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Suprafan and channel-and-Ievee deposits near Tichý Potok, Levoča Mts.; 
Central-Carpatbian Paleogene Basin, Slovakia 

JURAJ JANOČK0 1 , BOHUMIL HAMRŠMÍD2
, STANISLAV JACK0 1 and ZUZANA SIRÁŇ0VÁ3 

1Geological Survey ofSlovak Republic, P.O.Box 13, 04 0 1 Košice, Slovakia 
2 Moravské Naftové Doly a. s., 69530 Hodonín, Czech Republic 

3 Geological Survey of Slovak Repu bi ie, Mlynská dolina 1, 817 04 Bratislava, S lovakia 

A bstract. Deposits in the Levoča Mts. represent the upperrnost part of the Central-Carpathian Paleogene 
Basin fill. The biostratigraphical analyses reveal plankton ofNP 25 and NN 1 zanes suggesting a Late Oligo­
cene - Early Miocene age. The deposits originated in a submarine fan channel-and-levee and suprafan (apron) 
subenvironments. Channel-and-levee deposits are composed of thick-bedded sandstones (channel fil!) and 
altemating thin beds of sandstones and shales (levee deposits). Their thickness is as much as 40 m. Suprafan 
deposits consist of thick, mostly massive and normal-graded sandstones and sparse pebbly sandstones and 
conglomerates. They are as much as 150 m thick. The correlation of deposits in sections and boreholes sug­
gests alternation of the two types of deposits which was probably caused by fluctuation of the sediment input 
into the basin as well as tectonic activity on the basin margins. 

Key words: West Carpathians, Paleogene, turbidites, suprafan, apron, channel-and-levee deposits 

Introduction 

The Central-Carpathian Paleogene Basin (CCP 
Basin) is one of the most potential economic areas in 
Slovakia for hydrocarbon accumulations and hydro­
thermal prospects. Suitable hydrocarbon source rocks 
are present and geological structure and facies changes 
are favorable for potential hydrocarbon reservoirs. 
Numerous studies were done in the area in the last three 
decades. The studies were aimed at both basic research 
and economic prospects which were later drilled (e.g. 
Marschalko, 1964, 1968, 1970, 1978, Leško et al. , 
1982, 1983, Koráb et al. , 1986, Janku et al. , 1987, 
Rudinec et al. , 1988, 1989, Nemčok et al. , 1996, Soták 
et al., 1996). The sedimentologic investigation of 
Marschalko (1964) suggested the still valid concept of 
prevailing deep-water deposition by gravity flows 
during the basin history. The last comprehensive study 
ofthe eastern part ofthe CCP Basin has included both a 
geologic map of the area at a scale 1 :25 OOO (Gross et 
al. 1996) and the assesment of the area for hydrocarbon 
potential (Soták et al. 1996). 

The report gives preliminary results of a sedimen­
tological study of the thick sandstone bodies of the CCP 
Basin fill. Extensive hydrogeological drilling in the past 
years and well exposed outcrops near Tichý Potok village 
located in the Levoča Mts. (Fig. !) provided data for 
sedimentological evaluation . The main objective of this 
study is to document the facies succession and bios­
tratigraphy in drillholes and outcrops near Tichý Potok 

village. Interpretation of depositional environment has 
been made on the basis ofthe data obtained. 

General geological setting 

The CCP Basin lies in the northem part of the Slova­
kian Inner West Carpathians (Fig. l) . To the south it is 
bounded by the pre-Paleogene, Mesozoic and Paleozoic 
formations of the Inner Carpathians. In the north it is 
separated from the Outer-Carpathians Flysch zone by the 
Pieniny Klippen Belt (Fig. 1). The basin is developed as a 
forearc basin on the proximal part of the accretionary 
wedge above the southwestward subducting oceanic slab 
attached to the European Platform. The kinematic history 
of the basin is complex and is connected with the escape 
tectonics of the North-Pannonian unit caused by the 
oblique subduction of the oceanic crust of the Outer Car­
pathian Flysch trough beneath the North-Pannonian unit 
(Csontos et al. , 1993). Because the basin lies on the rigid 
block, strata deformation is minima!. The pre-Paleogene 
areas ofthe Tatra and Čierna Hora Mts. forming "islands" 
in the CCP Basin (Fig. 1) are the result of postdeposi­
tional uplift. The elongated, crescent-shaped basin is 
about 200 km long, the maximum width is about 60 km. 
The maximum thickness of deposits in the basin is about 
4 OOO m and their local preservation depends on the post­
depositional tectonic history. The vitrinite reflectance 
data done on the samples from the north-eastern part of 
the basin (borehole PU-1) suggest the removal of 1.5 to 
2 km of overburden deposits (Francu & MUller, 1983). 

Geologícal Survey oj Slovak Repub/ic, Dionýz $túr Publishers, Bratislava I 998 ISSN l 335-96X 
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Fig. 1: Map of the studied area showing /ocation of the outcrops and boreho/es. The map showing geologica/ units and Centra/­
Carpathian Pa/eogene Formations is constructed after Biely et al. (1996) . 

Depos its in the CCP Basin comprise the Subtatric 
Group consisting of four formations (Fig. 2, Gross, 
Kôhler & Samuel, 1984) depos ited in shallow (Borové 
Fm.) and deep-marine environments (Huty, Zuberec and 
Bie ly Potok Fms.). 

The lowermost Borové Formation consists of a basa! 
terrestrial deposits (mainly alluvial fan and lacustrine) and 
shallow-marine transgressive deposits. The age of the 
formation is Midd le and Late Eocene (Ypressian to Pria­
bonian), the lowermost terrestrial deposits might have 
been deposited during the Late Pa leocene and Early 
Eocene (Gross in Polák et al. , 1992). The time-transgres­
sive character of the deposits and their area! distribution 
suggest the connection between the CCP Basin and the 
Outer-Carpathian Flysch zone during deposition . The 
Pieniny Klippen Belt was not elevated at the tíme of 
transgression or, at least, there were sea ways between the 
Outer-Carpathian Flysch zone and the CCP Basin. 

The overlying Huty Formation (Late Eocene - Early 
Oligocene) consists of claystones and siltstones with mi-

nor interbedded thin sandstone or conglomerate beds. We 
be li eve the sedimentation of the Huty Fonnation was in 
the subenvironment of basin plain and outer submarine 
fan. 

Zuberec Formation (Late Eocene - Early Oligocene) 
consists of a ltemating thi n, laterally persistent sandstone 
and shale beds (rhythmical tlysch). The formation occurs 
only in some parts of the basin where it over lies the Huty 
Formation. The deposits of this formation are thought to 
have been deposited in the subenvironment of an outer 
submarine fan . Recently, the thick ( 1 - 3 m) sandstone 
beds a ltemating with "rhythmical flysch" (zebra facies) 
were defined as a member of Zuberec Formation 
(Kežmarok beds, Gross, 1997). Kežmarok beds repre­
sents a mid-fan channel-and-levee subenvironment. 

The Biely Potok Formation is the uppermost part of 
the basin fill. Our biostratigraphical analyses indicate a 
Late Oligocene - Early Miocene (NP 25 - NNI) age for 
the formation . The deposits mostly consist of sandstones 
and subordinate conglomerates and shales. According to 
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Fig. 2: lithostratigraphic column of the studied area. 

our observations the formation includes deposits laid 
down in suprafan lobes (aprons?), basin slope and possi­
bly canyon subenvironments. 

Methodology 

At the beginning of the work a few cross-sections 
through the entire basin were studied in order to evaluate 
the older interpretations and to define the main structure 
of the basin. After that our study has been focused on the 
investigation ofthe Biely Potok Fm. and the upper part of 
the Zuberec Fm. (Kežmarok beds of Gross, 1997) near 
Tichý Potok vi llage (Fíg. !). We used <lata from existing 
boreholes and geophysical logs SP and Gamma curves. 
Two thick outcrop sections were logged in detail (Fig. 1) 
and numerous smaller sections were described in order to 
find the lateral continuity of deposits. The Jogging was 
done in cm scale in order to recognize any subtile changes 
of sedimentary style. The different facies are indicated on 
the logs (Figs. 4 and 5) using divis ion codes (Table 1) 
slightly modified after Bouma (1962) and Lowe ( 1982). 
The logs were compared to the sedimentary architecture 
of the area derived from photomosaics. Petrography and 
microstructures were stud ied in 13 oriented thin sections. 
The age of the deposits was determined by nanoplankton 
analyses. Ten sam ples prepared in laboratory of Geologi­
cal Survey of Slovak Repub lic were studied by LM 
(Amplival) ata magnification of 1200x. We did detailed 
mapping of the area in order to find the area! distribution 
of the strata and to find any structures. On the basis of 
data obtained from the boreholes and outcrops we deter­
mined the vertical and lateral continuity of the deposi-

.. ::::: : ::::::: .... 

tional bodies and the change of depositional sub­
environments. 

Results 

Drill data and seismic profiles indicate the thickness 
of the CCP Basin fi ll ranging from 700 m to 3 500 m in 
the Levoča Mts. (Polák et al. , 1994, Gíret et al., 199 1, 
Neupauer et al. , 1990, Gross et al. , 1996). The thickness 
and lithology of deposits in the central part of the Levoča 
Mts. is only inferred from the seismic profiles (Gross et 
al. , 1996). This is interpreted as transgressive deposits at 
the base of the sedimentary succession (Borové Fm.) 
overlain by thick (up to I OOO m) shales of Huty Fm. and 
rhythmical tlysch of Zuberec Fm. which is about 1 600 m 
thick (Gross et al. , 1996). The Zuberec Fm. is locally 
missing and the whole succession is capped by predomi­
nantly sandstone of Biely Potok Fm. The thickness of the 
Biely Potok Fm. deposits, estimated from boreholes and 
outcrops, is about 700 m. Near Tichý Potok village a 
thickness of more than 500 m of prevailingly coarse­
grained strata was measured which consists of sandstones, 
minor pebbly sandsto_nes and conglomerates. 

The preliminary structural study of the area showed 
NE - SW strike with monoclinal 5 - 15 degrees dip to­
ward SE. The strata are displ aced by a NE-SW fault sys­
tem with offset ranging from a few decimeters to a few 
meters . The fault system has a steep dip toward NW, and 
does not show any indicator of movement direction . An 
associated joint system has E-W direction and a steep dip 
toward N. Some striae suggest sinistral motion. Another 
NW-SE fault system with a steep dip toward SW is less 
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common. The faults locally 
are filled with veins of 
white calcite. Striae suggest 
two kinds of movement: the 
older movement represents 
dip-slip fault toward NW, 
the younger system repre­
sents a sinistral fault. The 
palaeostress analysis of 
deforrnation irnplies a maxi­
mum stress axis (ô1) in NW­
SE direction and a minimum 

stress axis (Ô:i) in NE-SW 
direction. The palaeostress 
axes orientation is consistent 
with mineralization of the 
NW-SE faults system which 
is oriented in the direction of 
maximum tension stress. The 
structural analyses are preli­
minary, however, they show 
possible correlation of NE­
SW and E-W fault systems 
with faults in Biely Potok 
Formation having the same 

Fíg. 4: Photograph of levee deposits al the Tichý Potok 1 sec/ion. Note the pinching out of the 

sandstone bed lying underneath the hammer. 

regional character. This is supported by a Neogene age of 

movement on the fault systems. The measured pa­

laeostress directions are consistent with the orientation of 

palaeostress axes in the Late Karpatian - Early Badenian 

strata ofthe nearby East-Slovakian Neogene Basin as de­
scribed by Kováč et al. (1994). The orientation of fault 

systems in both Levoca Mts. and East-Slovakjan Basin is 
also similar. 

Section 1 

Section I is located 4.5 km to the North of Tichý 

Potok village on the right side of Torysa river (Fig. 1). 

More than 21 O m of strata are almost completely exposed. 
The sedimentary succession is divided into four 

lithological units, numbered from bottom to top (Fig. 3). 

Unit I 

Description. - Unit I extends from the base of the 
outcrop to 16.5 m. lt consists of thick sandstone beds 

altemating with thin sanstone and shale beds (zebra 

facies, Figs. 4 and 5). 
The thick sandstone beds varies from 20 cm to 1 m in 

thickness. The beds are aften amalgamated with a sharp 

and erosional base. Flute and tool marks are very com­

mon at the base of sandstones and suggest palaeocurrent 
direction toward northwest (Fig. 3). The sandstones are 

medium- and coarse-grained, massive or normally graded. 
Usually they represent Bouma's T. division with scarce 

T.b divisions. The sandstones are classified as medium­
grained, sublithic arenites as defined by Pettijohn and 

others ( 1972). The sandstones consist of quartz, sericitic 

feldspars and rock fragments. Rock fragments are com­
posed of quarzites, chloritic phylites, graphitic phylites, 

basic volcanics, granitoids, carbonates and muscovites. 

The matrix is calcite or minor clayey calcite. The grain 

roundness varies from 2 to 3 in the 6 degree scale of 

Leeder (1982). Quartz prevails in the samples and plagio­

clase feldspar is more common than orthoclase and mi­
crocline. Scarce conglomerates or pebbly sandstones 
occur at the base of the beds. The thickness of the thick 

sandstone bed sequence is from 50 to 200 cm. 
The interbedded thin sandstone and shale bed se­

quence is terrned as zebra facies (Nelson & Nilsen, 1997). 

The sandstones are fine- to medium-grained and show 

Bouma's T ••. T be and T bce divisions. Starved ripples are 
common. Sandstone beds are 2 cm to 20 cm thick, with 

sharp bases. The sandstone beds are very irregular and 

they commonly pinch out laterally (Fig. 4). Soft-sediment 
deformation is very comrnon (Fig. 5). The interbedded 

shales have sharp bases and the strata are about the same 
thickness as the sandstone beds. Shales are massive with 

minor parallel and ripple cross-Jamination. 

Interpretation. - The facies association suggests depo­

sition of unit I in a submarine fan channel and levee 

subenvironment. The channel-fill deposits are the thick 

sandstone bed sequences. The sandstone locally has con­

glomerates or pebbly sandstones at the base. The conglo­

merates are associated with initial erosion in the early 

depositional phase ofthe channel deposits (Clark & Pick­
ering, 1996). The overlying channel fil) deposits mostly 

consist of medium-grained massive sandstone. The alter­
nating thin sandstone and shale beds of the zebra facies 

are interpreted as levee deposits. They were deposited on 
flanks of channels where turbidity currents spilled over 

from the channels. This interpretation is supported by the 

occurrence of starved ripples, indicating a lack of sand in 

suspension which is typical for overbank deposits. The 

irregular continuity of beds which pinch out laterally as 
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well as soft-sediment de­
formations are often found 
in levee deposits. 

Unit II 
Description. - Unit II ex­
tends from 16.5 m to 201.5 
m. Unfortunately, lithologic 
details are incomplete be­
cause of cover on the 

Fíg. 5: Photograph showing sedimentary deformation in the levee depos11s ut the Tichý ľoJok I 
section. 

- outcrop, which is marked on 
the log (Fíg. 3). Thick to 
very thick bedded medium­
grained to granule-sized 
sandstones and pebble sand­
stones separated by discon­
tinuous fine-grained sand­
stone partings or beds are 
characteristic of unit II (Fig. 
6). The beds are often amal­
gamated. Individual sand­
stone beds are 10 - 15 m 
thick. The interna( structure 
of these beds consists of 20 -

Fíg. 6: Pebbly sandstone and sandstone beds of suprafan. Note the 
scoured bases and norma/ grading. 

70 cm thick amalgamated sandstone beds. The 
sandstones and pebbly sandstones are mostly 
normally graded and massive. The sandstones are 
generally medium-grained lithic arenites. They 
prevailingly consist of quartz with lesser amounts of 
feldspars ( orthoclase, sericite) and rock fragments. 
The rock fragments are composed of quartzites, 
granitoids, chloritic and graphitic phylites, serpentíne, 
basic volcanics and carbonates. The grain roundness 
is 2 -3 (Leeder, 1982). Generally a matrix is absent 
but where present it is composed of clay. Many beds, 
which on visual inspection show massive structure, 
were found to be normally graded in oriented thin 
sections. The most common are R2, S1, S2 and S3 

divisions of Lowe (1982), interspersed with fine­
grained horizontal laminated (Bouma's Td division) 
sandstone partings (see Table 1 for lithofacial codes). 
In pebbly sandstones pebbles are either organized 
into discrete layers or randomly distributed. Sole 
marks are rare and all indicate paleocurrent direction 
toward southwest. Water-escape structures and soft­
sediment deformation are common. The sandstone 
beds have either a flat sharp or scour basa! contact. 
The scours do not erode the entire underlying bed 
suggesting only weak erosion . The beds vary in 
thickness laterally and typically cannot be correlated 
over wide areas because they form discontinuous 
lenses. 

The conglomerates, consisting of quartz, sand­
stone, mudstone, limestone and dolomite clasts, are 
mostly matrix-supported. Only rarely clast-supported 
conglomerates occur. Massive structure prevails. At 
places, the conglomerates are positively graded. They 
fill scour surfaces or form sharp-based beds and do 
not make channels in the report area. 
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Tab. / : Lithofacies (division) codes, modifíed after Bouma 
(1962) and Lowe (1982). 

T. massive sandstone 

Tb horizontally laminated sandstone 

Te ripple cross-stratified sandstone 

Td horizontally laminated fine sandstone and 
shale 

Te massive shale 

S1 cross-stratified sandstone 

S2 horizontally laminated sandstone 

S3 massive coarse-grained sandstone 

R1 cross-stratified conglomerate 

R2 massive and inversely graded conglomerate 

lnterpretation. - The sediment succession, its vertical 
and lateral development, the character of beds and the 
lack of channelization suggest deposition in a suprafan 
!obe subenvironment. Prevailing conglomerates, pebbly 
conglomerates and massive sandstone, representing S1, 

S2, S3 and R2 divisions of Lowe ( 1982), suggest 
deposition by high-density turbidity currents (Lowe, 
1982, Walker, 1978). Most of the beds probably origi­
nated from traction and traction-carpet stage of deposition 
as described by Lowe (1982). The occurrence of the Td 
division ofBouma suggests deposition from suspension in 
dilute turbidite tlow, probably in a subsequent sedimen­
tation stage. The lack of matrix in some sandstones may 
indicate grain flow during deposition. 

Unit 111 

Description. - The unit III deposits extends from 
201.5 m to 206.8 m. Generally they are finer-grained than 
underlying unit II deposits. The deposits comprise beds 
10 to 50 cm thick with sharp and loaded bases. The beds 
consist of medium-grained sandstone which is often 
capped by fine-grained sandstone or shale. The petro­
graphy of the sandstones does not differ from the 
sandstones in unit II. The sandstone intervals are com­
posed of massive sandstones and parallel laminated and 
ripple cross-laminated sandstones. Wavy and convolute 
lamination is also common. The finer-grained deposits are 
laterally discontinuous and they frequently only comprise 
finer-grained partings in coarser grained successions. The 
sedimentary succession comprises Tabdc, Tade and Tacc 
divisions of Bouma. 

lnterpretation. - The occurrence of Bouma's divisions 
in the sedimentary succession suggests deposition by 
dilute turbidity tlows. The weakly preserved T. divisions 
may have been caused by other factors like high erosive 
activity of turbidity tlows or high frequency of turbidity 
flow which did not allow final suspension stage 
sedimentation or shortage of finer-grained fraction in the 
turbidity flow. The absence of channelization and the 
prevailing sharp bases of beds do not indicate high 

9 

erosive activity of tlows. We interpret these deposits as 
originating on the tlanlc of a suprafan. 

Unit IV 

Description. - Unit IV extends from 206.8 m to 215 m. 
The unit has features similar to unit II . The deposits are 
dominately thick to very thickly bedded medium- and 
coarse-grained sandstones separated by fine-grained 
sandstone partings. The sandstone is massive and nor­
mally graded. Sandstone beds are amalgamated, the lower 
contacts are sharp, loaded or scoured. The petrography of 
sandstones is similar to the petrography of sandstones 
from un it n. At places, matrix-supported massive and 
normaly graded conglomerates and pebbly sandstone oc­
cur. Like unit II, R2, S1, S2 , S3 and sporadic fine-grained 
parallel laminated Td divisions are most common. The 
well exposed section shows relatively high lateral persis­
tence of indivídua] beds ( over 100 m). 
Interpreta/ion. - The prevailingly coarse-grained deposits, 
normal-graded sandstones capped by parallel laminated 
fine-grained sandstone, pebbly sandstones, massive and 
normally graded sandstones and some cross-bedded clast­
supported conglomerates suggest deposition by high-den­
sity turbidity tlows. This interpretation is supported by 
sediment succession throughout the section. We believe 
that deposits of unit IV have originated in a deep-marine 
suprafan subenvironrnent. 

Section 2 

Section 2 is located NW from the village Tichý Potok 
on the right side of Torysa river near a former quarry 
(Fíg. l). lt Iies 500 m to the west of section 1. The 
exposed section is 20 m high and 50 m wide. The strata in 
the section were divided into two units (Fig. 7). 

Unit I 

Description. - Unit I extends from the base of the 
outcrop to 11.8 m. It consists ofthick sandstone beds and 
thin, altemating sandstone and shale beds resembling 
zebra the facies. 

The thick sandstone beds have sharp bases and at 
places the bases show flute and tool marks. The flute 
marks suggest palaeotlow toward northwest. The thick­
ness of indivídua! beds is about 30 cm with a maximum 
thickness of 100 cm. The thickness of bed complexes is 
about 2 m. The sandstone is medium- and coarse-grained, 
massive and horizontally laminated. Norma! grading oc­
curs infrequently. Some of the beds contain pebbly sand­
stone at the base. 

Thin beds of altemating sandstones and shales form 2 
m thick sequences between the thick sandstones. The beds 
are 5 - 1 O cm thick, have a sharp base, are laterally non­
persistent and are generally deformed. The sandstone is 
medium grained but some is fine-grained. Usually it is 
massive, parallel laminated and ripple cross-laminated. 
Starved ripples are common. Shales are massive or par­
allel laminated. The deposits comprise Tacc and T00 divi­
sions of Bouma. 
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Fig. 7: Lithostratigraphical log of the Tichý Potok II section. 
Legend as on Fig. 3. 

Interpretation. - The described sedimentary succes­
sion is thought to represent channel-and-levee deposits of 
a submarine fan. Thick-bedded sandstones comprise 
channel fill facies which laterally pass into altemating 
thin beds of fmer sandstone and shale representing levees. 
The levee interpretation is supported by the occurrence of 
starved ripples suggesting taek of sand in suspension. The 
lenticular beds and soft-sediment deformations are also 
typically developed on levee slopes. 

Unit II 

Description.- Unit II extends from 11.8 m to the top of 
the section at 20 m. Unit II consists of thick sandstone 
and minor pebbly sandstone and conglomerate beds. The 
base of beds is sharp, scoured and Ioaded. The beds are 
from 20 cm to 100 cm thick and generally are amalga-

mated. Sandstone is medium- to coarse grained. Sand­
stone beds are massive and normally graded. The top of 
beds are commonly faintly parallel laminated comprising 
Bouma's divisions Tab· Pebbly sandstone and matrix-sup­
ported conglomerate occur either at the base of sandstone 
beds or in fills of small scours. The thickness of deposits 
in scours is not more than 30 cm. 

lnterpretation. - The strata are mostly massive and nor­
maily graded sandstones with sharp bases and infrequent 
load and scour surfaces suggesting deposition by high­
density turbidity currents. Some of the massive sandstones 
may have been deposited by grain flow. The absence of 
finer deposits (T. divisions) probably indícates high sedi­
ment input into the basin, insufficient tíme for suspension 
sedimentation and high erosive flow capabilíty. The lack of 
channelization together with the occurrence of coarse 
deposits suggest deposition in a submarine suprafan. 

Borehole descriptions 

Sedimentologic studies from the measured sections 
were supplemented by data obtained from a series of 50 -
100 m deep hydrogeologic boreholes which were recently 
drilled near Tichý Potok village (Giret et al., 1991, Neu­
pauer et al., 1990). The boreholes drilled northwest from 
Tichý Potok revealed: 1) up to 25 m of thick sandstone, 
pebbly sandstone and conglomerate; 2) up to 5 m of thick 
sandstone, pebbly sandstone and conglomerate consisting 
of thick beds; 3) interbedded thin bedded sandstones and 
shales (Gíret et al. 1991 , Fig. 8). Athough we did not ex­
amine samples from the boreholes, the available descrip­
tions imply an origin in the suprafan subenvironment (up 
to 25 m thick sandstone complexes), and an origin in a 
channel-and-levee subenvironment (up to 5 m thick sand­
stone complexes and complexes consisting of altemating 
thin beds of sandstones and shales). 

Biostratigrapby 

Ten samples were taken from section l and II for 
nanoplankton analyses. Five samples are from the chan­
nel-and-levee deposits, five samples are from suprafan 
deposits (see marks on Iogs, Figs. 3 and 7). The samples 
from channel-and-levee deposits contained nannoplank­
ton ofNP 25 / NNl zones. This suggests Late Oligocene -
Early Míocene (Egerian) age for the channel-and-levee 
deposits. AII samples from the suprafan deposits showed 
only rare reworked Cretaceous and Eocene nanofossils or 
were barren. This probably reflects very intensive sedi­
mentation rates from high-density flows which were poor 
conditions for planktonic Iife. The following assemblages 
were found in the samples: 

Sample 1/97: Cyclicargolithus jloridanus, Helicos­
phaera euphratis, Cocco/ithus pelagicus Helicosphaera 
sp. - Late Eocene - Oligocene 

Sample 2/97: Cyclicargolithus jloridanus, Díctyo­
coccites bisectus, Helicosphaera euphratis, Cyclicar­
glithus abisectus, Dictyococcites lockerii, Sphenolithus 
moriformis, Helícosphaera cf. scissura, Triquetror-
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habdulus cť. carinatus + rare reworked Cretaceous forms 
- poor assemblage of Late Oligocene - Early Miocene NP 
25/NN 1 (Egerian) 

Sample 3/97: Cyclicargolithus jloridanus, Dictyococ­
cites bisectus, Helicosphaera euphratis, Dictyococcites 
lockerii, Helicosphaera scissura + rarely Cretaceous re­
depositions - very poor assemblage of Late Oligocene -
Early Miocene NP 25/NNI (Egerian) 

Sample 4/97: Cyclicargolithus floridanus, Dictyococ­
cites bisectus, Helicosphaera euphratis, Díctyococcites 
lockerii, Reticulofenestra umbílicus, Helicosphaera cf. 
scissura, Triquetrorhabdulus carinatus + rarely reworked 
Cretaceous forms, poor assemblage probably of Late Oli­
gocene - Early Miocene age NN 1 

Sample 5/97: Cyclicargolithus floridanus, Cocco­
lithus pelagicus, Coccolithus formosus, Dictyococcites 
bisectus, Cyclicargolithus abisectus, Triquetrorhabdulus 
carinatus, Helicosphaera euphratis, Helicosphaera scís­
sura + rare reworked Cretaceous forms, poor assemblage 
ofLate Oligocene - Early Miocene age NN! 

The markers (Cyclicargolithus abisectus, Triquet­
rorhabdulus carinatus, Heli-
cosphaera scissura) point to 
the Late Oligocene/ Early 
Miocene (Egerian) age ofthe 
strata under study. This is in 
accordance with the older 
studies by B. Hamršmíd on 
the material from Tichý 
Potok village supplied by J. 
Soták (Slovak Academy of 
Science) and also with the 
results by A. Nagymarosy 
(Eotvôs Univ., Budapest) 
(Soták, pers. commun.). 

Discussion 

The sedimentary succes­
sion at the measured sections 
and in the boreholes consists 
of channel-and-levee depos­
its and suprafan deposits. 
The association of channel­
and-Ievee facies suggests 
either the existence of depo­
sitional and erosional chan­
nels (Nonnark, 1970) or 
aggradational channels 
(Clark & Pickering, 1996). 
The aggradational channels 
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channels are associated with large terrestrial drainage 
areas Kenyon, 1992), high channel sinuosity, lower slopes 
and finer-grained sediments that aid suspension in turbid­
ity currents (Clark & Pickering, 1996). The correlation of 
borehole cores shows sandstone bodies progressively 
merging toward the top of the section (Figs. 8 and 9). 
This may be a result of multilateral channel coalescing 
causing connection of indivídua! channel-fill deposits or, 
more likely, it reflects alternation of channel-and-levee 
and suprafan deposits (see below). The width of the chan­
nels in the lower part of the section is estimated to vary 
from 200 m to 2 km. Depth of the channels ranges from 
20 to 40 m. The thickness of levee complexes is variable. 
The borehole profiles suggest a thickness of up to 40 m, 
the thickness of deposits observed in outcrops does not 
exceed 12 m. A greater thickness of levee deposits is usu­
ally expected downfan because larger amounts of coarser 
material can be transported across the channel margins 
where the channels are shallower (Nelson & Nilsen, 
1997). The stratigraphic arrangement suggests a progra­
dational submarine fan system where the thickness of 
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Fig. 9: Blockdiagram showing 
vertical and lateral relation­
ship of channel-and-levee and 
suprafan deposits. Note the 
alternation oj lower and higher 
interconnectivity of sandstone 
bodies. 
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levee complexes decreases upward with a gradual shift of 
depositional system toward the basin depocenter. 

The suprafan deposits indicate a change of deposi­
tional style resulting from high-density unchannelized 
gravity (mostly turbidity) flows. This kind of deposition is 
typical for areas with intensive uplift of basin margins 
(source areas) and a narrow shelf. lt is often described 
from tectonícally-controlled basins where abrupt up­
lift/subsidence events result in forrnation of turbidity 
aprons (Chan & Dot, 1983, Readíng & Richards, 1985, 
Stow, 1985). The forrnation of such aprcms originated by 
flows entering the basin perpendicular to the basin axis 
would be consistent with the palaeoflow indications found 
in the channel-and-levee deposits and in the suprafan de­
posits. The change of the palaeoflow direction from the 
SE - NW in the channel-and-Jevee deposits to the NE -
SW in the suprafan deposits suggests a palaeoflow pattem 
perpendicular to the basin axis in some phases of the ba­
sin development. 

The correlation of deposits between the two measured 
sections and boreholes shows an altemation of channel­
and-fill deposits and suprafan deposits (Figs. 8 and 9) . 
The alternation may have been caused by other factors 
such as basinward or lateral shift of the suprafan, change 
in sediment input or tectonics. lt can explain the gradual 
merging of sandstone bodies upward in the borehole be­
cause the Jower part of the section is forrned by channel­
and-levee deposits and the upper part by suprafan 
deposits. The alternation of channel-and-fill and suprafan 
deposits may have implication for the interpretation of 
basin stratigraphy. The deposits resembling channel-and­
fill deposits from the measured sectíons were described 
as Kežmarok beds (member) which are the upperrnost 
part of the Zuberec Forrnation (Gross, 1997). However, at 
the studied localities these deposits are overlain by 160 m 
of strata typical ofthe Biely Potok Forrnation, which are, 
in turn, overlain by channel-and-levee deposits, possibly 
the Kežmarok beds (Fig. 1 O). According to this correla­
tion the Kežmarok beds (channel-and-levee deposits) 
should be a part of Biely Potok Forrnation. The correla­
tion of these deposits also suggests the Late Oligocene -
Early Miocene age (NP 25 / NN 1) for all investigated 
deposits. 

Conclusion 

The deposits at the measured sections located near 
Tichý Potok village in the eastern part of the CCP Basin 
(Fíg. 1) are composed of gravity (mostly turbidity) flow 
deposits of Late Oligocene and Early Miocene age 
(nanoplankton zones NP 24/25 and NN 1 ). The deposits 
were laid down in suprafan and channel-and-levee suben­
vironments of a submarine fan. Suprafan deposits consist 
of thick sandstone bodies with minor pebble sandstones, 
conglomerates and shale partings. The sandstones, which 
may be up to 50 m thick, are composed of thick amalga­
mated beds with sharp and scoured bases. The prevailing 
norma! grading, the presence of R 2, S ,, 2, 3 divisions of 
Lowe and the T d division of Bouma strongly suggest tur­
bidity flows as the main agent responsible for their depo-
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sition. Channel-and-levee deposits consist of thick-bedded 
sandstones, some pebble sandstones and conglomerates 
(channel fill) and altemation ofthin-bedded sandstones and 
shales (zebra facies). 

The composite log of deposits in the studied area (Fíg. 
l O) shows altemation of suprafan and channel-and-levee 
deposits. The altemation suggests possible assignment to 
the Biely Potok Formation of the channel-and-levee de­
posits described as the Kežmarok beds by Gross, 1997. 
However, the assignment requires further, more detailed 
investigation. 
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New morphostructural division of Slovakia 

JÁN LACIKA and JÁN URBÁNEK 

Institute ofGeography ofSlovak Academy ofSciences, Štefánikova 49, 841 07 Bratislava 

Abstract. This contribution offers a new morphostructural division of the Slovak Republic area accepting new 
geomorphological and geological facts. lt is different to the older Mazúťs division (1979 and 1980) and the 
geological regionalisation made by Vass et al (1988). The morphostructural units have been divided according to 
tectonical movement tendency, relation to the neighbouring units and inner morphostructural dissection. 

The Slovak Republic area are divided into following morphostructures: 
A. Carpathians: 1. West Carpathians, 1.1 Centra! morphostructures of the West Carpathian dome, 

1.2 Transitive morphostructures of the West Carpathian dome, 1.3 Marginal morphostructures of the West 
Carpathian dome, 1.4 Southern depressed morphostructures, 1.5 Southem elevational morphostructures, 
2. East Carpathians: 2.1 Outer zone morphostructures of the East Carpathians, 2.2 lnner zone morphostruc­
tures ofthe East Carpathians; 

B. Pannonian Basin: 1. West Pannonian Basin, 1.1 Záhorie morphostructures of the Pannonian Basin, 
1.2 Danube morphostructures of the Pannonian Basin; 2. East Pannonian Basin: 2.1 East Slovakian morpho­
structures of the Pannonian Basin. 

The West Carpathians is a megamorphostructure which has acquired a form of a large dome. This dome 
has an ecliptical ground plane and an asymetrical shape. Its centre is situated to NE. There are six mountains 
and two intramontane basins in the centre. They are Centra! morphostructures of the West Carpathians. The 
most extensive are Transitive morphostructures of the West Carpathians between centre and margin of the 
West Carpathians dome. They are very various from geological and geomorphological point of view. It con­
sists more or less dissected horsts and grabens. The Marginal morphostructures ofthe West Carpathians bor­
der on the Panonian Basin or the South morphostructural depression . The West Carpathian dome is limited 
by the South morphostructural elevation in the South. 

The East Carpathians has a zonal composition. There are Outher zone morphostructures in the North and 
Inner morphostructures in the South. 

The Pannonian Basin is divided into the West and East Pannonian Basin. This morphostructures have de­
veloped as large subsided blocks. 

Key words: morphostructure, morphotectonics, Carpathians, Slovakia 

Introduction 

The Slovak geomorphologists used the morphostruc­
tural regionalisation of Slovakia worked out by Emil 
Mazúr for about three decades. The first of his two modi­
fications was presented in a form of a scientific article 
(Mazúr, 1979), the second was included in several geo­
morphologic maps in the Atlas of the SSR, the chapter IV 
- Povrch (Mazúr - Jaká) , eds., 1980). This contribution is 
an attempt to create a new morphostructural regionalisa­
tion ofthe Slovakia 's territory, with an ambition to final­
ise the conceptual pian only indicated in Mazúrs's work 
and at the same tíme to include new geomorphologic and 
geological knowledge unknown three decades ago. 

Methods and terminology 

This work applied a multilevel morphostructure re­
gionalisation with accepted principles of indivídua) and 

typological regionalisation. lt prefers individual regionali­
sation on the high levels, the lower Ievels have a character 
oftypology. 

Morphostructure is a key term of this contribution. It 
has been introduced to the literature by a prominent Rus­
sian geomorphologist Gerasimov in 1946. He defined it 
as an relief element which rises in the consequence of the 
historically developing mutual activities of the endoge­
nous and exogenous processes with dominance of the 
endogenous factor. This term spread to the Centra) and 
Eastern Europe (including Slovakia) of former Soviet 
Union, while the western geomorphologists prefer an 
equivalent term the morphotectonic unit. Mazúr (in: 
Mazúr - Jaká) , eds., 1980) defined morphostructure as a 
geomorphologic form, basic shapes and structural indi­
vidualisation of which are generated by the direct active 
(mobile) tectonics . Some scientists accepted a wider 
conception of morphostructure as a land form affected 
by the properties of the passive (static) component of 
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the geological structure. The !and fonns created by an 
active component of the geological structure are re­
garded as active morphostructures (for instance uplifted 
horsts). The passive components of a geological struc­
ture take part in creation of the passive morphostruc­
tures (for instance an erosionally destroyed volcano ). 

Mazúr's morpbostructural regionalisation 

The presented indivídua! morphostructural regionali­
sation (Fig. 3) corresponds to the Mazúr's division of the 
Slovakia's territory (Fíg. 1) on the highest hierarchical 
level only. The first level discerns the Carpathians and the 
Pannonian Basin within Slovakia and the second level 
dissects the Carpathians to the Western Carpathians and 
Eastern Carpathians. This morphostructural regionalisa­
tion uses different criterion from that of Mazúr' s on the 
lower levels, therefore there is an absence of the more 
expressive intersection between the selected morphos­
tructural units. 

The passive structure (folded, flysch, klippen and 
volcanic etc.) occurred as too vulnerable fonns which 
does not correspond to their present task in the relief 
forming act. The present morphostructures are devel­
oping more in the direction of the active (fault) struc­
tures, which causes gradual and irreversible destruction 
of the passive structure. The task of the passive struc­
ture in present morphogenesis of the Slovakia's territory 
consists entirely of the regulation of the selective ero­
sion and denudation. Therefore the utilisation of the 
passive structure attributes as classification criterion 
was reduced at high level of the regionalisation and 
emphasised or kept at lower levels. 

We hold on using of regional terminology of the di­
vided indivídua! units unlike the Mazúr's morphostruc­
tural division (to observe the principle of not confusing 
the components of the indivídua! and typological regions 
at the same level. The indivídua! morphostructural units 
used by this regionalisation of the Slovakian territory are 
delimited to the level of uníts (celok - in Slovak) and less 
frequently to subunits (podcelok - in Slovak) and they 
have their own names (for instance. morphostructure of 
the Malé Karpaty Mts., morphostructure of the Žiarska 
kotlina Basin etc.). They are morphostructures ofthe fifth 
hierarchical level. 

Comparison of tbe morphostructural and geological 
regionalisations 

The geological and morphostructural maps project 
the same thing. It is the geological structure. In spite of it 
there is only little agreement as far as the contents is con­
cemed. The cause are the different geological and geo­
morphologic views of the matter. The interest of an 
geologists is considerably wider in the vertical and tem­
poral dimensions. They study the geological structure 
starting by the surface and endíng by the positions under 
the earth mantle, on the other hand geomorphologists 
limit their research only to the superficial or shallow un­
derground Earth sections which take part in relief mod-

J. Lacika, J. Urbánek: New morphostructura/ division oj Slovakia 

elling. Old structural units are often presented by the 
geological maps, the development of which was finished, 
i.e. they are passíve at the present tíme. Morphostructural 
maps are focused on considerably younger structural ac­
tive units, the development of which is yet incomplete. 

Little agreement of the comparable hierarchy regions 
in the map of the morphostructures (Fíg. 3) and the map 
which ínterpretes the geology of the regional units of the 
Slovakia"s territory (Fíg. 2) is obvious. The geological 
map (Vass et al., 1988) does not define the high hierarchy 
regional units, for instance the Carpathians, the Pannonian 
Basin, the Eastem Carpathians, etc. The highest unit was 
the region (oblasť - in Slovak) or zone (pásmo - in Slo­
vak) in the four level regionalisation (for instance, 
Jadrové pohoria area, Gemerské pásmo zone). The units 
between the 3rd and the 4th hierarchy in new morphos­
tructural map (lower than for instance Centra) morphos­
tructure ofthe West Carpathian dome and higher than for 
instance the Tatra centra! morphostructure in Fíg. 3) are 
roughly comparable to the highest hierarchy of the geo­
logical units in Fig 2. 

The first of the comparing maps (Fíg. 3) illustrates the 
result ofthe relief-forrning process in the youngest phase of 
development, named by the geomorphologísts the neotec­
tonical phase as it depicts the active morphostructures of 
block-like type. Exogenous geomorphologic processes 
selected by differentiated tectonic block movements 
intluenced destructively the structural units shown on the 
second map (Fíg 2). They change the quality ofthe passive 
structures, for instance the klippen zone or the neovolcanic 
compounds. Comparíson of figs 2 and 3 shows that geolo­
gical and morphostructure frontiers agree only at the 
interface between the Carpathians and the Pannonian Basin. 
The boundaries ofthe majority ofthe intracarpathian basins 
is similar in both maps. The older the geological units, the 
lower similarity to morphostructures. 

The basic characteristics of morphostructures 

1. The Carpathians 

The Slovak Carpathians are represented by the west­
ern part of a massive of the Carpathians arch , which is a 
part of the Alpine-Himalayan system. The Slovak Car­
pathians belong to the West Carpathíans, except its east­
emmost area, which is a part ofthe East Carpathians. 

1.1 The West Carpathians 

The overall shape of the W est Carpathians is that of a 
large dome. Its ground-plan is close to ellipse (Mazúr, 
1979). The top of the dome is not precisely centred. It is 
shifted towards its north-eastem border. This megamor­
phostructure inclines from its asymmetrically situated 
centre to its circumferential and peripheral parts towards 
the Iowland area of the Pannonian Basin on the south­
west and south-east and towards the longitudinal Juho­
slovenská depression in the south. This depression is 
limited in the opposíte side by the elevation zone of Ma­
tra morphostructure. 
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1.1.1 The centra! morphostructures of the West 
Carpathian dome 

The centra] morphostructures represent the most up­
lifted part of the West Carpathians and whole Carpathian 
arch. Their mountains reach the highest altitude and also 
their basins are in the highest position in Slovakia. This 
unit is at the same tíme the most intemally differentiated 
and the most contrasting one. The differences between 
mountains and basins in central part of the dome reach the 
highest values (max. almost 2 OOO m). Two units of the 
4th hierarchy level are distinguished within the centra) 
morphostructure. 

a) The Tatra centra/ morphostructure 

The main geomorphologic axes of the morphostruc­
ture situated east of the dome centre are running in the 
west-eastem direction. lt is the highest morphostructure in 
Slovakia, surpassing the altitude of 2 OOO metres. There 
are two expressive elevations: the Vysoké Tatry Mts . and 
the Nízke Tatry Mts. bordered by a relatively subsided 
longitudinal depression the Podtatranská kotlina basin. 
Its eastem part (the Popradská kotlina basin) is almost by 
2 OOO metres lower than the Tatra mts . Also less uplifted 
submontane morphostructural unit runs in the same 
direction as Podtatranská kotlina basin. The borders 
between the partia) units are considerably faulted and they 
manifested themselves during the Quatemary very dy­
namically. Likewise, the extemal borders of the central 
morphostructure are morphologically very pronounced. In 
the north it drops markedly towards the Podtatranská 
brázda depression, in the south the corresponding de­
pressed marginal unit represents the Horehronské podo/ie 
valley (except the Breznianska kotlina basin). 

b) Fatra centra/ morphostructure 

It is the lower one of two centra( morphostructures 
lying west of the dome centre of the West Carpathians. It 
is characterised by the north-south or diagonal orientation 
of the relief. It consists of by equally uplifted the Veľká 
Fatra Mts. and the Malá Fatra Mts. bordering on the 
relatively subsided the Turčianska kotlina basin. Both 
uplifted mountain ranges decline towards the basin by 
steep fault scarp with facets. We have included also the 
Žiar Mts. and the Starohorské vrchy Mts. into the Fatra 
central morphostructure. The nature of these morphos­
tructures (except the massif Veľký Choč Mt) is that of 
less uplifted units joining higher central morphostructure. 
Their lower position is the result of stronger effect of the 
transversal fault tectonics (Lacika - Gajdoš, 1997). 

1.1.2 Transitive morphostructures of the West 
Carpathian dome 

The transitive part of the West Carpathian dome is 
less uplifted than the centra( and more uplifted than the 
peripheral one. Amplitude of the uplifts of the partia! 
morphostructures is less pronounced, i.e their relief is 
less contrasting than in the centra( part of dome. This unit 
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consists of five Iower structures, which differ from each 
other by the composition of elevation and depression and 
by the properties of the passive structures expressed in 
relief. In other words, the mosaic of mountains and basins 
varies. 

a) the Beskydy transitive morphostructure 

There is Beskydy flysch morphostructure in the north 
of Slovakia and south of Poland. The Polish part of mor­
phostructure passes the boundary northerly of the Tatra 
Mts. andjoins the western and eastem Slovak parts to one 
entity. The western and eastem parts of the Beskydy 
flysch morphostructure are symmetrical (for instance the 
Skorušinské vrchy Mts. and the Spišská Magura Mts.). 
This unit is characterised by a distinct zonation with arch­
shaped zones concentrically arranged around the centre of 
the West Carpathians. The zones are prevailingly identi­
cal with the axes of the flysch and klippen passive mor­
phostructures. The contemporary valley network is based 
in the young generation of faults often not oriented in di­
rection ofthe old structural axes. 

There are partial morphostructures dominantly arranged 
in south-west -- north-east strike on the western wing of the 
West Carpathian dome. They are characterised by a distinct 
two-level composition of blocks. The elevation zones 
regularly altemate with depression zones. The higher level 
is formed by massive plateau-like uplands (the Vysoké 
.Javorníky Mts, the Turzovská vrchovina Mts., the Kysucké 
Beskydy Mts, the Oravské Beskydy Mts, the Oravská 
Magura Mts. and the Skorušinské vrchy Mts.) locally 
containing well-preserved remains of the middle planation 
surface in the altitude 900- I OOO metres. Mountain ridges 
usually decline by faceted slopes towards the submotane 
forms and basins. The highest uplifted blocks are situated 
on the massif Babia Hora and Pilsko areas, altitudes of 
which are comparable for instance to both, Veľká and Malá 
Fatra Mts. The lower units are represented by a zone of 
subsided blocks (valleys, submotane, intermontane forms 
and basins) starting by the narrow the Považské podo/ie 
valley passing the Nízke Javorníky Mts, the Kysucká 
vrchovina Mts., the Podbeskydská vrchovina Mts. and 
ending by the Oravská kotlina basin. 

The territory of the eastem flysch transitive morphos­
tructures is expressively differentiated into a high uplifted 
group of blocks (the Spišská Magura Mts., the Levočské 
vrchy Mts. and the Čergov Mts.) and a relatively subsided 
group of blocks (the Ľubovnianska kotlina basin and the 
Spišsko-šarišské medzihorie fare/and) . The system of less 
uplifted morphostructures - intermontane forms (the Pie­
niny Mts, the Ľubovnianska vrchovina Mts. and the 
Bachureň Mts.) is also rather extensive. The highest moun­
tains are sharply individualised, they have a distinct centra! 
ridge and submontane blocks. Two-level composition (the 
Levočské vrchy Mts.) and asymmetry (the Spišská Magura 
Mts.) occur in these units. General relief shapes are sirnilar 
to the Central Slovakian volcanic mountains. There are 
well-preserved remains of the middle planation surface in 
the mountains. The depressions in this area are bordered 
by faults and underlined by selectively acting erosion. 

-
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b) the Slovak-Moravian transitive morphostructure 

Tbis morphostructure is the westemmost unit of the 
4th hierarchical level within the transitive part of the 
West Carpathian megamorphostructure. Its larger part 
lies in the Moravian territory. It includes a larger 
northem part of the Biele Karpaty Mts. and also larger 
southern part of the Považské podo/ie valley (the 
Ilavská kotlina basin and Trenčianska kotlina basin). 
The morphostructure has a notable two-level compo­
sition. Upper horst-like Biele Karpaty Mts is built-up by 
tlysch rock, lower level is represented by a system of 
relatively subsided blocks of Považské podolie valley. 
The narrow zone of the I imestone mountains represents 
an interference between the mountains and basins. But 
the active component structure (active faults) appear as 
a dominant relief-fonning factor. 

c) the Strážov transitive morphostructure 

This morphostructure includes a group of mountains 
and basins in the centra! Považie and Horné Ponitrie re­
gions. The tectonically less differentiated Strážovské 
vrchy Mts. represent the heart of the area. Notable passive 
structures (klippens, basins etc.) are evident in these 
mountains and in the neighbouring Súľovské vrchy Mts. 
Relatively subsided morphostructures in the periphery of 
~nit are in minority (the Považské podo/ie valley, the 
Zilinská kotlina basin and the Hornonitrianska kotlina 
basin). 

d) The Centra/ Slovakian transitive morphostructure 

There is a transitive morphostructure SW of the West 
Carpathian dome, which includes the northem area of the 
volcanic Slovenské Stredohorie. [ts geological structure 
was analysed in detail by Konečný, Lexa & Planderová 
(1984) and Kalinčiak, Konečný & Lexa (1989). This ter­
ritory is very expressively differentiated into uplifted 
group of blocks (mountains) and a relatively subsided 
group of blocks (basins). The primary volcanic !and 
forms were almost completely destroyed in this part ofthe 
Slovenské Stredohorie, with the exception of the Poľana 
Mts. and the Javorie Mts., where some traits of the origi­
nal Neogenic stratovolcanoes are recognisable (Lacika 
1993 and 1997a). Recent mountains of this unit are horst­
like morphostructures dissected into a multidirectional 
system of ridges and valleys, especially the Vtáčnik Mts., 
the Kremnické vrchy Mts. and the northem part of the 
Štiavnické vrchy Mts. (Lacika 1997b ). The north-southem 
orientation of the geomorphologic networks in this area 

Fíg. 3 - continuation 
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is prevailing (from the area Veľká Fatra Mts. north of the 
Danube valley in the south). Structural cascades fonned 
in the consequence of different rock resistance of the 
destroyed stratovolcanic structure, are evident in a more 
detailed scale, Some remains of the Neogene planation 
occur, for instance in tbe foreland of the Vtáčnik Mts 
otherwise these !and fonns are relatively rare in tbis area 
(with the exception of Kunešovská Planina plateau in the 
Kremnické vrchy Mts). Asymmetry ofthe uplifted blocks 
is relatively frequent (for instance Kremnické vrchy Mts). 
The Zvolenská kotlina basin is the intemally most 
complicated structure in the area with several partia! 
elevations and depressions. On the other hand the 
Žiarska kotlina basin is simple, though very dynamically 
developed. The Pliešovská kotlina basin is particular for 
the absence of sedimentary fi lling. 

e) the Rudohorie transitive morphostructure 

This massive morphostructure lies south of the centre 
of the West Carpathian dome. It includes the Veporské 
vrchy Mts., the Stolické vrchy Mts., the Volovské vrchy 
Mts. and the Spišsko-gemerský kras area. Uplifted blocks 
are relatively expressively individualised in its northern 
side compared to the longitudinal depression of the 
Horehronské podolie valley or the Hornádska kotlina 
basin. They decline little by little and in a step-like 
manner towards the peripheral foreland in the south ex­
cept the steep fault contact on the border of the Rožnav­
ská kotlina basin in the south and the Košická kotlina 
basin in the south-east. Tectonic lines are manifested in 
the Rudohorie morphostructure in ground-plan only, less 
in the vertical dissection of relief. The centra! part of the 
unit carries extensive remains of the Neogenic planation 
surfaces in the altitude above 1 OOO m. The western and 
eastern parts of this morphostructure are relatively wide 
in north-southem direction. On the other hand, the 
middle part of it (in the Dobšiná town area) with its 
visible reduction of width allows the immediate contact 
between the centre and periphery of the West Car­
pathian dome. The system of the linear geomorphologic 
network related to Murán faults is an important mor­
phostructural element. 

1.1.3 The marginal morphostructures of the West 
Carpathian dome 

Except the Juhoslovenská depression, this marginal 
morphostructure is the least uplifted part ofthe West Car-

2. East Carpathians: 2. l Outer zone morphostructures oj the East Carpathians, a. Beskydy transversal flysh morphostructure, 
b. Busov flysh morphostructure, c. Poloniny jlysh morphostructure; 2.2 lnner zone morphostructures oj the East Carpathians, 
a. Humenné non-volcanic morphostructure, b. Vihorlat volcanic morphostructure 
B. Pannonian Basin: 1. West Pannonian Basin, 1.1 Záhorie morphostructures oj the Pannonian Basin, a. Chvojnice morphostruc­
ture, b.Bor morphostructure; 1.2 Danube morphostructures oj the Pannonian Basin, a. Outer Danube morphostructure, b. Jnner 
Danube morphostructure, 2. East Pannonian Basin, 2. 1 East Slovakian morphostructures oj the Pannonian Basin, a. Outer East 
Slovak morphostructure, b lnner East Slovakia morphostructure 
Morphostructural borders: A. l st level morphostructural boundaries, B. 2nd level morphostructural boundaries, C. 3rd level mor­
phostructural boundaries, D. 4th level morphostructural boundaries, E. 5th level morphostructural boundaries 
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pathian dome. There is more or less uplifted and subsided 
mosaic of block within this unit. The mountains decline 
straight towards wide lowland protuberances between the 
peripheral elevations or towards the longitudinal Juho­
slovenská depression. We have discemed five morphos­
tructural units of the fourth hierarchical level in the 
periphery of the dome. 

a) The Myjava marginal morphostructure 

This morphostructure belongs to the smallest ones. lt 
continues on the Moravian s ide of the boundary and rep­
resents the group of less uplifted marginal blocks on the 
south-west margin of the Beskydy transitive zone. There 
are the Žalostinská vrchovina Mts. (SW of the Biele 
Karpaty Mts.) and the Myjavská pahorkatina hilly land in 
this unit. 

b) The West Slovakian marginal morphostructure 

This uplifted group of blocks in the West Slovakia are 
arranged into the three mountain ranges: the Malé Kar­
paty Mts., the Považský Inovec Mts. and the Tribeč Mts .. 
They decline towards lowlands, usually by fault scarps. 
The two-level composition and asymmetry occur there. 
There are well-preserved remains of the Neogene 
planation in several places. The lowland protuberances 
originated in the Neogene, They are tectonic subsided 
blocks. The Malé Karpaty Mts were investigated by Jakál, 
Lacika, Stankoviansky & Urbánek, 1988 and 1990. 

c) The Centra/ Slovak marginal morphostructure 

The dome periphery farther eastward of the previous 
unit makes up a group of the plateau-like mountains built 
by the volcanic rock studied by Konečný, Lexa & Plan­
derová (1984) and Kalinčiak, Konečný & Lexa (1989). 
They belong to less uplifted and less differentiated 
mountains: the Pohronský Inovec Mts., southem part of 
the Štiavnické vrchy Mts., the Krupinská planina plateau, 
the Ostrôžky Mts. and sma/1 Novobanská kotlina basin. 
The extensive plateaus of this morphostructure gradually 
decline southwards. More uplifted marginal blocks than 
the centra! ones can be found only in the south of the 
Krupinská Planina plateau (Lacika, 1994 and 1997a). 

d) The Rudohorie margina/ morphostructure 

Southwards of Rudohorie morphostructure lies a 
group of less uplifted blocks of the Revúcka vrchovina 
Mts. researched by Hochmuth (1996). Its tectonic differ­
entiation is more dense than the interna! massive part of 
the Slovenské Rudohorie Mts. lndividual step-like blocks 
are separated by valleys tracing the tectonic lines, which 
are directed of the Slovenské Rudohorie Mts. in the north 
to the Juhoslovenská depression in the south. There is a 
group of morphostructures in the eastern part of dome 
periphery, which includes the Slovenský Kras p/ateau, the 
Holička Mts. (part of the Volovské vrchy Mts.) and the 
Čierna Hora Mts. The Slovenský Kras plateau is the 
karstic area depending on its geological structure, a super­
ficial plateau karst prevails (Mazúr & Jaká!, 1969, Jaká) , 
1975, 1978 and 1983). Each of the three partia) mor-
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phostructures is bordered by very sharp fault scarps de­
clined towards the Juhoslovenská depression. The Slo­
venský Kras plateau declines towards the Rožňavská 
kotlina basin on the opposite side. This basin is the only 
negatively developed unit in the Rudohorie marginal 
morphostructure. 

e) The Šariš marginal morphostructure 

This morphostructure is represented by a group of less 
uplifted blocks built by flysch rock. It is a very dynamic 
unit, because it lies in an area of the shortest distance 
between the centre and the borders ofthe West Carpathi­
ans dome. There is the Šarišská vrchovina Mts. in the 
south. It is a mosaic of step-like blocks without centra) 
ridge (Harčár, 1962). The south-eastem ending of the 
Spišsko-šarišské medzihorie foreland Iies more to north. 
This morphostructure is characterised by the Neogenic 
volcanic exots eroded to distinct isolated elevations. This 
morphostructure passes continuously to the Košická 
kotlina basin in the south-east . 

1.1.4 The Southuthern depressed morphostructures 

These morphostructures are considered a part of the 
tectonic deformation of the southem wing of the W est 
Carpathian dome (Mazúr, 1979). They consist of the 
chain of basins arching around the unit 1.1 .3. The crea­
tion and development of this longitudinal depression is 
evidently the result of the tectonic block-like movements 
and selective erosion and denudation. Subject of the on­
going discussion is which of these two groups of relief­
forming processes was the dominating one. 

a) The Lučenec-Košice depression morphostructure. 

The contínuous zone of four basins (interconnected 
over Hungary) two hilly lands (the Bodvianska pa­
horkatina hilly /and and the Abovská pahorkatina hilly 
/and) are situated in an area between Šahy and Prešov 
towns. The three basins are neighbouring with each other, 
but they are not part of the same draining area. The 
Ipeľská kotlina basin is morphologically sharply 
delimited by the steep southern slopes of the Krupinská 
Planina plateau. rt is divided by the system of parallel 
symmetrical valleys passive faults . The valleys are 
directed towards the main Ipel valley in the south-east. 
The Lučenská kotlina basin and the Rimavská kotlina 
basin have a more complicated composition. Their north 
and south fault bordering are notable (with zigzag 
course ). The asymmetry of the valley indicates their 
interna) morphostructural heterogeneity, which is 
manifested by tectonic tilting of the individual blocks. A 
very young and dynamic morphostructure the Cerová 
vrchovina Mts. in the south was individualised in the 
Pontian (Lukniš, 1972), but its contemporary morphos­
tructural composition oríginated in the Upper Pliocene -
Holocene periods. This unit is built by relatively exten­
sive basalt volcanic complex, activity of which began in 
the Pliocene and continued till the Quatemary (Vass -
Elečko, 1992). The original volcanic !and fonns of this 
mountain were erosionally destroyed and got into inverse 
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position. The Cerová vrchovina Mts. was uplifted into 
combined dome-horst type morphostructure (V ass - Pris­
taš - Elečko, 1992 and Lacika, 1989). The study of the 
river planation surface indicates high values of its Qua­
temary uplifts locally higher than 300 metres (Lacika, 
l 990). Frequent asymmetry and appearance of the tec­
tonic intramontane basins suggest an intensive morphos­
tructural differentiation of these young mountains. The 
ground plant of The Košická kotlina basin is compli­
cated with several protuberances to the Slovenské 
Rudohorie Mts. This basin is bordered and segmented 
by a few active fault fines in various directions. The 
west-east fault system dominates in the southem part of 
basin, the north-southern faults , which predeterrnine the 
direction of the principal basin river, dominate in the 
north. The Tumianska kotlina basin in the south-west 
represents an inverse valley bordered in the South and 
North by the longitudinal fault, which had been active 
during the Pliocene and Pleistocene. This faults 
controlled the uplifting of the Slovenský Kras plateau 
and subsidence of the proper depression (Vass et al., 
1994). 

1.1.5 The southern elevational morphostructures 

This elevation morphostructure represents southem 
border West Carpathian dome, which myself individual­
ised tectonic uplifts. 

a) the Matra-Slaná e/evation morphostructure 

The Iongitudinal system of mountains culminates in 
its north-east terrnination formed by less tectonically 
differentiated volcanic-fault morphostructure S/anské 
vrchy Mts. According to Dzurovčin ( 1990) the mor­
phology of the meridionally oriented morphostructure is 
given more by accumulation volcanics than by block 
upliftings along the system of faults . These mountains 
formed on north-south fault system, which are delimited 
by much higher blocks of the Košická kotlina basin and 
much lower blocks of the Východoslovenská Nížina 
lowland. Volcanics of the linearly arranged Neogene 
volcanoes covered a tectonic step-like blocks declined 
eastward. Their fault bordering is less expressive to­
wards the Košická kotlina basin than towards the other 
side. The Zemplínske vrchy Mts. represent a horst-like 
morphostructure with unusual position. The system of 
uplifted blocks is enclosed from three sides by subsided 
blocks of the Východoslovenská nížina lowland. The 
Burda Mts. are by faults bordered morphostructure 
structurally connected with Hungarian volcanic moun­
tain range Borsszony behind the fault of the Ipeľ valley. 
These mountains represent the west limitation of the 
south Slovakian elevation morphostructure. The Hun­
garian mountain range beginning by the Pilis Mts which 
spread farther to the south-west is not considered by the 
Hungarian geomorphologists as a part of the West Car­
pathians (Pésci, 1970). According to Mazúr (1979) they 
should be included in the West Carpathians. 
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1.2 The East Carpathians 

The East Carpathians reach the territory of Slovakia 
by only by their western border only. They consist oftwo 
parts and their arrangement is zonal. 

1.2.1 Outer wne morphostructures of the East 
Carpathians 

The character of this unit is a transversally widely 
opening depression (intermontane type) between the West 
Carpathians and higher eastem part of the East Carpathi­
ans. The axis of this depression is north-south oriented. It 
follows the Ondava river valley. The Nízke Beskydy Mts 
appear as a northem continuation of the Východosloven­
ská Nízina Iowland (its tectonic subsidence). The is a 
more uplifted group of blocks of the Bukovské vrchy Mts 
north-east ofthe Nízke Beskydy Mts. The upper blocks of 
the Busov Mts. are situated in the north-west. 

a) The Nízke Beskydy depression morphostructure 

This morphostructure is consists of three geomorpho­
logic units: the Ondavská vrchovina Mts., the Laborecká 
vrchovina Mts and the Beskydské predhorie fare/and. The 
shape of the Nízke Beskydy morphostructure is that of a 
wide shallow transversal depression, lower than the 
Čergov Mts, the Bukovské vrchy and the Slanské vrchy 
Mts. The Východoslovenská nížina lowland lies in lower 
position only. Morphostructure was analysed by Harčár 
(1995 and 1997). It is differentiated into a great amount 
of small blocks. The blocks are not organised into a well­
marked hierarchically arranged system. There is not any 
centra! ridge or centra! depression in this morpho­
structure, only monotonous altemating of low ridges and 
valleys. The NW-SE and N-S lines domínate in the 
geomorphologic ground-plan. The NW-SE lines belong to 
the Paleogene geological structure, N-S lines are linked to 
younger faults. An expressive inverse relief occurs in 
some areas. The Beskydské predhorie foreland represents 
a zonally arranged less uplifted morphostructure. It looks 
as a foreland of the Ondavská vrchovina Mts. and the 
Laborecká vrchovina Mts. in the West and as wide valley 
between the Bukovské vrchy Mts. and the Vihorlat Mts. 
in the east. This morphostructure is differentiated by 
transversal faults. 

b) the Busov e/evation morphostructure 

There is one partia) morphostructure in the Busov ele­
vation morphostructure. The are the Busov Mts. This less 
differentiated, massive mountainous unit like near Čergov 
Mts. is build by rock outer flysch, dominantly by sand­
stone, lithology of which emphasizes the elevation shape 
of morphostructure and relief inversion. 

c) the Po/oniny elevation morphostructure 

This unit comprises only one partia! morphostructure -
the Bukovské vrchy Mts. This expressive elevation rises 
above the Nízke Beskydy Mts. The massive 
morphostructure has a centra) ridge which r ~ 
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highest altitude in the territory of Poland and Ukraine 
(over l 300 m above the sea level). lt has a two-level 
composition with vast foreland. 

1.2.2 Inner zone morphostructures of the East 
Carpathians 

This morphostructure includes the whole of the 
Vihorlatské vrchy Mts divided into two units of the 4th 
hierarchical level. 

a) The Humenné morphostructure 

This small morphostructure is identical to the Humen­
ské vrchy Mts. in the western part of the Vihorlatské vrchy 
Mts. It is not volcanic or massive. Its blocks are built by the 
Mesozoic rock in an expressively isolated position. 
Morphostructure is less uplifted than the surrounding 
volcanic Vihorlat Mts. The group of blocks is limited by 
the longitudinal faults and differentiated by a transversal 
one. The Laborec river valley traces one ofthem. 

b) The Vihorlat vo/canic morphostructure 

This vokanic and relatively massive morphostructure 
is divided into the Vihorlat Mts. and the Popriečny Mts. 
(the eastem part ofthe Vihorlatské vrchy Mts.) Kalinčiak, 
Konečný & Lexa ( 1989) studied its volcanic structure. 
The system of transversal tectonic divides the morpho­
structure by a transversal depression in two massifs. The 
Vihorlat Mts. group of blocks is individualised by expres­
sive NE-SW faults . The transversal NW-SE faults in the 
Vihorlat Mts. become longitudinal in the Popriečny Mts. 
This dífferent tectonic ground-plan changes orientation of 
the main ridge ofthe eastem part ofthe morphostructure. 

2. The Pannonian Basin 

The Pannonian Basin consists of three Slovak low­
lands. Each of them is a part of bigger lowland unit, and 
their bigger parts lye out of Slovakia. The lowlands are 
bounded and divided by elements of the fault tectonics. 
The West Pannonian Basin consist ofthe Záhorská nížina 
lowland and Podunajská Nížina lowland. Východosloven­
ská nížina lowland belongs to the East Pannonian basin. 

2.1 The West Pannonian Basin 

2.1.J The Záhorie morphostructures of the Pannonian 
Basin 

The Záhorská nížina lowland belong to bigger low­
land unit, which continues over the boundary of the river 
Morava to the Austria and the Czech Republic. Its 
boundaries with neighbouring elevation morphostructures 
follows mostly an active fau lt (more expressive with the 
Malé Karpaty Mts, less with the Myjavská pahorkatina 
hilly land). 

a) The Chvojnícka morphostructure 

The Chvojnícka morphostructure lies in the northem 
part of the Zahorská nížina lowland. lt consists of the 
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Chvojnícka pahorkatina hi//y /and, the Gbelský Bor and 
the Slovak part oj the Dolnomoravský úval /owland. It 
has a mosaic of high lowland type blocks, which are 
massive, less differentiated and plateau-like. Plateaus 
reach the altitude above the sea level over 400 m in the 
Zámčisko area. The subsided blocks during the Quater­
nary are situated in the West (near Hol ič town). 

b) The Bor morphostructure 

Borská morphostructure stretches over the Borská 
Nížina low/and excluding the Gbelský Bor area. It has 
been studied by Škvarček ( 1971 ). The Malé Karpaty Mts. 
are bordered by a narrow longitudinal Podmalokarpatská 
Znízenina depression, which is dissected by transversal 
faults into less uplifted and more subsided system of 
blocks. An intense Quaternary subsidence of this depres­
sion has accelerated their filling by alluvium ofthe brooks 
from the Malé Karpaty Mts. The western part of Záhorská 
nížina lowland appears as relatively stable morphostruc­
ture. Its very moderate tectonic mobility is indicated by 
asymmetry of the terracing system of the Morava river, 
which is well developed in the left (Slovak) side. Proba­
bly the effect of a westward tectonic tílting caused grad­
ual migration of the Morava in the same direction during 
the Quatemary. 

2. 1.2 The Danube morphostructures of the Pannonian 
Basin 

The Podunajská morphostructure is bordered by faults 
with neighbouring elevation morphostructures ofthe West 
Carpathians. It is divided into two partia] morphostruc­
tures. 

a) The Danube outer morphostructure 

This morphostructure includes the Podunajská pa­
horkatina hil/y /and only. Jt has a position of the transi­
tive morphostructure between strongly subsided centre of 
lowland and surrounding positively developed mountain­
ous morphostructure. The lowlands protuberances reach 
northwards between the mountain ranges of the West and 
Central Slovak extemal volcanic morphostructure. One of 
them (near the Bánovce town) directly contacts with the 
transitive morphostructures ofthe West Carpathian dome. 
The Podunajská pahorkatina hilly !and is arranged into a 
system of altemating wide valleys and the lowland hills. 
The Váh river very intensively agrades in its valley be­
tween the Nové Mesto nad Váhom and Sereď towns, sug­
gesting the Quatemary subsidence. This depression 
neighbours with the second subsided block in the south­
east with recent tectonic tilting (Stankovinansky, 1993) 
There is also longitudinal depression at the foot of the 
Malé Karpaty Mts. analogue to depression in the opposite 
side of this horst morphostructure. This depression is cut 
by several active transverse faults . Some of them break 
the depression between the Modra town and Častá village 
(Feranec - Lacika, 1991 ). Geomorphologic development 
of entire morphostructure was influenced by intensive 
subsidence in the south lying neighbouring central blocks 
of the Podunajská nížina lowland. Large alluvial fan of 
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the Oanube river pushes back the lower Váh river. This 
geomorphologic process causes a bend of Váh river to­
wards south-east close to Sereď town. Other considerable 
change of a hydrological and structural networks of the 
Podunajská nížina lowland developed on an the area of 
the lower Nitra and Zitava rivers. They flew directly 
down the old Žitava valley across the Hronská pahorkat­
ina hilly land towards the Hron river valley as recently as 
in the Middle Pleistocene (Harčár, 1975 and 1981). There 
are several land forrns related to the tectonic movements 
in the Podunajská pahorkatina hilly !and, for instance 
rectangular and asymmetrical valley texture in the Hron­
ská pahorkatina and Nitrianska pahorkatina hillylands 
(wide surroundings ofthe Vráble town). 

b) the Danube inner morphostructure 

This morphostructure is the deepest Quatemary tec­
tonic depression in Slovakia .lt includes the Žitný ostrov 
area and adjacent less subsided blocks of the Podunajská 
rovina plain. The Danube river looses its transport energy 
leaving the Malé Karpaty Mts Danube and its alluvial 
material is deposited into an intensively subsided centra) 
depression. Maximum thickness of the alluvial accumu­
lation is more than 500 meters in the central part of 
depression (Halouzka, 1994). Man has entered into this 
natural relief-forrning story by construction of dike sys­
tems and water works and stopped the process of depres­
sion. That is why in the territory of Žitný ostrov several 
shallow depressions originated, named by Lukniš & 
Mazúr (1959) "mokrade" . 

2.2 The East Pannonian Basin 

2.2.1 The East Slovakian morphostructures of the 
Pannonian Basin 

This morphostructure has a complicated ground-plan. 
This lowland has no centre of subsidence. The plains are 
more typical here than hills in it is a trait that distin­
guishes it from the Podunajská nížina lowland. 

a) The East S/ovakian outer morphostructure 

The Východoslovenská pahorkatina hilly )and is situ­
ated in the circumferential part of the Východoslovenská 
nížina lowland. The edge of the lowland consists of a 
group of upper blocks higher than interna) morphostruc­
ture and lower than the surrounding mountainous blocks 
of the Slanské vrchy Mts. and Vihorlatské vrchy Mts. 
They are very close to centre of the West Carpathians 
dome in the north-west. This fact causes the maximum 
dynamism of the local fluvial geomorphologic systems. 
The Pozdišovský chrbát lowland ridge reaches farthest in 
the Východoslovenská nížina lowland, between the On­
dava and Laborec river valleys. There is a complicate 
system of blocks under the Vihorlatské vrchy Mts 
(surroundings ofthe Sobrance town). 

b) The East S/ovakian inner morphostructure 

This morphostructure consists of the Východosloven­
ská rrovina plain. Jt is a complicated system ofthe blocks 
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that subsided in the Neogene and Quatemary mobility of 
which causes frequent changes of the hydrological and 
geomorphologic networks (Borsy - Felefyházy, 1983). 
Subsided blocks are mostly bordered by N-S and W-E 
fault systems. There are flat and badly drained land forms, 
their rivers often agrade. Water-logged territory is 
unsuitable for agricultural use. 

Conclusion 

The basic morphostructural units of Slovakia surpass 
its state borders and some of its parts part lie in the terri­
tories ofthe neighbouring states. In other words, the mor­
phostructural regionalization has an intemational dirnen­
sion. The Carpatho-Balkanic Geomorphologic Commission 
is starting a multilateral researcb project. It will co-ordinate 
the morphostructural research in several Central-European 
and Balkan countries including Slovakia. This contri­
bution is a part ofthe project. 

At the same time this contribution was realised as a 
part of the project solution No. 2/4063 granted at the 
recommendation ofthe scientific grant agency VEGA. 
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Petrology and chronology of the Vučje gneiss, Serbo-Macedonian massif, 
Yugoslavia 
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Abstract. The Vučje Gneíss consists of K-feldspar, plagioclase (olígoclase, andesíne), biotite, muscovite and 
quartz. Mínera! and chemical composítion suggest that they were oríginally ígneous rocks, i.e. peraluminous 
granites. 

The gneísses of Vučje have a geochemícal signature that ís comparable with that of granítoids of withín­
plate tectonic setting, and ofsyn-collisíon granites. 

The geochronologícal <lata suggest that three maín períods of tectonísm, metamorphism and/or igneous 
activítíes occurred: Caledonían , Hercynían and Alpíne. 

Key words: petrology, chronology, gneíss, Serbo-Macedonian massíf 

Introduction 

The Vučje gneiss belongs to the Serbian-Macedonian 
Massif (Dimitrijevič, 1959), composed of two meta­
morphic complexes. 

1 .... _ __,?km 

The Lower complex, pre-Cambrian in age, consists 
of different gneisses {locally migmatitized), micaschists, 
quartzites and marbles (in lower horizons). This complex 
also includes granitic rocks oftwo ages: the Vlajna pluton 
at the boundary between the lower and the upper 
complexes (450 Ma, Upper Ordovician, Vukanovič et al, 
1973), and the Bujanovac granitic pluton (347 Ma, Lower 
Carboniferous, Dimitrijevič, 1958). 

The Upper, or Ylajna complex, unconformably over­
lying the lower one, contains the paleofloral and fauna] 
remains showing its Riphean-Cambrian to Ordovician (and 
probably even younger) age. It consists of greenschist 
facies metamorphosed rocks. The first outcrops of this 
complex are located about 15 km west of Leskovac. 

Legend 

The Vučje gneiss is situated south of the Leskovac 
Neogene depression, in the neighbourhood of Vučje 
township (Fig. 1 ). This concordant, strongly foliated 
body has a gradual transition toward the adjacent 
metamorphic rocks. General shape of the Vučje gneiss 
body is roughly elipsoidal, outcropping over an area of 
about 4x2 km. Northern part of the body is cut by a 
young fault toward the Neogene basin of the Veternica 
river. In the eastem direction it is flanked by the Vlajna 
granitic body, and by the Vlajna dome to the south, with 
conspicuous masses of migmatites. During previous 
investigations the Vučje gneiss has been regarded as a 
migmatite, together with the surrounding rocks, and 
mapped as an eyed-amygdaloidal embrechite. No 
special studies were formerly performed. New 

Ll . 1 

~ 
~ 2 

Fíg. 1. Locations and sírnp/ified geology oj the Vučje Gneiss 
(after Dimitrijevič et al. 1966167). Legend: I. Quaternary and 
Neogene; 2. Hercynian granitoid rocks; 3. Crystal/ine schists oj 
Lower complex oj Serbo-Macedonian rnassif; 4. Gneisses oj 
Vučje. 
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investigations cover many aspects, including field relations, 
petrology, geochemistry and isotope geochemistry. 

The purpose ofthis paper isto discuss the petrological 
and geochronological features of these rocks, basing on a 
substantial set of new analyses, and to present an idea of 
possible physical processes which controlled the thennal 
and structural evolution of this part of the Serbo­
Macedonian Massif. 

Petrography 

The Vučje gneiss consists of K-feldspar, plagioclase, 
biotite, muscovite and quartz. The accessories include 
zircon, apatite and tounnaline. 

The gneisses are medium to coarse grained. The rocks 
vary from augen-to rarely banded gneisses. This banding 
is believed to be of structural-metamorphic origin because 
the original texture has not been preserved and the 
presence of augen structure requires a deformation. The 
general consistency in the orientation of foliation in the 
banded and augen gneisses suggests that the rock fabric 
was controlled by the regional strains. Leucocratic 
material in the outcrop ranges from the millimeter-thick 
layers and lenses to larger bodies as much as IO cm thick. 

K-feldspar is a dominant mínera) and constitutes 
between 35-40% ofthe volume of in investigated rocks. It 
occurs both as poikiloblasts and as small granoblastic 
matrix grains. Globular porphyroblasts of K-feldspar, as 
much as 5 cm in size, fonn 'eyes' in hand specirnens. The 
crenulation folding in places defonned these eyes to an 
elipsoidal shape. Apparently, the K-feldspar porphyro­
blasts developed due to pressure solution of the same 
mínera! in the protolith, although the metamorphic 
reactions may have also contributed to its development. 
The K-feldspar shows the Carlsbad twining and some 
perthitic and mynnekitic intergrowths. Some grains of K­
feldspar have undulatory extinction, fonning a lobate to 
sutural texture, but are not recrystallised along the grain 
boundaries. Locally, the K-feldspar contains as inclusions 
randomly oriented flakes ofsericite. 

Plagioclase is relatively fresh and twinned with poly­
gonal boundaries. The grains are 0.1 to 0.5 mm in 
diameter and show no chemical zonation or significant 
compositional variations. This mineral also occurs as 
small anhedral grains included in K-feldspar. The 
evidence of retrogression to sericite is rare . This mineral 
constitutes as much as 20% ofthe rock. 

Biotite is pale to red-brown and, together with rare 
flakes of muscovite, it defines the foliation of the 
gneisses. This mínera) constitutes as much 20% of the 
rock. It scarcely enwraps large K-feldspar grains. Large 
biotite flakes (as much as 3 mm in size) are pleochroic, 
ranging from pale to reddish-brown, locally show some 
chloritic alterations, with, or without Fe-oxides, and 
may associate with muscovite to form patches. Some 
biotite flakes have cuspate contacts with the surrounding 
quartz-feldspathic matrix suggesting textural disequi­
librium. Deformations, without mechanical disconti­
nuity, also occur in some places. Biotite crystals are at 
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places surrounded by a fine aggregate of K-feldspar and 
ilmenite. 

Muscovite is scarce or tota lly absent. The flakes of 
this mínera! sporadically occur as randomly oriented 
grains within biotite. 

The quartz grains are elongated and show the defor­
mation bands and undulatory extinction. This mineral 
shows a variety of recovery and recrystallization features, 
such as ribbon texture, separate grain boundaries and the 
development of fine-grained polygonal mosaics. 

Chemistry 

Bulk rock chemistry 

Main and trace elements were detennined on 5 care­
fully selected samples of Vučje gneisses using the X-ray 
fluorescence. The REE were determined by means of 
inductivelly coupled plasma mass spectrometer (ICP­
MS). The analytical precision was tested using the 
intemational standards and was shown to be better than 
5% for ten main elements and the REE. Analyses were 
perfonned at the Federal lnstitute of Geosciences and 
Natural Resources, Hannover (Germany). 

The main and trace element contents and CIPW norms 
of the analysed rock samples are shown in Table 1. 
Mineral and chemical data suggest an originally granitoid 
composition. These rock have excessive molar Al2O/ 
(Cao+Na2O+K2O) ratios, giving as much as 1.44% 
normative corundum (i .e. peraluminious granitic group, 
Maniar & Piccoli, 1989). The Vučje gneisses also follow 
a calcareous trend (Peacock, 1931) and chemical and 
mineral compositions correspond to granodiorites (Le 
Maitre 1989, Fíg 2.). 

Q 

A p 

Fig. 2. Plot o/ Vučje gneiss data on the normative Q-A-P 
diagram (le Maitre, 1989). 
Fields: I a-quartzolite; I b-quartz-rich granitoids; 2-alkali 
/eldspar granite; 3a- syeno-granite; 3b- monzo-granite; 4- gra­
nodiorite; 5-tonalite; 6•- quartz alkalifeldspar granite; 6-alkali 
feldspar syenite; ľ-quartz syenite; 7-syenite; 8'-quartz monzo­
nite; 8-monzonite; 9-monzodioritelmonzogabbro; Io•- quartz 
diorite/quarlz gabbrolquartz anorthosite; 10-diorite/gabbro/ 
anothosite. 
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Mineral chemistry 

The minerals were determined using the optical 
microscopy and electron microprobe. AII minerals were 
analysed using the Cameca electron microprobe stationed 
at the University of Hamburg. Analytical conditions were 
as follows: 20 kV acceleration voltage, 10 nA sample 
current, 10 s counting tíme. Natural and synthetic oxide 
and minerals were used as standards. Representative 
mínera! analyses are shown in Tables 2-4. 

Table 1. Bu/k rock chemistry of the Vučje gneisses 

1 2 3 4 5 
SiO2 68,68 73,55 71 ,56 70,82 70,03 
TiO2 0.35 0.33 0.39 0.31 0.34 
A'20 1 16.15 ll.92 14.54 14.39 15.13 
Fe2O1 0.12 0.47 0.59 0.34 0.39 
FeO 2.50 2.63 2.02 2.81 2.59 
MnO 0.04 0.03 0.03 0.04 0.04 
MgO 0.59 0.53 0.72 0.65 0.59 
CaO 1.92 1.94 2.27 2.13 2.12 
Na2O 4.49 3.70 4.17 3.91 3.86 
K2O 4.09 2.36 2.21 2.91 3.01 
P2Os O.II O.II 0.12 0.12 0.11 
Wl 1.53 1.99 2.00 1.99 2.09 
Total 100.57 100.56 100.62 100.42 100.30 

CIPW-norm 
Q 20.41 36.56 32.05 29.73 29.15 
C 1.11 1.01 1.45 1.22 1.93 
or 24.17 13.31 13.06 17.20 17.79 
ab 37.99 31 .31 35.28 33 .08 32.66 
an 8.81 8.91 10.48 9.78 9.80 
hy 5.46 5.27 4.43 6.06 5.42 
ml 0.17 0.68 0.85 0.49 0.56 
ii 0.66 0.63 0.74 0.59 0.65 
ap 0.25 0.25 0.28 0.28 0.25 
norm Pl 18.81 22.14 22.89 22.82 23 .07 

Trace elements (oom) 

Sc 6 5 6 5 6 
y 21.2 36.5 27 .0 31.4 26.4 

Ba 646 434 719 580 612 

B 5.5 3.2 7.2 6.1 6.8 

Cs 2.8 1.8 2.9 2.5 2 
Hf 1.5 2.0 1.9 2 2 

Li 18 13 20 16 18 

Mo 1 1 1 1 1 

Nb 24 21 22 22 21 

Pb 19 17 13 18 17 

Rb 119 66 88 90 92 

Sr 248 271 333 311 298 

Ta 2.3 2 2.2 2.1 2.2 

Th 14.2 18.7 20.2 17.4 16.9 

u 2.1 6.6 3.7 4.1 4.9 

Zr 53 67 64 62 57 

La 36 44 47 42 44 

Ce 76 89 94 86 87 

Pr 8 9 IO 9 10 

Nd 28 34 37 29 31 

Sm 5.6 7.1 7.2 6.8 7.1 

Eu 1 1 1 1 1 

Gd 5 7 6 6 6 

Tb 1 1 1 1 1 

Dy 3.9 6.2 5.1 5.2 4.4 

Ho 1.1 1.2 1.1 1.2 1.1 
Er 8 3.4 2.5 3.1 2.8 

Tm 1 1 1 1 1 

Yb 1.7 3.1 2.1 1.9 2.5 

Lu 1 1 1 1 1 

Table 2. Representative analyses of potassium 
feldspars /rom the Vuéje Gneisses 

1 2 3 

SiO2 64.99 64.52 64.74 

AlzO; 19.00 19.20 19.12 
CaO 0.04 0.42 0.00 

Na20 0.88 1.67 0.68 

K20 14.91 13.84 15 .03 

Total 99.82 99.65 99.57 

Number of ions on the basis of 8 oxygens 

Si 3.0046 2.9735 3.0037 
Al 1.0353 1.0429 1.0455 

Ca 0.0020 0.0207 0 .0000 

Na 0.0789 0.1492 0 .0612 
K 0.8793 0.8136 0.8896 

or 91.58 82.72 93 .57 

ab 8.21 15 .17 6.43 

an 0.21 2.11 0.00 
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Table 3. Representative analyses of plagioc/ase from the Vučje 
gneisses 

1 2 3 4 5 

SiO2 62.86 61.75 61.76 61.96 63.77 

Ali01 24.07 24.53 24.71 24.57 23.46 

CaO 4.43 4.82 4.65 4.63 3.20 

Na2O 9.17 9.11 9.25 9.09 9.73 

K2O 0.24 0.12 0.17 0. 14 0.27 

Total 100.77 100.33 100.54 100.39 100.43 

Number ofions on the basis of8 oxygens 

Si 2 .7556 2.7169 2.7084 2.7252 2.7955 

Al 1.2436 1.2720 1.2771 1.2736 1.2121 

Ca 0.2081 0.2272 0.2185 0.2182 0.1503 

Na 0.7794 0.7771 0.7865 0.7752 0.8270 

K 0.0134 0.0067 0.0095 0.0079 0.0151 

ab 0.779 0.769 0.775 0.774 0.833 

an 0.208 0.225 0.215 0.218 0.151 

or 0 .013 0.006 0.010 0.008 0.016 

Table 4. Representative analyses of biotite from the Vučje 

Gneisses 

1 2 3 4 5 

SiO2 34.56 34.49 34.04 34 .69 35.63 

TiO2 2.02 2.04 2.00 2.20 2.09 

Ali01 17.20 17.06 17.40 17.07 17. 19 

FeO 25 .80 26.10 26.09 25.41 23.49 

MnO 0.27 0.22 0.22 0.23 0.25 

MgO 6.55 6.71 6.62 6.68 9.10 

K2O 9.09 9.26 9.05 9.33 9.49 

Total 95.49 95 .88 95.42 95 .61 97.24 

Number of ions on the basis of22 oxygens 

Si 5.4335 5.4149 5.3686 5.4428 5.4335 

Ti 0.2388 0.2408 0.2372 0.2596 0.2397 

Al 3.1871 3.1567 3.2343 3.1565 3.0895 

Fe2+ 3.3922 3.4268 3.4411 3.3341 2.9957 

Mn 0.0360 0.0293 0.0294 0.0306 0.0323 

Mg 1.5349 1.5702 1.5562 1.5622 2.0684 

K 1.8230 1.8545 1.8207 1.8673 1.8461 
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The analyses are the averages of 3-5 measurements made 100 
on mineral grains in the same thin section. Analysis of 
approximately 50 K-feldspar grains have shown a stable 
composition (Table 2). Also the plagioclase, analysed on 
some 30 grains, have shown an almost identical 10 
composition at the oligoclase-andesine boundary (Table 
3). Coarser plagioclase grains (l mm in diameter) neither 
show the chemical zoning nor significant compositional 
variations. 

The composition of biotite (approximately 30 grains 
analysed, Table 4) is siderophylitic. The combination with 
nominal 4% of H20 content yielded a total average of 
only slightly more than 100%. 

Geohronology 

Geochronological data may be relevant to two funda­
mental questions: (1) when the granitoid protolith formed 
and (2) when it undeiwent the metamorphism and cooling. 

Three samples have been selected for U-Pb dating (on 
zircon), and for K-Ar dating on plagioclase, al.kalí feldspar 
and biotite. The isotopic age of mentioned minerals was 
determined by Yu. Pushkarev (VSEGEI, Sankt Peterburg). 

The results are: 500 (±1.4) Ma for zircon; 265 (±30) 
Ma for plagioclase; 150 (±5)Ma for biotite and 130 (± 1 O) 
Ma for K-feldspar. 

The age value ofthe zircon is interpreted as the age of 
the granitoid magrnatic (Caledonian ?) intrusion. The age 
value of plagioclase retlects the age of the Hercynian 
metamorphism, rejuvenated by the Alpine reworking. 
Alpine rejuvenation metamorphism is unquestionable, 
considering the biotite and K-feldspar K-Ar age values. 

Metamorphic conditions and evolution 

The mineral assemblage ín Vučje Gneiss does not allow 
to accurately detennine the metamorphíc pressures. 
Metamorphic temperature of in the mentioned rocks can 
only be obtained from the feldspar geothermometer of 
Whitney & Stormer (1977). On the basis of mentioned 
geotherrnometer (for a supposed pressure of 6 Kb) the 
metamorphic temperature for the investigated rocks falls 
within the range 450 to 530°C. Mineral association in 
Vučje gneisses, Pl+Bt+Kfs+Ms+Qtz also indicates that 
temperature of metamorphism of the investigated rocks is 
compatible with the lower part of the amphibolite facies, 
close to the boundary with the greenschist facies (about 
530-550°C). 

The metamorphic temperature of about 530-550°C 
should be referred to the Hercynian metamorphism, 
because the post-tectonic, Hercynian Vlaina granitoid is 
not metamorphic (Fig. 1, symbol 2). Therephore, when 
this granitoid was intruded, the Vučje gneisses were 
already metamorphosed. 

The Alpine effects were only minor, probably only 
producing an isotopic rejuvenation, hut not new minerals. 
This conclusion is consistent with the fact that Hercynian 
granitoids do not show any mínera! alteration, indicating 
an Alpine metamorphism. 

.1 

K RbBalh Ta NbCeHf 11 SmY Yb 

Fig. 3. Multi element diagram of some representative Vuéje 
Gneiss analyses, normalised to ocean ridge granite. The order 
of the elements and values of the normalizing constants are 
from Pearce et al. (1984) . 
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Fig. 4. Plot of the Vuéje Gneiss analyses on the tectono­
magmatic discrimination diagram /or granilic rocks according 
to Pearce et al. 1984. WP: within plate granites; VAG+syn­
COLG: volcanic are granites and synco/lision granites; ORG: 
ocean ridge granites 
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Fig. 5. Plot of the Vuéje Gneiss using the mu/ticationig 
parameters 
( Batchelor & Bowden, 1985) . 
Legend: I Manile fractionates; 2 Pre-plate collision; 3 Post­
col/ision uplift; 4 Late-orogenic; 5 Anorogenic; 6 Syn-col/ision; 
7 Post-orogenic 
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Conclusion 

Mineralogical and chemical compositions of Vučje 
gneisses suggest that they were originally igneous rocks 
i.e. peraluminous granitoids. This type of granitic magma 
is comrnonly considered as generated directly from partial 
melting of crustal materials. 

For the purpose of the tectonic setting granites have 
received less attention than basalts as tectonic indicators. 
However the geochemical studies ofVučje gneisses have 
an important bearing on the interpretation of tectonic 
setting. 

The gneisses of Vučje are characterized by enrich­
ments in K, Rb, Bá, Th, Nb and Ce relative to Hf, Zr, Sm, 
Y and Yb (Fíg 3). 

These rocks, when plotted on a discrimination trace 
element diagram (Fíg 4.), have a geochemical signature 
that is comparable with the granitoids from within-plate 
tectonic setting (Pearce et al. 1984). Classification 
schemes based on the main components (Peacock, 1931, 
Chappel & White, 1974, White & Chappel, 1977, Collins 
et al, 1982 etc) do not give significant indications for the 
tectonic classifications. 

The chemical data of Vučje gneisses fall in the field of 
syn-collisional melts (Fig . 5, Batchelor & Bowden, 1985) 

Based on the geological and radiometric results, three 
main periods of tectonism, metamorphism and/or igneous 
activities can be recognised: Caledonian, Hercynian and 
Alpine. 

Primary (?) crystallization of granitic magma (zircon 
age) happened 500 M/a ago. This has been considered as 
the age of plutonic emplacement of granitic magma. 

The mineral assemblages of Vučje gneisses is therefore 
dominated by an amphibolite facies equilibrium assem­
blage, which shows only minor overprinting by the fine­
grained recrystallization. The last phase of crystallization of 
minerals pertains to the lower part of amphibolite facies of 
metamorphism (recrystallization of plagioclase and forma­
tion of augen K-feldspar). The plagioclase age (265 m/a) 
can indicate a period of tectono-metamorphic activity, 
probably related to Hercynian orogenesis, or may be a 
result of an Alpine overprint. 
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The greenschist facies metamorphism (recrystallization of 
K-feldspar and the isotopic reseting of biotite) relates to 
Alpine metamorphism (K-feldspar and biotite age). 
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Lithobiostratigraphy of the Ždiar Formation of the Krížna nappe (Tatry Mts.) 

MILAN POLÁK.1, ANNA ONDREJIČK0VÁ 1 and JÓZEF WIECZOREK2 

1Geological Survey of Slovak Republic, Mlynská dolina 1, 817 04 Bratislava, Slovakia 
2Geotermia Podhalanska S. A., Ul. Szymony 17A, 34 500 Zakopane, Poland 

Abstract: On the basis of lithobiostratgraphical study in Tatra Mts. (and Veľká Fatra and Malá Fatra Mts., 
Strážovské vrchy, Chočské vrchy and Nízke Tatry Mts.) the formation of Middle and Upper Jurassic radio­
larian limestones and radiolarites in the Krížna nappe was distinguished as a new lithostratigraphic unit - the 
ŽDIAR Formation. The stratigraphic range of the Ždiar Formation was established as Upper Bathonian -
Lower Kimmeridgian on the basis of radiiolarian microfauna. 

Key words: Ždiar Formation, radiolarian limestones, radiolarites, microfacies, radio larians, age, Krížna 
nappe, Tatry Mts., West Carpathians, Slovakia and Poland. 

lntroduction 

Several sections through the radiolarian limestones and 
radiolarites of the Krížna nappe in the Tatry Mts. were 
recently investigated and recorded as part of the project 
Geodynarnic model of the Western Carpathians. This 
allowed us to obtain a: direct paleontological inforrnation on 
the stratigrafic range of this Krížna nappe formation in 
almost all core mountains ofthe Western Carpathians. 

As early as in 1925 R.abowski & Goetel and in 1932 
Sujkowski assigned the Doggerian age to the radiolarite 
forrnation . This forrnation of the Tatra Mts. was studied 
in more detail by Lefeld ( 1974, 1981 ). Lefeld et al. 
(1985) accepted the concept of Birkenmajer (1977) who 
distinguished two formal stratigraphic radiolarite units in 
the Klippen belt, the lower - Sokolice Unit of probable 
Upper Bajocian - Bathonian age and the upper unit - the 
Czajakowa radiolarites of the Callovian - Oxfordian age. 
On the basis of these assumptions this author adopted a 
similar scheme for the whole Western Carpathian region 
and for the northem Tethyan margin. Most newer lithos­
tratigraphic and biostratigraphic data refer to the Krížna 
nappe ofthe Western Carpathians (Polák & Ondrejičková 
1993a, 1993b, 1995). 

Lithology 

We investigated several sections through the Upper 
Jurassic radiolarian limestones and radiolarites of the 
Krížna nappe in the Tatry Mts. Our attempt to find and to 
classify the radiolaria microfauna was succesful in the 
following sections: 

- on the SE ridge of the Ždiarska vidia (the Havran 
partia! tectonic unit), 

- m the section Banie Huciska (Bobrovec tektonic 
unit) and 

- in the section Gladki Uplazianskie tectonic unit). 

Section: Ždiarska vidia 

On the south-eastem ridge of the Ždiarska vidia there 
is a complete section through the formation of radiolarian 
limestones and radiolarites, which we refer to as the type 
section of the Ždiar Form ation. (Fig. 2). 

The immediate underlier is composed of a formation 
of dark-grey, marly, mottled limestones with scarce dark 
chert nodules, altemating with the dark-grey shales - (the 
Allgäu Member - Fleckenmergel). The age of the forrna­
tion corresponds to the Sinemurian to Toarcian 
(Gazdzicki et al., 1979, Lefeld et al., 1985). 

The lower, some 50 cm thick part is made up of grey­
green radiolarian limestones with a black radiolarite in­
tercalation and noduless. It is suceded by a bed consisting 
of three thin strata (as much as IO cm thick) of greenish 
radiolarites. The formation continues with the grey­
greenish, bench-like (IO - 15 cm thick) radiolarian lime­
stones that contain small black chert nodules. Another 
part (some 2 m thick) is composed of the red-violet fri­
able radiolarites, grading into pink, green and pale-grey 
radiolarites with pale-grey limestone intercalations. The 
overlying part is made up of pale-grey, compact radiolar­
ian limestones with small nodules of green-black cherts. 
After an interruption there follow thin-bedded to slab-like 
(5 - 1 O cm thick) green-grey radiolarites with thin, grey 
limestone and shale intercalations. These are overlain by 
an about 1 m thick bed of green-grey, slab-like, partly 
desintegrating radiolarite, which ends with a bed of grey 
limestones with radiolarite nodules. The subsequent suite 
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Fig. 1 Localízation of studied radiolarian-bearing profil es of Tatra Mts. 
1 - Crysta//ine core of the Tatra Mts., 2 - Crysta//ine rocks of a/lochthonous High Tatric units, 3 - Sedimentary cover of crysta//ine 
massif, 4 - Sedimentary rocks of a//ochthonous High Tatric units, 5 - Tectonic units of Krížna nappe (radio/arite bearing units): Bo -
Bobrowiec unit, GU - Gladkie Uplaziaŕlskie unit, KS-S Kopy Soltysie-Siodlo unit, GS-S - Cesia Szyja-Ska/ki unit, H - Havran unit, 
6 - Choč nappe, 7 - Furkaska-Koryciska unit (the highest tectonic unit of the Tatra Mts., ? Choč nappe), 8 - Paleogene, 9 -
Overthrust of the Krížna nappe, 1 O - Other overthrusts 

is composed of the grey-green desintegrating radio­
larites that end-up with the beds of grey limestones. The 
uppermost part of the formation (about 3 m thick) is 
composed of thin bedded to slab-like, grey-green, in 
its upper part even black radiolarites, with irregular grey 
limestone intercalationsf. These are overlain by 
red nodular limestones of the Jaseniny Formation 
(Kimmeridgian). 

Banie Huciska section 

The section occurs on the eastem slopes of Cho­
cholowska dolina, on the south-westem slope ofthe Kliny 
hill (1275 m). The whole section is part of the Homola 
Formation (Lefeld et al. , 1985). In the lower part of the 
section there occur the Allgäu Member rocks (Flecken­
mergel) ofthe Lotharingian age, which are overlain by the 
crinoid limestones with spongoliths and with Fe-Mn 
mineralized beds that were mined in the past (Krajewski 
& Myszka, 1958). The overlying, 3 - 4 meters thick suite 
is composed of the red, nodular, Adnet limestones of 
Toarcian age (Sokolowski, 1925). 

The Adnet limestones are overlain by about 1 m thick 
grey-green, slab-like crinoid limestones with thin shale 
intercalations and with small chert nodules. The forma­
tion continues by an about 3 m thick assemblage of red, 
violet, slab-like radiolarian limestones that locally contain 
the green radiolarite bands. The next assemblage (about 
9 m thick), is made up of green, grey-green, slab-like, 5 -

10 cm thick radiolarian limestones. In the lower part there 
occur beds and intercalatíons grey-green shales. Most 
radiolarites occur as nodules of elliptic shapes, oriented 
parallel to the bedding. Their size is as much as 30 cm 
across . The next assemblage (some 4 m thick) is repre­
sented by red, violet, slab-like, l O - 25 cm thick radiolar­
ian limestones altemating with beds and bands of red and 
pink radiolarites. 

The whole section ends up with the red, violet, nodu­
lar, Kimmeridgian limestones and shales and with the 
Osnica Formation rocks. 

Gladkie Uplazianskie section 

ln this section, the condensed Jurassic - Lower Creta­
ceous sedimentation appears in full. The Allgäu Forma­
tion (Fleckenmergel) of Lotharingian - Toarcian age 
(Lefeld et al., 1985) and the crinoid limestones of Lower 
Liassic age directly overlie the radiolarian limestones and 
the radiolarites. The formation proper is in its lower part 
(about 2 m tick) composed of green radiolarian lime­
stones with green radiolarite intercalations. These grade 
into a bed of red radiolarian limestones and radiolarites 
(sorne 2 m). Next bed is made up of grey, slab-like, pelitic 
limestones with green radiolarite intercalations. These are 
overlain by red, bedded, nodular limestones, grading into 
pseudonodular, red, marly limestones, probably of Kim­
meridgian age. The upper part is made up of the Osnica 
Formation rocks ofTithonian - Lower Valanginian age. 
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FOSSILS 

EXPLANATIONS : 

limestones 

nodular limestones 

radiolariles 

limestones with cherts 

a) mierite 

b) sparite 

Ú radiolarians 
V saccocomas 
v ostracodes 
0 crinoids 
t:::I lamellibranchs 
c:J globochaets 
/ sponge spicules 
◊ calcite rhombohedrons 
K quartz 

RADIOLARIANS FROM WASHING: 

S. No 8 

Acaenio/yle diaphorogona FOREMAN 

Archaeospongoprunum imlayi PESSAGNO 

Higumaslra m1bricala (OžvowovA) 

Ris/ola procera (PESSAGNO) 

• 4 t,- s. No2 
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Fig. 2 Type lithostraligraphical profile through the Ždiar Forma/ion of the Krížna nappe. 
loca/ity: SE ridge o/Ždiarska vidia - Belianske Tatry Mts. 

Higumastra imbricata (OžvotoovA) 

Obesacapsu/a morroensis (PESSAGNO) 

Trilrabs ewíngi worzeli (PESSAGNO) 
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MACRODESCRIPTION 

BLACK LAYERED (10-60 cm) 
SPONGOLITES 
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FOSSILS 

EXPLANATIONS : 

gg limestones 

~ crinoidal limestones 

~ radiolarites 

E:I limestones with cherts 

[JJ . mierite 

o radiolarians 
ffi foraminifers 
v ostracodes 
0 crinoids 

l!!:::1 lamellibranchs 

~ sponge spicules 
filaments 

Q belemnites 

d gastropods 
?P aptychi 
s;s lamination 
◊ calcite rhombohedrons 
1( quartz 

RADIOLARIANS FROM WASHING: 

S. No 11 

síliceous sponge spicu/es 

S. No 10 

Mirifusus díanae (KARRER) 

S. Noll"" 

Acaeniotylopsís variatus (Olv0LD0VÁ) 

Higumastra imbricata (OlV0LDOVÁ) 

Archaeospongoprunum ímlayí PESSAGNO 

Homoeoparonae/la gígntea B AUMGARTNER 

S . No 5 

Eucyrlidiellum unumaense (YAO) 

Stichocapsa convexa YAO 

Trícolocapsa conexa MATSUOKA 

Fig. 3 lithostratigraphical profile through the Ždiar Forma/ion ofthe Krížna nappe. Locality: Banie Huciska. · Vysoké Tatry Mts. 
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Lithostratigraphy and microfacies 

THE ŽDIAR FORMA TION (new name of the lithos­
tratigraphic unit) 

Name: borrowed from the hilltop of the Ždiarska vidia 
(2146.0 m) in the Belianske Tatry Mts. On the south-east­
em ridge there is a very well exposed sequence of Juras­
sic sedimentary beds ofthe Krížna nappe. 

The type locality: any part of the area underlain by 
Middle to Upper Jurassic radiolarian limestones and 
radiolarites of the Krížna nappe, in any core mountain of 
the Western Carpathians. 

Type section: south-eastern ridge ofthe Ždiarska vidia. 
Reference sections: Banie Huciska, Gladkie Uplazian­

skie (Polish part of the Tatry Mts.) Zázrivská dolina 
(Malá Fatra Mts.), Trlenská dolina (Veľká Fatra Mts.), 
Lúčky (Chočské vrchy hills), Zliechovská dolina (Strá­
žovské vrchy hills). 

The formations are predominated by the radiolarian, 
partly quartzose, mostly bedded, variegated limestones 
(grey, black, green, red, or violet). The SiO2 contents 
range between 15 and 45 %. 

Structurally, most of them are biomicrites, while 
biomicrosparites ofthe wackestone type are less common. 
The most common microfacies in the limestones of the 
above mentioned formation is the radiolarian microfacies. 
The ratio of radiolarians, which are a rock-forming 
component, ranges between 40 and 85 %. Most 
radiolarians are calcified, but a small ratio preserved their 
original siliceous tests. The probability of finding suitable 
micropaleontological material also depends on the rate of 
preservation of the original composition. Almost 60 % of 
the radiolarians are the Spumellaria forms, and the rest 
are the Nase/laria forms . 

Both, the form and the mode of preservation of the 
radiolarians are subject to strong variation (see Polák & 
Ondrejičková, 1993b). While the ostracods, and the glo­
bochaetes are commonly present, the crinoid segments, 
apart from some basal parts of the section Huciska, where 
they may represent as much as 50 % of the total fossil 
remnants, are less abundant. Here, the lamellibranchiata 
fragments and the aptychi also occur. In the upper parts of 
the sections, the ratio of filaments, of the detritic aptychi 
and ofthe segments ofplanktonic crinoids Saccocoma sp. 
increases. In the section Huciska the ratio of sponge spi­
cule sections distinctly increases upwards. Less common 
are the foraminifera (Frondicularia sp., Nodosaria sp.) 
segments. In one case a segment ofthe belemnite rostrum 
was encountered. Sporadically occurs the clastic admix­
ture in the form of angular quartz fragments of aleuritic 
size. 

The radiolarites represent the second most important 
rock- forming component of the Ždiar Formation. In the 
Ždiarska vidia section they make up some 65 % of the 
rock. However, in the other sections their presence is 
much lower. Most radiolarites in limestones have a form 
of irregular elliptic nodules of various size . Almost all are 
oriented parallel to the bedding. Many nodules coalescce 
to produce the radiolarite beds and bands. 
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The radiolarites, as well as the limestones, have vari­
ous colours ranging from black, through grey and green to 
red and violet tints. 

As far as their microfacies classification is concemed, 
we assign them to the silicic-calcitic biomicrites with a high 
frequency of radiolarians, predominantly of the Spumel­
/aria type, composed mainly of the original, fine-grained 
quartzose matrix. Of the organic rernnants there occur 
scarce ostracods and very scarce sponge-spicules. The 
presence of euhedral, autigenic rhomboids, made up of 
calcite, or dolomite, respectively, is a characteristic feature . 
These rhomboids are almost always bound to the organic 
rernnants, which commonly make up their centra) part. 

In the basal part of the Huciska section (HC-5) the 
laminated textures composed of the fagments of miscella­
neous organic detritus, mainly of the Crinoid segments 
and filaments, with the indications of gradational bedding, 
were encountered. These alodapic components represent 
the distal turbidite (Walker, 1967), or the microturbidites 
(Schläger & Schläger, 1969), remnants, respectively. 

Biostratigraphic assessment 

The study of radiolarites and of the radiolarian lime­
stones from the Krížna nappe of the Tatry Mts. is a fol­
low-up of the previous studies that focused on their 
origin, biostratigraphy and lithostratigrafic position in the 
different Western Carpathian tectonic units (Polák & On­
drejičková, 1993b). 

Generally, a conclusion may be drown that despite 
their frequency in the sediments studied only a few gave 
such an extractable association that can be unequivocally 
biostratigraphically interpreted. The reason is poor pres­
ervation of their tests, which is due to calcification, frag­
mentation and deformation of the host rock. 

Biostratigraphic assessment of radiolarian associations 
is supported by their presence in the zones (UAZ) that 
correspond to appropriate periods in the chronostra­
tigraphic range, as referred to by Baumgartner et al. 
(1995) in their !atest paper. 

It must be noted that the zoning and its sequential or­
der underwent (since its establishment) several modifica­
tions (Baumgartner, 1984, 1987, O 'Dogherty et al. , 1989) 
and if the !atest zoning is to be applied (Baumgartner et 
al., l.c.), then the previous age interpretations of the 
radiolarian limestones and radiolarites of the Western 
Carpathians must be revised. 

The most striking difference in age assignment occurs 
for Zone A2 (middle Callovian - early Oxfordian), 
(Baumgartner, 1987), correlative with the UAZ.7 (late 
Bathonian - early Callovian). This older age assignment is 
the result of new Ammonite data from the Subbetic 
(Baumgartner et al. , 1995). 

Ždiarska vidia (samples ŽV-2 and ŽV-8) 

A radiolarian assemblage, in which the Spumellaria 
predominate, was encountered in the green-grey radiolar­
ian limestones (sample ŽV-2). Biostratigrafically, they 
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KRIŽŇANSKÝ PRÍKROV - KRIŽNA NAPPE 

TATRY MTS . 
LDIARSKA VIOLA BANIE HUCISKA GLADKIE UPLAZIANSKIE 

B AUMGARTNER et al., 1995 
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lower and upper boundary of possible occurrence of radiolarian associations ~ assumed age of investígated sediments 

comprise the species that cover a wide stratigraphic range 
(Text. Table) (UAZ.4, late Bajocian), such as the Higu­
mastra imbricata (OžV0LD0YÁ), Homoeoparonaella 
argolidensis BAUMGARTNER, Paronaella broennimanni 
PESSAGN0, Triactoma blakei (PESSAGNO), etc. that start 
to appear in the upper part of the Middle Jurassic period 
the highest position occupies the Tritrabs ewingi worze/i 
(PESSAGN0), in the UAZ.7, late Bathonian - early Cal­
lovian. The upper boundary of a possible occurrence of 
this association is determined by the Hígumastra imbri­
cata (OžV0LD0VÁ), which occurrence of which termi­
nates in UAZ.8, middle Callovian - eariy Oxfordian. 

The radiolarian association in the green-grey radio­
larites in the sample ŽV-8 is composed of similar genus 
and species and is predominated by the Spume/laria 
(Text. Table). The lower boundary· is determined by the 
species Archaeospongoprunum imlayi PESSAGN0, which 
first appears in UAZ.7, late Bathonian - early Cal lovian. 
We assume that the upper boundary is in UAZ.8, in which 
the occurrence of species Higumastra imbricata 
(OžV0LD0VÁ) and Tricolocapsa plicarum Y A0 terrni­
nates. In conclusion we may state that the sediments in the 
Ždiarska vidia section, represented by the samples ŽV-2 
and ŽV-8 may have sedimented during the period be­
tween the Upper Bathonian and the Lower Oxfordian . 
Most probable is the late Bathonian - early Callovian age 

L _ 

(UAZ.7), because UAZ.8, middle Callovian - early Ox­
fordian , is not represented by the new species character­
istic for this zone, but instead, by fading-out of certain 
species. 

Banie Huciska 

The collected samples contained radiolarians and sili­
ceous sponge spicules. Fairly numerous associations were 
extracted from the samples HC-5 and HC-8. 

In the green-grey radiolarian limestones (HC-5) a little 
diversified radiolarian association, predominated by 
Nasel/aria, was found. Of the determined species (Text. 
Table) ofthe lower part ofthe Middle Jurassic period, the 
Stichocapsa convexa Y A0, (UAZ. I - 11 ) and Eucyrtid­
ium unumaense (YA0) (UAZ.3 - 8) appear. The Tri­
colocapsa conexa MATSU0K.A first occurs in UAZ.4, late 
Bajocian, and terrninate in UAZ.7, late Bathonian - early 
Callovian . Inasmuch as no such species were found in this 
association, which would determine a narrower tíme 
range, we can only conclude that the sedimentation took 
place sometimes between the Upper Bajocian and the 
Lower Callovian stages. 

A radiolarian association, predominated by Spumel­
laria, was found in the green-grey radiolarian limestones 
(HC-8). Of the deterrnined species (Text Table), the Ho-
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Text. tab. Occurrence of radiolarians in the sections 

SPUMELLARJA NASSELLARJA UAZ SECTIONS 
Genus snecies Ždiarsk2 vidia Danie Hucisk2 Gladkie Uplaúanskie 

ŽV-2 ŽV-1 HC-5 HC-1 GU-2 GU-J GU-6 GU- 10, 
II 

Acaeniotyle diavhorogona FOREMAN 4 -22 + 
Acaeniotyle sp. + 
Acaeniotvlovsis variatus s.l. (OžVOLDOVÁ) 1-8 + cf. 
Acanthocircus trizonalis angustus B AUMGARTNER 6 - 10 + 
Alievum sp. A 8-9 + + 
Angu/obracchia biordinalis OžVOLDOVÁ 9- 11 + 
ArchaeosponJ{oprunum imlayi PESSAGNO 7-12 + + + + + 
Archaeosvongoorunum so. + + 
Emiluvia chica FOREMAN 3-18 + + 
Emiluvia hopsoni PESSAGNO 6-15 + 
Emiluvia orea BAUMGARTNER 8-11 + 
Emiluvia pessagnoi s.l. FOREMAN 4- 17 + 
Emiluvia premyogii BAUMGARTNER 3-10 + + + + 
Emiluvia sa/ensis PESSAGNO 4 -1 3 cf. + + + 
Emiluvia so. + + + + 
Haliodictya hojnosi RIEDEL et SANFILIPPO 3 -1 0 + 
Higumastra imbricata (OžVOLDOVÁ) 4-8 + + + 11 

Higumastra wintereri BAUMGARTNER 1-8 ' + 
Homoeooaronaella cf. arí!olidensis BAUMGARTNER + + + 
Homoeoparonaella eleí!ans (PESSAGNO) 4 -10 + 
Homoeoparonaella J!ÍJ!antea BAUMGARTNER 8-10 + + 
Homoeoparonaella oseudoewimzi BAUMGARTNER 3-7 + 
Monotrabs p/enoides BAUMGARTNER 5-8 + + 
Orbiculiforma catenaria OžVOLDOV Á 7-9 + 
Orbiculiforma sn. + 
Paronaella broennimanni PESSAGNO 4-10 cf. cf. + + + 
Paronaella cf. kotura BAUMGARTNER 3-10 + 
Paronaella muelleri PESSAGNO 6 - 10 + cf. + 
Paronaella pristidentata BAUMGARTNER 10-11 + 
Paronaella so. + + 
Tetraditryma corralitosensis bifida CONTI et MARCUCCI 5-7 + 
Tetraditryma pseudoplena BAUMGARTNER 4-11 + 
Tetratrabs bu/bosa BAUMGARTNER 7-11 + 
Tetratrabs zealis (OžVOLDOVÁ) 4-13 + + + + + 
Triactoma blakei (PESSAGNO) 4-11 cf. + 
Triactomajonesi (PESSAGNO) 2- 13 + + 
Triactoma mexicana PESSAGNO et Y ANG 5-9 + 
Triactoma parablakei Y ANG et W ANG 4-7 + + 
Tripocyc/ia cf. lriKonum ROST + + 
Tritrabs casmaliaensis (PESSAGNO) 4-10 + + + 
Trilrabs exotica (PESSAGNO) 4-11 cf. + + 
Tritrabs ewinKi s.l. (PESSAGNO) 4 -22 + 
Tritrabs ewinKi worzeli (PESSAGNO) 7-12 + + + + 
Tritrabs havi (PESSAGNO) 3-10 + 
Tritrabs rhododactvlus BAUMGARTNER 3-13 cf. + + + 
Archaeodictyomitra sp. + 
Dibolachras chandrica KOCHER 7-11 cf. + 
Eucyrtidiellum unumaense s.l. (YAO) 3 -8 + 
Cingu/oturris caroatica OUMITRICÄ 7-11 + 
CinKuloturris SP. + 
Miri(usus dianae s.l. (KARRER) /section HC- I0/ 7-12 

Napora /ospensis PESSAGNO 8-13 + 
Obesacaosula morroensis (PESSAGNO) 5 -21 + + 
Parahsuum sp. + 
Parvicin}!ula dhimenaensis sso. A BAUMGARTNER 3-8 + 
Parvicin;zula sp. + 
Perispyridium ordinarium (PESSAGNO) 5-11 + + 
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SPUMELLARIA NASSELLARIA UAZ SECTIONS 
Genus soecies 

PerisfY)lridium cf. lamanense PESSAGN0 et BL0ME 

Podobursa helvelica (R0sT) 

Podobursa volvacantha (FISCl-il.J) 

Podobursa auadriaculeata (STEIGER) 

Podobursa triacantha (FISCHLI) 

Poliandromeda podbielensis (OžV0LD0VÁ) 

Ristola procera (PESSAGN0) 

Sethocapsa sphaerica (OžV0LD0VÁ) 

Sethocaosa sp. l 

Sethocapsa so. 2 

SponKocapsula perampla (Rúsr) 

Stichocapsa convexa Y A0 

Transhsuum brevicostatum (OžV0LD0VÁ) 

Transhsuum maxwelli (PESSAGN0) 

Transhsuum cf. okamurai (MizUTANI) 

Tricolocapsa conexa MATSU0KA 

Tricolocapsa plicarum s.l. YA0 

Tricolocavsa cf. vaoi MATSU0KA 

Trícolocapsa sp. 

Xitus sp. 

moeoparonaella gigantea BAUMGARTNER, which first 
appears in UAZ.8, middle Callovian - early Oxfordian, as 
well as the fading-out species, such as the Acaeniotylopsis 
variatus (OŽVOLDOVÁ) and Higumastra imbricata 
(OžVOLDOVÁ), are important. The absence in this zone of 
the other important species is questionable. From the 
above it follows that for the sediments represented by the 
sample HC-8, a Middle Callovian to Lower Oxfordian 
age may be assumed. 

In the red radiolarian limestones (HC-10) only three 
pieces of Nassellaria genus were encountered. The only 
determinable species is Mirifusus dianae (KARRER), 
which has a wide range of occurrence in the UAZ.7 -
12, thus, their age ranges from the Upper Bajocian to the 
Upper Tithonian. 

No radiolarians were found in the overlying, slab-like, 
black spongolites (HC-11 ). However, they do contain 
abundant of siliceous sponge spicules. 

Gladkie Uplaziaóskie 

11 samples were collected from this section, in which 
the radiolarians of various abundances and degree of 
preservation were found. The richest samples GU-2, GU-
6, and GU-10 were evaluated. 

Quite poorly preserved radiolarian tests, most of them 
Spume/laria, were found in the green-grey radiolarites 
(samples GU-2 and GU-3). Most evaluated species (Text 
Table) first appear in the upper part of the Middle Juras­
sic. In UAZ.7, which corresponds to the late Bathonian -
early Callovian, there appear Dibolachtras chandrica 
KOCHER, Archaeospongoprunum imlayi PESSAGNO and 
Tritrabs ewingi worzeli (PESSAGNO). In tum, the species 
Tetraditryma corralitosensis bifida CONTI et MARCUCCI 
and Triactoma parablakei Y ANG et W ANG occurrence of 

Ždiarska vidia Banie Huciska Gladk.ie Uplaziaóske 
ŽV-2 ZV-S HC-5 IIC-s GU-2 GU-3 GU-6 GU-10, 

11 

+ 
3-10 cf. cf. + 
5-8 + 
9-17 + 
5-8 cf. + + 
1-7 + 
5-9 + 

9-11 + 
+ 
+ 

6-11 + 
1-11 + 
3-11 cf. + + + + + 
3-10 cf. + 

4-7 
3-8 

+ 
+ 

+ + 
+ 
+ + 

+ 

which terminate in this zone. We assume that thís tíme 
span (late Bathonian to early Callovian) corresponds to 
the peribd of sedimentation of the rocks represented by 
the samples GU-2 and GU-3. 

In the green-grey radiolarites (sample GU-6) a more 
varied and better preserved radiolarian association , pre­
dominated by Spumellaria, was found. To assign an age 
to a certain zone, it must contain the species and they first 
and final occurrence. In UAZ.8 (middle Callovian - early 
Oxfordian) the species: Parvicingula dhimenensis 
BAUMGARTNER, Podobrusa polyacantha (FISCHLI) and 
Tetratrabs zea/is (OžVOLDOVÁ) terminate while the spe­
cies Alievum sp. A (BAUMGARTNER et al. , 1995) and 
Emiluvia area BAUMGARTNER. Emiluvia ordinaria 
OžVOLDOVÁ appear. We presume that the radiolarian 
assemblage in the sample GU-6 represents UAZ.8, middle 
Callovian - early Oxfordian, which, corresponds to the 
assumed age ofthe sediments under study. 

In the grey and red radiolarites (samples GU-1 O and 
GU-11 ), the radiolarian associations, predominated by 
Spumellaria, were found. Among them, the species that 
first appear in the Middle Oxfordian (UAZ.9 middle and 
late Oxfordian), such as the Sethocapsa sphaerica 
(OžVOLDOVÁ), Angulobracchia biordinalis 0 ŽVOLDOVÁ 
and the Podobursa quadriaculeata (STEIGER). In UAZ. l O 
(late Oxfordian - early Kimmeridgian) the species Emilu­
via premyogii BAUGARTNER, Haliodictya hojnosi RIEDEL 
et SANFILIPPO, Paronaella broennimann PESSAGNO and 
Tritrabs casma/iaensis (PESSAGNO) and they first and 
final occurrence. 

However, the Paronae//a pristidentata BAUM­
GARTNER appears in this zone. We assume that the asso­
ciations under studiy represent UAZ. l 0.- late Oxfordian -
early Kimmeridgian. 
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Pl. 1. Ždiarska vidia. 
Sample ŽV-2, Figs. 1 - 12: 
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1 - Acanthocircus trizonalis angustus BAUMGARTNER - 4789, 120 x, 2 - Emiluvia premyogii BAUMGARTNER - 4798, 110 X, 3 - Paro­
nae/la cf. broennimanni PESSAGN0 - 4864, 150 x, 4 - Homoeoparonael/a e/egans (PEsSAGN0) - 4797, 120 x, 5 - Higumastra 
imbricata (Ož V0LDOVÁ) - 4802, 70 X, 6 - Triactomajonesi (PESSAGN0) - 4800, 110 X, 7 - Tritrabs ewingi worzeli (PESSAGN0) -
4801 , 90 x, 8 - Tritrabs ewingi worze/i (PESSAGN0) - 4786, 60 x, 9 - Podobursa cf. triacantha (FISCHLI) - 4794, 150 x, 10 -
Transhsuum cf. brevicostatum (OžV0LDOVÁ) - 4811 , 170 x, 11 - Triactoma cf. blakei (PESSAGN0)- 4807, 100 x, 12 - Obesacapsu/a 
morroensis (PESSAGN0) - 4805, 90 x. 
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Pl. 2. Ždiarska vidia. 
Sample ŽV-8, Figs. 1 - 13: 

M. Polák, A. Ondrejitková, J. Wieczorek: Lithobiostratigraphy of the tdiar Formation ... 

1 - Acaeniotyle diaphorogona F0REMAN - 4862, 210 x, 2 - Archaeospongoprunum im/ayi PESSAGN0 - 4865, 140 x, 3 - Hom oeo­
paronaella cf. argolidensis BAUMGARTNER - 4871 , 90 x, 4 - Paronaella cf. broennimanni PESSAGN0 - 4874, 130 x, 5 - Tetratrabs 
zealis (OžV0LDOVÁ) - 4888, 100 X, 6 - Higumastra imbricata (OžV0LDOVÁ) - 4880, 80 X, 7 - Tritrabs ewingi s.l. (P ESSAGNO) - 4870, 
80 x, 8 - Tritrabs casmaliaensis (PESSAGN0) - 4867, 150 x, 9 - Transhsuum brevicostatum (Ožv0LDOVÁ) - 4873, 175 x, 1 O - Ristola 
prace ra (PESSAGN0) - 4879, 1 1 O x , 11 - Parahsuum sp . - 4872, 185 x, 12 - Tricolocapsa cf. plicarum Y A0 - 4875, 300 x, 13 -
Tricolocapsa sp. - 4885, 300 x . 
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Pl. 3. Banie Huciska. 
Sample HC-5, Figs. 1 - 4: 
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l - Orbiculiforma sp. - 0043, 145 x, 2 - Tricolocapsa conexa MATSU0KA - 0045, 300 x, 3 - Eucyrtidiellum unumaense s.l. (YA0) -

1075, 400 x, 4 - Stichocapsa convexa YA0 - 0046, 300 x. 

Sample HC-8, Figs. 5 - 12: 
5 - Acaeniotylopsis variatus s. 1. (OžV0LDOVÁ) - 1035, 110 x, 6 - Homoeoparonaella cf. argolidensis BAUMGARTNER - 1041 , 100 x, 
7 - ·Archaeospongoprunum imlayi PESSAGN0 - 1030, 165 x, 8 - Homoeoparonael/a gigantea BAUMGRARTNER - 1027, 100 x, 9 -
?Homoeoparonaella pseudoewingi BAUMGARTNER - 1059, 75 x, IO - Tetratrabs zealis (OžV0LDOVÁ) - 1033, 80 x, 11 - Triactoma 
jonesi (PESSAGN0)- 10044, 100 X, 12 - Higumastra imbricata {OžV0LDOVÁ)- 1026, 100 x. 
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Pl. 4. Banie Huciska. 
Sample HC-8, Figs. 1 - 11: 

M Polák, A. Ondrejičková, J. Wieczorek: Lithobiostratigraphy ofthe Ždiar Formation .. . 

1 - Tritrabs hayi (PESSAGNO) • 1066, 90 x, 2 - ? Paronaella sp. - 1051 , 90 x, 3 - Tritrabs exotica (PESSAGNO) - 1039, 115 x, 4 -
Tritrabs exotica (PESSAGNO) - 1036, 80 x, 5 - Triactoma mexicana PESSAGNO et Y ANG - 1037, 130 x, 6 - Triactoma mexicana 
P ESSAGNO et YANG - 1043, 110 X, 7 - Emiluvia sp. - 103 1, 100 X, 8 - Emiluvia sp. - 1038, 115 X, 9 - Emiluvia chica s.l. FOREMAN -

1058, 85 X, 10 - Emi!uvia premyogii BAUMGARTNER - 1067, 130 x, 11 - Emil uvia cf. salensis PESSAGNO - 1071 , 110 x 
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Pl. S. Banie Huciska. 
Sample HC-8, Figs. 1 - 6: 

47 

1 - Obesacapsula morroensis (PESSAGN0) - 1034, 115 x, 2 - Transhsuum brevicostatum (OŽV0LDOVÁ) - 1054, 185 x, 3 -
Transhsuum cf. okamurai (M!zUTANI) - 1048, 225 x, 4 - Archaeodictyomitra sp. - 1028, 200 x, 5 - Perispyridium ordinarium 
(PESSAGN0)- 1047, 160 X, 6 - Podobursa triacantha s.l. (FISCHLI)- 1057, 120 X. 

Sample HC-10, Fig. 7: 
7 - Mirifusus dianae s. l. (KARRER) - 1082, 160 x. 

Sample HC-11, Figs. 8 - 12: 
8 - 12 -Sponge spicu/es: 8 - 1085, 70 x; 9 - 1089, 11 5 x; 10 - 1087, 90 x; 11 - 1088, 70 x; 12 - 1084, 105 x. 
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Pl. 6. Gladkie Uplaziaóskie. 
Sarnple GU-2, Figs. 1 - 11 : 

M. Polák, A. Ondrejiéková, J. Wieczorek: Lithobios/raligraphy oj the Ždiar Formation .. . 

1 - Telraditryma corralitosensis bifida C0NTI et MARcuccr - 1381, 110 x, 2 - Mono/rabs plenoides gr. BAUMGARTNER - 1393, 120 x, 

3 - Paronael/a cf broennimanni PESSAGN0 - 1367, 100 x, 4 - Pseudocrucella cf. sanfilippoae (PESSAGNO) - 1373 , 140 x, 5 -

Emiluvia pessagnoi s. l. F0REMAN - 1364, 120 x, 6 - Tritrabs rhododactylus BAUMGARTNER - 13 71 , 11 O x, 7 - Tetratrabs zealis 

(O iV0LDOVÁ) - 1376, 120 x, 8 - Podobursa helvetica (R0ST) - 1391 , 120 x, 9 - Parahsuum sp. - 1370, 190 x, 10 - Triactoma 

parablakei Y ANG et WANG - 1388, 170 x, 11 - Archaeospongoprunum imlayi PESSAGN0 - 1372, 140 x. 

Sarnple GU-3, F igs. 12 - 14: 
12 - Tritrabs ewingi worzeli (PESSAGN0) - 1445, 90 x, 13 - Poliandromeda podbielensis (OžV0LDOVÁ) - 1447, 100 x, 14 - Transhsuum 

cf. maxwelli (PESSAGN0)- 1454, 200 X. 
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Pl. 7. Gladkie Uplaziaóskie. 
Sample GU-6, Figs. 1 - 13: 
1 -Alievum sp. A - 1395, 140 x, 2 - Emiluvia salensis PESSAGN0 - 1346, 120 x, 3 - Emiluvia area BAUMGARTNER - 1402, 150 x, 
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4 - Paronaella muelleri PESSAGN0 - 1349, 170 x, 5 - Paronaella sp. - 1358, 170 x; 1397, 120 x, 6 - Tritrabs exotica (P ESSAGN0) -
1397, 120 x, 7 - Tritrabs ewingi worzeli (PESSAGN0) - 1332, 90 x, 8 - Tritrabs casmaliaensis {PESSAGN0) - 1403, 120 x, 9 -
Tetratrabs zealis {OžV0LDOVÁ) - 1335, 100 x, 10 - Tetratrabs bu/bosa BAUMGARTNER - 134 1, 120 x, 11 - Triactoma blakei 
(PESSAGN0) - 1334, 155 x, 12 - Tripocyclia cf. trigonum ROST - 15 19, 160 x, 13 - Archaeospongoprunum im/ayi PESSAGN0 - 1337, 
150x. 
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PI. 8. Gladkie Uplaziaóskie. 
Sample GU-6, Figs. l - 4: 

M. Polák. A. Ondrejíéková, J. Wíeczorek: lithobíostratígraphy ofthe Ždiar Forma/ion ... 

1 - Cinguloturris carpatica DUMITRICÄ - 1429, 260 x, 2 - Parvicingula sp. - 1339, 230 x, 2 - Parvicingula dhimenaensis ssp. A 
BAUMGARTNER - 1344, 21 O X, 4 - Spongocapsula peramp/a (ROST) - 1338, 170 X. 

Sample GU-10, Figs. 5 - 13: 
5 - Sethocapsa sphaerica (OžV0LDOVÁ) - 1406, 220 x, 6 - Napora lospensis PESSAGN0 - 1409, 100 x, 7 - Dibolachras chandrica 
K0CHER - 1441, 125 x, 8 - Transhsuum brevicostatum (OžV0LDOVÁ)- 14 12, 170 x, 9 - Podobursa quadriaculeata (STEIGER)- 1440, 
190 x, 1 O - Podobursa triacantha (FJSCHLI) - 1416, 160 x, 11 - Sethocapsa sp. 1 - 1433, 200 x, 12 - Perispyridium cf. tamanense 
PESSAGN0 et BL0ME - 1432, 120 X, 13 - Sethocapsa sp. 2 - 1428, 250 X. 
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Pl. 9. Gladkie Uplaziaóskie. 

Sample GU-10, Figs. 1 - 12: 
1 - Alievum sp. A - 1420, 160 x, 2 - Haliodictya hojnosi RJEDEL et SANFILIPPO - 1339, 230 x, 3 - Paronaella pristidentata 

B AUMGARTNER - 1424, 125 X, 4 - Emiluvia hopsoni P ESSAGNO - 1443, 130 X, 5 - Emiluvia salensis P ESSAGNO - 1419, 150 X, 
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6 - Emiluvia salensis PESSAGNO - 1438, 120 x, 7 - Tetraditryma pseudoplena BAUMGARTNER - 1414, 90 x, 8 - Tetratrabs zealis 

(OžVOLDOVÁ) - 1417, 80 x, 9 - Paronaella sp. - 1426, 130 x, IO - Gen. et sp. indet. - 1413, 170 x, 11 - Tritrabs casmaliaensis 

(PESSAGNO) - 1360, 130 x, 12 - Tritrabs casmaliaensis (PESSAGNO) • 1442, 140 x. 
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Discussion 

The Middle to Upper Jurassic radiolarian limestones 
and radiolarite sequences in the Pieniny section of the 
Klippen belt were classified by Birkenmajer (1977) as 
the lower radiolarites of the Sokolica formation, which 
the author assigned to the Bathonian - Callovian stages, 
while the upper radiolarites ofthe Czajakowa he assigns 
to the Oxfordian - Kimmeridgian stages. Strati­
graphically, the same view held Lefeld et al. (1985) and 
Lefeld (1988) . 

However, our correlation of the stratigraphic position 
of radiolarian asociations of the Middle - Upper Jurassic 
sequences ofthe Krížna nappe in almost all Western Car­
pathian core mountains has shown that it does not comply 
with the Lefelď s ( 1988) classification of radiolarites of 
the Krížna nappe, which he divided into lower (predo­
minantly green), correlable with the Sokolica radiolarites 
and the upper (predominantly red) analogous to the 
Czajakowa radiolarites. Having evaluated the samples 
from almost 20 compete sections through the Middle and 
Upper Jurassic radiolarian limestones and radiolarites we 
can conclude that there exists no objective and exact rea­
son for dividing this formation in two. Thus, we consider 
it necessary to define a new lithostratigraphic unit - the 
Ždiar Formation - comprising the Upper Bathonian -
Lower Kimmeridgian assemblage of the radiolarian lime­
stones and radiolarites ofthe Krížna nappe. 

The results of analyses of the Western Carpathian, 
Krížna nappe, Zdiar Formation sediments show that their 
origin is bound to the onset of the post-riftogenic process, 
which that took place in a typically basinal environment 
ofthe Tethyan passive margin. 

Conclusion 

The presented contribution supplements and extends 
the knowledge of radiolarian limestones and radiolarites 
in another Western Carpathian core mountains - the Tatry 
Mts .. 

A new lithostratigraphic unit - the Ždiar Formation 
was determined and characterized. 

The stratigraphic range of the Ždiar Formation was 
assessed on the basis of radiolarian microfauna, which 
represents the zones UAZ.7, UAZ.8, UAZ.9 and UAZ. 10 
of BAUMGARTNER et al. (1995). In conclusion we can 
state that the age of the Ždiar Formation corresponds to 
the Upper Bathonian - Lower Kimmeridgian. 
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Exploitation and use of brown coal from the Nováky deposit 
and ist environmental impact 

1PETER ŠEFČÍK and FRANTIŠEK PETRIK 2 

1 Soil Fertility Research lnstitute, Bratislava 
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Abstract: The Nováky brown coal deposit is located in the Handlová-nováky coal basin. The basin is located 
in Centra! Slovakia and it is within the intramountainous basins of Western Carpathians. The Nováky deposit 
is most significant brown - coal resource in Slovakia. The Nováky coal bed contains the following coal 
lithotypes listed in order of importance: detritic, xylitic-detritic, xylitic, detritic-xylitic and mother of coal. 
Most dominate maceral group in the deposit is huminitic, represented with humotelinite, humodetrinite and 
humokolinite. Other maceral groups identified in the bed liptinite (kutinite, suberinite, rezinite) and inertinite 
(inertodetrinite, fuzinite and sklerotinite). With respect carbonization the Nováky coal bed is included in the 
brown-coal stage of the change with medium vitrinite reflectance ( Ro = 0.275%). The mean caloricity value 
ofthe Nováky coals is 12.08 MJ. 

The mineralization Nováky coal bed consists of clays, tuffs, quartz various forms, sulphides of iron and 
arsenic, and dolomite. Iron sulphides (pyrite, marcasite) commonly occur in the form of micronodules. Arse­
nic sulphides (realgar and auripigment) occur at discontinuity areas (layered areas, dilatation cracks, disloca­
tions) and are related to the Vtáčnik volcanic activity. 

The Hornonitrianske bane š.p. (Mines of Upper Nitra), at present, are producing approximately 2.8 
million tons of coal and lignite. The Baňa Cígeľ production is 29%, Baňa Handlová 31 % and Baňa Nováky 
40% ofthe total respectively. The Cígeľ and Handlová mines produce brown coal, and Nováky mine lignite. 
AII coal production has been used for power generation and chemical processing. 

The Nováky coal can be chracterized by the following facts: 1. highest caloricity value in main coal 
seam was found in its centra! part; 2. rocks sulphur contents were shown to increase with depth; 3. sulphur 
contents in volcano-sedimentary rocks are nearly half, when compared with coal ; 4. As contents, when com­
pare to sulphur, decrease with depth; 5. contents of other harmful elements, F and Cl, in coal and in over­
burden are approximately the same and do not show sign ificant changes with depth; 6. Fe contents in 
volcanosedimentary rocks are approximately double when compared to the coal and in coal and overburden 
there is increase with depth ; 7. in lateral element distribution, to As, S, Fe decrease to the north of deposit; 
8. F contents in the deposit are more or less homogenous and Cl levels show moderate tendency to increase 
towards the centre; 9. increased S content in the seat rock, in part can be results from the gypsum concentra­
tion, its occurrence increases in the seat rock. 

Key words: coal basin, coal deposit, coal bed, maceral group, vitrinite reflectance, coal geochemistry, coal 
bed mineralization, element distribution, soil types, geochemical mapping 

lntroduction 

Handlovsko-novácka basin (the coal basin of Handlov­
ská-Nováky) is located in the Horná Nitra (Upper Nitra) 
region. From the hydrological view the region belongs to 
Nitra River catchment basin, and most significant tributary 
is Handlovka River. Near city of Prievidza, there is thermal 
spa, Bojnice, of national significance. The Horná Nitra Re­
gion is highly industrialized, dominant industries are mining, 
power generation and chemical production, respectively. 
Long-term industria! activities of the region caused envi­
ronment deterioration of the soils, water and atmosphere. 
Therefore the Upper Nitra region was included in Slovakia 
environmental policies that included "hot spot regions" 
with emphases on immediate landscape revitalisation. 

Geology ofthe Handlová-Nováky coal basin 

Nováky brown coal of is in the Handlová-nováky coal 
basin. The basin is located in centra) Slovakia in the 
intramountainous basins of Western Carpathians. The 
Nováky deposit is most significant brown- coal resource 
in Slovakia. 

The basin basement rocks consists of crystalline rocks 
of Choč and Krížna nappies and melaphyre series. This is 
overlain by sedimentary rocks of the Subtatra Group of 
Centra! Carpathi.an paleogene. The sedimentary rocks 
consists of mudstone, flysch and sandstone. The upper 
Paleogene is missing due to denudation . In the northern 
part of the basin, lower sediments unconformably overlie 
the Paleogene. 
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The Neogene sedimentation began in Baden with con­
glomerate beds that represent immediate underlying 
productive layers. It consists of epiclastic volcanic 
conglomerates and sandstones with irregular to lentil­
formed bedding. 

Coal-bearing sediments are represented by the Nováky 
and Handlová beds of Sannatien age, respectively. There 
is one developed coal bed in Handlová part, while in the 
Nováky, there is the so called main coal bed, with a 
thickness of about 10 m (Petrik - Verbich, 1995). The 
coal bed are autochtone and they often contain tonsteins 
and carbonaceous shale partings. The coal beds in the 
Handlová have complicated tectonic structure, while in 
the Nováky deposit there is overwhelming germanotypic 
structure (Petrík - Šimeček, 1988). The faults general 
trend is N-S with minor faults displaying a NE-SW 
dírection, only in northem part of the Nováky deposit is 
the trend of the faults NW-SE dominate. 

Coal-bearing overlying rocks consist of claystone and 
marls beds of the Koš that in Nováky deposít consist of 
díatomitic claystone. In higher stratígraphicly rocks there 
ís a deposit, consisting of detrítíc-volcanic rocks of the 
Lehota group. In the Handlová deposit overlying the Le­
hota group are deposits volcanism related to the of 
Vtáčnik mountains. They are consist of flows of andesites 
and pyroclastics. 

Coal - petrographic characteristic of coal beds 

The coal beds of Nováky contain the following coal 
lithotypes, in order of importance: detritic, xylitic-detritic, 
xylitic, detritic-xylitic and mother of coal. The dominate 
maceral group in the coal is huminitic, represented by 
humotelinite, humodetrinite and humokolinite. Other 
maceral groups identified included liptinite (kutinite, 
suberinite, rezinite) and inertinite (inertodetrinite, fuzinite 
and sklerotinite). 

Vitrinite data the coal Nováky bed is consistent with 
the brown-coal stage of the coalification with medium 
vitrinite reflectance: Ro = 0.275%. The coals from the 
Handlová deposit, intluenced by overlying volcanic 
rocks, have higher coalification with a medium reflec­
tance ofvitrinite: Ro= 0.324%. 

The mineralogy of the Nováky coal beds 

Is a predominance of clays tonsteins, tuffite, qm~rtz, 
sulphides of iron and arsenic, and dolomite. Iron sul­
phides (pyrite, marcasite) most have form of micronodule. 
Arsenic sulphides (realgar and auripigment) occur at dis­
continuity areas (layered areas, dilatation cracks, disloca­
tions) and are related to the Vtáčnik volcanic event 
(Petrík - Šimeček, 1988). 

Within the geochemical-ecological survey of the 
Nováky coal deposit (V rána et al., 1991) were in coal 
identified following minerals by means of RTG-analysis, 
optically mineralogy and spectrochemically analysis: 

• silicates - plagioclase and K-feldspar, biotite, chlorite, 
muscovite, pyroxenes, amphiboles, gamets, clay min-

erals (mainly kaolinite, illite, minor halloyzite and 
montmorillonite ), hydromicas; 

• carbonates - calcite, siderite, manganocalcite; 
• phosphates - apatite (?), rock phosphate; 
• oxides - quartz, opal, limonite, magnetite; 
• sulphides - pyrite, arsenopyrite, realgar, auripigrnent; 
• sulphates - gypsum, anhydrite, melanterite. 

From mineralogical research results of the Nováky 
coals reveal autigenous and allogenous minerals, and 
detrital minerals, or minerals ofthe hypergenous zone. 

Geochemistry and chemical-technological 
characteristics of coal 

Coal geochemistry of the Handlová-Nováky coal 
basin has been object of intensive study since 60's. Over 
the years, various analytical methods were used, and 
various element suites were investigated. 

Petrík (1964) performed 102 coal analyses and 32 
samples by qualitative spectral analyses. From the coal 
analyses he revealed that sulphur contents in the Nováky 
coals ofranged from 1.81-11.57% with the modal interval 
3-5%. 

Mecháček-Petrik (1967) studied coal bed geochemis­
try from Handlová-Nováky coal basin. Based on 400 
semiquantitatíve spectrochemical analyses of coal sam­
pled from the Handlová, Cígeľ and Nováky mines, ele­
ment contents were classified in following groups: 
• amount above 1%: Al, Ca, Fe, K, Mg, Si, rarely 
Ba, Na; 
• 0.01- 1%: Ba, Mn, Ti, rarely Be, Na, Sr; 
• O.O 1 % - traces: B, Be, Mn, Sr, Tí, rarely Ag, As, Ba, 

Co, Cr, Cu, Mo,Ni, Pb, V, Zn; 
• rarely or only in some areas, most only in trace con­

tents: As, Bi, Cd, Ga, Ge, Li , Sb, Zn, W. 
Mecháček (1975) studied qualitative and quantitative 

trace elements distribution and their relationships in the 
coals from Tertiary basins of Slovakia. For the Nováky 
some very high contents of B, Ba, Sr a Ge (Tab. 1 ), a 
statistical correlations of the elements resulted in the fol­
lowing values: Ni/Co = O.S, Ba/Sr = 0.9, B/Ba = 0.6, B/Sr 
= 0.7, B/Cu = 0.5, B/Ni = 0.5, V/Ni = 0.7, V/Cr = 0.5, 
V/Co = 0.6, V/Cu = 0.6, Cu/Co = 0.7. 

Table/ : Statistical characteristics o/ trace element distribution 
in coal (ppm) 

Element Minimum Average Maximum Median 

B 20 1665 3200 150 
Ba 100 1170 3000 800 
Sr 70 965 3000 490 
Ní 5 25 90 20 
Co 2 10 80 IO 
v IO 125 740 80 
Cr 5 35 360 20 
Cu 5 50 280 35 
Pb - 56 310 -
Ge - 15 170 -
Mo - 22 70 -
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Petrík -Širneček (1988) studied elements distribution and 
compared the three parts of the Handlová-Nováky coal 
(Tab. 2), whereby the Nováky deposit was based on the 
average highest concentration: Sr, Ge and Pb, respec­
tively. The authors studied coal petrographical composi­
tion, carbonization rate, and mineralogy of the coal bed. 
Main significance is of their study regional resource char­
acteristics, petrographical lithotype and the influence of 
hydrothermal solutions. 

Table 2: Mean trace elements values (ppm) 

Element Handlová Cígeľ Nováky 

8 2300 1890 1600 
Ba 1620 1300 1300 
Sr 880 740 1250 
Cr 90 73 45 
v 440 195 210 
Ni 100 75 30 
Co 50 20 20 
Ge ? ? IO 
Cu 205 150 65 
Pb 30 25 55 
Ag traces traces traces 
Sn 15 34 12 
Mo 40 24 22 

Halmo, J. et al. (1991 in Vrána et al., 1991) studied 
the distribution of As and S in coal from Nováky in 73 
exploratory wells, drilled during 1977-1990 survey. The 
authors concluded the following As distribution heteroge­
neity: 
• As content is highest in a coal uppermost part and it is 

decreasing towards bottom (24 boreholes). As highest 
content was in the borehole Z-309 - 3.64%. As contents 
maximum contents 
• occur near the roof rocks contact and ranged from 

0.1 % to 0.3% and rarely 0.06-0.07%. 
• As content is Jowest in a seam upper part and in­

creases towards underlying bed: 7 boreholes. This is 
contrary trend, when compared to above case. This 
type of trend in vertical As distribution is Jess frequent 
in the Nováky deposit. Below the roof rock contact As 
values range O.O 1-0.04%, and above seat rock As 
ranges from 0.1 to 0.14%. 

• As content is nearly uniform throughout the coal bed 
profile: 17 boreholes. This distribution type should be 
used for the boreholes, where is not possible to follow 
the change in As content in vertical direction. As de­
termined contents range in interval 0.03-0.14%. 

• As content maximum is below the roof rock contact, 
and from it decreases both towards the seat rock and 
roofrock - 25 boreholes. 
As content in coal of the Nováky deposit, with some 

exceptions, decreases from the roof rock to the seat rock. 
Sulphur content show similar trends in vertical dis­
tribution. 

Vrána et al. (1991) using geochemical , mineralogical 
and ecological research tools studied both chemical 
element and their lateral distribution. Element contents 
were determined by AAS method. Based on lateral 
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variations elements can be classified in following six 
groups: 
• The element contents decrease in N and NE directions 

from the deposit with no distanced local maximums 
and minirnums in centra! and northem parts of the de­
posit - As, Ba, Cr, Fe, Ge, S, and Sr. 

• Increase in NE direction - Mn. 
• Increase in W direction - B, Cd, Cu and Pb. 
• Medium growth in direction towards the deposit 
center - Cl. 
• Medium decrease towards the center of deposit with 

no distanced marked local maximums and minimums -
Hg, Mo, Ni, Sb, Se, V, and Zn. 

• No visible trends ofthe elements - F, Sn. 
Element distribution mean values and caloricity values 

in the vertical direction of a coal bed and interstratified 
beds are documented in Table 3. Distribution character of 
ecologically most sensitive elements in "main coal" bed is 
summarised in Table 4, and from it is very clear their dis­
tribution is high variability at coal bed average thickness 
of8 .35 m. 

Mean content of S in Nováky coal is 3.4%. Lowest S 
content are in upper part of coal seam (3 .03%) and they 
increase with depth to 3 .17% in middle part of the coal 
bed, and 3.76% in bottom part. Mean S contents in the 
volcanoclastics, when compared with coal, are nearly 
1.77%, and lowest in interstratified beds of "main coal" 
bed (1.25%). Sulphur content in the volcanoclastics also 
moderately increase with depth. 

From genetic view sulphur in the Nováky coal deposit 
can be divided into four basic types: 
• sulphide-S, mainly pyrite, less realgar and auripigment; 
• sulphate-S, mainly gypsum, less anhydrite and mel­

anterite, into this group is included sulphur precipi­
tated fTom sulphate and water (liquid) phases; 

• organic-S; 
• elementary-S, a product of secondary pyrite decompo­

sition. 
Arsenic: mean As content in the Nováky coal is 900 

ppm and in interstratified beds is 941 ppm. Minimum and 
maximum As contents for coal are 249 a 3137 ppm, with 
most analysed samples in the range 600-800 ppm (31 
samples). As contents are related with sulphide minerals 
(realgar and auripigment, but there is an assumed on or­
ganic matter). With depth, As content in the Nováky coal 
decrease fTom 1121 ppm in the upper part ofthe coal, 880 
ppm in the centra! part, to 770 ppm in bottom part. In roof 
rock of "main coal" bed mean As content is 522 ppm. 
Similarly As decreases with depth and also occurs in 
terrigene-volcanogenic interstratified beds. 

Caloricity: the mean value ofthe Nováky coal is 12.08 
MJ. The coal fTom the "main coal" bed centra! part has 
highest caloricity - 12.30 MJ and in direction to roof 
stone and seat rock id decreases in 0.64 or 0.72 MJ, re­
spectively in the coal of the underlying seam the heating 
value is 9.95 MJ. 

Hydrogeochemical studies of the Nováky deposit 
mine-water showed that water chemistry has following 
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Table 3: Mean values of selected elements and coal heating value in the Coal deposit o/Nováky 

Units N Q s As F Cl B Hg Cd Pb Se v 
MJ % ppm 

1 154 11 .86 3.29 860 659 56 270 0.06 0.13 4.52 0.14 50.0 
2 138 12.08 3.24 900 663 57 280 0.06 0.12 4 .25 0.14 46.0 
3 21 11.66 3.03 1 121 664 54 277 0.06 0.11 7.74 0.15 39.0 
4 94 12.30 3.17 880 667 54 296 0.05 0.12 3.67 0.14 45.1 
5 23 11.58 3.76 770 652 75 217 0.07 0.14 3.60 0.13 56.9 
6 16 9.95 3.66 522 614 42 180 0.08 0.17 6.50 0.17 79.7 
7 27 3.00 1.77 941 668 62 137 0.08 0.16 8.60 0.29 87.9 
8 7 2.53 1.25 1 375 741 70 95 0.05 0.17 10.40 0.33 33.6 
9 10 3.60 2.25 336 575 38 147 O.IO 0.14 8.40 0.33 121.0 

Units Cr Ge Cu Sr Ba Zn Mn Fe Sb Mo Sn Ni 

ppm 

1 8.00 3.0 8.10 170 170 32 249 IO 329 0.14 3.0 1.0 9.00 
2 9.00 3.0 7.10 186 178 32 225 8 844 0.14 2.7 1.0 10.00 

3 11.00 7.7 7.80 78 168 25 253 6 721 0.16 3.1 1.0 15.00 
4 7.70 2.2 6.50 243 190 29 217 7 716 0.14 2.6 1.0 7.50 

5 9.40 2.7 8.70 50 146 51 227 12 468 O.II 2.4 1.0 13.00 

6 5.20 3.9 16.30 35 87 34 464 23 246 0.09 1.2 1.0 4.00 

7 14.80 3.2 16.40 250 209 48 289 16 079 0.20 2.3 1.3 18.70 

8 9.10 1.0 11.70 643 478 42 295 12 508 0.30 1.0 2.8 7.10 

9 20.60 5.7 18.60 148 129 53 252 20 438 0 .12 2.0 1.0 26.90 

Notes: 1 • coal total, 2 - coal. main coal seam, 3 - coal. main coal seam upper part, 4 - coal. main coal seam centra! part, 5 - coal. main coal seam 
bottom part, 6 - coal. seat rock of main coal seam, 7 - tcrrigenic-volcanogenic cliffs total, 8 - terrigenic-volcanogenic cliffs of main coal scam, 
9 - terrigenic-volcanogenic cliffs in seat rock 

Table 4: Elements of environment concern in main the coal seam (N = 138) 

Parameter s As F Cl 

% 

Minimum 1.59 249 364 13 

Mean 3.24 900 663 57 
Maximum 8.25 3137 1420 386 
Standard Deviation 0.79 504.8 197 53 

character: Ca-Mg-HCO3, Na-HCO3, Na-Ca-HCO3• The 
mine-waters are lower in sulphate, and therefore in the 
silicate-hydrosilicategenous water group. 

Elements of ecological concem (Ni, Se, Sr, Co, Cd, 
Pb, Hg) are mobílized only slightly by ground water and 
their concentrations in ground water are below limits 
defined by the drinkable water standard. Studies revealed 
that As contents, predominantly in pore-water reach val­
ues that are higher than the standard. There is only mobi­
lization of Zn and Cu in ground water. Concentrations of 
Sr, Fe, Mn and Al have heterogeneous and from ecologi­
cal point of view, introduce no serious problem. 

Because ofthe possible future use ofHandlová-Nováky 
basin coals utilizing new technologies and developing new 
products mean values of selected chemical and technolo­
gical parameters are given in Table 5 (Boroška, 1995). 

Coal exploitation and use 

The Nováky coal deposit is located in the western part 
ofthe UpperNitra basin and has a total area 37 km2

. The 

B Mn Fe Zn v Ba 

ppm 

65 25 569 7 
280 225 8844 32 46 178 

684 813 51528 365 213 1627 

121 122 6714 39 42 210 

Nováky coal deposit was discovered during 1937-1938. 
In 1937, V. Čechovič mapped the Čausa's formation 
(eggenburgien) towards to the west Nováky deposit. 
Based on this information he came to the conclusion that 
of Nováky area should contain an independent coal de­
posit and it should be a thinness extension of the deposit 
of Handlová. Drilling started in 1939 under Mr. Čechovič 
leadership and confirmed the existence ofthe coal deposit 
(Halmo - Verbich, 1995). The coal rights, in the mínera) 
territory of Nováky, were obtained Handlovské uhoľné 
bane, mining company in March 27, 1940, when first in­
clined shaft started to be driven . 

Brown coal production in the Nováky deposit in 
period 1940-1994 is shown in Figure 1. Exploitation 
steadily increase, reaching a maximum in 1964 (1943 .9 
kt) . Since 1964 exploitation decreased until 1980 (1256 .2 
kt), and then it increased gradually until I 985. Since 1985 
exploitation has perrnanently decreased. During the ex­
ploitation history of the Nováky deposit three deep mines 
have been in operation: the Mine Youth (1940-42, 1948-
presence ), the Mine of Peace ( 1942-1977), the Mine Le-
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Tab. 5: Coal quality parameters and major oxides for the Handlová-Nováky coal basin 

Parameter Symbol Unit 

Calorícity Q; MJ/kg 
Water W", % 
Ash A• % 
Volatile substances y daf % 
Arsenic As' ppm 
Sulphur total S', % 
of ít: organíc So % 

sulphatic Ss04 % 
pyritíc Sp % 

Sulphur in ash SA % 
Sulphur volati.le Sc % 
Carbon c;d3f % 
Hydrogen Hw % 
Nitrogen Nw % 
Oxygen ow % 

Ash 

SiOi % 
Al20 3 % 
Fe20 3 % 
CaO % 
MgO % 
Na20 % 
K20 % 
Start of caking t, · c 
Point of softing lA ·c 
Point ofmelting ta oc 

Point offlowing tc oc 

hota (1952-1993) and one surface mine Lehota (1980-
1988). 

The Hornonitrianske bane š.p. (Mines of Upper Nitra) 
is producing approximately 2.8 million tons coal and lig­
nite. The Baňa Cígeľ mine production is 29%, Baňa 
Handlová 31 % and Baňa Nováky 40% of the total re­
spectively. The Cígeľ and Handlová mines produce 
brown coal, and Nováky mine lignite. All coal production 
has been used for electric-power generations both small­
scale and large-scale (mainly ENO Power Station, 
Zemianské Kostoľany), and chemical processing (Chemi­
cal works, Nováky). Nováky coal was exported to 
Schweiz during period 1943-1944 and was used mainly 
for chemical processing (Boroška, 1995). 

Physiography of the Upper Nitra region 

The Prievidza region is a partly closed basin with the 
south side open and by Nitra catchment basin connected 
with Nitra Basin. Considerable area is occupied by the 
Strážovské vrchy mountains, as well as the mountains 
ranges of Vtáčnik, less Malá Fatra, Žiar and Kremnické 
vrchy and Tribeč. Climatic conditions are represented by 
three climatic zones (warm, medium warm, and cool ones). 
A verage annual temperature is 8.5°C with a annual preci­
pitation of 685 mm. The region covers is 960 km2 which is 
less than 2% of total Slovakia. Population of the region is 
140 OOO with a population density 147 inhabitants per km2

• 

Cígeľ mine Handlová mine Nováky mine 

11 .56 12.90 10.70 
20.70 24.32 33.90 
15.20 33.90 7.00 
55.60 55.04 57.62 

62 67 590 
1.35 1.36 1.99 
0.79 0.82 0.83 
O.II 0.10 O.IO 
0.47 0.44 1.06 
0.31 0.13 0.69 
1.04 1.23 1.30 

63 .5 62.9 59.5 
8.86 8.09 9.66 
5.36 6.71 5.74 

26.32 24.38 27.31 

45.6 50.4 44.2 
18.6 17.4 19.8 
13.8 12.0 12.3 

8.6 5.3 8.7 
4.3 3.2 4.8 

0.67 0.95 1.04 
1.71 1.69 1.92 

900 960 925 
1220 1200 1200 
1295 1360 285 
1310 1310 1280 

The region can be characterized as 37% agricultural . 
and 53% forest. Natural soil conditions are normally, 
level and markedly differentiated. The agricultural Jand is 
suitable for cereals (20%), and for fodder crops (19%). 

The existence of coal and the natural resources bave 
influenced the region and changed it from agricultural to 
industrial. With tbis change power stations, chemical 
plants, engineering industry, production of construc­
tional materials, shoe industry, textile industry, and 
other processing plants bave developed in tbe region. 
Rapid growth of industry has also influenced tbe region 
(employment, dwelling construction, services, etc.), 
however tbeir environmental influence has been 
negatíve. 

Soils and their geochemical characteristics 

Soil cbaracter and development in Upper Nitra region 
are controlled by geological structure, bydrological, and 
geomorpbological conditions. Thirteen soil types have 
been identified in the region (Ranker, Rendzina, Para­
rendzina, Pbaeozem, Orthic Luvisol, Albic Luvisol, 
Eutric Cambisol, Mollic Andosol, Podzol, Pseudogley, 
Gley, Fluvisol, Kultisol) with several forms and varieties. 
Most common are loamy soils, sand-Joamy soils, and silty 
soils. Most productive agricultural soils (Fluvisols, Luvi­
sols, Cambisols, and Pseudogleys) are protected in tbe 
region. Landscape morpbology has marked influence on 
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Figure 1: Coal production history for the Nováky mine 

water erosion. Erosion risk in Prievidza county has been 
evaluated and listed below (Čurlík et al., 1993): 

• week and medium erodible soils - 42.3% 

• severely erodible soils - 16.5% 

• very severely erodible soils - 4.7%. 
Landslide have been delineated in the areas of 

Handlová, Chrenovec, Veľká Čausa and Malá Čausa and 
is related to natural conditions (geological structure'. hy­
drology and morphology ofterritory) and for !and use. 

The Prievidza region industrialisation has also 
effected on farrning !and use. Their acreages are perma­
nently decreased due to mining activities, building up coal 
processing measures, construction of setting pits, and pít 
spoilpiles and to soil contamination with risk elements of 
organic and inorganic character. 

Čurlík - Šefčík. (1994) studied 60 Slovakian soil 
profiles and sampled the A and C horizons for analyses 
for total content 36 elements. Statistical analysis of risk 
elements contents (Tab. 6) conformed that soils of the 
region are enriched in A horizon, or contamined with 
elements As, Cd, Cr, Cu, Mo, Pb, Sb, and Zn, when 
compared to C horizon. On average risk elements con­
tents do not exceed the limits given by legislation (MP 
SR, 531/1994-540), but some partia) values of the set 
exceed the limits. This contamination results from proc­
essing technology and the coal utilization from the 
Handlová-Nováky basin. It is interesting that tluorine and 
mercury contents in C horizon are relatively higher than 
in A horizon and is the result of the mineralogical and 
petrographical composition of soil substrata. 

Main direction of economical and social development 
of the region with aspect to environment 

. In agricultural and food industry it will be necessary, 
w1th aspect to ecological Ioad ofthe region (38% farming 

Yocrs 

Iand), to develop new guidelines for specific types of 
farming focused on special crops for industria! processing. 
Con~rete possibilities are in winter rape and its processing 
to b1onafta. Its should be oriented mainly to the farms 
focused on alternatíve farming types, to protected areas of 
water management, and for local transport vehicles. 

Conservation of soil, forest and rock environment 
needs to reduce large-scale production of food crops in 
a~e~ wit~ che?1ical contamination (Nováky-Oslany). 
S1milarly 1s des1rable to look for a solution of the ex­
ploited coal mine lands used in the region and to imple­
me?t. :evitalisation of the region disturbed by mining 
act1v1tles and areas eroded after deforestation. 

Atmosphere purity will be conditioned by environ­
mental constructions irnplemented by the ENO Zernianské 
Kostoľany. With these new addítions marked reductíons of 
SO2 and nitrogen oxides emissions, and ashes; significant 
reducti~n ~f As, Cl, F and other risk elements. Sirnilarly 
modem1sat1on and new technologíes application 
manufacture processes of the Chemical works, Nováky are 
planned and will reduce emissions ofheavy metals, volatile 
organic substances, solid substances, and Cl and freons . 

With the substantial increase of water pollutants there 
is a need to reduce pollution of waters by implementation 
of cleanwater technologies. 

An important task will be the design of a waste 
econ_omy, both from qualitative and quantitative aspects 
and mcreased waste recyclation. Main problem are ashes 
and other wastes from electric power plants and district 
heating plants, wastes from the building industry, and raw 
material exploitation, wood industry, rubber industry, and 
chemical industry. 

Conclusions 

From qualitative point of view the Nováky coal most 
important are characteristíc the following: 
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Table 6: Distribution of elements in Prievidza region soi/s 

Descriptive 
Trace elements (ppm) Statistics of 

A-horizon 

As Ba Cd Co Cr Cu 

Mean 20.8 383 .5 0.5 10.4 68.3 17.8 

Median 16.2 397.0 0.5 IO.O 70.0 15.5 

Mode 11.2 399.0 0.2 IO.O 90.0 14.0 

Standard Deviation 15.3 104.0 0.3 3.7 25.0 8.4 

Minimum 3.9 103.0 0.1 3.0 18.0 6.0 

Maximum 90.0 587.0 1.7 21.0 130.0 44.0 

Count 60 60 60 60 60 60 

Descriptive 
Statistics 
of C-horizon 

As Ba Cd Co Cr Cu 

Mean 28.3 396.5 0.3 11.3 71.2 17.6 

Median 7.1 417.5 0.3 10.5 67.5 15.0 

Mode 1.7 289.0 0.2 7.0 61.0 11.0 

Standard Deviation 128.1 143.6 0.3 4.6 26.9 11.0 

Minimum 0.9 135.0 0.1 3.0 11.0 2.0 

Maximum 913.0 829.0 1.2 22.0 143.0 52.0 

Count 50 50 50 50 50 50 

• 

• highest caloricity in the "main coal" bed was found in 
its centra! part; 

• sulphur contents were shown to increase with depth; 
• sulphur contents in volcano-sedirnentary overburden 

are nearly half, when compared with coal; 
• As contents, contrary to sulphur case decrease with 

depth; 
• contents of other harmful elements, F and Cl, in coal 

and in overburden are approximately the same and do 
not show significant changes with depth; 

• Fe contents in volcanic - sedirnentary overburden are 
approxirnately twice as much in the coal when com­
pared for the overburden and both increase with depth ; 

• lateral element distribution of harrnful As, S, Fe de­
crease to the north of deposit; 

• F levels in the deposit are more or less homogenous 
and Cl contents show moderate increase towards the 
centre; 

• increased S content in the seat rock of coal seam may 
partly result from the gypsum concentration, its occur­
rence increased in seat rock. 
According to the present ecological situation in the 

Upper Nitra region national environmental politics in the 
future should be focused on: 
• atmosphere protection against pollutants and global 
environmental security; 
• to secure drinkable water abundance and reduction of 

remaining water pollution under acceptable rate; 
• protection of the soil against degradation and the pre­

vention food contamination as well as other products; 
• waste origination minimisation, recyclation and hy­

giene; 

F Hg Mo Ni Pb Sb Se Zn 

380.0 0.2 0.7 23 .8 34.1 1.1 0.1 78.0 

300.0 0.1 0.5 19.0 29.5 0.8 0.1 72.0 

150.0 0.1 0.5 24.0 26.0 0.9 0.1 57.0 

382.7 0.1 0.7 18.0 18.4 0.8 0.1 38.1 

150.0 O.O o.r 0.5 13.0 0.3 0.1 26.0 

1850.0 0.8 4.5 .100.0 90.0 4.2 0.4 199.0 

60 60 60 60 60 60 60 60 

Trace elements (ppm) 

F Hg Mo Ni Pb Sb Se Zn 

454.0 0.1 0.6 28.0 18.2 0.7 0.1 65.4 

300.0 0.1 0.4 21.5 14.0 0.5 0.1 52.0 

150.0 0.1 0.1 25 .0 11.0 0.3 0.1 48.0 

442.7 0.5 0.7 24.8 11.1 0.8 0.1 39.2 

150.0 O.O 0.1 0.5 8.0 0.1 0. 1 24.0 

2000.0 3.4 3.6 124.0 54.0 4.9 0.4 248.0 

50 50 50 50 50 50 50 50 

• biological diversity conservation, natural resources 
rational use and conservation, spatial structure optimi­
sation, and optimum !and use. 
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Asymmetric lithospheric stretching in Danube Basin 
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Abstract: Danube Basin is a thermal extensional basin which began to open at the end of the Early Miocene. 
The main part ofthe initial synrift phase occurred during the Middle Miocene and the therrnal postrift phase 
closed the filling of the basin during the Late Miocene and Pliocene. Asymmetric stretching controlled tec­
tonic development of the basin. In the outer zone, on the northem margin of the basin (Blatne, Rišnov, Kom­
jatice and Želiezovce depressions) prevailed synrift subsidence. Therrnal subsidence occurred in this zone 
only partly or it was missing. In the inner zone (in the partia) Gabčíkovo Basin) both phases of subsidence 
occurred but the synrift subsidence was relatively small. Locally some areas emerged (Kolárovo elevation). 
On the contrary therrnal postrift subsidence was very intensive and deterrnined deposition of several thousand 
meters thick deposits only slightly deforrned by faults. The basin development is consistent with Coward 
model ofheterogeneous lithosphere thinning (1986). 

Key words: Danube Basin, non-uniforrn lithosphere stretching, asymmetrical continental lithosphere stretch­
ing, therrnal extension, initial tectonic or synrift subsidence, therrnal or postrift subsidence. 

Introduction 

Model of Pannonian or (Carpathian) Basin as one basin 
unit, presented mostly under the influence of geomor­
phologists and accepted by Stegena et al. (1975) in the first 
genetic interpretations of gathered geophysical data, is not 
valid today. The first objections were risen by Vass (1976, 
1979). Later an american-hungarian team of geologists and 
geophysicists came to the similar conclusion when they 
characterized Pannonian depression area as a basin system 
(Royden et al. 1983, 1988, Figs. 6 and 7). 

The individual basins in the basin system differ by 
origin and development even if there is some relation 
among some of them. More of them are thermal exten­
sional basins originated by lithosphere stretching as a re­
sult of rising of astenosphere and subsequent warming 
and stretching of the upper mantle and crust. But also 
among thermal basins important genetic differences exist: 
- The part of them implies by their position above thinned 
crust and lithosphere the origin by a pure shear litho­
pheric stretching (McKenzie 1978, Salveson 1976, 1978) 
or, perhaps most likely, they originated by non-uniform 
lithosphere stretching (basins Makó, Békes - Royden and 
Keen 1980, Beaumont 1982, Hellinger & Sclater 1983). 

- Other thermal basins of the Pannonian Basin system 
were opened as a result of heterogeneous lithosphere 
stretching. The northem Danube Basin is assigned among 
such basins. 

The Danube basin differs from the other Pannonian 
thermal basins by: 

- tluctuation of the crust and lithosphere thickness in 
the basin area 

- contrasting thickness of syn- and postrift deposits in 
the central and outer (marginal) part 

- contrasting subsidence velocity 
- differences in the frequency of the occurrence of 

synsedimentary faults and in the magnitude of their 
throws. 

The Northem Danube Basin lies on the territory of 
Slovakia and it is consistent with the Danube Lowland 
according to the regional geographic divisions of the 
Slovak Republic. The southem part of the basin lies on 
the Hungarian territory and it is consistent with the Kiss 
Alfóld (Little Hungarian Plain). 

The objective of the work is an analysis of the struc­
ture of the Northem Danube Basin with emphasis to 
untangle the mechanism and the history of its opening and 
subsidence. 

The northem part of the Danube Basin, as said above, 
is consistent with the Danube Lowland. It extends north 
of the Danube river, stretching by "bays" between moun­
tains of Malé Karpaty Mts., Považský Inovec, Tríbeč. At 
the NE it is limited by neovolcanics of Štiavnica 
stratovolcan and Pohronský Inovec Mts (Fíg. 1). The 
structure and development of the above defined part of 
the Danube Basin are different in comparison with other 
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Fig. 1 Northern part of Danube Basin - Situation of seizmic fines, wel/s used in the model and regional subdivision 

extensional basins of the Pannonian area. The basic 
difference is differentiated structural development of 
partial depressions in "bays" ofthe northem margin ofthe 
basin on one side and partia! Gabčíkovo depression 
immediately north of Danube river on the other side. 

Tectonic history of the area 

Numerous important tectonic events preceded the 
origin of the Danube Basin. During the Paleogene and 
Early Neogene an extensive lateral movement of elastic 
lithosphere segments comprising present West Car­
pathians, Bakonicum and Biikkicum occurred along 
shear zones or transcurrent faults. This movement 
occurred contemporaneously with the thrusting of the 
Outer Flysch Carpathians. Extrusive tectonics as a 
driving mechanism for the final location of the East 
Alpine and West Carpathians tectonic units was 
proposed by Ratschbacher et al. ( 1991 ). Extrusive tec­
tonics is defined as a synchronous interaction between 
tectonic escape (Burke & Sengor 1986) and extension 
colaps (Deway 1988). [t is necessary to emphasize that 
the structure of the West Carpathians was mainly 
formed in the Late Cretaceous (Mediterranean phase of 
thrusting sensu Andrusov 1967). The Eocene or post­
Eocene thrusting already was more or less synergie with 
extensive lateral translation. The process of lateral 

translation had a character of tectonic escape of 
lithospheric fragments from the area south of the 
Northern Alps as a result of continent - continent 
collision between Apulian promotory and Bohemian 
Massif. The amplitude of the lateral movement of the 
lithospheric blocks is on the basis of Bakony unit 
(Kazmer & Kovacs 1985) assumed to be 500 km. The 
direction of tectonic escape was toward tbe south-east 
although the today's position of the escaped blocks is 
north-east in relation to the original horne area. The rea­
sons for today's position will be explained below. 

Contemporary thrusting in the Outer Carpathians 
helped at least partly to so Ive the problem of space neces­
sary for escaping lithospheric blocks. The thrusting 
mainly occurred in the innermost and southerrnost e.g. 
Magura Flysch unit, but also in the Dukla and Silezian 
units (e.g. Stránik in Vass et al. 1987). 

The escape of large lithospheric mass triggered a 
change of the equilibrium state in the asthenosphere. The 
removal of lithospheric or crustal masses on the surface 
generates a horizontal stress gradient in the mantle if it is 
sufficiently rapid. The horizontal stress gradient in the 
mantle creates, in tum, an elastic mantle mass flow. The 
mantle mass escapes from areas of increased crust or 
líthospheric weight into areas of lower crust or lithosperic 
pressure (Alien & Alien 1992). This ís the forming 
mechanísm for convective tlows which generate astheno-
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Fíg. 2 Lateral displacement oj the Slovenian (Lub/Jana) and 
Hungarian Paleogene Basins after the Egerian (according Io 
Csontos et al., 1992) 

sphere rising and tbinning of litbosphere. A similar model 
- the model of extensional colaps introduced by Deway 
(1988), Molnar & Lyon-Cean ( 1988) has been applied for 
tbe extension in intra-Carpatbian space, wbere extension 
is explained as a result of thickened and therefore 
gravititionally not stable crust (Horváth & Berkhemer 
1982, Tari et al. 1992). 
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Wanning by convection and conduction beat transfer 
through lithosphere caused its thinning. If beat flow from 
the astenospbere was big enough, relatively fast thinning 
of continental lithosphere and its isostatic uplift occurred 
(active rifting, Sengor & Burke 1978, Baker & Morgan 
1981 , Turcotte 1983, Morgan & Baker 1983, Keen 1985, 
fide Alien & Allen 1992). The condition of sufficiently 
high heat flow transferred by astenosphere convection as 
well as the condition of the rap íd litbospbere tbinning was 
fulfilled. The escape of lithospheric masses was realized 
during ca. 12 - 15 Ma (Oligocene - Earliest Miocene) 
when the rash translation documented by the spatial 
redistribution of Slovenian Paleogene in relation to tbe 
Hungarian Paleogene basins occurred. Tbis translation, 
which occurred after the Eggerian e. g. after 22 Ma B.P. 
(Csontos et al. 1992), was carried out by the dextral strike 
slip along the Balaton line in the range about 300 km 
(Fíg. 2). The first surface manifestation of the upl ift 
phase of the active rifting are dated to the end of 
Eggenburgian e.g. to the time span ca. 20 - 19 Ma B.P. 
The proves of prerift up lift are Bukovina (southem Slo­
vakia), Zagyvapalfalva (northem Hungary), Sásvár 
(Mecsek and surroundings, Zala and Dráva Basins), 
Madaras (Alfóld) and Brenberg (surroundings of Šopron) 
Formations (Fig. 3). They consist of continental deposits 
(fluvial etc.) discontinuously spread in the entire 
modem Pannonian Basin, including depressions of south­
em Slovakia. They !ie on the either marine deposits of 

(D BUKOVINKA/ Z>GYVAPAI..FAJ..VA Fm. 

rn SZ>Jm/ÁR Fm. 

[l) Dfl.AVA-SÁVAAAEA 

(!) BRENNBERG Fm. 

III MAOARAS Fm . 

(!} GYULAKESZI TUFF Fm. 

FRONT OF OUTER CARPATHIANS . 
~ ANO-EASTERN ALPS (PRESENT - DAY) 
a) b) . , .. 

I 

KOŠICE ; 

® ----~ :' (@ 

~ OISTRIBUTION OF LATE 
EGGENBURGIAN • EARL Y 
OTTNANGIAN DEPOSITS 

. a) CONTINENTAL 
1 

1 
1 BRATISLAVA ·-' ,• 

J .. , 

~ - ' .,,. ,,_, _ 

-- ,,--- ----
~: ' ·'- ·- · - ·-'.· -' ··, euoAPEST ,, ,- ' 

.. ,. 
SZEGED,' 

• 1 

I 

J 

b) ACIOTUFF 

0km 100km 

Fig. 3 Continental formations Late Eggemburgian - Early Ottnangian in age, distributed in the „ Pannonian area ". Areas in 
between are assumed to have been exposed 10 erosion. The p icture clearly documents the regional uplift in the whole area of 
presenl-day Pannonian Basin (according to Hámor el al. , 1988, modified and completed by authors). 
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Early Eggenburgian ( on Fiľakovo and 
Pétervásar Formations) or older rocks 
(e.g. Čechovič 1952, Seneš 1951, Vass et 
al. 1979, 1989, 1992, Csasar & Haas 
1983). 
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The continental formations document 
a change from marine depositional 
environment to continental environment, 
thus an uplift and sea regression in the 
Pannonian space inspite of the global sea 
level rise trend in the tíme span 21 - 17.5 
Ma (Techas TB 2.1, Haq et al. 1987). 1 
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The continental deposits are accom­
panied by rhyodacite/rhyolite tuffs of 
area! extent (Lexa et al. 1993) with ra­
diometric ages 19.7 and 20.1 Ma in the 
southem Slovakia (Kantor et al. fide 
Vass et al. 1992, Repčok 1987) and 
17 - 19 Ma in the north-eastem Hungary 
(Hámor et al. 1980). 

~ ti 

The uplift lasted from the end ofEggen­
burgian to the Early Ottnangian repre­
senting tíme span 1-2 Ma. The prerift 
uplift is also recorded in the East-Slova­
kian Basin which is evidenced by the lack 
ofthe Ottnangian deposits (Fíg. 4). 
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The own rifting followed the uplift 
phase. The first subsidence, controled by 
faults, already commenced during Ottnan­
gian in the Pannonian area. The result of 
the subsidence is a sea incursion into 
surroundings of Várpaloty (Bántapusta 
Formation, Kokai in Papp et al. 1973). 
lndication of the beginning of the marine 
transgression is also a paralic coal 
sedimentation in Borsode area (north­
eastem Hungary, Bohn-Havas 1985) and 
marine ingressions into fluvial-palustrine 
environment (into coal-bearing Pôtor 
Member) and later into lacustrine 
environment (Plachtince Member) of 
Ottnangian age in the southem Slovakia 
(Vass et al. 1987, Škvarka et al. 1991). In 
this period, extension controlled palaeo­
stress field (Vass et al. 1993, Márton & 
Fodor 1995). On the contrary in the Car­
pathian front next thrust phase of Flysch 
Carpathians and their overthrusting on the 
Carpathian foredeep occurred (e.g. Jifíček 
1979, Vass et al. 1983, Oszypko and 
Slaczka 1985). 

§ o CONGLOMERATEIGRAVEL r=g COAULIGNITE ,~ 1 STRP<E-SLIP 

CZJ SANOS TONEISANO ~ ' ACIOE TUfF ,~1 NORMAL FAULT 

g ..... PEllTES jvvvvvl ANOESITE (• TUFF) 1~1 FOLO b-AXIS 

~ D EVAPORITES ~ + RHYOLITE 

Fig. 4 Scheme o/ lithology and tectonic development o/ East Slovakian Basin (after 
P. Kováč el al. 1994) . The Ottnangian deposits are missing in the basin. See a/so 
the extension during the Karpathian. 

On this tectonic background an ex­
tensive 50° anticlockwise rotation of the 
North Pannonian - West Carpathian block or partia) 
blocks occurred. An another rotation in ca. 30° contri­
buted to the first rotation in the Karpatian or during the 
Early Badenian. The total movement of blocks affected 
by rotation might be 500 - 1 OOO km toward the north 
(Márton et al. 1995, 1996). This mechanism was 

responsible for today's position of the units which 
originally tectonically escaped toward the south-east. The 
units are now located north-east of the original horne area 
in the Alps and Dinarides. It is necessary to say that the 
rotational transport of the lnner Carpathian units from the 
south to the north is supported by shallow inclination of 
remanent palaeomagnetism. Thrusting in the Carpathian 
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front, which means space shortening in the front of the 
Outer Carpathians and space widening in the inner part in 
ca. 500 km (Oszczypko & Slaczka, 1985) compensated 
by anticlockwise (e.g. toward the north) rotational 
movement of the lnner Carpathian units contributed by a 
decisive role to the formation of the Carpathian loop 
(Vass et al. 1988). 

The rifting and crustal extension continued in the 
Karpatian. The relevant style of the crust extension was 
described by Tari et al. ( 1992). In the southem part of the 
Danube Basin (e. g. in the Small Hungarian Plain) an ex 
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tension controlled by norma! listric fault whlch originally 
represented a detachrnent plane of pre-Tertiary uníts was 
described on the basis of seismic profile. The sinking 
movement on the fault opened an asymmetric trough re­
stricted by faults in the north-westem part and without 
fault restriction in the south-eastem part (Fig. 5). The old­
est deposits of the trough fill are Ligeterdo conglomerates 
of Karpatian age ( 17 .5 - 16.5 Ma, Steininger et al. 1988). 
A similar contemporary (e.g. Karpatian) style of opening 
is preserved in the East-Slovakian Basin. Jn the pre-Terti­
ary basement, tectonically formed in the Paleogene (after 
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Fig. 5 Migrated sesmic section (a) and its interpreta/ion (b) . The basement consists of epimetamorphic greenschisls on the 
northwestern s ide of the section, representing the subsurface continuation of Jurassic - Early Cretaceous rocks outcropping in the 
Penninic window of Rechnilz. The we/1 on the souteastern s ide of the profile bo/lomed in anchimetamophic Paleozoic rocks (Graz 
Paleozoic). The low-angle lectonic contact between these tectonic unit corresponds to a Cretaceous major overthrusl plane. During 
the Middle Miocene the same fault plane reactivated as an extensional detachment fau/t, along which the metamorphic core complex 
of Rechnilz was uplifted and the asymmetric graben ofmiddle Miocene through Pliocene in age subsided (after Tari el al. , /992) 
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BEGINNING OF BADENIAN { 16.5 Ma) BEGINNING OF SARMATIAN ( 13.0 Ma) 
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Fig. 6 Palinspastic reconstruction ofthe Carpathian-Pannonian region at beginning o/ Badenian time and beginning o/Sarmatian 
tíme showing the areas o/ synrifi extension and sedimentation. Solid line shows present external limit o/ Carpathian jlysh and is 
f1Xed with respect to Europe. Shaded areas show region a/ active extension during each tíme stage (Badenian and Sarmatian); 
vertical lines indicate areas o/ shortening; small arrows indicate direction o/ motion inferred along strike-slip fault zanes. Black 
indicates areas o/ andesitic volcanism. There are show only the areas o/ extension, compression and transcurrent faulting which 
have been identified and are know to belong to the tíme periods indicated (after Royden et al., 1982). 
W - Wien, K - Krakow. B - Budapest 

400km 

ISOPACH INTERVAL 

: : : : :J Late Cenozoic volcanic rocks 

Fíg. 7 /zopachyte map o/ the Pannonian Basin system with subdivision int o partia/ basins: S - Sava; Dr - Drava B; Z - Za/a B; G -
Graz B; D - Danube B; V - Vienna B; P- Pannonian s.s. B (Mako and Bek.es Basins); Te - Transcarpathian B; Ts - Transylvanian B 
(Royden et al., 1983) 
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Fig. 8 Uthospheric thickness map of the Pannonian Basin and surrounding territories (according to Horváth, 1993). Thicknesses are 
given in km. 

Eocene, Sotak et al. 1993 ), partia! thrust planes are indi­
cated on seismic profiles as subhorizontal or low-angle 
inclined conspicuous reflectors (Vozárová et al. 1993). 
Ouring the Early and Middle Karpatian, when extension 
predominated in the East-Slovakian Basin (Fíg. 4) at least 
a part of these thrust planes could act as listric faults 
along which partia! tectonic units or slices of pre­
Neogene basement were slided. As a result the East - Slo­
vakian Basin had been opened and filled up by marine 
Teriakovce Forrnation, later by marine-lagoon evaporites 
ofSoľná Baňa Formation (P. Kováč et al. 1994). 

In the following process of rift stage and crustal ex­
tension next faults were activated. Conjugated systems of 
horizontal strike slips were opening smaller basins in the 
framework of the Pannonian area (Horváth and Royden 
1981 , Royden et al. 1982, Tari et al. 1992). Extension 
reaches 50% to 200% and it was a response of crust thin­
ning when asthenosphere rising, rifting and postrift stage 
were situated more or less above each other. 

Discussion 

Model of asymmetric opening of the Danube Basin 

Knowledge on structure of the northern part of the 
Danube Basin suggests different mechanism of the basin 

origin and basin filing as in other partia! depressions of 
the Pannonian area. The substance of the difference is in 
fluctuation of crust and lithosphere thickness in the area 
of the Danube Basin. It also lies in contrasting thickness 
of syn- and postrift deposits, in subsidence velocity, in 
frequency of synsedimentary faults and size of their 
throw. In the area of Gabčíkovo Depression, e.g. in the 
centra) part of the Danube Basin, the crust thickness or 
the depth of MOHO is 27.5 km or less (Fig. 9) and the 
lithosphere thickness is about 80 km (Fíg. 8). The 
thíckness of Middle Miocene deposits of synrift stage 
(Badenian and Sarmatian) is several hundred meters 
(Adam and Olabač 1969), maximum 1500 m as is 
confirmed also by later seismic profil es (Fíg. 13 ), synrift 
sediment thickness distribution (Fig. 1 O) and subsidence 
curves of selected boreholes (Diakovce-1 and Kolárovo-
2, Fíg. 14). The greater part of deposits from the symift 
stage is absent on the Kolárovo elevation: Sarmatian 
deposits !ie on metamorphous rocks and granitoids of 
Veporicum. In places, where synrift deposits are thinned 
on the seismic profile we assume only Sarmatian deposits 
(Fíg. 13). The density of mostly synsedimentary faults 
deforrning synrift deposits is relatively lower comparing 
to the northern part ofthe basin . Higher throw amplitudes 
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are rare. On the contrary the deposits of postrift or 
thermal stage (Pannonian to Pliocene) reach considerable 
thickness, e.g. the thickness south of Dunajská Streda is up 
to 5000 m (Fíg. 11 ). It is mainly proved by seismic profil es 
because none of boreholes penetrated postrift deposits in 
places of their maximum accumulation. An important 
difference of subsidence during the deposition of syn- and 
postrift sediments are also proved by subsidence curves 
(Fíg. 14). The postrift deposits are only slightly defonned 
by faults and throw amplitudes are small (Fíg. 13). 

The crust thickness toward the north from Gabčíkovo 
Depression increases from 27 .5 km to 30 km (Fíg. 9) and 
the lithosphere thickness is about 100 km (Fig. 8). The 
synrift stage sediment thickness in partia) depressions, 
namely in Blatné Depression and Rišnovce Depression, 
exceeds 2 500 m and 2 OOO m respectively (Fíg. 1 O). 
Synrift deposits are deformed by a dense system of 
synsedimentary faults with high throw amplitudes (in 
order of hundred meters - Fíg. 12). Postrift deposits are 
developed only rudimentary. Their thickness abruptly 
decrease toward the north. The thickness is several tens, 
maximum several hundreds meters on the northren 
margins of depression (Figs. 11 and 12). 

The above mentioned evidence about_structural het­
erogenity ofthe Northem Danube Basin suggests that it is 
possible to apply Coward model of heterogeneous 
lithosphere thinning (Coward 1986) to elucidate the basin 
genesis. This model is a modified model of a sirnple shear 
(Wemicke 1981 , 1985). According to Coward model 
stretching of the Iower part of the lithosphere is 
concentrated beneath the much more extensive zone of 
upper crust extension (Fíg. 15). New fault generation can 
diffuse to the area of the initial rift zone and in this way it 
can widen the zone of the stretching of the upper crust. 
The fault expansion or uppercrust stretching can be 
supported by older, slightly waning anizotropy or 
compositional Iayering within the crust. Old fault systems 
or thrust planes are rejuvenated. 

The sedimentary basin originating by asymmetric 
crust extension has outer zone with the extension only in 
the upper part of the crust and inner zone, where the up­
per crust is extended by a factor ~, while the lower crust 
is extended by a factor ~ + ~' to balance the extension of 
the upper crust on the basin margin. The extension and 
fault development are not syrnmetric. In the zone of the 
upper crust thinning initial e.g. synrift subsidence carries 
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Fig. 9 Crustal thickness map oj the Pannonian Basin and surrounding territories (according Horváth, 1993). Thick.nesses are given 
in km. 
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out. Thennal and/or postrift subsidence does not develope 
there (Fig. 15). 

In the basin inner part where the entire lithosphere 
(inner zone) is thinning, both initial tectonic and sub­
sequent thermal subsidence occur. The stretching of the 
whole crust by factor P triggers subsidence but the sup­
plementary factor P · in the lower crust and in the 
lithosphere mantle determines a slight uplift of 
lithosphere. lf in the lower crust the density is variable, 
the total uplift occurs resulting in the emergence of the 
extensional upper crust above the sea level. In these 
conditions, initial subsidence of the inner zone has to be 
necessarily lower than in the outer zone. Besides, a 
discordance occurs between deposits of the initial 
subsidence and subsequent thermal subsidence. This 
discordance ís often hidden and not conspicuous. 
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Fig. 12 Migrated and inlerpreted seismic section /rom the 
Norlhweslern part of Danube Basin. The seismic line c/early 
shows lhe huge lhickness of synrift deposils. The poslrift 
deposits are severe/ limes thinner. 
1 - Sediments of postrift stage: Late Miocene (Pannonian and 
Pontian),interpreted according Io the wells; 2 - Sediments of 
synrift stage: Uppermost Early and Midd/e Miocene 
(Karpathian, Badenian, Sarmalian) ; 3 - Basin jloor units 
(Tatric). 

Fig. 13 Migrated and interpreted seismic section /rom lhe 
Centra/ part of Danube Basin. Seismic line shows reverse 
situation as Fig. 11 . The poslrift sedimenls are thick and synrift 
deposits several tíme thinner. 
1 - sediments of postrift stage: late Miocene (Pannonian and 
Pontian), P/iocene (Dacian and Romanian), Quternary; 2 - se­
diments of synrift stage: middle Miocene (Badenian and 
Sarmatian) ; 2 '- reduced thickness - Sarmatian only?; 3- 7 - tec­
tonic unils ofthe basinjloor; 3 - Tatric, 4 - Veporic, 5 - Bakony, 
6 - Penninic?, 7 - Unknown. 
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In the Danube Basin, the partia! Blatné, Rišňovce, 
Komjatice or also Želiezovce depressions located in the 
northem part of the basin (Fíg. 1) are consistent with the 
outer zone. In these depressions, asymmetric extension of 
the outer crust resulted in reactivation of faults active in 
the older depression structure. It determined tectonic 
subsidence goveming a thick synrift píle of deposits. The 
later therrnal subsidence was applied in very restricted 
extent. The postrift deposits occur only rudimentary. 

Gabčíkovo Basin (Fíg. 1) is consitent with the inner 
zone where synrift deposits of initial phase are sub-

Well : Suché 2 
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stantially less thick than postrift deposits of thermal 
phase. Kolárovo anomaly suggests that in the beginning 
of the initial subsidence a local energie up lift occurred 
in the inner zone and crystalline rocks of basin 
basement were denuded. Only at the end of this phase 
elevation sank down and the deposits of the final part of 
the initial phase (Vrábel Formation - Sarmatian age) 
lie on it transgressively (Fig. 13). In the thermal 
(postrift) subsidence stage the entire partia! Gabčíkovo 
Basin subsided uniformly. 
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Fíg. 14 Burial history curves and tectonic subsidence in Northern part of Danube Basin. Modeled tectonic subsidence is the sum of 
initial and thermal subsidence. See well expressed initial subsidence in the well Suchá-2 and parity Diakovce-1 (Badenian and 
Sarmatian); in the well Kolárovo-2 initial subsidence is missing. Contrary, the thermal subsidence (Pannonian - Quaternary) is 
well expressed in the well Kolárovo-2, less expressed in the well Diakovce-1 and only rudimentary in the well Suchá-2. 

The difference between Coward model of asymmetric 
crust stretching and Wernicke model of lithosphere 
extension by simple shear 

Coward model of asymmetric crust stretching or het­
erogeneous stretching descends from Wemicke model of 
lithosphere extension by a simple shear but it is not entirely 
consistent with this model. The subsidence in Wemicke 
model is associated with slightly inclined shear zone 
penetrating the whole crust and stretching out as far as to 
mantle. The extension from the upper crust in one area 
should be transferred to the lower crust and lithospheric 
mantle in the other area by the shear zone. The extensional 
bas in is developing on the site of the upper crust extension 
controlled by faults. Thus, Wemicke model in contrast to 
the Coward model and structure of the northem part of the 
Danube Basin assumes upper crust thinning and subsequent 
initial tectonic subsidence only in the outer zone. In places 
where the lower crust and mantle lithosphere undergoe 
thinning and is not affected by faults the uplift occurs 
(discrepancy zone). The asthenosphere cooling beneath the 
zone of discrepancy induces retum of the crust into initial 
position. The discrepancy zone sank below the original 
level in older zones of the crust extension by a simple 
shear. This results in forrnation of shallow, simple sag bas in 
type without interaction of extension faults (Fig. 16). 

On the contrary, Coward model does not assume huge 
shear penetrating the entire lithosphere and reaching the 
mantle. 

The thinning of the upper crust and subsequent initial 
tectonic subsidence occurred in the whole area under ex-

tension e.g. in both outer and inner zones, even if in the 
inner zone it was less intensively. The subsequent tberrnal 
subsidence affected by a significant extent the centra! 
zone, resulting in several thousand meters thick píle of 
deposits in the case ofthe Danube Basin. 

~UTER ZONE--+1-INNER ZONE -1 
Faulis propapale awav 

lromnK 

· O~pling on . 
p,evious fabric 

lnversion: uplifl and erosion 

Angular unconlormily 

Fíg. 15 Heterogeneous thinning of the lithosphere (after 
Coward, 1986). The upper crustal extension spread outwards 
asymmetrically over a wide region, possibly reactivating 
previous tectonic fabrics. The lower crust and subcrustal 
lithosphere, however, are shown extendind over a much smaller 
region. Thís lower crusta//subcrustal thínning may produce 
therma/ domes and erosíonal uncoriformilies and o/der 
extensional faul/s may be ínverted. 
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Fig. 16 The model for crustal strelching on a low ang.Ie shear 
zone (after Wernicke, 1981, 1985 - modifled). 

Conclusion 

Coward model of heterogeneous lithosphere thinning 
most conspicuously elucidates mechanism of the open­
ning and filling of the Northem Danube Basin or its 
northem part. The basin has two conspicuously separated 
zones: 

- Outer zone with the initial subsidence detennined by 
the upper crust thinning. The important role played 
rejuvenated or new formed faults. The thermal subsidence 
was unconspicuous, substantially lesser than preceding 
initial subsidence. 

- Inner zone with manifestation of initial and thermal 
subsidence. The initial subsidence was less intensive than 
thermal one. Uplift occurred locally during the sub­
sidence. The thermal subsidence took relatively large area 
of the basin where it enables formation of several meters 
thick sediment píle but it stretched into the outer zone 
only marginally. 
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