Osielec village. This block
occurred there close to outcrops of the Osielec Sandstones. It was
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later described by prof. T. Wieser (1952) as “the ophiolite from Osielec
(Annales Societatis Geologorum Poloniae, 21, 319 — 327). Several
years ago Wieser tried to revise his petrological investigations of this
gabbro, but the described block has disappeared from its previous
placement, probably completely exploited by the local farmers.
Authors studied the geology of the Magura nappe in Osielec and its
surroundings, and in 2009 during detailed field investigations new
outcrops of the Osielec Sandstones were discovered and within
these sandstones there was an olistostrome. It is represented by the
debris flow deposits with pebbles of different exotic rocks as well huge
olistoliths representing the older Magura flysch deposits, e.g. Eocene
variegated shales. Within the exotic rocks there are blocks of gabbro
(1 — 4 m in diameter). In Osielec section, the Osielec Sandstone
Member intercalates the Beloveza Formation (Hieroglyphic beds)
being Middle and Late Eocene in age. This formation is strati-
graphically underlain by the tabowa Shales Formation (Early and
Middle Eocene) the Ropianka Formation (Senonian-Paleocene) and
is overlaid by the thick-bedded sandstones of the Magura Formation
(Late Eocene — Oligocene).

The gabbro is metamorphosed; therefore its structure is partly
granoblastic. The rock is green or dark-green with macroscopically
visible grains of light-green feldspar and dark-green amphibole.
Preliminary petrological research indicates that the studied gabbro
blocks are composed of albite (ca 65 %), epidote, chlorite and
hornblende as main minerals; titanite, calcite, clinozoisite, zoisite and
quartz as subordinate; as well as ilmenite, leucoxene, hematite and
zircon as accessoric.

Discovery of the gabbro olistoliths within the Magura nappe
is important for the paleoreconstructions of the Magura Basin. It is
supposed that the basement of the basin consisted of oceanic crust.
However this idea is not yet sufficiently proved. Investigated gabbro
could represent ophiolitic succession, the presence of which may
confirm existence of oceanic crust in general. The determination of
the absolute age of this gabbro has been done. If the age of gabbro
would correspond to Alpine Orogeny, it could be an important proof
of the existence of the oceanic crust in the basement of the Magura
Basin. If not, the gabbro could be attributed to the Variscan basement
of the Pre-Carpathian paleogeographic area where the Carpathians
basins were later formed.

This research has been financed by the Ministry of Science and
Higher Education in Poland, grant No. N N307 249733

M. CIESZKOWSKI', A. SLACZKA? and A. WASKOWSKAS3:
Eocene olistostrome in the Silesian nappe at the shore
of Roznéw Lake, Outer Carpathians, Poland

1. 2Jagiellonian Univ., Inst. of Geological Sciences, Oleandry 2a,
30 063 Cracow, Poland; marek.cieszkowski@ uj.edu.pl; SAGH Univ.
of Science and Technology, Al. Mickiewicza 30, 30-059 Cracow,
Poland; 3waskowska @agh.edu.pl

One of the big olistostromes that occur within the Silesian nappe
is well cropped out at the cliff of eastern shore of the Rozndéw Lake,
between the villages Sienna and Lipie. The olistostrome placed
within the Hieroglyphic Beds (thin- and medium-bedded sandstones
and shales of the Middle and Late Eocene) of the Silesian Series is
more than 100 m thick. In the lithostratigraphic section, just below
the Hieroglyphic Beds, lie thick-bedded Ciezkowice Sandstones
and Variegated Shales (Early and Middle Eocene), and above them
the Green Shales, the Globigerina Marls (higher Late Eocene), the
Menilite and Krosno beds (Oligocene). The olistostrome is built up of
pebbly sandstone debris-flow with scattered exotic rocks 2 — 15 cm
of diameter, occasionally up to 30 cm, that are represented by the
grains and blocks of quartz, gneisses, granitogneisses, lydites,
sandstones, conglomerates as well as of Jurassic limestones and
Cretaceous marls. Calcareous armed balls occur there also. Within
the debris-flow there are frequent clusters of chaotically arranged
clasts of shales separated by thin layers of coarse sandy matrix and
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these clusters look from the distance like shaly packets. Additionally
there occur olistoliths from a few up to several tens of meters long and
up to several meters thick. These olistoliths are represented by the
Hieroglyphic Beds-like packets, blocks of the Ciezkowice Sandstones
and variegated shales. Variegated shales form an olistoplaque a few
hundreds meters long. There also occur soft Eocene marls, and
light, middle-bedded, quartzitic sandstones and thin- and medium-
-bedded sandstones rich of carbonate detritus. Especially interesting
are the blocks of grey-greenish soft marls with foraminiferal
assemblages including Miliolidae, which are characteristic for the
upper slope and even outer shelf environment. Near the top of the
olistostrome the deposits become very chaotic. Some of the shaly-
sandstone olistoliths display plastic fold deformations (submarine
slumping folds). Studies of paleocurrent directions and the vergence
of slumped folds show that material of the olistostrome has been
derived generally from the south from tectonically active northern
slope of the Silesian Ridge.

This research has been financed by the Ministry of Science and
Higher Education in Poland, grant No. N N307 249733.

M. CIESZKOWSKI', J. GOLONKAZ, J. KOWALS, M. MIKA* and
A. WASKOWSKAS: Ostravice Sandstones in Poland (Outer
West Carpathians, Silesian nappe)

1.3, 4Jagiellonian Univ., Inst. of Geological Sciences, Oleandry 2a,
PL-30 063 Cracow, Poland; marek.cieszkowski@ uj.edu.pl; > SAGH
Univ. of Science and Technology, Fac. of Geology, Geophysics and
Environmental Protection, Al. Mickiewicza 30, PL-30-059 Cracow,
Poland; jan.golonka@agh.edu.pl

The Ostravice Sandstones were described in the Czech and
Czechoslovak literature as a lithostratigraphic unit occurring in the
Silesian Series profile above the Lhoty Formation and below the
Godula Formation in the Silesian-Moravian Beskidy (presently Czech
Republic). They were not mentioned in the Polish literature to this time.
According to the present authors they occur also in the Polish sector
of the Outer Carpathians. They spread out on the distance 200 km in
the Silesian nappe between Ustron (near the Poland-Czech Republic
border) and Tuchow areas, where they were encountered east of Biata
River in the Brzanka range.

Their presence was noted by the presented authors in the
northern Silesian Beskid foothill, in Ustron-Poniwiec quarry among
the others, as well as in the Roznéw Foothills area, in Czhéw among
the others. These sandstones commence the Godula Formation,
forming thick complex within lower Godula Beds. According to the
presented authors, this complex containing thick-bedded sandstones,
represents lithostratigraphic unit — member in the lowermost part
of the Godula Formation. In Silesian Beskid, it is built of thick-
and very thick-bedded amalgamated sandstones, almost entirely
without shakes intercalations. The sandstones are mostly massive,
coarse-grained or conglomeratic, sometimes with conglomerate
layers or lenses. The complex thickness decreases eastwards and
shales intercalations occur more frequently within the trick-bedded
sandstones. The olistoliths of Lhoty and Verovice formations were
encountered within the described complex in the Ustron area.
The size of these olistoliths varies from dozen to 200 meters. The
occurrence of numerous carbonate clasts, mainly pelitic limestones,
and few millimeters to dozen or so centimeters in size is characteristic
feature of Ostravice Sandstones. The sandstones” age was estimated
as Coniacian-Santonian. The microscopic observations revealed
quartz as main component, glauconite is also abundant, with less
frequent micas (muscovite and biotite) and quite rare feldspars and
heavy minerals.

Besides the monomineral grains, there occur clasts of magmatic
rocks (mainly granitoids, sometimes rocks of rhyolite and basalt
types), as well as carbonates and scarce sandstone, siltstone,
cherts, siliceous limestones clasts with relics of fauna. This
composition is not really different from the typical composition of the
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Godula Sandstones. The limestones within clasts in the Ostravice
Sandstones are represented by grainstones and wackestones, rarely
packstones (pelbiosparites, biomicrites, biopelmicrites, oosparites,
and intrabiosparites). These limestones partly contain more or less
recognizable microfossils, which enable defining the limestone age as
latest Jurassic and earliest Cretaceous. Foraminifers, Protopeneroplis
ultragranulata and Scythiloculina confusa among the others occur here,
together with the abundant calpionellids, mainly Calpionella alpina,
less frequently Crassicolaria sp. and other fossils. The calcareous
dinocysts Schizosphaerella minutissima and Colomisphaera
heliosphaera were observed in the clasts. Peloids, and coated grains,
like ooids and cortoids occur frequently in the limestones.

This research has been financed by the Ministry of Science and
Higher Education in Poland, grant No. N307 249733.
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The Medieval Melsztyn Castle is located on the hill above the
Dunajec River valley, on the northern margin of Zakliczyn Depression.
This fortification served as a home for powerful nobles as well as
watchtower on the merchant’s route along the Dunajec River valley.

The castle hill provides interesting geological and geotouristical
values. It is situated within the Silesian nappe, major tectonic unit
of the Polish sector of the Outer Carpathians. The sedimentary
succession of this nappe, on the hills surrounding Zakliczyn
Depression, is represented by the continuous profile of the flysch
deposits, encompassing the Early Cretaceous — Oligocene age
interval. The Istebna Beds form the stratigraphic basement of the
Ciezkowice Sandstones. The Campanian-Maastrichtian Lower
Istebna Beds are represented by the thick-bedded, coarse-grained
and conglomeratic sandstones. The Paleocene Upper Istebna Beds
developed as lower and upper Istebna shales separated by the upper
Istebna sandstones. The Middle Eocene variegated shales, Upper
Eocene Hieroglyphic Beds and green shales as well as Oligocene
Menilite and Krosno Beds cover the Ciezkowice Sandstones. The
Melsztyn Castle was built on the Ciezkowice Sandstones. These
coarse-grained and conglomeratic sandstones form thick, massive
amalgamated beds. They display sometimes a large-scale cross-
-bedding. This complex contains lenses or layers of conglomerates as
well as debris-flow sandy-silty deposits with numerous conglomeratic
pebbles and large exotic boulders. The sandstones from Melsztyn
are unique, because they contain numerous limestone clasts and
rhodoids. These rhodoids are scattered in the sandstone beds, or
form layers and lenses thick to 30 centimeters. The limestone clasts,
corals, molluscs, gastropods are associated with rhodoids. The
older geological-cartographic papers assigned the sandstones from
Melsztyn to Campanian-Maastrichtian upper Istebna sandstones.
The occurrence of rhodoids, with typical Paleogene red algae
assemblages as well as Paleocene assemblages of foraminifers
with taxa typical for Rzehakina fissistomata sensu Olszewska, 1997,
stratigraphic horizon, in the underlying Istebna shales contradicts
these statements. The sandstones, which build the Melsztyn hill,
were used in the castle construction therefore their numerous
fragments can be observed in the walls of present-day castle ruin.
Several imbricated tectonic scales occur within the Silesian nappe
in the Zakliczyn Depression area. The Ciezkowice Sandstones
of the Melsztyn area were included in the Jorkéw-Zakiczyn scale
structure.

This research has been financed by scientific projects AGH
11.11.140.447 (A.W., J. G.) and UJ K/ZDS/000774 (M. C., A. S.).
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M. GAZ| a R. AUBRECHT: Geologicka stavba oravského
useku bradlového pasma v okoli obce Istebné

Katedra geoldgie a paleontoldgie Prirodovedeckej fakulty UK, Mlynska
dolina G, 842 15 Bratislava

Jurské a kriedové vapencové bradla zapadnej ¢asti oravského
useku pieninského bradlového pasma tvoria typicky bradlovy
reliéf. Svoju dneSnu poziciu nadobudli po tom, ako preslo bradlové
pasmo viacerymi deformaénymi fazami. Vzhladom na vykonané
prace je pravdepodobné, Ze bradla su nasunuté na pieskovce
magurského prikrovu a jednotlivé bradla su len erézne zvysky.
V horninach bradlového pasma bola zistena SSV — JJZ az SV — JZ
tenzia, SZ — JV kompresia a pole definované SV — JZ kompresiou
a na nu kolmou tenziou. Casova sukcesia nebola pozorovana.
V magurskej jednotke bola pozorovana klivaz, ktora pri vzniku
zvierala s vrstvovitostou 30°. Vrasy so subhorizontalnymi osami
smeru SZ — JV suU preukazatelne mladSie ako klivaz. Poukazuju
na SV — JZ smer kompresie. V sedimentoch podtatranskej skupiny
mozno pozorovat SV — JZ tenziu nasledovanu SZ — JV tenziou.
Skumané boli dva sedimentologické profily. Analyza profilu Revisné 1
poukazuje na zvlastny vyvoj v kysuckej jednotke. Zvy€ajna titon-
-beriaska kalpionelova mikrofacia je zastupena radiolariovou
a radiolariovo-Spongiovou mikrofaciou bez vyskytu kalpionel. Vek
hornin v profile Revisné 1 bol uréeny podla spolo¢enstiev cyst.
Suvrstvia profilu Revisné 2 su v prevratenom vrstevnatom slede
a vekovo siahaju od titénu az po apt, pricom tento vekovy rozsah
v ostatnych lokalitdch czorsztynskej sukcesie chyba. Druhy profil je
neobycajny aj pritomnostou krasinskej brekcie, ktora bola doteraz
opisana len v puchovskom useku bradlového pasma.

J. GOLONKA and J. RAJCHEL: Neogene algae-bearing
sediments in the Polish Outer Carpathians

Fac. of Geology, Geophysics and Environmental Protection, AGH Univ.
of Science and Technology, Al. Mickiewicza 30, 30-059 PL-Cracow,
Poland; jan_golonka@ yahoo.com

During Badenian (Serravallian — Langhian) times, the Carpathian
foreland basin continued its development partly on the top of the
thrust front with mainly terrestrial deposits forming the clastic wedge.
This clastic wedge along the Carpathians could be comparable with
the lower, freshwater molasse of the Alpine Foreland Basin. During
the Serravallian the marine transgression flooded the foreland basin
— Fore-Carpathian Trough, the adjacent platform and the Outer
Carpathian thrust units.

The calcareous algae played an important role as the rock-
-forming organisms in Serravallian of the Fore-Carpathian Trough,
forming limestones consisting mostly of the red algae (with bryozoans
and other organisms), so-called Lithothamnium limestones. The
limestones occur in large areas of Upper Silesia, in Nida Trough,
along the southern margin of Swigtokrzyskie Mts., in Roztocze, and
in separated lobes on the Carpathian Flysch. Several erosionally
isolated lobes have been found along the northern margin of the
Skole Unit of the Polish Outer Carpathians. They rest with the
angular unconformity on the deformed and eroded flysch deposits.
The red algae of littoral and sublittoral zone occur in the reef, fore-
-reef and back-reef facies, and in the extremely shallow, near-shore
facies. The Lithothamnium limestones on the Carpathian flysch
contain red algae belonging to family Corallinaceae. Their thalusses
are built of cells with calcite or magnesium calcite walls. These
cells are very small, some um to several tens of um in size. They
form encrustments, often with branches. The genera and species
of the fossils Miocene red algae were distinguished according to
cell size, arrangement and spores, single or gather in sporangia or
conceptacles. The calcareous algae play a major role in ecological
and paleogeographic reconstructions. They determine shallow and
littoral zones. The character of algal assemblages closely determines
the facies environment — reef, lagoon, bahamite or others.
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U. HARA and M. JASIONOWSKI: Geochemistry and
mineralogy of the bryozoans in the Sarmatian serpulid-
-microbialite reefs of the Carpathian Foredeep
(SE Poland — W Ukraine)

Polish Geological Inst. — National Research Inst., Rakowiecka 4,
PL-00-975 Warszawa, Poland; urszula.hara @ pgi.gov.pl

Bryozoans constitute a significant component of the benthic
assemblage of the Middle Miocene (Lower Sarmatian) serpulid-
-microbialite reefs of the Medobory and Roztocze regions (Paratethys,
western Ukraine and SE Poland), occupying various ecological
niches.

Their occurrence is attached to the facially different sediments
such as microbialites, marly and silty facies as well as organodetritic
sequences. Bryozoans contribute to the reef-framework, giving
a privilege to two taxa of the Fasciculipora sp. and Schizoporella
tetragona, as the frame builders, but their distribution in the reef is
confined to some places, only. They are also common encrusters
and important component of bioclastic or marly deposits within the
reefs. Altogether 18 bryozoan species belonging to cyclostomes and
cheilostomes were found. Cyclostomes are dominant taxa among
which 8 genera have been distinguished such as Crisia Lamx.
1812, Tubulipora Lamarck, 1816, Anguisia Jullien, 1882, Tervia
Jullien, 1883, Entalophoroecia Hermelin, 1976, Ybselosoecia Canu
and Lecointre, 1933, Fasciculipora d’Orbigny and tubuliporine
cyclostomes. The cheilostomes represented by three genera of
Schizoporella Hincks, Cryptosula Canu & Bassler, and Celleporina
Gray are characteristic component of the Sarmatian biota including
5 species where two of them are new for the science. Colonies of
the Schizoporella genus form either large multilamellar and small,
nodular encrustations within the Sarmatian reefs, but Cryptosula is
a ubiquitous genus, facially independent, met in the marly, bioclastic
and organodetritic limestones and it forms either incrusting or
branched colonies.

The geochemical and mineralogical studies comprise the
Sarmatian bryozoans composed of only the cheilostome taxa such as
multilamellar and unilamellar ascophoran lepraliomorphs represented
by the Schizoporella and Cryptosula. For the comparative purpose
there have been analysed two specimens of the Schizoporella
derived from the Adriatic Sea: S. errata from Venice Lagoon (ltaly) and
S. dunkeri from the waters off the Brusnik Island (Central Dalmatia,
Croatia).

The Sarmatian cheilostome bryozoans are characterized by
the medium-Mg calcite mineralogy. Skeletons of the Schizoporella
genus show variable concentration of Mg (from 3 000 to 10 000 ppm)
but Cryptosula contains medium admixture of Mg (4 000 — 6 000
ppm). It is generally slightly less than in the inorganic precipitates
building the Sarmatian serpulid-microbialite reefs (8 000 — 12 000
ppm) — see Jasionowski (2006), but comparable to some recent
calcite cheilostome bryozoans (Kuklinski and Taylor, 2009). Sr
concentration is usually quite high reaching from 200 to 2 500 ppm
similarly as in the reef microbial precipitates. Skeletons of the Recent
Schizoporella both from the brackish Venice as well from the normal-
-marine waters off the Brusnik Island show very high concentrations
of Sr (7 000 — 9 000 ppm) and simultaneously low — Mg (300 to
1 000 ppm) what indicates prevailing aragonite mineralogy, frequent
among the modern cheilostomes (see Kuklinski and Taylor, 2009).
Only some single analyses with very high Mg contents (like 30 000
ppm) prove a presence of the high-Mg calcite in some parts of the
skeletons.

It is known that the Recent marine cheilostome bryozoans
produce skeletons with varied mineralogy (calcite, aragonite or
bimineral — see Taylor et al., 2009) controlled probably by such
environmental factor as temperature. More variable mineralogy (with
more aragonite) is typical of the warm low-latitude waters whereas in
the colder circum-polar waters the skeletons are usually calcitic. The
studied Sarmatian bryozoans exhibit medium Mg-calcite mineralogy
similar to the recent colder-water analogues. It is unclear, however,
if temperature alone influenced their mineralogical composition;
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it could be speculated that some other environmental parameters
(such as the water supersaturation or increased alkalinity) played
also a part. As it was proved in this study, salinity seems to exert
no influence on the mineralogy and geochemistry of the Recent
Schizoporella.

U. HARA: Bryozoans in the Sarmatian reef of the NE part
the Central Paratethys:Their paleobiology and distribution
pattern

Polish Geological Inst. — National Research Inst., Rakowiecka 4,
PL-00-975 Warsawa, Poland

The Lower Sarmatian bryozoans represent an important con-
stituent of the biologically-originated accumulations of the northern
Carpathian Foredeep of SE Poland and the western Ukraine. The
bryozoan biocenosis, their spatial distribution, and the colony
growth pattern are very differentiated within the reefs. 18 species of
cyclostomes and cheilostomes belonging to 9 families and 10 genera
were recognized among the microbialite, organodetritic, silty, and
marly facies. The bryozoans in the Sarmatian carbonate buildups
show the patchy distribution pattern and their constructional role as
frame-builders is limited. However, the most conspicuous element
in the reefs contributes to the frame builders, mainly among the
algae-dominated cryptic microhabits, formed by sequences of
a densely packed algal laminae acting as a baffler and binder, where
the bryozoans, serpulids and vermetids occur as the overgrowing
organisms. Schizoporellids in the Medobory ecosystem perform
the main constructional role and the multilamellar bioconstructions
are evidently formed by the Schizoporella tetragona Reuss, 1847,
recognized in the northern and central parts of the Medobory
Ridge. The multilamellar constructions variable in shape and
dimensions are often composed of many growth layers forming the
hemispherical, spherical or large, irregularly-shaped 3-dimentional
lumps. Within the colonies there are a few sequences of laminae
of a length varying from 1.4 cm to 0.36 cm which may mark the
sedimentological cycles, probably connected with the fluctuations
of the sedimentary environment of the Sarmatian basin. In the
internal structure of the colonies the horizontal, superposed, slightly
bended laminar sheets are seen and the sequences of loosely
packed concentric sheets with the rather rare associated organisms,
confined to the interlaminar spaces, are observed. The small, dome-
-shaped colonies and laminar structures of Schizoporella tetragona
up to 1 — 2 cm in length, were recognized in the Roztocze area and
in the marginal part of the Medobory Ridge.

Two morphotypes of multilamellar schizoporellids, such as
similar to crustones, which contribute to the frame construction, and
small dome-shaped, similar to globstone type, are connected with
environmental factors such as currents intensity and the availability
of the substratum.

In contrast, the main frame-builder role in the Roztocze area is
performed by the fasciculiporids, accompanied by the other branched
colonies of the different taxa such as Entalophoroecia sp. and
Ybselosoecia typica as well as the spherical dweller of Celleporina
rostrata (Matecki). Cryptosula terebrata in the Sarmatian biota of
Roztocze commonly occurs and acts as a binder, forming small,
incrusting, unilamellar flat-shaped colonies of a length of zoaria up
to 2 -4 mm.

The morphology of bryozoan colonies (laminar, peat-shaped,
mushroom-shaped, plate-like) seems to depend on their location
in the Sarmatian basin and the hydrodynamic regime where the
colonies grew. The development of schizoporellid and the celleporid
bryozoan morphotypes within the Sarmatian reefs are subjected to
specific physical and biological factors which control their distribution.
Usually, these colony growth-patterns occur in the spatially restricted,
transitional, geologically short-term settings, where the most of the
bryozoans are not able to cope (see also Hageman et al., 2003).

This research has been financially supported by the Polish Ministry
of Science and High Education (project No. 307 041 32/1901).
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In the middle western part of the Slovak part of the Vienna
Basin, the area of Malacky surroundings was studied for the
reevaluation of the oil prospecting wells. In the paper we present
results of foraminiferal assemblage separated from the Sarmatian
(Upper Serravallian — 12.7 to 11.6 Ma) part of the well core
sediments, focused on paleoecological interpretations of its lower
part. Material was obtained from the well cores MZ 93, MZ 34, MZ
68, MZ 26, MZ 55, M1, MZ 87, drilled by Nafta a.s. oil company,
the ZNV 11, ZNV 12, drilled by the State Geological Institute of
Dionyz Star and JV5, JV19, JV8, drilled by EQUIS Ltd. The studied
wells are situated in the centre of mentioned area in the Malacky
town vicinity and two wells are situated in the Malé Karpaty
foothill near the Pernek village. Sediments consist of clays, and
silts with sandy layers, the sediments are sometimes bioturbated.
Standard laboratory methods were used for the fossil separation.
Foraminiferal tests were determined under stereoscope microscope
and scanned by SEM microscope for the detail study of the test wall.
For the paleoecological interpretations the dominance diagrams,
equitability, counting of diversity indices (Simpson’s, Fisher o) was
used. The multidimensional statistical methods as Cluster analysis
and PCA analysis were also employed.

The studied sediments contained foraminiferal shells typical for
the Lower Sarmatian. One of the most abundant species was the
leading one for the Lower Sarmatian, Elphidium reginum d’Orbigny
accompanied by Anomalinoides dividens Lucz., Articulina
sarmatica (Karrer) and Sarmatiella moldaviensis Bogd. as well.
The assemblages here generally dominated by elphidiids and
ammonias, which are opportunistic and generally live in sediment
as epifaunal or infaunal dwellers (Murray, 1991; Hayward et al.,
1997). Based on statistical methods we could identify foraminiferal
assemblages being typical by the dominance of species Ammonia/
Elphidium (A/E), Ammonia/Haynesina (A/Hy), Ammonia (A),
large elphidia (LE), Anomalinoides badenensis/dividens (Ab)
and the assemblage dominated by small miliolids (sM). The most
conspicuous assemblages are those with the highest dominance
of Ammonia and Elphidium genera. The most dominant species
herein, ammonias, are mostly detritivorous, living in eutrophic
conditions, and sometimes even surviving short dysoxic events
(Murray, 2006). The elphidiids are herbivores but they may be in
some cases detritivorous also. In the studied assemblages, the
keeled morphotypes (herbivorous, epifaunal) highly prevail in
the lower parts of the studied well cores; the rounded elphidiids
(detritivorous) prevail in their upper parts. Other dominant genus
in some samples is Anomalinoides, presupposed the adaptation to
the planktic or pseudoplanktic way of life, which requires a certain
depth of water (Filipescu, 2004). The last identified assemblage
consists of small miliolid taxa, which obviously live in the sandy
to silty marginal environs, preferring climbing on algae and
mostly tolerate hypersaline water (Gandhi, 2004; Murray, 2006).
Foraminiferal associations identified in the sediments of the studied
wells are typical for the shallow water environment of the various
salinities. The mentioned assemblages more than stratigraphy
mirror changes of the environmental factors. The alternating
foraminiferal assemblages of the lowermost Sarmatian: Ammonia/
Elphidium (A/E) and Ammonia/Haynesina (A/Hy) document very
shallow water lagoon of nearly marine salinity. The association
of the large elphidia (LE) documents deeper water well aerated
of meio-oligotrophic environs. In the more central part of the
studied area, the deeper water (more than 10 m) with sea floor
probably with oxygen deficit was documented by the foraminiferal

IGECT TS

oligoassociations of the genus Anomalinoides and Bolivina. The
upper part of the Lower Sarmatian sediments studied in the
scope of this paper contains foraminiferal association with small
miliolids (sM), typical for very shallow water environment of the
normal marine or hyper saline lower marshes. The associations of
Ammonia, Ammonia/Elphidium and small miliolids are alternating
in the marginal parts depending of the nutrient and water supply.

This work was supported by the projects APVV-0280-07, KEGA
3/7226/09 and APVV-Eurocores VAMP, ESF-EC-0009-07.
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and microflora from Podbielsky Cickov quarry (Orava
sector of the Pieniny Klippen Belt), Kysuca Unit, Western
Carpathians
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Deep water sediments of the Kysuca Unit have been exposed
recently in the Podbielsky Cickov valley near the Podbiel village.
Microfaunal assemblages of foraminifers, dinocysts, calcareous
nannoplankton, scarce radiolaria, sponge spicules and ostracods
have been separated and documented from intercalations of dark
to black marlstones, between frequently bioturbated majolica
type limestone layers of Mraznica Formation. Scarce planktonic
assemblage of foraminifers with the first occurrence in Late
Barremian, containing small few chambered representatives of
the genus Globigerinelloides (Globigerinelloides cf. blowi (BoLLi)
and Hedbergella (Hedbergella aptiana BARTENSTEIN, Hedbergella
occulta LoNGORIA) is present. Some samples contained
deep water agglutinated foraminifers (Nothia, Glomospirella,
Glomospira, Hormosina, Reophax, Subreophax, Pseudoreophax,
Trochamminoides) and scarce poorly preserved calcareous
foraminifers (Lenticulina, Laevidentalina, Gavelinella).

Events of the flourishing of calcareous dinoflagellates were
identified in the samples as well. The cysts were studied by the
optical microscope (Leica DM 2500 P) and SEM (Hitachi-S 800).
The first observation confirms the presence of the cyst association
in which Colomisphaera vogleri (Borza) dominated over the very
seldom stomiosphaerid species Stomiosphaera wanneri (Borza),
Stomiosphaera cf. echinata Nowak. Most of the washed samples
are filled with the pyrite sometimes with calcite. In the micrite marly
matrix (mudstones) average abundance of the dinocysts is from 1
to maximum 2 percents.

The study under the SEM revealed the pirumellid type of the
ultrastructure of the cyst walls which is different from the radially
orientedcrystalsof ColomisphaeravogleridescribedbyBorza(1969).
The preliminary results show two different cyst species belonging
to Pirumella multistrata patriciagreeleyae (Bolli) and Pirumella sp.

Calcareous nannoplankton association is represented by
the forms rather more resistant to the dissolution in most cases
by Watznaueria barnesae (Black) Bukry and Cyclagelosphaera
margerelii Noél and scarce Rucinolithus sp., Nannoconus
steinmannii steinmannii, Zeugrhabdothus embergeri (Noél) Perch-
-Nielsen, Cruciellipsis cuvillieri (Manivit) Thierstein.

Some of the samples contained poorly preserved radiolaria
represented by the genera of Cryptamphorella, Archaeodictyomitra,
Dictyomitra. These radiolarians and most of the observed benthic
foraminifers are of the deep water origin. The character of these
associations indicates rather eutrophic environment.

Acknowledgement. The authors are thankful for financial support of
the grants APVV 0280-07, APVV-0465-06, LPP 0120-09 and VEGA
2/0140/09.
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The Borové Formation (Gross et al.,1984) of the Subtatric Group
is known by the several crab genera (order Decapoda: infraorder
Brachyura) coming from the several different localities, where the
rocks of the Middle and Late Eocene are exposed. Remains of the
decapod crustaceans from the Middle Eocene strata of Borové Fm.
in the Liptovska kotlina Depression have been known since the work
by Dornyay (1913) who reported the presence of Harpactoxanthopsis
quadrilobata (Desmarest, 1822) at the locality Mnich near the town
of Ruzomberok (Rézsahegy). Later, the presence of the species
was confirmed by Lérenthey and Beurlen (1929) as well as PapSova
(1970). L6érenthey and Beurlen (1929) mentioned two more species
from the same area: Raninoides fabianii (L6renthey in Lérenthey and
Beurlen, 1929) and Harpactocarcinus punctulatus A. Milne-Edwards,
1862. Dornyay (1913) also reported decapods from the Upper Eocene
strata of the Ruzomberok area. He identified Lophoranina bittneri
(Lérenthey, 1902) and L. reussi (Woodward, 1866). However, the re-
-examination of the material presented here revealed the presence of L.
reussi only. Additional indeterminate decapod remains at several other
localities of presumed Middle to Late Eocene age of the Liptovska
kotlina Depression were reported by PapSova (1970, 1975 and 1978).

Material presented here is that which was originally described
by Dornyay (1913). Today it is deposited in the Liptovské Muzeum —
Cierny Orol in Liptovsky Mikula$. One specimen of H. quadrilobata is
deposited in Prirodovedné muzeum of SNM in Bratislava (SNM Z-277)
which actually represents a near-complete female individual figured
by Dornyay (1913, PI. 2, Fig. 7) and later re-figured by L&renthey and
Beurlen (1929, PI. 9, Fig. 4).

The studied collection deposited in Liptovsky Mikulas consists of
up to 30 specimens coming from several localities close to Ruzomberok
in the Liptovska kotlina Depression, namely Mnich, Klein’s quarry and
Kubala’s quarry. The material represents two taxa, Lophoranina reussi
(Raninidae) and Harpactoxanthopsis quadrilobata (Zanthopsidae).
In the latter, the sexual dimorphism is observable in the nature of
abdomina. Both species represent the well-known European Eocene
taxa. The present contribution gives new data on the material from
Slovakia, which has until now been insufficiently described (Dornyay,
1913). As indicated by Lérenthey and Beurlen (1929), the decapod
crustacean association from the Eocene strata of Liptovskéa kotlina
Depression consists of at least four different taxa (see above).
Additional field works in the studied area may provide more data on
the already known decapod association. This contribution should be
considered as a part of the revision of the fossil decapod crustaceans
deposited in Slovak museums, conducted by the author.

Acknowledgements. The work has been supported by the research
grants APVV 0280-07 (Daniela Rehakova; Comenius University,
Bratislava, Slovakia) and the grant PRIF UK 19/2010 of Matu$ Hyzny.

M. KANIA: Microstructural analysis of the shear zones
from the crystalline core of the Western Tatra Mountains:
Preliminary results

Inst. of Geological Sciences, Jagiellonian Univ., ul. Oleandry 2a,
PL-30-063 Cracow, Poland

In order to improve knowledge about the Alpine age deformations
of the Western Tatra Mountains crystalline core, the structural,
microstructural and petrotectonic studies have started. The subject
of the studies were the outcrops of faulted rocks developed during
the multistage deformation processes in the brittle, brittle-ductile and
ductile conditions.
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Zones of these rocks were previously observed in the upper parts of
the Chochotowska Valley by Skupiniski (1975) and described as zones of
tectonic greisenization. Cymerman (2009) points out their key role in the
Alpine age evolution of the Western Tatra Mountains crystalline core.

Fault zones in the following, most important areas, were sampled:
Dtugi Uptaz range — Rakon hill — Wotowiec hill, Zabrat Pass,
Trzydniowianski Wierch hill — Jarzgbczy Wierch hill, Ornak ridge and
Kopa Kondracka hill. Observations of structures were carried out
in the outcrops and by the optical microscope as well as scanning
electron microscope.

Analysis of structures and textures, especially of porphyroclast
sizes, shapes and porphyroclast/matrix ratio allowed to describe
not only various stages of brittle and ductile deformations, but also
transition zones between these two shearing regimes in the collected
material.

The obtained data allowed the determining of the presence of
localized zones of mesocataclasites with a high proportion of the
matrix in relation to the porphyroclasts at the top part of Ornak ridge.
In the region of Rakori and Wotowiec mountains the granitoids with
the initial cataclasis and cohesive fault breccias were found. There
are common contact zones between the different types of brittle fault
rocks, i.e. cataclastic breccias and mesocataclasites. In many cases
the polygenical deformed rocks with heterogeneous deformation traces
were deformed. Structures show the brittle, brittle-ductile as well as
ductile conditions of these deformations. In some cases structures of
dynamic recrystallization by the subgrain rotation in the ductile conditions
were observed, such as mylonitic S — C foliation, C* shear bands and
rotated porphyroclasts. These structures, as well as Riedel shears in the
cataclasites, were applied as the shear sense indicators what allowed to
determine variable directions of movement of structural domains.

J. KOWAL: The Kleczany-Limanowa tectonic window
(Outer Carpathians, Poland): New stratigraphical,
mineralogical and paleontological data

Jagiellonian Univ., Inst. of Geological Sciences, Cracow, Poland;
justyna.kowal @ uj.edu.pl

Within the Kleczany-Limanowa tectonic window (Polish
Outer Carpathians) the deposits of the Grybéw Unit crop out.
They are surrounded by the flysch deposits of the Ra¢a Subunit
of the Magura nappe, which thrust over the Gryboéw Unit here.
Differences of lithostratigraphic development in this area enabled to
distinguish northern and southern facial zones of the Grybow Unit
(Cieszkowski, 1992). The southern zone of the Grybéw nappe thrusts
over the northern. Detail mapping of the investigated eastern part
of the Kleczany-Limanowa tectonic window and its surroundings
distinguished a few local tectonic structures: folds, thrust-sheets and
transversal faults, occuring in this window especially in the southern
zone of the Grybéw Unit, which is tectonically more complicated. Four
small thrust—sheets were distinguished there.

The deposits of the northern facial zone are partly similar to
deposits of the Dukla nappe, but there is also a supposition, that it is
the innermost thrust-sheet of the Silesian nappe. The lithostratigraphic
section of the southern zone of the Grybéw Unit is represented by
the Hieroglyphic Beds (Eocene), the Subgrybéw Beds with one level
of the Wola tuzarska Limestones (Oligocene), the Grybéw Beds
(Oligocene), the Krosno Beds (Oligocene) and the Kleczany Beds
(?Miocene) with not clear stratigraphical position. In the section of the
northern zone there were divided the Hieroglyphic Beds (Eocene) and
Oligocene beds: the Grybdw Beds, the Cergowa Sandstones and the
Krosno Beds. The important achievements of that research are two
finds of fossil remnants of fishes from the Oligocene deposits. The
first was found in the Cergowa Beds (shaly olistolith of the Grybdw
Beds) in the northern zone of the Grybéw Unit. The skull of this fish
is characterized by extended, several centimeters long muzzle with
a sharp triangle tooth on the both sides of it (it resembles a sawfish).
The remnants of the second were found in the Krosno Beds of the
southern zone of the Grybdw Unit.
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The Upper Cieszyn Beds, the Hradiste Beds and the Vefovice
Beds, Early Cretaceous in age, and so-called “tabular sandstones”
considered as Late Cretaceous in age (Burtan, 1968) are cropping
out below the deposits of the northern zone of the Grybéw Unit. All
these deposits were traditionally called “The Kuréw Cretaceous” Three
first divisions are known from the Silesian nappe, so for a long time
there was thought that they arrived here from below of the northern
zone of the Grybdéw Unit in the tectonic window. There are premises
that these deposits do not form a tectonic window, but they are very
large olistoliths in the olistostrome placed at the base of the Early
Oligocene deposits of the northern Grybéw Unit. The Late Cretaceous
age of the “tabular sandstones” was estimated on the base of their
position in interpreted lithostratigraphic section of the Grybdéw Series.
Author has not got good results of micropaleontological data, because
there were no foraminifers, coccoliths nor dinocysts in these deposits,
but during the microscopic investigations the very distinct petrological
similarities of the “tabular sandstones” and the Cergowa Sandstones
were found. It allows to rate the “tabular sandstones” as a basal part
of the Cergowa Beds. It would also be consistent with the idea that the
Cretaceous strata in Kuréw are olistoliths within the Cergowa Beds.

Some mineralizations were found in the field. Among others those
were pyrites in the sandstones of the Lower Cieszyn Beds and jarosite
in the Grybéw Beds. Within joints of sandstones some traces of oil
were noticed, being especially common in the Cieszyn Beds. Within the
sandstones of the Cergowa Beds, in the open joints with calcite veins
and bituminous traces, the Marmaros diamonds occasionally occur.

M. KROBICKI: Bajocian crinoidal limestones of the Pieniny
Klippen Belt in Poland: Their stratigraphical position and
geotectonic significance

AGH Univ. of Science and Technology; al. Mickiewicza 30, PL-30-059
Cracow, Poland; krobicki@geol.agh.edu.pl

The Jurassic crinoidal limestones in the Pieniny Klippen Belt in
Poland consist of three formal lithostratigraphic units: Smolegowa,
Flaki and Krupianka Limestone formations. The first one is developed
mainly by the white, massive (very rare as thick bedded) grainstones,
sporadically with cross-bedding structures. The Flaki Limestone
Formation is usually represented by the grey, thin bedded crinoidal
limestones with multicoloured cherts. These limestones are facial
equivalent of the Smolegowa Limestone Formation and occur in
the Branisko Succession and partially in the Czertezik Succession,
whereas the first one (Smolegowa Lst. Fm.) is typical for the Czorsztyn
and Niedzica successions (occasionally in the Czertezik Succession;
Birkenmajer, 1977; Krobicki and Wierzbowski, 2004, 2009; Krobicki,
2009 with literature cited therein). The Krupianka Limestone Formation
is developed as the pink/reddish/red crinoidal limestones and overlies
stratigraphically both crinoidal units mentioned above. All these crinoidal
lithofacies are covered either by the red nodular limestones of the
Ammonitico Rosso facies of the Czorsztyn and/or Niedzica Limestone
formations (Czorsztyn, Niedzica and Czertezik successions) or by
radiolarites of the Czajakowa and/or Sokolica Radiolarite formations
[Branisko and Czertezik (partly) successions]. According to very detail
biostratigraphical data, based on abundant ammonite faunas derived
both from the base of the crinoidal limestones and the base of younger
red nodular limestones, the stratigraphical range of these crinoidal
limestones is limited to the late Early—to early Late Bajocian only (opposite
to Birkenmajer, 2007). Thus, the start of the crinoidal sedimentation took
place during the Early Bajocian time and was preceded by a marked
stratigraphical hiatus, which occurs between underlying black shales
of the Skrzypny Shale Formation (Krobicki and Wierzbowski, 2004,
2009; Krobicki, 2009 with literature therein) and the bulk of crinoidal
limestones. This hiatus corresponds to the origin and uplift of the
Czorsztyn Ridge, one of the greatest geotectonic reorganization within
the Pieniny Klippen Basin during the whole Jurassic-Cretaceous history
of this basin. Additionally, special sedimentary features (in the lowermost
part of these limestones — 10 to 20 cm in thickness) — phosphatic
concretions concentration, pyrite concretions, large clasts of green
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micritic limestones and numerous ammonites, indicate condensation
episode at the beginning of the crinoidal limestones sedimentation. Such
deposits represent an isochronic level even in sections where crinoidal
limestones have completely different thickness (between 10 and 100 m)
connected with the synsedimentary faulted blocks, contrary to opinion
on the recent tectonic reduction of their primary thickness (comp.
Birkenmajer, 1963, 1977).

This research has been financially supported by AGH grant
(11.11.140.447)

K. KRONOME: Study of upper Triassic limestone in
Drienc¢ansky Karst area based on microfacies analysis
— preliminary results

Fac. of Natural Sciences of Comenius Univ., Dept. of Geology and
Paleontology, Mlynska dolina, SK-842 15 Bratislava 4, Slovak
Republic; kronomek @fns.uniba.sk

The Drienc¢any Karst is situated in the Western Carpathians, in the
wider vicinity of the village Slizké in the Revucka vrchovina Mts., in the
southern part of the Slovenské rudohorie Mts. The Drien¢any Karst
belongs to the Inner Western Carpathians tectonic unit and is built by
complexes of the Silica Nappe. The present study is mainly focused
on the investigations of the Upper Triassic Hallstatt Limestones.
Hallstatt Limestones extend on the both sides of the Kamenny jarok
gorge between the villages HostiSovce and Slizké. In the northern
part they extend to the southern margin of the Drienocka pustatina
area, where they pass into the underlying Tisovec limestone. They
are overlain by Neogene sediments and andesitic volcaniclastics. The
Hallstatt Limestones are exposed on the surface in small areas near
Budikovany and Driencany villages.

Limestones on the locality Drienocka pustatina area are pink to
grey, fine-grained, almost microsparitic packstones with peloids, thin-
-shelled bivalvias, echinoderms, agglutinated and hyaline foraminifers,
thin-shelled ostracods and Globochaetes. The rocks are often
bioturbated; they belong to FZ 2, SMF 9. On the basis of conodonts
(Gaal, 1982) the limestones on the locality Drienocka pustatina area
are upper Tuvalian to lower Norian in age.

On the locality Kamenny jarok (A) are present light grey, fine-
-grained limestones. In the upper parts they are represented by pinkish
crinoidal limestones. In the lower part of the section are present mostly
grainstones/packstones belonging to FZ 3, SMF 2 with echinoderms,
agglutinated foraminifers, thin-shelled bivalvias and green algae.
Peloids, lithoclasts and clasts with micritic aureole were also observed.
This limestone is more shallow-water, its age is recently subject of
study. The upper part of the section belongs to FZ 1, SMF 3 and is
built by radiolarian and thin-shelled bivalvian wackestone.

On the basis of conodonts (Gaal, 1982) limestones on the
locality Kamenny jarok gorge (A) sedimented in Alaunian up to lower
Sevatian. Limestones on the locality Kamenny jarok (B) are light-
-grey, bedded and fine-grained with gray cherts and lumachelles.
They are wackestones belonging to FZ 1, SMF 3 with radiolarians
and very abundant spicules of calcified silicic sponges. These beds
alternate with cocquina layers. In the uppermost part of the section
bioclastic packstones with echinoderms and agglutinated foraminifers
are present. The Triassic part of the outcrop terminates with erosive
surface of the Hallstatt Limestones and transgression of Egerian
breccias of the Budikovany beds. On the basis of conodonts (Gaal,
1982) the limestones on the locality Kamenny jarok gorge (B) are
of lower to middle Sevatian age.

The limestones on the locality Budikovany are light gray, pinkish
gray fine-grained with dark lithoclasts. In the upper part of the section
bedded gray limestones with red nodules and cherts are present. They
are almost bioclastic packstones with radiolarians, echinodermatas,
sponge spicules and filaments. The second outcrop (Budikovany
HO) on this locality is situated in light gray fine grained limestones —
wackestones with radiolarians and silicisponge spicules. Limestones
on both outcrops belong to FZ 1, SMF 3.
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The Triassic part of the section ends with limestones sometimes
with cherts and is overlain by Egerian breccias. Limestones on the
locality Budikovany shows lower Sevatian age (Kozur and Mock,
1974).

M. tOZINSKI: The Orava-Nowy Targ Basin: Overview of
data on the tectonics and Miocene sedimentary basin infill

Fac. of Geology, Univ. of Warsaw, Zwirki i Wigury 93, PL-02-089
Warsaw, Poland

The Orava—Nowy Targ basin is crucial in the understanding of
the Miocene history of the Carpathian area, because this basin is
one of the few records on the sedimentological history, postdating
the uplift and erosion of older structural units. The Orava—Nowy Targ
basin originated in the Middle Miocene as a tectonic depression
overlying the folded units of the Inner and Outer Carpathians. The
subsidence trend is observed till present, however tectonic inversion
can also be found at basin margins. Most researchers consider
this basin as a pull-apart structure. Although some geophysical
investigations have been done, the tectonic style of the basin is
still poorly known. During its sedimentation history, the basin was
filled with the clastic deposits from silts to gravels. Provenance of
the deposits is considered to be mainly from the local Magura and
Podhale flysch units and rarely from the Pieniny Klippen Belt and
Tatra Mountains. Accordingly, it should be possible to estimate the
time of uplift of the Tatra Mts. Autochthonic and detritic brown coal is
also present. Alteration grade shows that the organic matter exposed
now at the surface was buried at over 1 km deep. Pyroclastic layers
are widespread in the basin and can be used in the future for dating
and correlation. Depositional structures may allow interpreting the
sedimentary environment, but so far only general investigations have
been done. Some new local tectonic and sedimentary observations
are shown based on examples from the Slovak localities along the
Oravica river near Cimhova.

E. MACHANIEC, R. JACH and A. UCHMAN: Trace fossil
Nummipera eocenica Holder from the Eocene (Barthonian)
detritic carbonates from the Tatra Mountains, Poland

Jagiellonian Univ., Inst. of Geological Science, Oleandry 2a, 30-063
Cracow, Poland; elzbieta.machaniec @uj.edu.pl

The Middle-Upper Eocene (Upper Lutetian — Priabonian) deposits
crop out along the northern margin of the Tatra Mountains (southern
Poland). These deposits overlain unconformably the older Mesozoic
basement and are covered by the Central Carpathian flysch. They
represent a transgressive sequence, which is characterized by the
distinct facies and lateral changes of the thickness. Generally, the
Eocene deposits start with the conglomerates, contain bedrock clasts.
They are usually ascribed to the Lutetian.

The conglomerates are covered by the littoral detritic carbonates
(Barthonian), which locally in the upper part contain nummulitic bank
facies. The upper part of the Eocene sequence is formed by the
complex limestone facies containing nummulites, dyscocyclines and
coralline algae. They represent the Upper Barthonian — Priabonian.
The limestone complex facies show evidences of the deposition in the
transition zone between the middle to distal middle ramp. Locally, they
are replaced by the detritic carbonates containing flora remains and
deposited in a deeper (offshore) environment.

Just below the detrital carbonates and the limestone complex
facies, the trace fossil Nummipera eocenica Holder 1989 occurs,
probably in the same stratigraphic horizon. The wall of N. eocenica
is built of bioclats represented mainly by Nummulitidae (larger
foraminifera), very rarely by fragments of the Ditrupa (Polychaeta)
tubes, bivalve shell fragments, echinoid spines and coralline algae.
The studied N. eocenica is generally built almost exclusively of the
tests of Discocyclina Gumpel, 1868, dominated by macrospherical
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species. The flat fusiform shape of Discocyclina is very suitable for
constructing of the wall, because the tests overlap as shingles. Such
arrangement of tests permits to build a resistant wall. Morphology of
other Nummulites tests is less suitable for this purpose. Therefore, the
tracameker, probably a polychaete, selected the tests.

The research was supported by the Ministry of Sciences and Higher
Education 0529/B/P01/2007/33.

J. MAJKA', I. BROSKA?, Y. BEE'RI-SHLEVIN?, |. PETRIK?, P.
SIMAN? and K. BONOVA*: New U-Pb SIMS zircon dating of
the Variscan I-type granitoids from Western Carpathians
(Slovakia)

Dept. of Earth Sciences, Uppsala Univ., Uppsala, Sweden;
2Geological Inst., Slovak Academy of Sciences, Bratislava, Slovak
Republic; 3Swedish Museum of Natural History, Stockholm, Sweden;
“Inst. of Geography, Faculty of Sciences, Pavol Jozef Safarik Univ.,
Kosice, Slovak Republic

We present here new U-Pb ion microprobe dating results from
several I-type Variscan granitoid massifs from the Western Carpathians
(Slovakia). Four samples from the Tribe¢ Mts. yielded the ages in the
range of 368 — 358 Ma. Sample T-63, collected from a cliff containing
microgranular mafic enclaves, yielded the age of 365 + 3.9 Ma,
whereas magmatic differenciate, the sample T-60, collected from the
same place yielded the age of 368 + 2.5 Ma. Two other samples from
the Tribe¢ Massif yielded somewhat younger ages, but similar within
the error with two older ones. Sample T-70 from the southern part of
the massif (Nitra quarry) yielded the age of 360 + 2.5 Ma, which is
similar to 358 + 2.9 Ma age of sample T-22, collected in abandoned
quarry in Kostolany pod TribeCom. Three other dated samples from
the Nizke Tatry Mts. granite (Dumbier type, sample NTBS-1), Veporic
unit (Sihla) granite (sample SIHLA-1) and Cierna hora granite (sample
CH-SK?2) yielded ages similar to the younger cluster from the Tribe¢
Massif. The obtained ages are: 356 + 1.9 Ma for the sample NTBS-1,
357 + 2.5 Ma for the Sihla granite and 357 + 2.9 for the Cierna hora
granite. Two age groups may be recognized basing on our results: the
older biotite tonalite with the mafic enclave from the Tribe¢ Mts. (ca.
365 Ma) and all other biotite tonalites from Tribe&, Nizke Tatry and
Veporic unit (ca. 355 Ma).

Obtained data show that main massifs of the I-type granitoids in
the Western Carpathians were emplaced during the early Variscan
and contemporaneously to the S-type granites. The results presented
herein are in agreement with the older dating of High Tatra I-type
granite (Poller et al., 2001) and the recent dating of the Modra I-type
granite (Kohut et al., 2009). Taking into account the data from the Tatra
Mts. and our dating results, along with all the previous dating (e.g.
Kohut et al., 2009) results, suggest the post-tectonic Meso-Variscan
age for the Carpathian I-type granitoids. The former interpretation of
I-type granitoids based on the conventional U-Pb zircon datings (e.qg.
Bibikova et al., 1988) from Sihla, Tribe¢, Tatra Mts. or Smrekovica will
have to be revised. Our geochronological results call for a new large-
-scale model explaining the succession of granite forming events in
the Western Carpathian realm during the Early Carboniferous.

J. MICHALIK: Biostatistics, distribution and paleoecology
of Rhaetian brachiopods in benthic fauna of the Hybe
Formation

Geological Inst., Slovak Academy of Sciences, Dubravska cesta 9,
SK-840 05 Bratislava, Slovak Republic

Abundant benthic faunal remnants are a typical feature of the
Hybe Formation, studied by several paleontologists for more than
a century. The fauna occurs in dark marl sequence with cyclical
architecture containing tempestite beds. Measurement of shell size
parameters shows that part of the fossil association is allochthonous:
some fossils have been removed from their life position in shallows
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and transported on a short distance. Also the occurrence of slumped
bodies indicates the deposition in a channel like depression, partially
below the biostromal growth zone.

The faunal associations are dominated by brachiopod Rhaetina
pyrifomis, accompanied by Rhaetina hybensis, Zeilleria norica,
Zeilleria austriaca, Oxycolpella oxycolpos, Sinucosta emmrichi,
Zugmayerella koessenensis, Fissirhynchia fissicostata, Austrirhynchia
cornigera and by many bivalves and gastropods. Brachiopod and
bivalve shells are often covered by tubes of comensalic polychaete
worms. Bryozoans, corals, brachiopods (Thecospira, Bactrynium).
These surfaces were attacked by grazing echinoids (Gnathichnus), or
fishes. Vertebrate reains are represented by the sole teeth and by only
finding of fish reptile column segment. Corals are relatively scarce,
occurring in discrete beds in lower part of the section.

Burrowing fauna was probably rich, its traces being preserved
on bed surface, inside shell cavities, or in concretions. Nautiloids,
foraminifers and a sole finding of conodont Misikella posthernsteini
proves for middle Rhaetian age of the associations. The position of
sedimentary environment was in a complex of Koessen-like basins in
a wide carbonate platform distant from any terrigenous sources.

K.NEJBERT', M. G. SLIWINSKI?, P. LAYER?, D. OLSZEWSKA-
-NEJBERT', M.BABEL', A. GASIEWICZ3and B.C. SCHREIBER*
Ar%/Ar®® dating of a Badenian tuff from the Babczyn-2
core (near Lubaczéw, Polish Carpathian Foredeep) and its
paleogeographic and stratigraphic significance

Univ. of Warsaw; knejbert@uw.edu.pl; 2Univ. of Alaska Fairbanks,
U.S.A.; mgsliwinski@alaska.edu; 3Polish Geological Inst.;
Andrzej.Gasiewicz@pgi.gov.pl; “Univ. of Washington, U.S.A;
geologo1@u.washington.edu

The Miocene section of the Babczyn-2 core (E. of Lubaczéw),
drilled in the NE part of the Polish Carpathian Foredeep (CF)
(near the Polish-Ukrainian border), is composed of (from bottom
to top): (1) marine clastic-carbonate deposits (13 m) overlying
a Cretaceous substrate that represents the “early” Badenian
(Moravian) transgression and depositional events in the CF, (2)
evaporite gypsum deposits (32 m) of the Paratethyan Badenian
(= Wielician) salinity crisis (BSC) (known as the Krzyzanowice
Formation in Poland and the Tyras Formation in Ukraine), (3) marly
marine deposits with abundant pectinids (Pecten Beds, 9.4 m) and
scarce bivalves (Abra [= Syndesmyal)) related to post-evaporite, late
Badenian (Kosovian) transgression and marine deposition, and (4)
the Syndesmya (or Syndosmya) Beds (12.6 m) deposited during the
Sarmatian, which are made up of monotonous clays lacking pectinids
but containing Abra (= Syndesmya) and other molluscs, suggesting
slightly brackish or mixed water conditions (as inferred from the
paleoecology of these molluscs; e.g. Kowalewski, 1966, Biuletyn IG,
without number, 1 — 143). Lithostratigrapic units (2), (3) and (4) extend
westward from Lubaczéw along the northern margin of the CF until
the environs of Cracow. The boundary horizon between the Pecten
and Syndesmya Beds marks the transition from marine to mixed-
-water conditions (characterized by the disappearance of pectinids
in the studied core). In the CF, this is more or less coincident with the
appearance of the endemic Sarmatian foraminifer Anomalinoides
dividens tuczkowska, and defines the base of the Sarmatian in
many Paratethyan basins.

A pyroclastic horizon found within the Pecten Beds (3.4 m above the
gypsum deposits) revealed well preserved volcanic components within
a primary grain-supported fabric, without admixture of any non-pyroclastic
sedimentary material. This tuff is dominated by the fresh volcanic glass
(platy and cuspate glass shards, and less common pumice shards),
with lesser amounts of biotite, Na-K-feldspars, plagioclase, apatite and
Fe-Ti oxides. Tiny porphyritic volcanic lithoclasts were also observed.
Major oxide contents are as follows: SiO, 73.39 — 75.71 wt.%, Al,O,
11.71 — 12.28 wt.%, Na,O 0.84 — 2.24 wt.%, and K,0 2.5 — 3.97 wt.%.
The composition of the volcanic glass corresponds to that of a rhyolitic
melt, and is consistent with the chemical make-up of other tuffs of
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similar age common throughout the CF. The provenance is presumably
one of the nearest volcanic provinces, e.g. the Central European
Volcanic Province (CEVP) or the Carpathian-Pannonian Region (CPR).
Radiometric Ar*%/Ar®® dating of several biotite and glass grains gave
an average age of 13.06 + 0.11 Ma for the timing of the tuff deposition.
Taking into account the geochronological data on the CPR volcanics,
the origin of the Babczyn tuff is likely related to magmatic activity in the
Western and/or Central Segment of the CPR volcanic arc (Pécskay
et al., 2006; Geologica Carpathica, 57, 511 — 530).

The obtained age demonstrates that (1) the Pecten Beds
overlying the gypsum deposits in the northern part of the CF were
deposited during the lower part of the NN 6 nannoplankton zone,
corresponding (in the Mediterranean) to the time interval between
13.654 — 11.905 Ma (according to present estimates, see Raffi et
al., 2006; Quaternary Science Reviews, 25, 3 113 — 3 137), and not
during NN 8 or later as was previously suggested. (2) The Badenian-
-Sarmatian transition in the CF took place soon after 13.06 + 0.11 Ma.
(3) The Badenian salinity crisis in the CF and Paratethys certainly
ended before ca. 13.06 + 0.11 Ma. This supports the view that the
crisis took place during the lower part of the NN 6 zone. Recent
radiometric dating of the WT-1 and WT-3 tuff beds that underlie
and intercalate with the Badenian salt evaporites in the Wieliczka-
-Bochnia area near Cracow (de Leeuw et al., 2010; Geology, 38,
715 —718) indicates that evaporite deposition began soon after 13.81
+ 0.08 Ma (WT-1 tuff) and continued at least until 13.60 + 0.07 Ma
(WT-3 tuff), ending no later than 13.06 + 0.11 Ma (Babczyn tuff).
The total duration of the BSC is thus estimated (including analytical
errors) to have been less than 940 k.y.

P.MINOR and S. LESZCZYNSKI: Borings in rhodoliths from
the Late Paleocene Upper Istebna Sandstone at Melsztyn
(Silesian nappe, Polish Outer Carpathians)

Inst. of Geological Sciences, Jagiellonian Univ., Oleandry 2a, PL-30-063
Cracow, Poland; paulina.minor @uj.edu.pl

Sandstones and granule to pebble conglomerates rich in
rhodoliths occur in the sedimentary succession of the Upper Istebna
Sandstone (Upper Paleocene) of the Silesian nappe of the Polish Outer
Carpathians outcropped at the village of Melsztyn and its surroundings.
The deposits show features indicative of a deep-sea deposition by the
high-density turbidity currents and debris flows flowing from a shoal
located to southwest (?Silesian Ridge). Rhodoliths are one to several
centimetres in large and show irregularly oval shape with a warty to
lumpy surface. They are composed by coralline red algae mainly of
the genera Sporolithon, Lihtotamnion and Mesophyllum. Moreover,
Peyssonneliaceans are also present. The rhodoliths commonly
show numerous borings. According to shape and size they represent
ichnogenera Trypanites, Entobia and Gastrochaenolites and were
produced respectively by polychaetes and/or barnacles, sponges and
bivalves. Moreover, borings in the form of networks of branched micro-
galleries, 0.10 — 0.20 mm in size, which can result from the activities of
fungi, algae or sponges, occur locally.

Borings of the ichnogenus Trypanites are cylindrical and elongate
in shape. Their sizes reach 0.2 — 0.5 mm in diameter and 0.8 — 1.4 mm
in length. They show smooth walls and are filled with sparite. Entobia
is represented by the single or multiple chambers, often connected.
The sizes of single chamber reach 0.1 mm in diameter and 0.5 -1 mm
in length. Gastrochaenolites borings are characterized by the elliptical,
elongate and rounded shapes. Their sizes reach 2.5 mm in diameter
and 1 mm in length. They are filled by packstone/wackestone-type
sediment with fragments of coralline algae, bryozoans, echinoderms
and foraminifers, subordinately with the quartz grains.

Structure of the rhodoliths together with their borings indicates their
origin in shallow water environment on moderately mobile siliciclastic
substrates and under low net sedimentation rates. Rhodolith growth
was favoured during the sea-level rise. During subsequent sea-level
fall, the rhodoliths and associated siliciclastic deposits were re-
sedimented into deeper settings.
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N. OSZCZYPKO and M. OSZCZYPKO-CLOWES: The
boundary zone between the Magura nappe and Grajcarek
thrust-sheets east of Szczawnica (Outer Carpathians,
Poland)

Inst. of Geological Sciences, Jagiellonian Univ., Oleandry St., 2a,
PL-30-063 Cracow, Poland; nestor.oszczypko @ uj.edu.pl

In the Grajcarek Valley, east of the Szczawnica, the contact
zone between the Magura nappe, Grajcarek thrust-sheets and
the Pieniny Klippen Belt (PKB) is located. The Magura nappe is
composed of the Paleogene flysch deposits of the Krynica facies-
-tectonic zone (Birkenmajer and Oszczypko, 1989). Recently in
this area the Early Miocene Kremna Fm. has been recognized
in several sections (Oszczypko and Oszczypko-Clowes, 2010).
From the south the Magura nappe contacts along the subvertical
thrust fault with the narrow, strongly deformed zone, known as the
Grajcarek Unit (Birkenmajer, 1977, 1986). This unit is composed
of the Jurassic to Paleocene pelagic and flysch deposits, which
occur both along the contact with the Magura nappe as well as
inside of the PKB together with “‘Autochthonous Magura Paleogene
(AMP)” On the bases of new geological mapping it has been
proven that “AMF” belongs to the Kremna Fm. and together with
the Grajcarek trust-sheets are exposed in the tectonic windows
inside of PKB (Oszczypko et al., 2010). Synchronous occurrence
of the Kremna Fm. both at the front of the Grajcarek thrust- as
well as in the tectonic window beneath Grajcarek thrust sheets/
PKB documented post Early Burdigalian trust of these units over
the Magura nappe.

During the Late Burdigalian/Middle Miocene dextral transpression,
eastwards escape and counter clock rotation of the ALCAPA, the
Grajcarek thrust-sheets and PKB were involved into the strike-slip
movements and development of flower structure (Oszczypko et al.,
2010).

This research has been financially supported by the Jagiellonian
University (DS/ING/808).

N. OSZCZYPKO and P. WOJCIK-TABOL: REE — geochemistry
of the Grajcarek Succession (Pieniny Klippen Belt,
Poland)

Inst. Geol. Sciences, Jagiellonian Univ., Oleandry St., 2a, PL-30-063
Cracow, Poland

The Grajcarek Succession (Polish Pieniny Klippen Belt) contains
the “black flysch” deposits (the Szlachtowa and Opaleniec formations),
that are followed by the Cenomanian radiolarian shales (CRS, Hulina
Fm.), then variegated shales of the Late Cretaceous Malinowa Fm.
and the coarse clastic deposits of the Jarmuta Fm. (Maastrichtian-
-Paleocene). Geochemical and petrological indicators have been used
to examine the depositional conditions and provenance of studied
material. The studied samples represent a mixture of terrigenous
detrital material and biogenic silica with various amounts of carbonates.
The most of samples display strong correlation between K,0, Al,Oj,
TiO,, Rb, Zr and Th. The only exception is represented by the “black
flysch” samples of the Szlachtowa Fm., where above correlation is
irregular.

The samples show relatively flat REE profiles, with (La/Yb)PAAS
ratios ranging between 0.84 — 1.17. The red sediments of the Malinowa
Fm. are the most enriched by REE because of strong relation REE
to Fe hydroxides. The lowest contents of REE occur within pelagic
sediments of the Hulina Fm. Both of them display the highest
enrichment of HREE. It can be explained by the presence of zircon
(positive correlation Yb to Zr) and phyllosilicates that is suggested by
correlation to Al,Os.

The samples show slight variation in Ce and Eu anomalies (Ce/Ce*:
0.85 to 1.16; Eu/Eu*: 0.94 to 1.12) that may reflect mixing of authigenic
phases and detritic material. The Ce depletion is common, whereas
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the CRS display enrichment of Ce mainly due to the synsedimentary
scavenging of Ce** by Mn-Fe oxides. Most of samples show weak
positive Eu anomalies, whereas few samples of CRS and Opaleniec
Fm. contain the negative anomalies that could be a result of the
variation in Eu-rich plagioclase content.

M. OSZCZYPKO-CLOWES and N. OSZCZYPKO: The new
data on the relationship between the Bystrica and Krynica
zones in the Krynica-Tylicz area (Magura nappe, Western
Carpathians, Poland)

Inst. of Geological Sciences, Jagiellonian Univ., Oleandry St., 2a,
PL-30-063 Cracow, Poland; m.oszczypko-clowes @ uj.edu.pl

Traditionally in the Krynica—Tylicz area (Beskid Sadecki Range)
two facies-tectonic units of the Magura nappe have been described
(see Nowak, 1924; Swidziriski, 1972). In 1969 Wectawik distinguished
the transitional Tylicz Zone, located between the Bystrica (Sgcz) and
Krynica zones. According to this concept, the lower part of the Tylicz
Succession, is characterized by the Bystrica (Sacz) Development
while the upper part is typical for the Krynica Development. Wectawik
(1969) suggested that the boundary between the lower and upper
parts of the Tylicz Succession is situated at the base of the red shales
with Reticulophragmium amplectens (Middle-? Late Eocene). This
concept was questioned by Oszczypko (1979), who suggested that
Tylicz Zone represents the tectonic superposition of the Bystrica and
Krynica zones of the Magura nappe.

The new geological mapping followed by the calcareous
nannoplankton studies (Oszczypko-Clowes and Oszczypko, 2010) in
SE part of the Beskid Sadecki Range has proved that the Bystrica
and Krynica subunits are divided by the sub-vertical, north dipping
inverse fault only in the Krynica area. At the same time in Tylicz area
(east of the Mochnaczka and Muszynka rivers) there is a transition
between the Eocene succession of the Bystrica Zone and younger
Late Eocene to Oligocene deposits (Mniszek and Poprad members
of the Magura Formation) of the Krynica Zone. This conclusion allows
us to restore the former view of Wectawik (1969b) on the existence of
the Tylicz transitional zone, between the Bystrica and Krynica facies
zones.

This research has been financially supported by Jagiellonian University
(DS/ING/808).

S. OZDINOVA: Biostratigraphical and paleoecological
research of the Paleocene sediments of the Western
Carpathians

Geological Inst., Slovak Academy of Sciences, Dubravska cesta 9,
SK-840 05 Bratislava, Slovak Republic

The Upper Paleocene Nanoplankton zones NP 9 — NP 11 were
determined in the Paleocene—Eocene sediments from the Velké
Krstenany Borehole (Upper Nitra region). In the samples from the
interval 57 — 54 m the Upper Paleocene nannoassemblage was
found, being represented by the species Cruciplacolithus cribellum,
Cyclagelosphaera reinhardtii, Discoaster mediosus, Ellipsolithus
macellus, Helicosphaera lophota, Helicosphaera seminulum,
Sphenolithus anarrhopus, Sphenolithus primus, Tribrachiathus
orthostylus. There is possible to estimate the geochrone of the Zones
NP 9 — Discoaster multiradiatus, following Perch-Nielsen (1985) and
Martini (1971), and this zone is quantitative and qualitative rich by
abundant calcareous nannofossils.

Increase of the abundance of the species Zygrhablithus bijugatus
and Thoracospahaera in the samples from the interval 50 — 44 m
is characteristic for the Paleocene/Eocene boundary (Raffi et al.,
2005), geochron of the Zone NP 10 — Tribrachiathus contortus. This
association Braarudosphaera bigelowii with the species signalized
the change in the salinity and shallow water conditions.
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In the samples from the interval 44 — 40 m there was a decrease
in the diversity of the species, the nannoassemblage was composed
from the species of the nannoplankton Zone NP 11 — Discoaster
binodosus, like a Tribrachiathus contortus, Discoaster barbadiensis,
Discoaster deflandre and Ellipsolithus macellus.

The research is supported by the Slovak Research Agency (APVV-
-51-011305).

J. ROSZKOWSKA — REMIN: Paleomagnetic correlations of
the Miocene carbonates and clays from the north-eastern,
marginal part of the Carpathian foredeep: Research
perspectives

Univ. of Warsaw, Fac. of Geology, al. Zwirki i Wigury 93,
PL-02-089 Warsaw, Poland; Polish Geological Institute — National
Research Institute, Rakowiecka 4, PL-00-975 Warsawa, Poland;
joanna.roszkowska-remin @pgi.gov.pl

The area of the northern, marginal part of the Carpathian foredeep
since decades is the aim of detail studies from the stratigraphy to
paleoenvironment and paleogeographic reconstructions. During
the Middle Miocene, area of the Carpathian foredeep was the
northernmost part of the Paratethys — complex system of inland
seas which were temporarily connected or separated from the World
Ocean. The complex geological situation is visible in the lithological
and faunal changes, even on the local scale.

The different, variable history of the Paratethys basins prevents
the use of the biostratigraphy at a large scale of the whole Carpathian
foredeep. The most useful tool in the stratigraphy in the studied area
are the evaporates interpreted as the marker beds. However the
evaporates do not occur in the whole Carpathian foredeep, what
results in the serious correlation problems of the different parts of the
foredeep.

The first goal of presented studies is to evaluate the usefulness of
the paleomagnetic methods in correlations between the local sections
in the southeastern Poland and western Ukraine. The second goal
is the correlation of these sections to the world reversed log. The
paleomagnetic methods, especially magnetostratigraphy, are very
comfortable, because the reversals of magnetic field are independent
of lithology, paleoenviromental situation, paleogeography and occur
isochronically worldwide.

The studies have been carried out in the southeastern Poland,
Roztocze Hills (6 sampled sites), southern margin of the Holy Cross
Mountains (one sampled site and borehole) and in the western
Ukraine (7 sampled sites). The sampled sites are represented by
large active quarries, natural exposures and the borehole. For
the paleomagnetic investigations the carbonates and clays of the
Middle Miocene (Badenian and Sarmatian) were taken. Besides
a natural remnant magnetization and demagnetization analyses, the
magnetic susceptibility and rock magnetism analyses were applied.
The preliminary results show a potential in the use of paleomagnetic
methods in correlations of the Miocene rocks in the Carpathian
foredeep. However in some cases, to obtain the reliable results, the
paleomagnetic methods need strong support of the sedimentological
and petrographical research.

The presented studies are the author’s PhD thesis project currently
proceed on the University of Warsaw and in the Polish Geological
Institute — National Research Institute.

L. RYSAVA: Mikrofacialna analyza mezozoickych sekvencii
Cachtickych Karpat (Zapadné Karpaty)

Katedra geoldgie a paleontoldgie Prirodovedeckej fakulty UK, Mlynska
dolina G, 842 15 Bratislava; rysava @fns.uniba.sk

Studovand oblast je suéastou Cachtickych Karpat a nachadza
sa v zareze cesty nad dedinkou Bzince pod Javorinou/€ast HruSové.

IGECT TS

V zareze cesty nad HruSovym je Ciastocne odkryty vrstevnaty sled
od triasu az po spodnu kriedu, z ktorého boli odoberané vzorky na
mikrofacialnu analyzu. Jednotlivé litofacie reprezentuju mezozoické
sekvencie hronika, konkrétne jeho ciastkového nedzovského
prikrovu. Sedimenty triasu (schreyeralmské a dachsteinské vapence)
su sucastou jablonickej skupiny v Studovanej oblasti a sedimenty
jury az kriedy (hierlatzské suvrstvie, rotensteinské vapence,
tegernseeské vapence a oberalmské suvrstvie) predstavuju
v danej oblasti hruSovsku skupinu. Za najstarsi ¢len nedzovského
prikrovu povazujeme schreyeralmské vapence (?stredny anis
— ?spodny ladin) s pelbiomikrosparitovou mikrofaciou (wackestone
s prechodom do filamentovej mikrofacie typu packstone) s ojedinelym
vyskytom foraminifer, ulomkov bivalvii, krinoidovych ¢lankov,
ostrakodov a mikroproblematik. Vzorky ziskané z oblasti Hrusového
mozno makroskopicky charakterizovat ako prevazne ruzové az
tmavocCervené, miestami aj svetlé a svetlosivé, masivne vapence.
Tieto vapence sedimentovali v rozsiahlych intraplatformovych
depresiach, formujucich sa po¢as stredného triasu. Za najmladsi
a najvyssi triasovy €len nedzovského prikrovu mozno povazovat
dachsteinské vapence (vrchny norik — rét), ktoré maju v tejto
oblasti zna¢né rozSirenie. Vapence su velmi pestré, ¢asto je aj
v ramci jedného vyskytu litologicka a facialna naplf velmi rozmanita.
Z mikrofacialneho hladiska ide o pelbiomikrosparitovi mikrofaciu
s pocetnymi ooidmi az prechodom do ooidového vapenca (packstone
az grainstone). Dachsteinské vapence predstavuju najma sedimenty
vnutornej laguny s prevahou subtidalnych facii. Spodna a stredna
jura v nedzovskom prikrove Cachtickych Karpat je zastupena
v plytkovodnom vyvoji, kym vrchna jura patri k hibokovodnym faciam,
¢o dokazuje pritomnost radiolarii a kalpionel. V spodnom liase sa
v hronickych sukcesiach predpoklada hiat, po nom sedimentovali
vo vrchnom liase a dogeri s€asti kondenzované prahové litofacie ako
hierlatzké suvrstvie (sinemur — domér), ktoré je budované vyluéne
¢lankami krinoidov (grainstone). Vystupuje tu vo viacerych Supinach
ako uzke dlhé pasy alebo v nepatrnych SoSovkach, zvyéajne
s hluzami rohovcov. V nadlozi krinoidovych vapencov sa vyskytuju
rotensteinské vapence (kelovej — oxford) s filamnetovou mikrofaciou
s prechodmi do radiolariovo-filamentovej mikrofacie (wackestone az
packstone). V oblasti vystupuju v suvislych neprerusenych pasoch
—az 1 km dlhych a 100 m hrubych — alebo v tenkych (5 m) kratSich
SoSovkach. Tieto vapence sedimentovali vo facii ,Ammonitico Rosso*
Sedimenty malmského veku su zastipené v tegernseeskom vapenci
(kimeridz — titon) s globochétovo-sakokémovou, globochétovo-
-filamentovou a radiolariovo-spongiovou mikrofaciou (wackestone az
packstone). Biostratigraficky vapence patria vrchnokimeridzskej zéne
Borzai a spodnotitonskej zone Malmica (Rehakova, 2000). Vapence
vznikali v hlbokomorskych valoch obklopenych batyalnou panvovou
faciou. Vrchnu juru v Studovanej oblasti zastupuje aj pelagické
panvové suvrstvie oberalm (vrchny titén — vrchny berias), ktorého
sedimentacia bola 30-krat rychlejSia ako pri predchadzajucom
suvrstvi. Mikrofacialne ide o radiolariovo-kalpionelovu, kalpionelovo-
-globochétovu mikrofaciu (wackestone). Na zaklade kalpionelid
bolo mozné indikovat vrchnotiténsku zénu Crassicollaria, subzénu
Colomi a beriasku zénu Calpionella s vrchnoberiaskou subzénou
Elliptica (Rehakova, 1995).

Podakovanie. Prispevok vznikol za finanénej podpory grantového
projektu APVV 0280 — 07 a vdaka Grantu Univerzity Komenského
€. UK/565/2010.

A. SOBSTYL: Prospects for paleoclimatic studies in the
Pieniny Klippen Belt using stable isotopes

Inst. of Geological Sciences, Polish Academy of Sciences, ul. Twarda
51/55, PL-00-818 Warszawa, Poland; sobstyl@twarda.pan.pl

The purpose of the research is to present the reliable brachiopod
and belemnite §'°C and 880 trends, derived from the stratigraphically
well-dated Middle and Upper Jurassic sections in the Czorsztyn
Succession of the Pieniny Klippen Belt.
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The isotope composition of calcite can be used for determining
the temperatures of the ocean at the time of its precipitation. In order
for this method to work, the calcite has to be formed in the isotopic
equilibrium with ambient water and cannot be altered by diagenetic
processes. Detailed biostratigraphy allows verification and precise
dating of isotopic events.

Belemnites and brachiopods are thought to secrete their shells
in the isotopic equilibrium with ambient seawater. First samples were
collected from the Oxfordian-Kimmeridgian (Tithonian?) limestones
from the Stankowa Skata section in Zaskale (Poland). The belemnite
rostra and brachiopod shells have been screened for possible
diagenetic alteration using the cathodoluminescence and the trace
element analyses. The cathodoluminescence analysis revealed good
preservation of a half of the examined belemnite rostra with the
exception of slight cracks. Belemnite rostra showing orange to red
luminescence will not be further investigated. The majority of the
studied brachiopod shells were too thin and too badly preserved for
the isotope analysis.

Field work is planned to collect new samples from the
Middle — Upper Jurassic sections in the Czorsztyn Succession of the
Pieniny Klippen Belt.

J. SOTAK', S. OZDINOVA? and P. PRUNER®: Hyperthermal
and greenhouse events in the Paleogene sequence of
the Central Western Carpathians (PETM, EECO, MECO):
Multiproxy records from the Krsteriany section

'Geological Inst., Slovak Academy of Sciences, Dumbierska 1,
SK-974 11 Banska Bystrica, Slovak Republic; 2Geological Inst., Slovak
Academy of Sciences, Dubravska cesta 9, SK-840 05 Bratislava,
Slovak Republic; 3Inst. of Geology, Academy of Sciences of the Czech
Republic, Rozvojova 269, CZ-165 00 Praha, Czech Republic

The Paleocene/Eocene boundary is marked by one of the
prominent events of the global warming and perturbation of the
carbon cycle in the Cenozoic history. The sedimentary record
of the Paleocene-Eocene Thermal Maximum (PETM) has been
determined in the Krstenany section by using of the high-resolution
foraminiferal and nannofossil stratigraphy, isotopic stratigraphy and
magnetostratigraphy.

The PETM is approximated in the transitional interval between
the grey and ochry-yellow marls in the depth around 41 m (KrStefiany
KRS-1 borehole). The grey marls contain the Late Paleocene
microfauna of planktonic foraminifera with the index species of the P3
and P4 Biozones — Globanomalina cf. pseudomenardi, G. luxorensis,
Morozovella apanthesma, Igorina pusilla and Parasubbotina varianta.
Calcareous nannoplankton of the grey marls also indicates the Late
Paleocene age, evidenced by the species of the NP 9 Biozone like
Tribrachiatus contortus, T. orthostylus, Cruciplacolithus cribellum,
Discoaster mediosus, etc. The specific components of the PETM
interval represent the diatom frustules and pteropods. The PETM is
expressed by the carbon isotopic values, which became markedly
negative and shifted from +0.24 to —1.62 %o §'°C. This isotopic signal
is considered to define the Paleocene—Eocene boundary in the
global scale. In paleomagnetic scale, the transitional interval reveals
the reverse magnetization, which could correspond to the C24r
magnetozone around the Paleocene—Eocene boundary.

Early Ypresian sequence of the Krsterany section introduced
the Early Eocene climatic optimum (EECO), which is evidenced by
the large-sized muricate foraminifers like Morozovella lensiformis,
M. formosa, M. occlusa, Acarinina strabocella, A. cuneicamerata, A.
pentacamerata, A. praetopilensis, Muricoglobigerina seni, etc. The
share of subbotinid species, which are constrained to be the cool-
-temperate forms, increased to the Late Ypresian in the zone Subbotina
(T) boweri. Ypresian nannofossils consist of the species, which had
the last occurrences in the NP 12 Biozone (Tribrachiatus orthostylus,
Ellipsolithus macellus, etc.). Subsequent interval reveals a radiated
nannoplankton bloom of the family Discoasteraceae — with more than
10 % partition in the assemblage, which indicated EECO. The most
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common nannofossils are the species Discoaster barbadiensis and
D. saipanensis. Normal polarity of the C24n magnetozone has been
recognized in the interval between 36 — 38 m (Middle Ypresian).

The Lutetian — Bartonian sequence is rich in morozovellid,
truncorotaloid and morozovelloid species. Their abundance is
indicative for the Middle Eocene climatic optimum — MECO. The
most frequent foraminiferal species of the Lutetian marls are follows:
Morozovella aragonensis, M. crater, M. spinulosa, Acarinina (T.)
topilensis, Morozovelloides crassata, etc. Late Lutetian — Bartonian
formation is significantly enriched by Turborotalia centralis, Turborotalia
cerroazulensis and Orbulinoides beckmanii. These foraminiferal
index species allow determining the biostratigraphic zones E 8 — E 13.
Nannoplankton zones of the NP 14 — NP 16 have been recognized
by the species of Discoaster sublodoensis, Chiphragmalithus alatus
and Discoaster tani nodifer. The MECO is pronounced at the carbon
isotope curve, where the KRS-1 sequence in interval between 17.0 to
5.0 m shows the distinct negative excursion of 8'3C up to — 6.75 %.o.
The Middle Lutetian sequence records the normal magnetic event
(18.2 — 32.4 m), which could correspond to the C21n magnetozone.

The research has been supported by the Slovak research and
development agency (APVV-51-01-011305) and VEGA agency
(2/0140/09).

M. SYKORA'!, M. SIBLIK' and J. SOTAK2: Siliciclastic
interbeds in the Upper Triassic dolomite formations of
the Krizna nappe (Mala Fatra Mts., Western Carpathians):
constrains for the Carnian Pluvial Event in the Fatric
Basin

'Dpt. of Geology and Paleontology, Fac. of Natural Sciences, Comenius
Univ., Mlynska dolina G, SK-842 15 Bratislava, Slovak Republic;
'Geological Inst., Slovak Academy of Sciences, Dumbierska 1,
SK-974 11 Banska Bystrica, Slovak Republic

The analysed Upper Triassic sequences of the Krizna nappe in the
eastern part of the Krivanska Fatra Mts. have unique development. The
lower part belongs to the Ramsau Dolomite Formation and contains
numerous Carnian foraminifers. Its deposition took place in peritidal
environment. The upper part covers the time of the Reingraben Event,
or carbonate productivity gap (Carnian). It is represented by claystone
layers of so far not exactly described in introduced Mts. This upper
part consists of two members: 1. beds of claystones with variable
dolomite content, 2. layers of pale-grey dolomite. In the claystone
part, rare Lingularia brachiopods and spinicaudatan crustaceans
Euestheria were identified and no typical marine bioclasts were found.
Presumed deposition place of the claystones were fresh — to brackish
— marine waters environments. The alternating layers of dolomites
were deposited in shallow — peritidal environments. The mentioned
formation should be distinguished as a new lithostratigraphic unit
Trzinovo Formation.

R. SYNAK and M. KOVAC: Infill of the Danube Basin inferred
from the timing of the sedimentary facies changes

Dpt. of Geology and Paleontology, Fac. of Natural Sciences, Comenius
Univ., Mlynska dolina G, SK-842 15 Bratislava, Slovak Republic

Danube Basin represents a separate depocentre in the NW part
of the Pannonian Basin System, which developed after isolation of the
individual parts of the Central Paratethys Sea. The Upper Miocene to
Pliocene Lake Pannon was continuously filled up by sediments, well
reflected in changes of the sedimentary facies in space and time. This
fact is observable not only in the outcrops but also in seismic lines and
well log data as well. Principally three periods of development can be
distinguished:

First period, comprising the Lower and Middle Pannonian
development (11.6 — 9.7 Ma) is in the Slovak part of the basin
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represented by the Ivanka Formation. Sediments of this time
interval were deposited on the prograding basin margin in various
environments, depending on the position within the Lake Pannon. We
can define this succession (similarly to Hungarian part of the Danube
Basin) as depositional system of alluvial, lagoonal, and deltaic to basin
slope and basin floor facies shifting in time and towards the basin
centre. Sedimentary facies of the first sedimentary cycle are following:
shallow water setting deposits of alluvial and delta plain (marches,
lagoons, coastal and delta plain built ups, Ujfalu Formation), deposits
of the Lake Pannon paleoslope or delta-slope (Algyé Formation) and
deepwater setting marls, clays and sandy turbidites (Endr6d and
Szolnok formations). Several stages of the Lake Pannon paleoslope
progradation phases can be set into a timeframe based on the
magnetostratigraphic measurements from several wells from the
Hungarian part of the basin.

Second period of the basin development started after fulfilling of
the lacustrine accommodation space during the Upper Pannonian-
-Pliocene time (9.7 — 4.2 Ma). The alluvial package of sediments is
represented by the Beladice and Volkovce formations. Sedimentary
environments of the second sedimentary cycle can be characterized
as alluvial — with wide range of facies — from fluvial, deltaic, ephemeral
lake to marches and dry land deposits. Alluvial sediments of this
environment provide typical response on well logs (serrated pattern)
and seismic data.

Third period of the basin development comprises the Pliocene
and Pleistocene sedimentation in the Danube Basin (4.2 — 2.6 Ma to
Present). It is represented mostly by the Kolarovo Formation, deposited
in the fluvial and alluvial environments.
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_ Stramberk Limestone, exposed in several quarries in the
Stramberk area, are accompanied by the younger, Lower Cretaceous
carbonate rocks which are lithologically different mainly by their clay
admixture. In the original stratigraphical division of these carbonates
Housa (1965, 1975, 1976) divided the Olivetska hora Limestone to the
Ropice Member (erroneously) and the Cupek Member. After a short
hiatus followed Gloriet Formation and Kopfivnice Limestone, without
any closer description of the type localities for the newly defined
formations. Later on, the Lower Cretaceous carbonates were divided
by Hou$a (in Hou$a and Vasi¢ek, 2004) to the Cupek, Gloriet and
Kopfivnice formations. For the Cupek Formation, the type locality was
established in the Obecni lom Quarry. The name was derived from the
Cupek Elevation which reaches the northern margin of the quarry.
The Cupek Limestone represents the oldest part of the Lower
Cretaceous succession. Its eventual gradual transition to the
Stramberk Limestone is not known; also its basis is not defined. The
Cupek Lst. crops out in situ in the western part of the quarry, partly on
the first but mainly on the second floor. Conglomeratic sediments in
the Obecni lom Quarry were attributed also to it by HouSa (in Housa
and Vasicek, 2004). The author ranked it to the calpionellid zones
Calpionella elliptica and Calpionellopsis simplex. Younger deposits
(e.g. Calpionellopsis oblonga Zone), as well as the direct overlying

IGECT TS

of the Cupek Limestone are not known. At other places, the limestone
occurs in the form of fissure and cavity fillings, in the bigger or smaller
fragments and as pebbles in younger rocks (mainly in the Kopfivnice
Limestone).

The Cupek Lst. is mostly present as greyish-green, greenish-
-grey to bluish-grey, limestone with clayey admixture which causes
their colouration. Locally, some brachiopods reminding the genus
Moutonithyris were found in the Obecni lom Quarry. Any strati-
graphically important macrofauna is not known from the Cupek
Lst. In the Obecni lom Quarry, as well as in the fissure-fillings the
Cupek Limestone usually contain angular fragments of the Stramberk
Limestone. The limestone lacks any bedding.

Two sets of samples, independently evaluated recently by
Boorova and Rehakova, have brought more detailed facies
analysis. The Cupek Lst. represents shallow marine carbonates
deposited in the open marine to the slope of distally steepened
mid-ramp. Scalenohedral dogteeth cement lining locally the voids
could reflect the influx of meteoritic water from exposed parts of
the nearby platform. The fine-grained bioclastic (intrabiopelmicrite/
intrabiopelsparite) or brecciated (intraclast-biogenic-peloidal
wackestone to grainstone), partially marly limestones (mudstones
to wackestones) contain various types of fossil fragments, common
detritic sandy quartz admixture, sporadic glauconite, and very rare
grains of heavy mineral zircon. Skeletal grains are often worn. Frequent
oncoids of Crescentiella morronensis morronensis (Crescenti)
are accompanied by Lithocodium aggregatum Elliott, Baccinella
irregularis Radoic¢i¢ Radoicic, Thaumatoporrella parvovesiculifera
(Raineri), dasycladacean algae (Permocalculus dragastani Bucur,
Salpingoporella sp.), tubes of Aeolisaccus, common miliolids, another
benthic foraminifera (Charentia cuvillieri Neumann, Conicospirillina
basiliensis Mohler, Trocholina elongata (Leupold), Neotrocholina
infragranulata (Noth), Andersenolina sp., hyaline foraminifera
(Spirillina sp., Lenticulina sp., Patellina sp.), Thurammina sp., and
nubecularid encrusting foraminifera, fragments of crinoids, bivalves,
ostracods, hydrozoans, very rare gastropods, bryozoans, and corals.
Slightly recrystallized micrite matrix contains also rare globochaetes,
radiolarians, sponge spicules and calpionellids (Crassicollaria
parvula Remane, Calpionella alpina Lorenz, C. elliptica Cadisch,
C. minuta Hou$a, Tintinnopsella carpathica (Murg. et Filip.), T. longa
(Colom), Remaniella duranddelgai Pop, R. catalanoi Pop, Lorenziella
hungarica (Knauer et Nagy), Calpionellopsis simplex (Colom), which
confirmed the Elliptica Subzone of the standard Calpionella Zone,
and Simplex Subzone of the standard Calpionellopsis Zone and
determine the age of the sediments as the upper most part of Early
and lowermost part of Late Berriasian. The presence of Cadosina
semiradiata cieszynica (Nowak), Cadosina semiradiata olzae
(Nowak), Stomiosphaera cf. wanneri Borza among the associations
of calcareous dinoflagellates of calpionellid zones mentioned could
indicate their wider stratigraphical distribution if compare with those
published in Rehakova (2000).
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The presenting authors investigated the Eocene thin-bedded
flysch within the Magura nappe, the larger Outer Carpathian unit.
The Eocene thin-bedded flysch sedimentation accompanying
by hemipelagic shales was present in the entire Magura Basin.
These deposits were a subject of live discussion and controversies.
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The different names like Hieroglyphic Beds, Hieroglyphic Formation,
tabowa Shale Formation, Beloveza Beds, Beloveza Formation were
used in the Outer Carpathian literature. The Beloveza Beds (Schichten)
was first used by Paul (1869) for variegated shales and thin-bedded
flysch (Eocene) in the locality Beloveza near Bardejov (Ra¢a Unit) in
Slovakia (Paul’s locality is still available for detail studies). Next Uhlig
(1889) distinguished separately the thin-bedded flysch as Beloveza
Beds and variegated shales. Beloveza Beds are represented by the
thin-bedded typical flysch with dominant shales. Shales are grey
to green, blue and olive in colour, usually clayey, small amount of
carbonates can occur. Shales are intercalated by the fine-grained
grey to blue-grey siliceous sandstones with abundant hieroglyphs
and lamination. However Uhlig’s division was accepted in the 1950s
and 1970s for Rac¢a Unit in Beskid Niski, name Beloveza Beds was
only applied for the Bystrica Unit in the Polish flysch Carpathians.
Oszczypko (1991) formalized the name Beloveza Formation, giving
the reference sections in the Zbludza and Zeleznikowski streams.

The presenting authors noted striking resemblance of the
Beloveza Beds (Formation) from the type locality to the typical
Hieroglyphic Beds from Wilczna in Beskid Wysoki area and to typical
Beloveza Beds from Hariczowa Mts. They propose to restrict the name
Hieroglyphic Formation to the Skole Unit and apply name Beloveza
Formation to thin-bedded flysch in both Bystrica and Ra¢a Units. The
original type locality in Beloveza near Bardejov was selected for the
type section of the Beloveza Formation.

This research has been financially supported by AGH University
of Science and Technology in Cracow, grant No. 11.11.140.447.
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organised nature of olistostromes
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Classical publications devoted to olistostromes place emphasis on
disorganized structure of these coarse clastic depositional bodies (e.g.
Flores, 1959; Hsl, 1974). More recent papers stress the importance
of the mass-wasting phenomena (responsible for generation of
the coarse debris and initiation of the gravity-driven redeposition),
and debris flows, slumping and sliding of rock masses as the chief
transportation mechanisms. However, little attention is devoted to
detailed sedimentological analysis of olistostrome bodies. Borehole
cores and open-cast mining operations intersecting syn-rift and
synorogenic olistostromes in the Neoproterozoic Lufilian Arc/orogen
of the Central Africa enabled the presenting author to collect detailed
observations that document a varying degree of their organisation
observed in both, vertical succession and laterally. The architecture
of these olistostrome bodies reflects variations in the tectonic regimes
and sediment transportation phenomena.

The Lufilian Arc, a segment of the Neoproterozoic-Lower
Paleozoic Pan-African orogenic belts network within the southern
and central Africa deforms a sedimentary succession defined as
the Katanga Supergroup. Olistostrome bodies mark major turning
points in tectonic evolution of the Lufilian belt. Rifting between the
Congo Craton in the N and the Kalahari Craton in the S at ca. 880
Ma resulted in opening of the Roan rift located in the southern part of
the Lufilian Arc region. Prominent uplift of the southern shoulder of the
Roan rift at ca. 765 Ma led to the deposition of the rift olistostromes
at the base of the succeeding sequence that fills the Nguba rift, and
resulted in the northward shift of the rifting depocentre. During post-
-735 Ma orogenesis, north-advancing nappes supplied foreland basin
by the coarse detritus of the Fungurume Group, including synorogenic
olistostromes with olistoliths of the pre-existing Katangan rocks
involved in thrusting and shed by the orogenic front.

A syn-rift olistostrome of the Nguba Gp. at Mufulira in Zambia
was interpreted by the previous authors as a massive tectonic
megabreccia of the Roan rocks. However, it appears to be an almost
intact sedimentary olistostrome succession that rests upon the Roan
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strata with a subtle local unconformity. The olistostrome succession
consists of three complexes typified by matrix-supported debris-
-flow conglomerates with Roan clasts. Some of the conglomerate
beds pass upwards to normally graded turbidite layers and are
accompanied by the solitary slump beds. Clasts in some of the
debris flow conglomerates represent dismembered fragments of the
slump folds. Three conglomeratic assemblages are separated by two
intervals of sedimentary breccia composed of allochthonous Roan
blocks interpreted as mass-wasting debris redeposited into the basin
by the high-volume sediment-gravity flows. Sedimentary features are
the primary characteristics of the olistostrome sequence, which is
slightly sheared and brecciated in places, but stratigraphic continuity
is retained throughout the succession.

Synorogenic olistostromes in the fold-thrust region in the north of
the Lufilian Belt (in the Dem. Rep of Congo — DRC) consist of coarse
detritus shed by the north-advancing orogenic front. Their main bodies
contain massive, matrix-supported conglomerates with olistoliths that
represent all the pre-orogenic rock units. The largest olistoliths reach
several kilometres across. Some olistoliths that represent the Roan
Group strata contain orebodies with rich Co-Co mineralization.

The synorogenic olistostrome in Kambove attains a maximum
thickness of ca. 650 m. Its lower part is a C-U succession evolving
from thin turbidites to debris flow conglomerates with olistoliths
increasing in size up the section. The largest olistoliths, reaching up
to 800 m across, are present in the southern and central sector of the
olistostrome but are absent in the northern part. All large olistoliths
grade laterally towards the north and away from the orogenic source
into pebble conglomerate. Such a lateral transition in maximum clast
size implies a facies gradient from the proximal in the south to distal in
the northern part of the depositional body.

The massive lower part of the olistostrome at Fungurume is
succeeded by an organized uppermost part characterized by the
crudely bedded massive conglomerates with thin discontinuous
intercalations of mudstone and water escape structures. Fine olistoliths
(of pebble size) are subrounded to rounded but in the uppermost part
angular clasts appear. They were shed into the basin from advancing
orogenic front composed of the Roan Group strata, thrust slabs of
which finally overrode the olistostrome and now rest at its top.

W. WROBLEWSKI', M. GRADZINSKI' and H. HERCMAN2;
Geochemical and sedimentological evidence of
allochthonous origin of the terra rossa from the Drevenik
travertine buildup (Spis, Slovakia)

Inst. of Geological Sciences, Jagiellonian Univ., Oleandry 2a,
PL-30-063 Cracow, Poland; wojciech.wroblewski@ uj.edu.pl; 2Inst.
of Geological Sciences, Polish Academy of Science, Twarda 51/55,
PL-00-818 Warszawa, Poland; hhercman@twarda.pan.pl

Terra rossa soils are reddish clayey and silty-clayey sediments
spatially associated with the carbonate deposits in the karst regions.
They are considered to be residual or detrital in origin.

Geochemical and sedimentological studies of the terra rossa
samples from the Drevenik travertine buildup located near the town
of Spisské Podhradie (Northern Slovakia) suggest their allochthonous
origin. Geochemical analysis of travertines demonstrated that they
are composed almost entirely of pure carbonate with only subordinate
content of insoluble components. The mass balance calculations of
the main insoluble components in travertine and terra rossa were
carried out. They indicate that the volume of the terra rossa soils is
grater than it can be deposited during the karstification processes. It
suggests that the terra rossa is not of residual origin. Zr/Nb and Zr/Y
ratios in the terra rossa are significantly different from the values in
underlying travertine. It indicates that travertine was not the parent
material of the terra rossa. Furthermore the geometry of the Drevenik
travertine buildup rules out fluvial transport of the components of the
terra rossa, which in turn suggests that it is aeolian in origin. U-series
dating of speleothems occurring in cavities in travertine implies the
formation of the terra rossa before 255 ka.
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The above interpretation adds a new dimension to the discussion
on the formation of terra rossa in Slovakia and indicates that the
methods used in this study can be successfully adapted to verify the
origin of other terra rossa soils in other regions of Slovakia.

A. WYSOCKA, M. GORKA and A. RADWANSKI: Shallow-
-water Miocene deposits of the northern marginal part
of the Carpathian Foredeep (Podolia, Ukraine)

Fac. of Geology, Univ. of Warsaw, Zwirki i Wigury 93, PL-02-089
Warszawa, Poland

The northern margin of the Carpathian Foredeep basin, widely
spread from Slovakia, through Poland and the Ukraine as far as
Moldova, yields a wide range of diverse lithofacies which all reflect
both the morphology of, and the terrestrial supplies from, the Tertiary
hinterland of Podolia and Volhynia. Moreover, sedimentological
features record a change in the hydrodynamic and diastrophic factors
that are connected with the evolution of the Carpathian Foredeep
basin, as well as the Paratethys area. The Miocene deposits of the
Podolia area consist of normal marine Badenian and restricted semi-
-marine Sarmatian deposits that are characterized by the diversified
sets of sedimentological and biogenic structures ascribed mainly to
the shallow-water environment. The Lower Badenian deposits form
a continuous cover and reach a maximum thickness of up to 80 metres
in the area of the Roztocze Hills near Lviv. They represent a set of
lithologically diversified rocks with a predominance of sandy, quartz and
quartz-glauconite deposits, more rarely accompanied by calcarenites
and Lithothamnium limestones. These deposits may pass laterally
into each other, as well as occur several times within the sections,
moreover, they are directly overlain by the Ratyr Limestones belonging
to the Evaporitic-Chemical Beds. The most prominent components of
the Upper Badenian are coralline algal reefs constructed mainly by
the crustose coralline algae that form the Medobory Hills well visible
in the recent morphology. The reefal-type deposits are associated with
a variety of bioclastic, marly and rodoid facies. They are covered by
the Lower Sarmatian serpulid-microbialite reefs which are placed at
the SW foot of the Medobory Hills where they build rocky hills called
the “tovtra” mounds. The “tovtra” mounds are usually arranged in the
linear rows more or less perpendicular to the Medobory Hills.

K. ZAGORSEK!, S. HLADILOVA?, S. NEHYBA?, N. DOLAKOVA?,
P. TOMANOVA-PETROVA* and J. HRABOVSKY3:
Bio-events in the Middle Miocene (Badenian) sediments
from Pfemyslovice and Hluchov (Carpathian Foredeep,
Czech Republic)

'Dept. of Paleontology, National Museum, Prague, Czech Republic;
2Dept. of Biology, Faculty of Education, Palacky University, Olomouc,
Czech Republic; ®Inst. of Geological Sciences, Masaryk University,
Brno, Czech Republic; “Czech Geological Survey, Brno, Czech
Republic

Nine shallow boreholes were drilled near the villages Pfemyslovice
and Hluchov (wider surroundings of Prostéjov) through Miocene
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sediments in the Czech (Moravian) part of the Carpathian Foredeep.
Seven of them (PY1 to PY7) were situated near Pfemyslovice (GPS
49°34.169° N; 016°57.928" E), the rest two (HL1 and HL2) close to
Hluchov (GPS 49°32.322" N; 017°00.504" E). While the PY boreholes
reached the Paleozoic basement in the depths of about 5 meters, the
HL boreholes even in the depths of 20 m penetrated still Miocene
sediments.

In all boreholes the fossiliferous Miocene sediments were
represented by sands, sandy clays, mudstones, limestones, gravels
and marls. The PY boreholes include a distinct interval of whitish, light,
unfossiliferous sediments with the Lower Badenian tephra admixture.
All boreholes were sampled in approximate interval of 1 meter. Most
of the samples yielded rich fauna and flora of Foraminifera, Bryozoa,
Molluscs, red algae and other elements.

Preliminary study of Bryozoa in the samples from PY boreholes
indicates the oldest known (lowermost Badenian) assemblages from
the Carpathian Foredeep (Holcova et al., 2007; Zagorsek and Holcova,
2009), representing a base of the Lower Badenian bryozoan event
reported up to now only from three other locations in the Central
Paratethys, namely from Kralice nad Oslavou (Carpathian Foredeep),
Szentkut (Pannonian Basin), and Garbova de Sus (Transylvanian Basin).
The samples yielded very abundant fauna and flora (Foraminifera,
Bryozoa, Mollusca, red algae, Echinodermata, Arthropoda, namely
Cirripedia and Crustacea, Teleostei, and Chondrichthyes). Foraminifers
and molluscs confirm the Lower Badenian age. The presence of
stenohaline elements and practically total absence of brackish and
estuary ones indicated fully marine (~35 %.) environment. A specific
molluscan association with Corbula gibba and Gouldia minima has
been ascertained in the basal parts of the PY5 and PY7 cores. The
association represents a pioneer community, generally opportunists,
optimally adapted to unstable conditions (muddy bottoms, infauna
— shallow burrowers, suspension or sediment feeders) in the shallow,
intertidal/subtidal to bathyal zones. In the same samples, the pioneer
bryozoans association (represented by the genera Tervia, Retepoella
and /dmidronea) was also found that may be fully correlated with the
lowermost part of the Kralice profile (Zagorsek et al., 2008). Above
the mentioned interval of unfossiliferous sediments, the fossils in PY
boreholes indicate a more stable environment — shallow, with normal
salinity and high water dynamics, dominated by epibionts living on
hard substrates (rocky sublittoral). The only known occurrence of
Tremogasterina (Bryozoa) within the Moravian part of Carpathian
Foredeep is ascertained from this interval.

The Lower Badenian sediments with abundant fauna and flora
(mainly Foraminifera, Bryozoa, Mollusca, Echinodermata, and
Cirripedia) have been ascertained also in the HL boreholes. In the
lower parts of the profiles an admixture of elements from the highly
exposed rocky medio/sublittoral (intertidal to shallow subtidal), and from
less exposed, somewhat deeper infralittoral (shallow subtidal) occurs.
The molluscan shells bear frequent drilling, bioerosion, corrosion, and
dissolution traces. In the upper parts of the profiles the elements from
a deeper infralittoral (shallow subtidal) zone dominate, documenting
the fully marine environment, inhabited mainly by suspension feeders.
Bryozoans are represented by a rich association of Reteporella and
new species of Cribellopora, indicating high energy of water.

Acknowledgement. The study is supported by the Grant Project
205/09/0103 (Grant Agency of the Czech Republic).
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Register starych banskych diel a ich internetova aplikacia

Register of old workings and their web-based application

STANISLAV SoLTEs, Dusan Kusik a Jozer MizAk

Geofond, Statny geologicky Ustav D. Stura, 817 04 Bratislava; stanislav.soltes @ geology.sk

Abstract: Since 1981, the “Register of stopped out workings” has been operated by the Geofond. This register was a predecessor to the
Old Mining Works (OMW) Register. In 1992 — 1996 the project “Slovakia — Proposal for remedying OMW and their inventory” was carried out.
Data acquired during this project represent a main frame of the Register up to the present day.

Currently,the OMW Register is formed by the Access database, records in ArcGIS and records in analogous maps. Register contains 17 411
objects. Register is accessible on the internet site: http://www.sguds.sk/index.php?pg=geois.mapovy_server since April 2009.

The main shortcomings of current OMW register are represented by the credibility of locating the OMW, inappropriate choice of methodology,
when OMW in designated mining areas were not included into the project. Other drawback is mainly a point definition of OMW and minimum
of linear elements. Improvement suggestions are being prepared for the Register renovation and supplementing of OMW records. Proposal for
new structure of data model and especially areal model is being prepared.

Key words: old mining works, adit, shaft, tailings pond, mine dumps, legislative, register, ArcGIS, map server

Uvod

V svetoznamych banskych oblastiach na Slovensku
prebiehala tazba po mnoho storoéi (pisomne dolozena tazba;
av8ak dlho predtym prebiehalo nielen ryzovanie zlata, ale aj
povrchové dobyvanie oxidacnych rud). Je pochopitelné, ze taka
dlhoro€na a rozsiahla tazba vyrazne zmeni okolie, a to nielen
negativne, napriklad zo Stiavnickych tajchov je vyznamna
historicka pamiatka a vyuzivaju sa na rekreacné ucely.

Vacsina (hlavne starSich) starych banskych diel (dalej
SBD) okrem vizualnej zmeny prostredia nema ziadne dalSie
vplyvy na zivotné prostredie, no niektoré SBD m6zu mat vplyv
na zivotné prostredie. Je nevyhnutné tieto vplyvy i samotné
SBD sledovat, pretoZe vyhodnocovanie priorit pri odstrariovani
existujucich rizik je mozné iba na zaklade existujucich
informacii. Tu vznika potreba systémovo jednotnej databazy
SBD na Ucely zistovania a evidencie potencialnych vplyvov na
zivotné prostredie, ludi a bezpecénost. Tvorba registra vyplyva
aj zo zakona.

Odbor Geofondu (Statny geologicky Ustav Dionyza Sttira)
spravuje 10 registrov geologického zamerania. Jednym z nich
je register SBD. Spolu s registrom prieskumnych uzemi,
registrom lozisk a registrom zosuvov slizi ako podklad na po-
sudzovanie uzemnoplanovacej dokumentacie a umiestnenia
stavieb v uzemnom konani (zakon ¢. 50/1976 Zb. o Uzemnom
planovani a stavebnom poriadku — stavebny zakon v zneni
neskorsich predpisov).

Legislativa

Podrobnosti ohladom SBD upravuje § 35 banského zakona
(zakon o ochrane a vyuziti nerastného bohatstva ¢. 44/1988
v zneni neskorsich predpisov):

(1) SBD sa rozumie banské dielo v podzemi, ktoré je
opustené a ktorého pbévodny prevadzkovatel ani jeho pravny
nastupca neexistuje alebo nie je znamy.

(2) MZP SR zabezpeéuje zistovanie starych banskych
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diel a vedie ich register. Vedenim registra méze poverit nim
riadenu organiz&ciu.

(3) Kto zisti SBD alebo jeho uginky na povrch, oznami to
bezodkladne Ministerstvu hospodarstva SR.

(4) Zabezpecovanie alebo likvidaciu SBD a ich nasledkov,
ktoré ohrozuju verejny zaujem, zabezpeéi v nevyhnutne
potrebnom rozsahu Ministerstvo hospodarstva SR. Ministerstvo
hospodarstva SR vysporiada aj pripadné $kody na hmotnom
majetku spdsobené pri zabezpecovani alebo likvidacii SBD.

(5) MZP SR podrobnejsie upravi véeobecne zavaznym
pravnym predpisom zistovanie starych banskych diel a ve-
denie ich registra.

Zistovanie SBD a vedenie ich registra upravuje vyhlaska
€. 9/1989 (novelizovana 5/1992) o registracii geologickych prac,
o odovzdavani a spristupfiovani ich vysledkov, o zistovani
starych banskych diel a vedeni ich registra. Paragraf 10 sa tyka
zistovania SBD:

(1) SBD sa zistuju ako podklad na vypracovanie
uzemnoplanovacej dokumentacie, na ochranu a tvorbu
zivotného prostredia, na zabezpecenie a likvidaciu starych
banskych diel a na planovanie geologickych prac.

(2) Vyskyty SBD zistuje Geofond systematickym skumanim
a hodnotenim mapovych a inych archivnych podkladov
a sprav. Na spresnenie udajov o SBD si vyzaduje od organov
a organizacii potrebné informéacie, podklady a stanoviska.
Ak Geofond zisti, ze SBD ohrozuje celospolo¢ensky zaujem,
ohlasi to bezodkladne Slovenskému geologickému uradu
(v stiasnosti MZP — pozn. autora).

Paragraf 11 stanovuje podrobnosti ohladom registra SBD:

(1) Register SBD obsahuije:

a) evidenc¢né listy SBD, pripadne ich suborov,

b) spisovu dokumentéaciu k evidenénym listom,

c) mapovy prehlad vyskytov SBD, pripadne ich suborov.

(2) Do registra SBD sa zaraduju aj hlasenia o zabezpeceni
a likvidacii SBD, ktoré je organizacia povinna zaslat Geofondu
do jedného mesiaca po ukonéeni zabezpec€ovacich a likvi-
dacnych prac.



(8) Geofond spristupriuje register SBD opravnenym
zaujemcom (§ 12) a podava z neho informéacie organom
uzemného planovania a obvodnym banskym uradom.

Histdria

Od roku 1981 bol v Geofonde budovany ,Register vydo-
bytych priestorov] ktory bol predchodcom registra starych
banskych diel (SBD).V roku 1989 sa tento register rozsiril o SBD,
zo zaciatku excerpované iba z archivnych udajov. V rokoch
1992 — 1996 bola rieSena uloha ,Slovensko — navrh sanacie
starych banskych diel — inventarizacia, vyhladavaci prieskum,
stav k 31. 12. 1996 ktorej hlavnym rieSitelom bol Geologicky
prieskum, §. p., SpiSska Nova Ves a spoluriesitelom Geofond,
Bratislava. Cielom ulohy bola inventarizacia vSetkych starych
banskych diel na uzemi Slovenskej republiky nachadzajucich
sa mimo Uzemia dobyvacich priestorov tazobnych organizacii,
zhodnotenie ich vplyvu na zivotné prostredie a navrh sanéacie,
ak by mohlo nastat ohrozenie zdravia alebo Zivotného
prostredia (Zavis et al., 1996). Register SBD vznikol prvykrat
v digitalnej podobe v roku 1996 ako vysledok tejto ulohy
a ziskané data su nosnym prvkom registra SBD dodnes.
Internetova aplikacia registra SBD bola spustena 15. 4. 2009.

Obsah registra SBD
Typy objektov, pocty SBD v registri

Register SBD v €ase spracovania tohto ¢lanku obsahoval
17 411 objektov, z toho vySe 1 000 liniovych objektov a va¢sinu
bodovych. SBD su rozdelené do kategorii — Sachty, Stdine,
odkaliska, pingy, haldy a iné. Pre kazdy typ SBD boli vytvorené
znacky, vychadzajuc z banskomeracskych predpisov (obr. 1).

Category: Staré banskeé diela
% % Hd
Hlavné banské Staré banské halda_obr
diela diela
iny objekt iny_objekt_obr odkalisko
<o 23] &
odkaliska_obr pinga pinga_obr
d m 4}
$achta sachta_obr stolna_obr

Obr. 1. Znacky pre rézne typy SBD v registri.
Fig. 1. Tags for different types of OMW in the register.
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Databazy registra

Informacie o SBD su uchovavané vo forme zaznamovych
listov (formulare), ktoré boli vypiiané v teréne, a informacie
z nich boli prevedené do datab&azy. V su€asnosti su zaznamové
listy spracovavané textovym editorom Microsoft Word.
Databaza vSetkych SBD je spravovana v programe Microsoft
Access. Dalsie objekty pridavané do registra pochadzaju
hlavne z archivnych sprav a map, archivovanych v Geofonde,
a iba minimalne z hlaseni o vyskyte alebo likvidacii SBD.
V roku 2009 pribudlo doposial priblizne 840 SBD.

Obr. 2. Priklad zaznamenavania SBD v analégovych mapach.
Fig. 2. Example of OMW registration in analogous maps.
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Obr. 3. Priklad zaznamenavania SBD v programe ArcGIS.
Fig. 3. Example of OMW registration in ArcGIS.
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Geograficka lokalizacia SBD

Lokalizacia objektov je zaznamenana v analdgovych
mapach 1 : 10 000 (obr. 2) a v programe ArcGIS (obr. 3).

Vyhoda elektronického spracovania spociva predovsetkym
v prehladnosti (obr. 3), najma v oblastiach, kde je vela SBD na
malom Uzemi a nie je mozné ich prehladne a presne umiestnit
ani do mapy mierky 1 : 10 000. Pri elektronickom spracovani
nie je problém zvolit si potrebné zvaésenie, zaujmoveé Uzemie,
typ SBD, topograficky podklad, vSetky ostatné topografické
a geologické prvky a legendy. Bezproblémové je aj dopifianie
a oprava existujucich udajov, ¢o je pri analégovych mapach
naro€né a v niektorych pripadoch nemozné bez prerobenia
celého mapoveého listu.

Internetova aplikacia registra SBD

Register SBD bol v roku 2009 spristupneny zaujemcom
prostrednictvom internetovej aplikacie na mapovom serveri
SGUDS:

http://www.sguds.sk/index.php?pg=geois.mapovy_server.

Register na internete v sucasnosti obsahuje viac ako
16 000 starych banskych diel. Ku kazdému SBD je viazany
stbor informacii (Objekt ID, Nazov, Typ objektu, Specifikacia
suroviny, Sanacia a Odhadovany rozmer objektu), ktoré
sa daju tabulkovo zobrazit po aktivovani nastroja Identifikacia
a po kliknuti na prislusnd znacku SBD alebo nastroja Identi-
fikacia vyberom a ozna¢enim zaujmového uzemia. K dispozicii
je aj SQL vyhladavanie a tla¢ z tlatového okna.

Mapovy server a internetové aplikacia Staré banské diela
vyuzivaju v su€asnosti verziu ArcGIS server 9.3.

Mapovy server SGUDS a jeho &ast — register SBD
— sluzi Sirokej odbornej, ale aj laickej verejnosti ako zdroj
geologicko-montannych informacii o uzemi. Aktudlne su
v internetovej aplikacii k dispozicii prejavy banskej €innosti
s vynimkou Uzemi dobyvacich priestorov (ako boli spracované
pocas ulohy v rokoch 1992 — 1996). Do buducnosti planujeme
internetovi aplikaciu pravidelne dopifiat a aktualizovat,
a umoznit uzivatelom on-line nahlasovanie starych banskych
diel.

Administrativa registra

Sprava registra SBD pozostava z:

1. verifikdcie, opravy a dopifiania informécii o SBD
v sucasnom registri po odbornej aj po technickej stranke
— kontroly lokalizacie, duplicity, kontroly udajov v mapach
oproti databaze, dopifiania chemizmu vod z analyz a dalich
zistenych informacii;

2. pridavania dalSich SBD z archivnych zdrojov (archiv
Geofondu a SUBA; tvorba zdznamovych listov, vkladanie
do databazy a map);

3. podavania informéacii o SBD (osobne, e-mailom,
pisomne...);

4. navrhu a realizacie novej Struktury registra SBD (hlavne
priestorového modelu a jeho zavedenia do praxe spracovanim
vybraného regiénu — Banska Stiavnica).
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Problémy a buducnost registra

Za hlavné nedostatky sucasného registra SBD povazujeme
vierohodnost umiestnenia SBD (skreslovanie diel do map
1:10 000 v teréne, prip. z archivnych méap), nevhodne zvolenu
metodiku pri zadavani ulohy ,Inventarizécia..; kde neboli za-
hrnuté uzemia s uréenymi dobyvacimi priestormi. Nedostatkom
je aj prevazujuce bodové vyjadrenie SBD na povrchu a minimum
liniovych prvkov (chyba priestorovy priebeh banského diela
pod povrchom s overenym zilnym systémom), nesledovanie
chemizmu vod v SBD a celkovo aj spracovanie registra, ktoré
nezodpoveda suc¢asnym informaénym moznostiam.

V sucCasnosti prebieha analyza stavu registra SBD
po odbornej aj po technickej stranke a pripravuje sa navrh
zlep$eni a modernizacie registra — geodatabaza. Prebieha
dopifianie SBD a informdcii z vysledkov ukon&enych uloh.
Pripravuje sa navrh novej Struktury datového a hlavne
priestorového modelu a jej zavedenie do praxe spracovanim
vybraného regiénu (Banska Stiavnica) novou metodikou.

Literatara

ZAviS, V., REPCIAK, M., PRISTASOVA, L., CAuDT, L., HUBAC, P., SANDANUS,
M., FODOROVA, V. & HUDACEK, J., 1996: Slovensko — navrh sanacie
starych banskych diel — inventarizacia, vyhladavaci prieskum,
stav k 31. 12. 1996. ZavereCna sprava. Manuskript. Bratislava,
archiv SGUDS, 197 s.

Summary

Since 1981, the “Register of stopped out workings” has been
operated by the Geofond. This register was a predecessor to the Old
Mining Works (OMW) Register. In 1989, this register was supplemented
by the OMW, which were at the beginning excerpted only from the archive
data. In 1992 — 1996 the project “Slovakia — Proposal for remedying
OMW and their inventory” was carried out. Geologicky prieskum, §. p.,
Spisska Nova Ves, was the project leading institution, being supported
by the Geofond Bratislava. Data acquired during this project represent
a frame of the register of OMW up to the present day.

Currently, the register of OMW is consisting of the data in the
Access database, records in ArcGIS and records in the analogous
maps (drawing scale 1 : 10 000). Further OMW, supplemented into
the register were mainly retrieved from the archive reports and maps
archived in the Geofond. Register contains 17 411 objects actually.
Register of OMW is accessible also on the web of the State Geological
Institute of Dionyz Stur: http://www.sguds.sk/?pg=geois.msg_sbd.

As the main shortcomings of the current OMW register there are
considered the credibility of locating the OMW (biased insertion of
works into the maps 1 : 10 000 from the terrain, or from archive maps),
inappropriate choice of methodology at project “Inventory ...” when
OMW in designated mining areas were not included in the project. Other
drawbacks are represented mainly by a point definition of OMW on the
surface and minimum linear elements (missing spatial location of mining
works below the surface with a verified vein system) as well as missing the
water chemistry records in the OMW. Generally, the register processing
does not correspond with the available current information technologies.

Improvement suggestions are being prepared for the Register
renovation — geodatabase. Analysis of the OMW situation in mining
areas is in progress, respecting the time of the project “Inventory ..”
(year 1996), and supplementing the OMW records in mining areas by
the results from completed projects. Proposal of a new structure of
data model and especially the areal model are being prepared and
will be introduced through the processing a selected region (Banska
Stiavnica) by a new method.
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Ldravica k 80, narodeninam RNDr. A, Bieleho, CSc.

Greetings to 80th birthday

V decembri 2010 sa Dr. Anton
Biely dozil 80. narodenin. Cinorody
jubilant prejavuje staly zaujem
o dianie v geoldgii.

Jeho celoZivotné usilie o pozna-
nie geologickej stavby Zapadnych
Karpat je spojené s SGUDS Brati-
slava. S vynimkou zahraniénych
expertiz tam posobil od roku 1954 az
do odchodu do déchodku v roku 1991.

Jubilant sa narodil 18. 12. 1930
v Sol¢anoch, kde absolvoval aj zakladnu $kolu. Maturoval
na Gymnaziu v Topol¢anoch v r. 1950. V tom istom roku zacal
Studovat na Geologicko-geografickej fakulte Slovenskej univerzity
v Bratislave. V $tudiu pokracoval na Geologicko-geografickej
fakulte Karlovej univerzity v Prahe so zameranim na Specializaciu
loZiskova geoldgia. Vysokoskolské studium skoncil ako promovany
geoloég v r. 1954. Vedecku hodnost kandidat geologickych vied
(CSc.) ziskal v r. 1962 a akademicky titul doktor prirodnych vied
(RNDr.) v r. 1967. V r. 1977 ziskal vedecky kvalifikacny stupen
veduci vedecky pracovnik.

Jubilant sa venoval geologickému mapovaniu a rieSeniu
tektonickych problémov Uzemia Zapadnych Karpat.

V zdravici sa nebudeme podrobne zaoberat vS§etkymi aspektmi
hodnotenia rozmanitej €inorodej prace jubilanta. Su zhodnotené
v publikacii Vyznamni slovenski geolégovia a nedavno pri
prilezitosti jeho 70. narodenin (Miner. Slov., 3/33/2001).

Na zaciatku profesiondlnej drahy sa ztcastrioval na mapovacich
pracach spojenych so zostavovanim prehladnych geologickych
map 1 : 200 000. Ako spoluredaktor pre mezozoikum sa podielal
na listoch Zvolen a Nitra. Okrem toho sa ako spoluredaktor pre
mezozoikum vnutornych Zapadnych Karpat podielal na zostaveni
geologickych map Ceskoslovenska 1 : 500 000 a 1 : 1 000 000
a tektonickej mapy 1 : 1 000 000. Geologickému mapovaniu ostal
verny pocas celej profesiondlnej kariéry. Vysledkom je cely rad
podrobnych geologickych map mezozoickych terénov Galmusu,
Muranskej planiny, Nizkych Tatier, Kozich chrbtov, Horehronského
podolia, Ciertaze, Tribeda, Driefiova, Ziaru a Ponickej vrchoviny.
V edicii regionalnych geologickych map v mierke 1 : 50 000 bol
hlavnym redaktorom map Tribe€a a Nizkych Tatier. Po vzniku
Slovenskej republiky sa Dr. Biely stal redaktorom Geologickej
mapy Slovenskej republiky 1 : 500 000 a vysvetliviek k nej.

Sucasne s mapovanim sa jubilant intenzivne venoval Studiu
tektonickych problémov vnutornych Zapadnych Karpat. Jeho
zavery o hroniku a veporiku znamenali vyznamny pokrok v rieSeni
geologickej stavby Zapadnych Karpat.

SystematickejSie sa zaoberal aj problematikou hibinnej stavby
Zapadnych Karpat v podlozi terciéru (Viedenska a Dunajska panva,
vnutorné kotliny, neovulkanity Kremnickych vrchov a Vtaénika).

Vyznamnou etapou vo vedeckej ¢innosti jubilanta su jeho
zahrani¢né expertizy. V sluzbach Tuniského geologického ustavu
sa v r. 1967 — 1973 podielal na geologickom mapovani mezozoika
a terciéru severného Tuniska (Kroimerie). Vysledkom boli mapy

1:50 000 a 1 :25 000, ale najma litostratigrafické ¢lenenie
jury a neogénu Tuniska. Vysledky vyskumu prispeli k renomé
jubilanta v odbornej geologickej komunite. Zasluhou toho jubilant
v sluzbach Organizacie spojenych narodov v r. 1982 — 1984
vykonaval funkciu koordinatora mapovacich skupin mapujucich
juznu Cast vrasového systému Atlasu a ¢asti Saharskej platformy
v juznom Tunisku.

Okrem odbornej prace doma i v zahraniéi je potrebné ocenit
aj jeho riadiacu pracu. Bol veducim oddelenia mezozoika (1958
az 1964) a hlbinnej stavby (1975 — 1980), vedeckym tajomnikom
GUDS (1974 — 1981), &lenom vedeckej rady GUDS, spoloénej
vedeckej rady GUDS a UUG Praha (1974 — 1981), redaktorom
geologickych map (1965 — 1966), predsedom redakénej rady
GUDS, vedeckym redaktorom zbornika Zapadné Karpaty (1963
az 1966) a Zapadné Karpaty, séria Geologia (1976 — 1981),
¢lenom Ustrednej ediénej rady UUG (1965 — 1967) a redak¢nej
rady Vé&stnika UUG v Prahe.

Za svoju zasluznu pracu o rozvoj geoldgie doma aj v zahranici
ziskal cely rad verejnych oceneni a uznani. Spomedzi nich
je potrebné spomenut Medailu Eduarda Suessa Rakuskej
geologickej spolo¢nosti, ocenenie Zasluzily pracovnik SGS,
striebornd Medailu Dionyza Stura SAV, Medailu Jana Slavika
SGS, Zlati medailu SGUDS a naposledy medailu k 70. vyrogiu
vzniku SGUDS.

Dr. A. Biely ani po odchode do déchodku nestratil kontakt
s kolegami z ustavu. Ako oponent réznorodych sprav a map
svojimi odbornymi posudkami prispel k ich vysokej kvalite. Ako
jeden z najuznavanejsich znalcov regionalnej geoldgie a tektoniky
Z. Karpat je nielen vyznamnym radcom a oponentom rieSenych
uloh regionalneho vyskumu, ale na niektorych z nich sa podielal
ako spoluautor. Vyznamnou mierou prispel ku kvalite novej edicie
prehladnych geologickych map 1 : 200 000 tUzemia Slovenskej
republiky, ktoré vysli tlacou v r. 2008. Je jednym z dvoch geoldgov,
ktori sa podielali aj na prvej edicii tychto map Ceskoslovenska,
ktoré vysli tlaGou v r. 1962 — 1965. Tieto mapy prijala s uznanim
aj svetova geologicka pospolitost. Na zostaveni map novej edicie
sa ako spoluautor podielal na listoch so zlozitou geologickou
stavbou (listy 26 — Zilina, 36 — Banska Bystrica, 37 — KoSice).
Pri dalSich listoch radami a pripomienkami pomohol zlepSit ich
kvalitu (35 — Trnava, 27 — Poprad). Podielal sa aj na zostaveni
textu generalnych vysvetliviek k tymto mapam, ktoré vysli tlaGou
v r. 2009. Ako uznavany odbornik vSak zastava nazor o potrebe
tlace samostatnych vysvetliviek ku kazdému listu mapy s ohladom
na jeho Specificku geologicku stavbu.

Jubilant presadzoval a stale presadzuje zasadu neustaleho
doplnania novych poznatkov o geologickej stavbe daného
uzemia. Zasadné problémy geologickej stavby sa riesili, rieSia
a aj nadalej sa budu riesSit v suvislosti s vysledkami, ktoré prinasaju
nové moderné metodiky.

Aj ked velmi uznava modernu techniku spracovania
geologickych poznatkov, terénny vyskum pri dopifiani prvotnych
udajov povazuje za rozhodujuci. Bez terénneho vyskumu nebude
mozné napredovat.
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Pri jeho castych navstevach ustavu sa vzdy diskutuje
o odbornej problematike. Jeho prehlad o stave nazorov v danej
problematike je obdivuhodny. Vzhladom na suéasne rieSené
ulohy sa teraz naj¢astejSie diskutuje o geologickej stavbe regiénu
Malych Karpat. Ale nielen o tom, lez aj o sklenianskom mezozoiku
a stavbe Handlovskej €i Rudnianskej kotliny v spojitosti s rieSenim
hydrogeologickej ¢i geotermalnej problematiky.

Popri odbornej zdatnosti jubilanta je potrebné vyzdvihnut
aj jeho dobré ludské vlastnosti. V jeho pritomnosti sa ludia citia
dobre, pretoZze dokaze zaujat svojimi skisenostami ,kmeta; ale
vie aj ocenit argumenty mladSich. Je zapalistym re¢nikom na
roznorodé témy, ktoré prindsa Zivot. Pozitivnou Zivotnou energiou

v

Vyznamné

zvlada aj svoje osobné problémy, pricom jej dobré ucinky prenasa
aj na svoje okolie.

Vzacnemu jubilantovi Zelame do dalSieho obdobia primerané
zdravie, prijemné chvile prezité v kruhu priatelov a znamych, a to aj
pri debatach o stave a perspektivach slovenskej geoldgie. Jubilant
bol pri zagiatkoch jej zrodu, pomahal pri jej rozvoji, Siril jej dobré
meno doma i v zahraniéi a v tomto nelahkom obdobi si zo véetkého
najviac Zela udrzanie jej pozicie a perspektivu do budicnosti. Nas
jeho spoluputnikov, ale najma mladSich nasledovnikov stavia pred
nelahku ulohu — tato jeho viziu prenasat do praxe.

M. Elecko, M. Polak a V. Bezak

zivotné jubilea ¢lenov Slovenskej geologickej spoloénosti v roku 2011

Significant jubilees of the members of the Slovak Geological Society in 2011

V mene celej geologickej verejnosti vSetkym jubilantom srde¢ne blahozelame a do dalSich rokov zelame vela
tvorivych sil a dobré zdravie.
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RNDr. Ladislav Simon, PhD.
predseda SGS
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Plan ¢innosti SGS na rok 2011

Plan of activities of the Slovak Geological Society in 2011

Bratislavska pobocéka SGS
Podujatia organizaéne zabezpeéuju L. Simon, M. Kohtt, P. Uher, D. Ozdin, J. Michalik, L. Turanova a Z. Németh.

JANUAR
Seminar: Geoturizmus a novinky v naucnych chodnikoch a geoparkoch.

APRIL
Seminar: PETROS (spoluorganizécia s PriF UK).

MAy
Terénny seminar v okoli Bratislavy: Kuchyria — Zochova chata (kry$talinikum, mezozoikum Malych Karpat).

OKTOBER
Jesenny terénny seminar: Hainburské a Sopronské kopce, Neziderské jazero (Rakusko a Madarsko).

DECEMBER
10. predviano&ny seminar SGS: Nové poznatky o stavbe a vyvoji Zapadnych Karpat.

Klub ucitelov geovied pri SGS organizuje 6 seminarov, ktoré sa uskutocnia vzdy v poslednu stredu v danom mesiaci.

Banskobystrickd pobocka SGS

Podujatia organiza¢ne zabezpedcuje R. Pipik

SEPTEMBER

Konferencia The 4th International Workshop on Neogene from the Central and South-Eastern Europe a exkurzie do Turca
a Kremnickych vrchov (spoluorganizované so SAV).

Noc vyskumnika (spoluorganizované so SAV).

NOVEMBER

TyZderi vedy na Slovensku (spoluorganizované so SAV).

Kosicka pobocka SGS

Podujatia organiza¢ne zabezpecuju Z. Németh, L. Petro, P. Ba¢o a R. Farkasovsky.

MAJ

Prednaskové popoludnie SGS a Slovenskej asociacie loziskovych geoldgov: Nové vysledky regionalno-geologickych

a environmentalnych projektov, rie§enych koSickymi geoldgmi (SpiSsko-gemerské rudohorie, Nizke Beskydy, Kysucké Beskydy).

JUN
Terénny seminar: Geologicka a tektonicka stavba paleozoickych sekvencii gemerika.

NoOVEMBER

Prednaskové popoludnie SGS a Slovenskej asociacie inzinierskych geolégov: Geologicka stavba a svahové deformacie
na vychodnom Slovensku. L

Odborné podujatie bude rozSirené o Deri otvorenych dveri na koSickom pracovisku SGUDS.
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InStrukcie autorom

Vseobecné instrukcie

1. Rukopis v dvoch exemplaroch a originaly obrazkov musia
byt zhotovené podla inStrukcii pre autorov ¢asopisu Mineralia
Slovaca. V opa¢nom pripade redakcia ¢lanok vrati autorovi pred jeho
zaslanim recenzentovi.

2. Rozsah ¢lanku je najviac 30 rukopisnych stran véitane literatury,
obrazkov a vysvetliviek. Uverejnenie rozsiahlejSich clankov musi
schvalit redakéna rada a ich zaradenie do tlace bude zdlhavejSie.
3. Clanky sa publikuju v slovencine, CeStine alebo v angli¢tine.
Uprednostfiuje sa angli¢tina. Abstrakt a skratené znenie ¢lanku
napisaného v slovenéine alebo ¢estine (resumé) musia byt v anglictine.
4. Text ¢lanku spracovany v editore MS Word PC zaslite redakcii
v dvoch vytlaéenych exemplaroch s riadkovanim 2 a tiez na CD. Obrazky
a tabulky musia byt vytlatené samostatne vo formate nepresahu-
jucom format A4 a na CD ulozené v samostatnych suboroch.

5. Sucasne s ¢lankom treba redakcii poslat autorské vyhlasenie,
ze nijaka Cast rukopisu este nebola publikovana a origindlne su aj
obrazky. Képie obrazkov z inych publikacii musia byt legalizované
ziskanim prava na publikovanie. Vyhlasenie musi obsahovat meno
autora (autorov), akademicky titul a trvalé bydlisko.

Text

1. Upravu textu aj zoznamu literatlry treba prisposobit sudasnej
uprave c¢lankov v ¢asopise.

2. Text sa ma pisat s dvojitou linkovou medzerou (riadkovaéom 2),
na strane ma byt priblizne 30 riadkov, Sirka riadka je asi 60 znakov.

3. Abstrakt struéne sumarizujici hlavné vysledky ¢lanku méze mat
najviac 200 slov a nema obsahovat citacie.

4. Text ma mat Uvod, charakteristiku (stav) skimaného problému,
pouzitd metodiku prace, zistené Udaje a poznatky, diskusiu, zaver
a zoznam literatdry.

5. V Clanku treba zretelne odlisit vychodiskove ldaje od interpretacii.
6. Udaje z tabuliek a obrazkov v texte neopakovat, iba ich komentovat
a odvolat sa na prislusnu tabulku, resp. obrazok.

7. Text treba ¢lenit nadpismi — hlavné pisat do stredu a vedlajSie
na lavy okraj strany. Pouzit mozno najviac tri druhy hierarchickych
nadpisov a podla dolezitosti ich vyznacit ceruzkou na favom okraji
strany: 1 — najvy$si, 2 — nizsi, 3 — najnizsi.

8. V texte sa uprednosthiuje citacia v zatvorke, napr. (Dubcak, 1987;
Hruby et al., 1988), pred formou ... podla Dubcaka (1987). Krstné
(rodné) mena sa ani v jednom pripade neuvadzaju.

9. Umiestnenie obrazkov a tabuliek sa oznaci ceruzkou na lavom
okraji rukopisu. Nie je vhodné, aby text v editore MS Word obsahoval
vloZené obrazky.

10. Grécke pismena pouzité v texte treba identifikovat na lavom
okraji slovom (napr. sigma).

11. Pri pisani treba désledne odliSovat pomlI¢ku od spojovnika.

12. Symboly, matematické znacky, nazvy skamenelin, slova a pod.,
ktoré sa maju vysadzat kurzivou, autor v rukopise podciarkne vinovkou.
13. Clanky napisané v slovengine alebo &estine musia obsahovat
anglicky preklad nazvu, abstraktu, kli¢ovych slov, resumé a popisov
k obrazkom a tabulkam.

llustracie

1. llustracie musia byt vysokej kvality, maju dokumentovat a vysvetlovat
text. Musia sa pripravovat s vedomim, Ze budi zmensené na Sirku
stlpca (81 mm) alebo strany (170 mm). Tomu treba prispdsobit
ich velkost a formu, resp. zoskupenie. Vhodne upraveny obrazok
(velkost pismen, hribka c¢iar) mozno reprodukovat aj v pomere 1 : 1,
ale kresby (perovky) odporic¢ame urobit vacsie, ako budu vytlacené.
Perovky maju byt zhotovené sytym Ciernym tuSom. Umerne k pred-
pokladanému zmenSeniu treba zvolit hrdbku Cciar, velkost pisma,
Cisiel, hustotu Srafovania a pod. Obrazky treba popisovat Sablénou,
nie volnou rukou. Optimalna velkost pisma v ¢asopise po zmenSeni
je pri velkych pismenach a Cislach 2 mm. Ak je ¢lanok v slovencine,
popisy v obrazkoch musia byt v slovencine, ak je v anglitine, aj ilustracie
musia byt v angli¢tine. Original (pred zmenSenim) méze mat najviac
340 x 210 mm. Maximalny rozmer ilustracie vytlaceny v ¢asopise
je 170 x 230 mm. Skladacie ilustracie treba podla moznosti Uplne
vylugit.

Obrazky urobené na pocita¢i musia byt vytlatené laserovou
tlaCiarfiou v kameralnej podobe pri vysokom rozliSeni (min. 300 DPI)

a musia sa poslat spolu s textom na CD. Pri pocitacovej tvorbe
obrazkov redakcia odporti¢a pracovat s programami vo vektorovom
zobrazeni (napr. Corel Draw). Velmi tenké Ciary (tzv. vlasovej hrabky)
sa nesmu pouzivat ani na obrysy, ani vo vyplni. Vylucuje sa pouzivanie
softvérovej vyplne (napr. v Corel Draw). Vyplne v obrazkoch sa musia
skladat zo samostatne vysadzanych objektov. Vhodné nie su ani rastrové
vyplne.

2. V3etky ilustracie v¢itane fotografii musia obsahovat graficku (metricku)
mierku.

3. Zoskupené obrazky, napr. fotografie a diagramy, musia byt pripravené
(nalepené) ako jeden obrazok a jeho Casti treba oznacit pismenami
(a, b, c atd.). Takto zoskupené obrazky sa cituju ako jeden obrazok.
4. Fotografie musia byt ostré, Ciernobiele, kontrastné a vyhotovené
na lesklom papieri. Je vhodné, aby sa pre tla¢ zmens$ovali najmenej
0 50 %. Pri zasielani fotografii vo forme pocitacovych suborov
(vo formate JPG alebo TIF) sa pozaduje vysokeé rozliSenie — minimalne
600 DPI.

5. Na vsetkych obrazkoch sa na okraji (na fotografidch na zadnej
strane) ceruzkou uvedie Cislo obrazka ameno autora a na fotografiach
sa Sipkou oznadi aj orientacia obrazka.

6. Na mapach a profiloch treba volit jednotné vysvetlivky, ktoré sa
uvedu pri prvom obrazku.

7. Nazvy obrazkov s vysvetlivkami treba priloZit k textu na osobitnom
liste v slovencine a v angli¢tine.

8. VSetky ilustracie sa musia citovat v texte.

9. llustracie sa zasielaju redakcii uz imprimované. Pri korekture ich
uz nemozno opravovat a dopliiat.

10. Farebné ilustracie vysokej kvality mozno publikovat po dohode
s vydavatelstvom.

11. Redakcia si vyhradzuje pravo vratit autorovi grafické prilohy
na opravu po jazykovej Uprave, resp. poziadat o ich nahradenie
za prilohy v pozadovanej kvalite.

Tabulky

1. Tabulky treba pisat na osobitny list. Ich rozsah a vnatomnu dpravu
limituje maximalna Sirka tlatového stlpca (81 mm) alebo strany (170 mm).
Rozsiahlej$ie tabulky sa neprijimaju.

2. Udaje sa zaraduju do tabulky, iba ak sa nedaju uviest v texte.

3. Vertikalne Ciary sa v tabulkach nepouzivaju.

4. Tabulky sa &isluju priebeZne a uverejiuju sa v ¢iselnom poradi.

Literatura

1. V zozname literatury sa v abecednom poradi uvadza iba literattra
citovana v danom ¢lanku. Citacia oznacena ,v tlaci“ sa moze uviest
v zozname, len ak je z citovaného ¢lanku aspon stlpcova korektura.
,Osobna informacia“ sa cituje iba v texte (Zajac, os. informacia,
1988).

2. Sposob uvadzania literatury

KniZnéa publikacia

Gazda, L. & Cech, M., 1988: Paleozoikum medzevského prikrovu.
Alfa, Bratislava, 155.

Casopis

Vrba, P., 1989: Strizné zény v komplexoch metapelitov. Miner. Slov.,
21, 135 - 142.

Zbornik

Navesny, D., 1987: Vysokodraselné ryolity. In: Romanov, V. (red.):
Stratiformné loZiska gemerika. Spec. publ. Slov. geol. spol., KoSice,
203 - 215.

Manuskript ;
Radvansky, F., Slivka, B., Viktor, J. & Srnka, T., 1985: Zilné loziska
jedloveckého prikrovu gemerika. Zavere¢na sprava z ulohy SGR-
-geofyzika. Manuskript. Spisska Nova Ves, archiv SGUDS, 28.

3. Pri ¢lanku viac ako dvoch autorov sa v texte cituje iba prvy autor
s dodatkom et al., ale v zozname literatlry sa uvadzaju vsetci.

4. Ak sa v ¢lanku (v kniznej publikacii) cituje nazov, udaje a pod.
iného autora, ktory nie je spoluautorom publikacie, v texte sa cituje
vo forme (Gerda in Kubka, 1975), ale v zozname literatlry sa uvadza
iba Kubka, J., 1975.

V pripade nejasnosti si mozno vyziadat podrobnosti e-mailom
na adrese mineralia.slovaca@geology.sk, alena.wolfova@geology.sk,
alebo zoltan.nemeth@geology.sk



POVODNE CLANKY — ORIGINAL PAPERS

Liscak, P, Paudits, P, Petro, L., Iglarova, L., Ondrejka, P, Dananaj, I., Bréek, M., Barath, I., Vlaciky, M.,

Németh, Z., Zahorova, L., Antalik, M., Repciak, M. & Drotar, D.

Registration and evaluation of newly evolved slope failures in PreSov and KosSice regions in 2010

Registracia a hodnotenie novovzniknutych svahovych deformacii v preSovskom a kosickom kraji v roku 2010 ... 393

Olsavsky, M., Simo, V. & Golej, M.

Hronseckeé vrstvy: korelaény ¢len medzi silicikom s. I. (drienocky prikrov) a hronikom

(frankovsky prikrov; Zapadné Karpaty)

Hronsek Beds: Correlation member between the Silicicum s.l. (Drienok nappe) and Hronicum

(Frankova nappe; Western Carpathians) ... ...... ... i e e e e e 407

Hudackova, N. & Zlinska, A.

Interpretacia paleoprostredia spodnosarmatskych sedimentov z okolia Malaciek a Perneka

(slovenska cast Viedenskej panvy)

Paleoecological interpretation of the Lower Sarmatian sediments from the Malacky and Pernek vicinity

(Slovak part of the Vienna Basin) ... ... .. . e 419

Ozdinova, S.

Reticulofenestra ornata — endemicka vapnita nanofosilia v oligocénnych sedimentoch

Zapadnych Karpat

Reticulofenestra ornata — indigenous calcareous nannofossil from the Oligocene sediments

of the Western Carpathians ... ... ... ... e e e e 429

Téth, Cs.

Paleoekoldgia a diverzita neogénnych chobotnatcov (Proboscidea, Mammalia) na slovenskom tuzemi
Zapadnych Karpat v zavislosti od klimatickych zmien a biotickych interakcii

Paleoecology and diversity of Neogene proboscideans (Proboscidea, Mammalia) from the Slovak part

of the Western Carpathians area depending on climatic changes and biotic interactions ................. 439

Ledvak, P. & Simo, V.

Ladinian—Lower Carnian echinoderms from the biohermal Raming Limestone at Liptovska Osada

(Western Carpathians)

Ladinsko-spodnokarnské ostnatokozce z biohermnych ramingskych vapencov pri Liptovskej Osade

(Zapadné Karpaty) . ... .. e e 453

Sestinova, O., Hanéulak, J., Fedorova, E. & Spaldon, T.
Heavy metals immobilization in the sediments by sorption on the natural materials
Imobilizacia tazkych kovov v sedimentoch sorpciou na prirodné materidly ............................ 461

Chmielewska, E.
Povrchovo funkcionalizované adsorbenty na baze prirodného zeolitu
Surface functionalized adsorbents on the base of natural zeolite .. ............ ... ... .. .. ... . .. ..... 467

METODICKO-RESERSNA CAST — METHODOLOGY AND SUMMARIES

Ozdin, D., Baéik, P, Stevko, M. & Vanéova, I.
Nové mineraly schvalené IMA a publikované v roku 2009 a transkripcia predpon potassic- a sodic-
New minerals approved by IMA and published in 2009 and transcript of prefixes potassic- and sodic- .. .... 473

@@@%7@&22@.5133

Madaras, L‘{ ;
70 rokov Statneho geologického ustavu Dionyza Stira (1940 — 2010)
70. anniversary of the State Geological Institute of Dionyz Star (1940 —-2010) . ...............ceeun.. 479

Obsah pokraéuje na strane ,,iv* v Uvode &isla/for continuation see p. “iv” at the beginning of the number.

www.geology.sk/mineralia



	MS-O-2010-4-1V
	MS-O-2010-4-2Vn
	MS_2010_4_TLAC
	MS-O-2010-4-3Vn
	MS-O-2010-4-4V


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


