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lnstructions to authors 

General instruction 

The edi torial Board ofthe Dionýz Štúr lnstitute ofGeology accepts 
manuscripts in English language. 

The Editori al Board accepts or reťuses a manuscript with regard to 
the reviewer's opin ion. The author is informed of the refusal within 14 
days from the decision of the Editorial Board. Accepted manuscript is 
prepared for publication in an appropriate issue of the magazine. The 
author(s) and the publishers enter a contract establishing the rights and 
duties ofboth parties during editorial preparation and printing, until the 
time ofpublishing ofthe paper. 

Text layout 

The text should be arranged as follows: full name of the author(s) ; 
tit le of the paper, number of supplements (in brackets below the ti tle, 
e.g. 5 ligs ., 4 tabs.); key words - maximum 5 words arranged 
success ively from general to special terms; abstract (max. 15 lines 
presenting principal results); in a footnote on the lirst page, name ofthe 
author(s), as well as his (thei r) professional or private address . 

The text of the paper should be logically divided. For the purpose 
of typology, the author may use a hierarchie division of chapters and 
sub-chapters, using numbers with their titles. The editorial board 
reserves the right to adjust the type according to generally accepted 
rules even ifthe au thor has not done th is. 

ames of cited authors in the text are written without first names 
or initials (e.g. Štúr, 1868), the names of co-authors are divided (e.g. 
Mišík & Sýkora, 198 I ). The name(s) is followed by a comma. lf there 
are more authors, the first one, or the fi rst two only are cited, adding et 
al. and publication year. 

Mathematical a nd physical symbols of units, such as %, %o, °C 
should be preccded by a space, e.g. 60 %, 105 °C etc. Abbreviations of 
the units such as second, litre ate. should be written wíthout a period. 
Compass bcarings may be substituted by the abbreviations E, W, NW, 
SSE etc. Brackets (parentheses) are to be indicated as should be 
printed, i.e. square brackets, parcntheses or compound. Dashes should 
be typed as double hyphens. 

lf a manuscript is typcd, 2 copies are required, including ligures. 
Required is A4 pagc size, 30 text fines with 60 characters, including 
spaces, typed with line spacing No. 2. The author should mark these 
parts of a text which should be printed in different type with a vertical 
line on the left side of the manuscript. Paragraphs are markcd with 1 
tab space from the left margin , or by a typographic symbol. Greek 
characters should be wrítten by hand and followed by their description 
in parentheses, e.g. (sigma, omega, etc.). lndices and exponents should 
be properly marked. 

lfthe text is delivered on a diskctte (3 .5" or 5.25"), it is necessary 
to send also one hard copy. The publishers shall accept the following 
text formats: 
*.doc {Word for Windows 6.0, 7.0, 8.0). 

Tables and ligures 

Tables shall be accepted in a size of up to A4, numbered in the 
same way as in text. 

Tables should be typed on separate sheets of the same size as text, 
with norma! type. The author is asked to mark in the text where the 
table should be inserted. Short explanatíons attached to a table, should 
be included on the same sheet. l f the text is longer, it should be typed 
on a separate shect. 

In contributions delivered on a diskette, tab les may be writtcn 
using a text editor (Word for Windows, Word Perfect, T602), or a 
spreadsheet (Quattro Pro, Excel) and delivercd as a separate file . 
Characters in the table should not be less than 8 point large. 

Figures should be presented in black-and-white, in exceptional 
cases also in colour. Figures are to be presented by the author 

simultaneously with the text of the paper, in two copies, or on a 
di skette + one hard copy. Graphs, sketches, proliles and maps must be 
always drawn separately. High-quality copies are accepted as well. 
Captions should be typed outside the figure . The graphic supplements 
should be numbered on the revcrse side, along with the orientation of 
the ligures. Large-size supplements are accepted only except ionally. 
Photographs intended fo r publishing should be sharp, contrasting, on 
shiny paper. High quality colour photographs will only be accepted 
depending on thejudgement of the technical editors. 

lf a pietu re is delivered in a digital form, the following formats will 
be accepted: *.cdr, *.bmp, *.tifT, *.wpg, *.fga, *.gifT, *.jpg, *.pcx. 
Other formats are to be consulted with the editors. 

References 

list of references should only include papers cited in text 
the items are to bc listed alphabetícally, with hanging indent in the 

second and following I ines 
authors are to be cíted with initials following the family name. 

Example 
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und Chronostratigraphie des jungeren Tertiärs. Geol. Zbor. 
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proceedings should be cited as follows : 
1. family name and initials of author(s) 
2. publication year 
3. title of paper 
4 . tí tle of proceedings 
5. editor(s) 
6. place of publishing 
7. publishing house 
8. page range 
9. non published reports should be denoted "manuscript" and 

the place of archive should be given. 

ľr.ooli 

The translator as well as the author(s) are obliged to correct the 
errors which are due to typing and technical arrangements. The lirst 
proofs are sent to author(s) as well as to the translator. The second 
proof is provided on ly to the cditorial office. lt will be sent to authors 
upon request. 

The proofs must be marked clearly and intell igibly, to avoid further 
errors and doubts . Common typographic symbols are to be used, the 
list and meaníng ofwhích will be provided by the editorial office. Each 
used symbol must also appear on the margín of the text, if possible on 
the samc line where the error occurred. The deadlines and condi tíons 
for proof-reading shall be s tated in thc contract. 

Final remarks 

These instructions are obligatory to all authors . Exceptions may be 
permitted by the Editorial Board or thc managing editor. Manuscripts 
not complying wíth these instructíons shall be returned to the authors. 

1. Edi torial Board reserves the right to publish prefcrentially 
invited manuscrípt and to assemble thcmatic volumes, 

2. Editorial Board sits four limes a year and closing dates for 
individual vo lumes will be on every 15th day of March, June, 
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3. To refer to one Magazine please use the following abbrevia
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2-nd ESSE WECA conference 
Environmental, Structural and Stratigraphical Evolution of the Western 

Carpathians 

The ESSE WECA conferences organised on the ground of the Faculty of Natural Sciences of Comenius 

University and with the support ofthe Slovak Geological Association and the Geological Survey of Slovak Republic 

are dedicated to the actual problems of geology of the Western Carpathians. Traditionally they are organised in two

year periods and dedicated to prominent Slovak geologists. 

Before the fäst ESSE WECA conference we met in 1997 on the intemational meeting dedicated to 100th birthday 

anniversary of the founder of the Slovak and Carpathian geology - Prof. Dimitrij Andrusov. Subsequently, the first 

ESSE WECA conference was organised in 1998 and dedicated in memoriam to tragically deceased Doc. RNDr. 

Rudolf Mock, CSc. The second ESSE WECA conference held in 2000 is dedicated to 80th birthday anniversary of 

Prof. RNDr. Michal Maheť, DrSc. who passed away 5 (?) years ago. 

This year we commemorate also important 70th - birthday anniversary of RNDr. Anton Biely, CSc., the founder 

of the regional geological research and author of many geological maps of Slovak regions. We sincerely wish him 

another many years of life and professional comfort. 
The conference with a traditional theme „Paleogeography of Paleozoic, Mesozoic and Tertiary sequences of the 

Western Carpathians and adjacent areas" brings newest findings from geological, palaeontological , sedimentological 

and structural researches in the area of the Alpine - Carpathian - Pannonian region and foreland formed by the 

northeuropean platfonn. This conference held in the year 2000 is organised also as a part of a programme of three 

professional groups - sedimentology, tectonics, and stratigraphy, within the framework of the activities of the 

Carpathian Balkan Geological Association held between two congresses - XVI in 1998 (Vienna) and XVII in 2002 

(Bratislava). 
The interest in our ESSE WECA Conference is mainly in the countries of CBGA, mainly those, which have 

common geological problems related to the Western Carpathians. The talks given by the indivídua! participants are 

published in the shortened form as reviewed papers and they are published in the Slovak Geological Magazíne (Vol. 

6, No. 2-3 , edited by Jozef Vozár in co-operation with Michal Kováč, Dušan Plašienka, Jozef Michalík and Anna 

Vozárová). 
Beside prestigious Slovak and foreign authors (Czech Republic, Yugoslavia, Poland, Hungary, Austria, Rumania, 

Ukraine, Switzerland and Gennany) as a great contribution of the conference we consider also numerous works 

presented by young geologists, mainly PhD students. 

Number and professional extend and quality ofthe contributions exceeded the expectations ofthe organising and 

scientific committee, what is assumption for good tradition as well as a hope for successful meetings ofthe Western 

Carpathian geologists and geologists of adjacent areas also in the future. 

In the year 2002, i.e. in the year ofXVII . CBGA Congress the ESSE WECA will be dedicated to the founder of 

biostratigraphy and study ofmicrofacies in the Western Carpathians - Prof. RNDr. Milan Mišík, DrSc. 

Michal Kováč and Jozef Vozár 

Note ojthe magazine editor: 

Al/ published contributions are original works oj authors - the participants oj the ESSE WECA 2000 Conjerence. 

The authors are jully responsible jor the content, scientific and language quality. Al/ contributions were reviewed 

and edited only in limited ext end by the editors oj the issue. 
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Miocene development of the Carpathian chain and the Pannonian Basin: 
Movement trajectory of lithospheric fragments, subduction 

and diapiric uprise of asthenospheric mantle 
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Abstract: The Miocene developmentof the Carpathian chain and pannonian basin system was controlled by 
retreating subduction in front of the orogene and which back-are extension associated with the diapiric 
upraise of astenosphere. The differencesin geodynamical behavior between western and centra! and eastern 
parts ofthe area, as well as the different movemet trajectories ofthe indivídua! lithospheric fragments (Alcapa 
and Tizsa-Dacia microplates)mirrors the subducting slab segmentation into at Ieast three parts, the oblique 
collision with the platform margin combined with rotation of overriding plates and heterochronous diapiric 
upraise ofthe asthenosphearic mantle. Tming ofthe mentioned processes is given in following text. 

Key words: Western Carpathian - North Pannonian region, Miocene, microplates movement trajectory, 
subduction, upraise of asthenospheric mantle 

The Tertiary evolution of the Carpathian are and 
Pannonian Basin (Fig. 1) is generally interpreted as a 
coupled system of the gravity driven subduction of oceanic 
or suboceanic lithosphere underlying former flysch basins, 
back are ex:tension associated with the diapiric upraise of 
asthenospheric mantle and lateral extrusion of lithosphere 
fragments from the Alpine collision assisted by transform 
faults (Vass et al 1988, Csontos et al. 1992, Meulenkamp 
et al. 1996, Kováč et al. 1998, Lexa & Koneéný 1998). 

Division of the subducting slab into three major 
segments, corresponding roughly to the West Carpathians, 
northem part of the East Carpathians and southem part of 
the East Carpathians testifies the are type andesite 
volcanism. Subduction affected first during the Late 
Oligocene to Early Miocene tíme internally situated 
Penninic/Magura and Transcarpathia/Szolnok flysch zones 
(Fig. 3), later during the Early Miocene to Pliocene tíme 
externally situated Silesian/Krosno/Moldavian flysch zone 
(Fig. 3, 4, 5, 6). Subduction in the extemal zone started at 
the West during Early Miocene (20 Ma) and sinking slab 
has reached the magma generation depth of 120 - 150 km 
during the Early Sarmatian (12.5 Ma), while at the East it 
started during Badenian (16 - 15 Ma) and sinking slab has 
reached the magma generation depth during the Late 
Pannonian to Pleistocene (9 - 1 Ma). Such the timing sets 
the average subduction rate at 1.5 - 2 cm a year. With 
exception of the NE Carpathians the subducting slab has 
reached the "magma generation" depth during the last stage 
of convergence in the almost vertical position. The short-

term volcanic activity implies a limited wídth of the 
subducted crust (less than 150 km) or a progressive 
detachment of the sinking slab from the platforrn margin. 
The final detachment of the sinking slab is confirrned by 
results of seismic tomography, while it is still in progress at 
the Vrancea seismic zone. 

Migration of subduction processes eastward was 
retlected in corresponding migration and reorientation of 
back are extension zones (Fig. 3, 4, 5, 6). The are type 
andesite volcanism associated in indivídua) segments with 
the subsidence of extension basins, which are situated at the 
back of the accretion prism, as an immediate product of the 
subduction puli in the orogene hinterland. The areal type 
silicic and andesitic volcanism associated with the 
evolution of the pull-apart and basin & range 
(horst/graben) type structures. Areas of thinned Crust and 
Lithosphere, corresponding to Neogene extension basins, 
localize places of the diapiric upraise of asthenospheric 
mantle, which was coupled intimately with subduction 
processes in the outer tlysch zone of the Carpathian are. 
Late stage alkali basalt volcanics testify, that during the 
final stage in evolution of the are the compensating 
asthenospheric flow has reached · the zone of back are 
extension and diapiric upraise of asthenosphere incor
porated unmetasomatized mantle material (Fíg. 5, 6). 

Migration of subduction processes eastward caused also 
a reorientation of the upper plate movement and the lateral 
extrusion of lithosphere fragments from the Alpine 
collision zone. \Vhile it was northerly during the Early 
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Fíg. 2b Timing oj the Miocene rotations oj the Alcapa and Tisza-Dacia microplates 

Miocene, it was northeasterly during the Middle Miocene 
and easterly during the Late Miocene time (combined with 
counter-clockwise rotation due to oblique collision with the 
continental margin). 

In the last decade, the paleomagnetic study in the Car
pathian-Pannonian domain brought a large number of new 
data which show a variability of the Neogene rotations in 
tirne and space mirroring the development of the Car
pathian chain and Pannonian back-are basin during this 
period (Fig. 2a, 2b). The paleomagnetic results document 
the general CCW rotation of the northem, the Alcapa 
megatectonic unit, while indicate both CW and CCW ro
tations in the southern, the Tisza- Dacia megatectonic unit 
(Kováč & Márton 1988). 

ln the Western Carpathian region of the Alcapa mi
croplate two CCW rotations were registered in the Tertiary. 
The older one (50 - 60°), after the Ottnangian (17.5 Ma), 
can be correlated with initial rifting of the back-are area, 
associated with high subsidence rates above all in the 
Vienna Basin. During this tíme, the Early Styrian thrust of 
the Flysch Belt over the North European Platforrn was 
followed by development of continuous foredeep in front of 
the orogene (depocentres in the west). The second CCW 
rotation (30°), during the Early Badenian ( 15 Ma), can be 
correlated with tectonically controlled transgression, 

followed by accelerated subsidence in the Danube Basin 
and the Late Styrian thrust of the Western Carpathian 
Flysch Belt over the foredeep. There is paleomagnetic 
evidence to show that the final emplacement ofthe Western 
Carpathian region is older than 14.5Ma. 

In the Transcarpathian depression, in the Tokaj Mts. 
and in the Oas Mts . we know of a single CCW rotation 
(40- 50°) which must have taken place in the Sarmatian 
(l 3-12Ma). This rotation can be correlated with maxi
mum subsidence in the in the East Slovakian Basin and 
accelerated subsidence in the foredeep at the Westem
Eastem Carpathians boundary, followed by the last over
thrusts ofthe Outer Carpathian Flysch Belt. 

In the Transdanubiam Centra! Range a CCW rotation 
(30°) can be traced during the Eocene, mirroring the Pa
leogene development of the Southem Alps and Dinarids. 
A second CCW rotation (30°) occurred probably during 
the Early Badenian ( 15 Ma) which can be related to Da
nube Basin synrift development. The last CCW rotation 
(30°) is observed on Early Pannonian (11 - 9.5Ma) rocks. 
Though the exact age of this rotation is not yet known, it 
may be tentatively related to the new rifting period in the 
back are basin and to the development of compress ive 
structures from the zone of Sava folds to the south-eastern 
front of Transdanubian Range. 
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In the southem, Tisza-Dacia megatectonic unit, the 
Tertiary paleomagnetic <lata complicated the picture of 
uniform CW rotations which had been based on Creta
ceous paleomagnetic results. In the western part of the 
Tisza-Dacia unit, CCW rotations (about 50°) of Kar
pathian age (17.5 Ma) occur, probably connected to a 
left-lateral displacement at the northem margin of the 
Mecsek Mts. There are a few <lata indicating that the main 
body of the Mecsek rotated in the CW sense, but the tim
ing is uncertain. In the eastern part of the megatectonic 
unit there is evidence for about 60° CW rotation between 
14 and 12 Ma. This rotation can be correlated with the 
Late Styrian to Early Moldavian thrust of the Eastern 
Carpathian Flysch Belt over the foredeep and initial rift
ing stage (uplift?) of the Great Hungarian Plain. In the 
Transylvanian Basin increased subsidence took place. 

In the SE margin ofthe Pannonian back are basin, still 
in the Tisza megatectonic unit, CCW rotation (40°) was 
observed, which must have occurred after Pontian tirne 
(6 Ma) and was accompanied by rapid subsidence in the 
Orava and Sava Basins This youngest registered CCW 
rotation reflects compressive development ofthe Dinarids 
in the Pliocene. 
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Correlation of Lower Miocene deposits in the southern part 
of the Carpathian Foredeep in Moravia (Czech Republic) 
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Abstract. Lower Miocene sediments, first of all the Karpatian, were studied on the basis of cores from drill 
holes, wireline logs and seismic reílection profiles in the southern part of the Carpathian Foredeep in the 
Moravia. Micropaleontological <lata were used for stratigraphic, paleoecological and paleogeographic conclu
sions. Pelitic sections with some psammitic beds of highly varied thickness were predominate. Depositional 
systems ofthe Karpatian sediments were classified as predominantly shallow water. 

Key words: Carpathian Foredeep, Lower Miocene, Micropaleontology, Drill Logging 

Introduction 

The Karpatian period played an important role for the 
tectonic, basinal and facies evolution of the Carpathian 
Foredeep, representing a peripheral foreland basin. Dur
ing the Karpatian, the areal extent of the foredeep widely 
stretched along the flysch accretionary wedge ofthe Outer 
Carpathians from the today's southem Moravia to Poland 
(Cicha et al. , 1989). Karpatian deposits are characterized 
also by considerable thickness. At the eastem margin of 
the Carpathian Foredeep, close to flysch nappes, their 
thickness reached 1 200 m (Čtyroký, 1991), therefore, a 
high sedimentation rate is estimated. Completely different 
opinions exist about detailed Karpatian stratigraphy and 
paleogeography of the Neogene basins on the periphery 
of Western Carpathians (Cicha, 1995; Jii'íček, 1995 etc.). 
The most complicated situation exists in the southem part 
of the Carpathian Foredeep. The proposed preliminary 
correlation of the Karpatian deposits in the southem part 
of the Carpathian Foredeep is based on subsurface data 
(cores from drill holes, wireline logs, seismic retlection 
profiles), because of the absence of suitable outcrops. 
There were studied lithology, drill logs and micropale-_ 
ontological assemblages of the borehole M ikulov-1 (Mik-
1 ), Nový Pi'erov-1 (NP-1 ), Nový Pi'erov-2 (NP-2), 
Hrušovany-! (Hruš-1) and cores including micropaleon
tology of the HV-304 Hrušovany nad Jevišovkou and 
HV-305 Slup (Fíg. 1). 

Results 

Well logs are very important for destination of the 
li thology of strata, cores are necessary for the verification 
of interpretation. The help of the program - gdBase prac
ticed reinterpretation of well logs of dri lis in southem part 
of the Carpathian Foredeep. This program works with 
geological, geophysical, laboratory and other necessary 
data. Well logs were vectorized by means of the digitiza-

tion (NUMONICS) with the program Intergraph Micro
station 5.0. Character oflogs shows, tirst ofall, basic type 
of drilled rocks and their lithological character, consoli
dation of sediments, deformation of rocks etc. lnfluence 
of clayey admixture is very significant especially on the 
Gamma-Ray Logs, the Electric Resistivity Logs and the 
Spontaneous Potential (SP) Log (Doveton, 1994). Char
acter of the Neogene sediments is pelitic-psammitic. Pre
dominant mudstones include sandy and sandstones 
intercalations. Pelitic rocks reach values of the Ra 2-16 
ohmm (maximum), values of thinly sandy rocks increase 
to 25 ohmm. Values of GK of calcareous or thinly sandy 
pelites tluctuate about 13 - 33 uR/h. Anomalous high val
ues of SP are typical for several meters thick layer of 
sandstones. New litological interpretations in boreholes 
(Mik-1), (NP-1), (NP-2) and (Hruš-1) as shown in Fig. 2, 
e.g. dismemberrnent of the logging complex, resulted in 
possibility to correlate some parts ofthe Carpathian Fore
deep (see interpretation). 

Assemblages of foraminifers were studied from the 
boreholes Mik-1 , NP-1, NP-2, Hruš-1 , HV-304 and HV-
305. Holzknecht ( 1978, hand published data) considered 
the assemblages of the Karpatian foraminifers from the 
whole profiles ofMik-1 , NP-1 , NP-2 and Hruš-1 such as 
the I st zone of the Karpatian sensu Cicha & Zapletalová 
(1974). Microfauna is strongly reduced. Huge number of 
teleostei-bone fragments, strongly pyritized foraminiferal 
fauna, especially genera G/obigerina, and diatoms, indi
cate the reductive environment of the sedimentation. 
Some horizons with huge planktonic pyritised forami
nifers (genera G/obigerina) change to the very reduced 
and pyritised sections. A correlation horizon with agglu
tinated forams Bathysiphon sp.+Cribrostomoides sp. were 
described in NP-1 and NP-2 boreholes. The microfauna 
in the lower part of HV-304 is also considered to the 1 •1 

zone of the Karpatian (Petrová, 1999). The upper parts of 
section HV-304 and HV-305 contain relatively rich as
semblages of the Karpatian and it is considered to the 2nd 
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Fíg. I. Schematic map of the Carpathian Foredeep showing location of the boreholes 

zone, so microfauna of HV-boreholes is conspicuously 
different as compared to a microfauna in Mik-1, ŇP-1, 2 
and Hruš-1 . 
Typical shallow water assemblages were identified in the 
uppert part of HV-304 with the taxa Heterolepa dutem
plei (ďOrb.), Ammonia beccarii (L.), Valvulineria sp., 
Hansenisca soldanii (ďOrb.), Elphidium div. sp. etc., 
plant fragments and molluscs tests. They indicate the 
proximity of the coast. Rather different shallow water 
foraminifers were described on the top of Mik-1 , repre
sented by taxa Elphidium jichtelianum (ďOrb), Elphi
dium crispum (L.), Elphidum macellum (Ficht. & Mol.), 
Ammonia beccarii (L.) etc. 

Interpretation 

Psammitic intercalations of the HV-boreholes is not 
possible to corelate with the psammits of the boreholes 
closed to Flysch nappes such as shallow water sediments 
on the top of the sequences. lt is documented also by the 
foraminifera associations. Psammitic beds reprezented 
wedge-shaped deposits which were located in the eastem 
and western margin of the Karpatian basin. Some beds are 
products of storms, other sandy beds are products of 
shoreline deposition retlecting periods of shoreline pro
gradation (Nehyba & Petrová, 2000). Depositional system 
was classified as predominantly shallow marine. 

Microfauna, especially foraminifera, is in agreement 
with these results, too. Some psammitic sediments with 
shallow water fauna altemate to pelitic sediments with 
planktonic fauna. Some stratigraphic conclusion - this 
fauna represents important stratigraphic changes sensu 
Cicha a Zapletalová (1974) in a little area during the Kar
patian. In our opinion, stratigraphic zones by Cicha and 
Zapletalová are not suitable for stratigraphic division of the 
Karpatian. These zones represent probably biofacial and 
paleoecological changes during the Karpatian sedimenta
tion in the Carpathian Foredeep, not stratigraphic division. 

Assemblages of the Eggenburgian and the Ottnangian 
are rather reduced, huge fragments of teleostei-bone pre
dominate. 

Large volumes of the Karpatian and Lower Badenian 
deposits, especially marginal deposits, were eroded. Kar
patian deposits in the southem part ofthe Carpathian Fore
deep were deposited in a single basin (Nehyba et al., 2000). 
Their complicated lithology retlects structural resemblance 
ofthe basin during this period. Multiple evidence ofsharp 
based sandstones is retlecting shoreline deposition in the 
outer (more distal) part of the basin (Nehyba & Petrová, 
2000). Formation of the accommodation space, strata! 
geometry and facies distribution within the Carpathian 
Foredeep were predominantly govemed by tectonic proc
esses within the accretionary wedge. Important role was 
also played by sea - level changes and sediment supply. 
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Hruš-1 NP-1 NP-2 

Fíg. 2. Correlation o/ the boreholes Mik-1 , NP-/, NP-2 and Hruš-1 
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Paleogeographic significance of the Upper Karpatian and Lower Badenian 
deposits along the eastern margin of the Carpathian Foredeep 

(South Moravia) 
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Abstract. The paper deal with definition of the Central Paratethys regional stages Karpatian and the Early 
Badenian (Burdigalian/Early Laughian) in the Carpathian Foredeep (South Moravia). Beside precise 
forarni niferal stratigraphy also paleogeographic model ofthe studied area development is given. 

Keywords : Paleogeography, Outer Western Carpathians, Early/Middle Miocene, South Moravia 

lntroduction 

Deposits of the Karpatian and Early Badenian stages 
(in terme of the local stratigraphy}, found both in front 
and on the top of the outer Carpathian flysch nappes, play 
a significant role in understanding the tectonic and 
paleogeographic evolution of the Carpathian foreland 
basin. The relationship between some Karpatian and 
Badenian sediments, howewer, is not quite clear, 
especially with respect of the stratigraphic position of the 
Grund Formation in Lower Austria. 

The Grund Formation is refered to both as the Early 
Badenian (Rôgl et al., 1998) or as a transitional formation 
between Karpatian and Badenian stages thus reaching into 
both of them (Cicha, 1995, inter alii). The last opinion 
comes from mapping of the type locality of the Grund 
Formation in the Lower Austria. Cicha & Rudolský ( 1998) 
and Pálenský (1998) spoke about the transition between the 
Grund and underlying Laa Formation while Čtyroký ( 1997) 
suggested that the Grund Formation. rests transgressively 
on the Laa F ormation. Švábenická & Čtyroká ( 1999) based 
on studies of successive nannoplanktic and foraminiferal 
assemblages both in the Lower Austria and south Moravia 
established 4 successive intervals (Fig. I ). In this paper we 
approach this problem by studiyng this strata on several 
localities situated on the flysch nappe as well as in their 
foreland on SE Moravia (Fig. 2). 

Miocene sediments on the Pouzdrany Flysch Unit 
related to this prob1em 

The "Kolby" hillock north of Pouzdfany village (Fig. 2, 
Nr. 14 / 1 - in circlet). In the western top hillock part there 
were exposures of the greenish-grey slightly sandy 
calcareous claystones altemating with pale yellow and grey 
calcareous sands and medium- to coarse grained gravels, 
which were preserved in the form of denudational relics 

spread on the Pouzdf'any Unit. Both gravels and sands rest 
transgresively with an angular discordance on the uneven 
erosive basement of the Uherčice Member (up per part of 
the Oligocene). The contact surface is lopsided showing the 
angle of 15-30° towards EEW up to W, while claystones in 
the Uherčice Member dedine towards SE in general. Lower 
part ofthe claystones contains rich microfauna assemblages 
of the Laa Formation' s type (see Fig. 1 ). There are 
Globorotalia aff. mayeri, G. siakensis and Globigerinoides 
cf bispherícus findings in upper part of the claystones, thus 
indicating commencement of the Grund Fonnation ele
ments here. In the middle-top part of the hi llock, north of 
the disappeared clay pit location, there calcareous 
unstratified clays provided the full-grown foraminiferal 
benthos consisting of Lentículina div. sp., Cibicidoides div. 
sp., Praeg/obobulimina div. sp., Melonis pompí/ioides, 
Bolivina antiqua, Amphistegína mammilla, Elphidium 
fichtelianum, E. crispum, Uvígerina acuminata, U. gracilis 
and U. semiornata specimens in the overlier of gravels 
mentioned. Planktic assemblage is rather poor displaying 
rare specimens of Globigerinoides trilobus and G. cf. 
bíspherícus. Nannoplanktic assemblage contains Helicos
phaera ex gr. waltrans findings (8. Harnršmíd). This 
assemb1age indicates the possibility of correlation with 
faunas in the lower part of Grund Forrnation in sense of 
Cicha ( 1995, 1998) or prospectively with the 2nd interval 
by Švábenická & Čtyroká (1999). 

There is very similar lithological and fauna succession 
lying on the Pouzdfany Unit W of Kfepice village at the 
Barchanka spot height. 

Carpathian Foredeep in the south and centra! 
Moravian flysch-nappe fo reland 

There are grey stratified and fractioned calcareous 
claystones to clays with intercalations of fine-grained 
gravels showing predominance of the Bohemian Massif 
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Fig. / . Comparison of stratigraphic division of the Ear/y 
(Karpatian)/ Middle (Badenian) Miocene in lower 
Austria and South Moravia (Mo/asse, Waschberg Zone, 
Foredeep) . 
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Fig. 2. Map of the tectonic e/ements of the Western Carpathians in Moravia. Explanation: I - Post-orogenic sediments (Badenian -
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material in the lower part of the trench named Slavkov-1 
cropping out north of Slavkov town (Fíg. 2, Nr. 14 / 2 -
in circlet). In its lower part clays contain conclusive 
microfauna specimens corresponding with the Laa 
Formation. Mícrofauna assemblage found in the upper 
part indicates anoxic environment during deposition 
(prevalence of euryoxibiotic genera, sponge spiculae, 
teleostei skeleton fragments). In the roof there is 

altemation of fine-grained gravels to sandy gravels with 
greenish-grey and brownish stratified calcareous clays. 
Clays are accompanied with the rich benthic assemblage 
of Uvigerina graciliformis with the rare sponge spiculae 
but the specimens of Globorotalia div. sp. and 
O/obigerinoides bisphericus join further on (2nd Interval 
by Švábenická & Čtyroká, 1999), in the upper part 
Praeorbulina glomerosa circularis specimens occur 
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without the notable lagenid representatives, while 
"Karpatian" Uvigerina findings recede and disappear. 
Above this alternatión in the uppennost part of the trench 
mentioned there were greenish-grey unbeded calcareous 
clays (e. g. "Tegel" facies) disclosed. Along with the 
change in lithology the change in microfauna assemblage 
appears corresponding with 3rd Interval in its nature 
(Švábenická & Čtyroká, 1. c.). 

In centra! Moravia the base of the Miocene deposits 
has been newly documented in SW and NE parts of the 
Maleník Block. 

Speaking of the first occurrence near Heltštýn (SE of 
Lipník n. B .) there are greenish-grey calcareous clays to 
claystones lying in the roof of basa! clastics bearing 
specimens of Uvigerina macrocarinata (Čtyroká & 
Pálenský, 1997). They represent an equivalent to the 
uppennost part of 3rd Interval (Fig. 2, Nr. 14 / 3 - in 
circlet). 

The second occurrence is formed by unstratified 
calcareous clays (,,Tegel" facies) filling up erosive 
depressions in the Paleozoic limestones situated along the 
uppennost level ofthe cement works quarry at Hranice na 
Morav~ town (Fig. 2, Nr. 14 / 4 - in circlet). Clays 
contain rich microfauna assemblage with the typical 
planktic forams (Praeorbulina glomerosa circularis, 
Orbulina suturalis, G/oborota/ia div. sp., Globigerina 
div. sp.). Benthos is represented by lagenid facies with the 
specimens of lenticulina echinata and frequent relics of 
molluscs and solitaire corals. This assemblage indicates 
the 4 th Interval according to the authors mentioned above. 
Speaking of benthic elements these beds represent the 
development corresponding with the typical basin facies 
in the Vienna Basin region (facies of the lower part of 
Early Badenian, i. e. the lower Lagenidae Zone). 

Conclusions 

When accepting the stratigraphic succession of faunall 
assemblages in sense of Cicha (1998) and Švábenická & 
Čtyroká (1999) we may suggest that there is progressive 
transgress ion of deposits in the upper part of Karpatian up 
to Early Badenian from SW towards NE in the area 
studied, i. e. on the Pouzdi'any Unit and in the inner part 
ofthe Carpathian Foredeep. This observation provides us 
with the possibility to define following paleogeographic 
and geotectonic patterns in the S W part of the Carpathian 
Foredeep in Moravia conceming the upperrnost part of 
Karpatian and Early Badenian tíme period. 

During the deposition of the Laa Forrnation the 
sedimentary fill of the Pouzdi'any realm was folded up 
and integrated into accretionary wedge of the tlysch belt. 
The imbricate structure of this wedge and foreland 
propagated development of thrusts originated by 
mechanism of piggy-back thrusting. Within the tíme of 
this orogeny, representing the important events from the 
West Carpathians tectogenetic structure point of view, 
thrusting of the tlysch nappes over the older members of 
the Laa Forrnation took place. The well <lata document 
the distance of burial of these deposits bellow the edges 
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ofthrust belt increases from SW towards NE starting with 
zero in Mikulov region up to IO km in the Zlín 
surroundings. On the Ždánice Unit there are only older 
members of this facies. They gradually developed from 
the underlying Lower Miocene deposits of the piggy-back 
type Šakvice syncline superimposed on the Ždánice 
nappe. They were folded during the orogeny together with 
the underlying deposits in the Late Karpatian (Stráník, 
1999). The Lower Badenian strata (equivalent of the 
Lanžhot Forrnation, Fig. 2, Nr. 14 / 5 - in circlet) 
onlapped on the folded Ždánice nappe (Cicha & Picha, 
1964) with grave ls, oyster chutes sands and with the 
Middle Badenian calcareous clays (N of Pfítluky village) 
and variegated Middle Badenian Žižkov Member (Stráník 
et al. , 1982). The upper members of the Laa Forrnation 
and possibly also the lower part of the Grund Formation 
onlapped on the outer margins of the accretion wedge in 
south Moravia during the Late Karpatian. They are 
characteristic with sandy marlstone facies with layers of 
gravels, sands and unstratified calcareous clays above the 
clastics. In the Carpathian Foredeep in front of the Flysch 
Belt intensive subsidence took place in response to the 
folding in orogenetic belt. It was associated with 
deforrnation of strata of the Lower Miocene deposits and 
incresed coarse-grained clastic input connected with 
regression and the local depositional interruption. The 
Karpatian deposits reach thickness up to 1 .200 m close to 
the overthrust in the Mikulov region. Deposition 
continued with alternating gravels and pelites in the 
uppermost part of the Karpatian sandy marlstone facies 
(,,Schlier" ) ofthe Laa Formation in centra! Moravia along 
the front of the Ždánice nappe at Slavkov near Brno. It 
was followed by deposition of equivalents of the Grund 
Forrnation. Regression and depositional interruption took 
place from Dražovice towards the „Moravská Brána" 
Valey. This area and more di stant foreland (Dražovice, 
Helfštýn) were later covered by transgressive Lower 
Badenian deposits with Uvigerina macrocarinata 
(Čtyroká & Pálenský, 1997). Near Hranice na Morav~ the 
highstand sediments of the Early Badenian corresponding 
to the 4th Interval fauna assemblages (Švábenická & 
Čtyroká, 1999) onlapped. In the uppermost Karpatian to 
lowermost Badenian, the area between Slavkov and 
„Moravská Brána" Valey was still a depress ion. It 
gradually deepened towards NE and shallowed to the SW 
where algae limestones were deposited. The uplifting 
from SW culminated after the Early Badenian and the 
southem part of the Slavkov - Téšín Ridge formed from 
the Nesvačilka canyon as far as the „Moravská Brána" 
Valey. 

The model introduced here does not assume existence 
of the forebulge in front of the Ždánice nappe during 
deposition of the Laa and Grund Formations in the Early 
Badenian as it is suggested in the Ostrava region by Eliáš & 
Pálenský ( 1998). lt is evidenced by the mentioned 
deposition on the Pouzdfany nappe and in front of the 
Carpathian overthrust, in the foreland nappes as well as the 
less striking erosion of Lower Miocene (Karpatian) strata. 
The Carpathian Foredeep did not represent a narrow 
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subsiding depression south ofthe „Moravská Brána" Valey 
but a substantially broader basin. The subsidence culmi
nated in the uppermost Early Badenian and the trans
gression reached far onto the Bohemian Massif flooding the 
present-day Drahany Highlands. The SW part of the 
Carpathian Foredeep was interconnected with the Vienna 
Basin not only in the Karpatian (see Karpatian sequence of 
strata overlying the Pouzdfany and Ždánice Units) but 
evidently also in the lowermost Badenian. This is docu
mented by the deep-water facies overlying the Pouzdl'any 
and Ždánice nappes (Cicha & Picha, 1964) and the Lanžhot 
Formation at the western margin ofthe Vienna Basin which 
lacks the shallow-water marginal facies (Špička, 1966). 
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Miocene sequence stratigraphic key surfaces and depositional systems tracts 
in the Western Carpathian basins (Central Paratethys, Slovakia) 
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Abstract. Some important sequence-stratigraphic key surfaces were distinguished within the Miocene 
sedimentary record in the Western Carpathian basins. The key surfaces enabled us to divide individual 
depositional systems tracts within their relative time framework. The obtained sequence-stratigraphic model 
shows the dependance of sequences geometry on the relative sea-level changes, being influenced by eustacy, 
sediment flux and tectonics. The Carpathian-Pannonian depositional cycles are interpreted in comparison with 
sedimentary sequences, and they show a good fit with the Haq's Cycle Chart (HAQ et al. 1988, HAQ 1991 ). 

Key words: Miocene, Centra! Carpathian basins, sequence stratigraphy 

Introduction 

The Western Carpathian Neogene basins are partly 
separated branches of the Paratethyan sea, and thus they 
show differences in geodynamic development and related 
facial assemblages. 

One of the ways, how to correlate the variable sedi
mentary facies in their relative tíme framework is the se
quence stratigraphy, based on key surfaces and 
depositional systems tracts. 

Based on field profiles, boreholes and seismic lines 
we collected <lata on the geometry of sedimentary bodies, 
their lithology, genetic sedimentology, biostratigraphy 
and related changes in paleoenvironrnents. 

The places with well developed subaerial exposure 
surfaces, acting as type-1 sequence boundaries, we 
correlated with sedimentologicaly and stratigraphicaly 
interpreted type-2 sequence boundaries. Based on the 
acceptance of falling stage systems tracts the sequence 
boundaries in basinal settings are interpreted at the 
interfaces of basin floor fans and lowstand wedges. The 
bases of the transgressive systems tracts are marked by 
flooding surfaces on the coastal plains. The interpretation 
of maximum flooding surfaces in seismic profiles helped 
us to divide the transgressive and the highstand systems 
tracts and thus reconstruct the interna) geometry of 
sedimentary sequences. 

Correlative study 

Within the Miocene sedimentary record we reco
gnized a cyclicity of sedimentation, resulting in the 
Carpathian-Pannonian Cycles (CPC.0-CPC. 7). 

At the basins margin, the principal recognized 
boundaries were interpreted generally as follows: Eggen
burgian transgressive surface (ca. 21 Ma), Late Ottnangian 
transgressive boundary (ca. 17.8 Ma), Late Karpatian 
transgressive boundary (ca. 16.8 Ma), boundary within the 
Upper Lagenide zone of Lower Badenian (ca. 15.1 Ma), 
Middle/Upper Badenian boundary (ca. 14 Ma), Early 
Sarmatian transgressive boundary (ca. 12.8 Ma) and B/C 
Pannonian zones boundary (ca. 10.8 Ma). 

From the paleoenvironmental point of view, most of the 
identified sequences show a decrease or increase of salinity 
at their end, and are in a good correspondence with the 
climatic cyclicity, observed in the Centra) Paratethys. The 
number of cycles, as well as their approximate boundaries, 
surprisingly well fit with the Haq's Cycle Chart (HAQ et al. 
1988, HAQ 1991). 

Late Egerian cycle CPC. O 

The lower sequence boundary ofthis CPC.0 cycle can 
be hardly interpreted, because of the lack of typical 
subaerial erosion surface within the Egerian sediments. In 
the Centra! Western Carpathian Neogene basins, there is 
known mostly confonn transition from the underlying 
falling stage systems tract into the lowstand systems tract, 
or an onlap surface, where the flooding surface 
unconfonnly divides the pre-Neogene basement from the 
transgressive depositional systems tract. 

Eggenburgian to Early Ottnangian cycle CPC. 1 

In the Centra) Carpathian Neogene basins, the sedi
mentation of the CPC. l cycle deposits was preceded by a 
Iarge-scale erosion of older, mostly Paleogene sediments, 
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reaching the Mesozoic fundament. Therefore the lower 

CPC. l cycle boundary is largely displayed as an 

unconforrnity. The same surface was acting as a flooding 

surface. The stage of maxima) flooding can be interpreted 

below the Eggenburgian - Ottnangian boundary. The late 
highstand to falling stage systems tract is marked by 

prograding and offlaping Ottnangian shoreface sands and 
coastal plain facies associations. 

In the East Slovakian Basin the Ottnangian part of the 

cycle is missing, due to the regional tectonic up lift of the 

area. 

Late Ottnangian to Karpatian cycle CPC.2 

The CPC.2 cycle is based by a subaerial erosive 
surface (type-1 sequence boundary) on the basins margin. 
The lowstand systems tracts are represented by fluvial 

gravels and deltaic sands in the Vienna and Danube 

basins. In the East Slovakian Basin, the lowstand systems 
tract is interpreted in the coarse-clastic sediments at the 

base ofTeriakovce Forrnation. 
In the Vienna Basin, the transgressive and highstand 

systems tracts merged and/or the upper part of the cycle is 

eroded. In the Novohrad-Nógrád Basin the Medokýš Beds 
are onlapping the older terrestric sediments and thus they 

represent a transgressive systems tract. The upper part of 

the cycle is eroded. In the East Slovakian Basin, the trans
gressive systems tract is interpreted based on the covering 

of coarse-clastic sediments by offshore facies association 
within the Teriakovce Forrnation (Vass & Čverčko, 1985). 

An abrupt decrease of subsidence rate caused the origin of 

the Soľná Baňa Forrnation - an evaporite event during the 

basin isolation, due to relative sea-level fall, thus 

representing the falling stage systems tract. 

Early Badenian cycle CPC. 3 

The base of the cycle is distinctly erosive with incised 

valleys at the basins margin. The subaerial exposure 
surface in the East Slovakian Basin is visible on the top of 

the Karpatian evaporitic complex. 
The lowstand systems tracts are represented by 

fluvial -deltaic Jablonica and Aderklaa conglomerates in 

the Vienna Basin. Similar continental to deltaic deposits 
originated in the Danube, Novohrad-Nográd and East · 

Slovakian basins. The transgressive and highstand systems 
tracts are built by marine clays with a maximum-flooding
related downlap surface within the Lower Lagenide zone 

(Weissenback, 1996). 

Lower to Middle Badenian cycle CPC.4 

In the Vienna Basin depocentres, the lower cycle 

boundary is interpreted as an onlap surface, i. e. type-2 

sequence boundary (Weissenback, 1996). However, at its 

eastern margin, there is a distinct unconforrnity between 
the lowstand-related continental Devínska Nová Ves Con
glomerates and the underlying marine clastics of the 

previous CPC.3 cycle (Vass et al., 1988). In the Danube 
Basin, the marine offshore sediments of the Upper 
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Lagenide zone are lying conformly on the older deposits. 

In the East Slovakian Basin, the CPC.4- cycle Iower 

bounding surface is also a conformity within the 

Hrabovec Tuffs Forrnation, whichs upper portion can 

represent the lowstand systems tract. 
The transgressive and highstand systems tracts are re

presented mostly by Spiroplectammina-bearing marine 

clays and minor organodetritic limestones in the westren 

part of the basin system. In the Novohrad-Nógrád Basin, 

the transgressive marine deposits are followed by volca

niclastic sedimentation. In the East Slovakian Basin the 
Middle Badenian Vranov .Formation shows a gradual 

deepening of the marine depositional paleoenvironment 
from the transgressive to the highstand depositional 
systems tract (Zlinská, 1992). 

Unlike in the Vienna and Danube basins, in the East 
Slovakian Basin, there is well pronounced the falling 

stage systems tract, without a distinct separation from the 
following lowstand systems tract. These sedirnents are 

represented by shallow Iagoonal evaporites of the Zbudza 

Forrnation (Vass & Čverčko, 1985). 

Upper Badenian cycle CPC.5 

In the Vienna Basin, the definition of the lower 

bounding surface of this cycle use to be difficult, 
however, in some seismic lines we can recognize a new 

onlap surface at the Middle/Upper Badenian boundary, 
showing a type-2 sequence boundary, followed by the 

deposition of pelitic offshore sediments 
In the Danube Basin northwestem part, the Iowstand 

depositional systems tract is represented by thick accumu

lation of alluvial clastics - Doľany Conglomerates, 

overlying the pre-Neogene basement. The transgressive 

and highstand systems tracts deposits are open-marine 
with gradual shallowing-upward trend. 

In the East Slovakian Basin, similarly as in the basins 
in the eastem part of the Centra) Paratethys, the reco

gnition of the CPC.5 cycle is clear. There, the evaporitic 

lowstand systems tract was flooded and covered by thick 

open-marine Lastomír Formation (Vass & Čverčko, 
1985), representing the transgressive systems tract. 

The Upper Badenian sedimentation in the Vienna, Da

nube and East Slovakian basins finishes by the deposition 
under hyposaline conditions. At the margins of the 

Vienna and Danube basins, there the parasequence 
stacking pattern shows an offlap termination of sedimen

tary sets, thus characterizing the falling stage systems 
tract. This systems tract is represented by clastic aprons 

with abundant redeposited Badenian fauna at the eastern 

margin of the Vienna Basin. In the East Slovakian Basin, 

this period is characterized by a rapid progradation of the 

Klčovo Forrnation ·deltaic front onto its prodeltaic part 

(Kováč et al. , 1995). 

Sarmatian to Early Pannonian cycle CPC. 6 

The lower boundary ofthe cycle shows a subaerial ex

posure surface at the Vienna Basin margin. Similarly, at 
the southeastern margin of the Danube Basin, the incised 
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river valleys document a disconformity at the base of 
Sarmatian sediments. In the East Slovakian Basin, the 
lower cycle boundary is interpreted at the maximal 
progradation of the Klčov paleodelta. 

The lowstand systems tract is represented by onlap
ping clastic aprons with abundant redeposited Badenian 
fauna at the eastem margin of the Vienna Basin. In the 
Danube Basin, the lowstand systems tract is characterized 
by fining-upward fillings of the incised valleys and by 
prograding fan deltas. In the East Slovakian Basin, this 
systems tract shows a retrogradation of the upper part of 
the Klčovo paleodelta. 

The Sarmatian transgressive systems tracts in the 
Centra! Carpathian basins start by the deposition of shal
low, brackish-water clays and sands with characteristic 
large elphidia. The transition between the transgressive 
and the highstand systems tracts, i. e. the maximum 
flooding time, could be traced, based on well correlable 
marls ofthe Elphidium hauerinum biozone (Grill, 1941). 

The relative sea-level fall at the end of Sarmatian 
caused the isolation of the basinal systems and distinct 
decrease of the brackish-water fauna in the Vienna and 
Danube basins. The East Slovakian Basin began to be a 
fresh-water lake in this tíme. The falling stage systems 
tract in the Vienna Basin is characterized by the 
progradation ofthe paleo-Danube delta. 

Pannonian cycle CPC. 7 

The base of the CPC. 7 cycle shows a distinct erosive 
surface, sometimes reaching through the Pannonian zones 
A and B up to the Sarmatian sediments. This type-1 
sequence boundary at the Pannonian 8 /C zones boundary 
is correlable with the Danube Basin. The maxima! sea
level fall at this boundary enabled the imigration of the 
Hipparion horse ancestor through continental bridges. 

In both the Vienna and Danube basins the lowstand 
systems tracts are represented by thick deltaic sand 
bodies. 

The transgressive and highstand depositional systems 
tracts are built by sandy and clayey sediments. These 
systems tracts are separated by the maximum flooding 
surface, interpreted based on the maximum bloom of 
dinoflagellates within the Pannonian zone E (Kováč et al., 
1998). 

Based on seismic profiles, the upper cycle boundary 
may be interpreted as a subaerial exposure surface in the 
upper part ofthe Pannonian zone E (Kováč et al., 1999). 

Discussion and conclusions 

The recognized CPC cycles boundaries are of differ
ent types. The main differencies are among the subaerial 
erosion surfaces, i. e. type-1 sequence boundaries, the 
onlap surfaces and the progradation-retrogradation trends 
boundaries. From this reason, the cycles boundaries are 
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not always corresponding with the real sedimentary 
sequences boundaries. The changing sediment flux, rela
tive sea-level amplitudes and the role of tectonics make 
many variations of sequence stratigraphic models within 
indivídua! basins. The reconstruction of these variations 
needs good well-log data and seismic profiles, which are 
not always available in the sufficient amount. 

The correlated surfaces, simplified to cycles-bounding 
surfaces may be sequence boundaries and/or tlooding sur
faces, which means, that they are not always the same 
tíme lines. 

The interpreted depositional systems tracts show diffe
rencies on the individual basin margins, depending on 
differencies in sediment flux and local tectonics. 
Therefore the correlation was made only in the cases, 
when it was possible, and the depositional systems tracts 
were simplified to whole basins. 

However, the interpretation of collected data show a 
possibility to make a rough reconstruction of the relative 
tíme framework of the depositional history of the Centra! 
Western Carpathian Neogene basins. 
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Abstract: Miocene 3rd order relative sea level cycles were defined in the Western Carpathian, Vienna, Da
nube, South Slovakian-North Hungarian (Pétervásara & Novohrad) and the East Slovakian - Transcarpathian 
basins. They are marked by symbols from CPC I to CPC6. Furthermore, correlation ofthe CPC 3rd order sea 
level changes with the global TB2. I to TB2.6 sea level changes (sensu Haq et al. 1988, Haq 1991 ) was car
ried out and the results document the high portion of the tectonic influence on the basin development during 

the collisional orogene evolution. 

Key words: Miocene, Centra! Paratethys, biostratigraphy, paleoecology, sequence stratigraphy 

Introduction 

Neogene paleogeography ofthe Western Carpathian -
North Pannonian region (Fíg. 1), as a combínation of 
aquatic and eontinental environments, was intlueneed 
besides the geodynamie factors also by the regional mani
festations of global sea-level changes (sensu Haq et al. 
1988, Haq 1991, Hardenbol et al.1998 ). 

Interaetion of sea-level ehanges and teetonics had an 
important intluenee on the paleogeography and thereby 
also on the paleoenvironment ofthe Western Carpathian -
North Pannonian basíns, whieh formed the northern bays 
of the Centra! Paratethys epicontinental sea in the Mio
eene. The depth and the shape of the basins were pre
dominantly eontrolled by the main teetonie events. 
Relative eustatie ehanges reflected in coastal onlaps were 
followed mostly by the rise of water paleodepth in the 
offshore environment. The eorrelation of the eonstructed 
curves for the eoastal onlap and estimated paleodepth 
with the global reference eurves (Haq et al. 1988, Haq 
1991) shows some discrepancies, predominantly eaused 
by teetonies during the basin development. 

The correlation of the 3rd order relative sea-level ey
cles in the respeetive tíme intervals was enabled by new 
bio- and ehronostratigraphie data. The proper determina
tion of depositional systems tracts was earried out by 
means of geophysieal methods and sedimentology, but 
also the study of relative sea-level eyeles based on pa
leoeeology played an important role (Kováč & Hudáč
ková 1997, Kováč & Zlinská 1998, Kováč et al. 1999). 
Simultaneously, the príneipal rule of the sequenee 
stratigraphy was taken into aeeount that the retleetion of a 
sea-level ehanges ean be strengthened, weakened or it 
may faint completely, in dependence on the value of tee-

tonie subsidence and the rate of sediment input (Brown & 
Fiseherl 977, Vail et al. 1984, Posamentier et al. 1988, 
Van Steen & Winklerl988). Therefore the study of the 
relative sea-level eyeles manifestations in the Western 
Carpathian - North Pannonian basins (Fíg. 2) took into 
eonsideration besides the global sea-level ehanges (Haq et 
al. 1988, Haq 1991) also the data about the teetonie sub
sidenee and detrital input rates proved by analysis of the 
subsidence history (Lankreijeret al. 1995, Baráth et al. 
1997, Lankreijerl998). 

In the following those relative 3rd order sea-level cy
cles will be deseribed that ean be traced by means of 
paleoecology in the Western Carpathian - North Pan
nonian region during the Mioeen. These eycles of the 
relative sea-level ehanges are marked by symbols from 
CPC 1 to CPC 6 (3rd order relative sea-level cycles in 
the Carpathian-Pannonian region). Hence, the correla
tion of global sea-level ehanges with regional relative sea
level eycles in the studied region is very diffieult due to 
its dramatic geodynamie evolution and sometimes also 
due to taek of relevant ehronostratigraphic data. 

Results 

The relative sea-level ehanges in the Western Car
pathian - North Pannonian basins, as ean be dedueed from 
the previous text, have been considerably shaped apart 
from eustacy, also by local teetonie events and thus they 
are neither always identical with the global eyeles defined 
by Haq et al. ( 1988) and Haq ( 1991 ), nor with eaeh oth
ers, found in different basins of the region . On the other 
hand, we were able to date many biostratigraphieally and 
paleoeeologically important paleogeographic events in 
the Western Carpathian - North Pannonian region, as well 
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as to correlate them with the events in the Central Para
tethys and the Mediterranean area (Fíg 3). 

The Late Egerian - Early Eggenburgian SMST or 
LST in the Western Carpathian - North Pannonian 
area (23.5 - 21? Ma) have been performed by termína! 
deposition of the Biely potok Formation in the forearc 
Centra) Carpathian Paleogene basin at the active margin 
of the Western Carpathians and in the South Slovakian -
North Hungarian (Pétervásara) Basin in the Western Car
pathians hinterland by deposition of the Opatová beds 
deltaic sequences overlying the "Szészényi Schlier beds" 
ofthe Lučenec Formation. 

The Eggenburgian transgression in the Western 
Carpathian - North Pannonian area is manifested by the 
sequence boundary of the SB I type in the Vienna Basin, 
the Bánovce Depression, in the Váh River Valley, the 
South Slovalúan - North Hungarian (Pétervására) 
and the East Slovakian Basins. Littoral sediments are 

characterized by occurrence of large pectinids and cal
careous nannoplankton of the NN 2 zone (sensu Martini 
1971 ). The sediments deposited in nent1c zone 
(somewhat later) contain also Helicosphaera ampliaperta 
(BRAMLETTE ET WILC0X0N) BUKRY in nannoflora as
semblages (F AD 20.5 Ma, sensu Berggren et al. 1995). 

In the South Slovakian - North Hungarian 
(Pétervásara) Basin the Eggenburgian transgression is 
followed by HST deposits of the Čakanovce beds of the 
Fiľakovo Formation (upper part of the Szészényi Schlier 
Formation in Hungary) covered by the terrestric Bukov
inka Formation, Eggenburgian in age (Zagyvapálfa For
mation in Hungary). Above mentioned deposits together 
with the Late Egerian sediments (SMST) form a relative 
sea-level cycle (CPC la) similar to cycle of the East 
Slovakian Basin, where the Egerian - Early Eggenbur
gian LST represents the Biely potok Formation and the 
Eggenburgian TST and HST is represented by the 
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Prešov Formation and the transgressive-regressive 
Čelovce beds in the termína! part. 

In the Danube Basin southem part 
(Transdanubiari range resp.) the Ottnangian rela
tive sea-Ievel cycle (CPC 1 b) started by marine 
transgression in the Bántapusta region, in the South 
Slovakian - North Hungarian (Novohrad) Basin (Fíg 
6) is represented by lower coal bearing beds depos
ited in the alluvial plain environment and upper 
limnic to marine beds (TST, HST) . 

In the East Slovakian Basin the Ottnangian de
posits are missing (uplift due to tectonic activity). 

In tbe Vienna Basin , the Váh river valley and 
the Bánovce Depression (Fig. 7, 8) the large scale 
Eggenburgian transgression was followed by a deep
ening ofthe sedimentary environment and the end of 
the cycle is represented by the shallow-water, 
brackish sediments of the Ottnangian age. The Eg
gen burgian to Ottnangian relative sea-level cycle 
(CPC 1) in the Vienna Basin can be compared with 
the TB 2.1 global cycle (21 - 17.5 Ma, mfs 18.5 Ma, 
sensu Haq et al. 1988, Haq 1991 ). 

The )atest Ottnangian to Karpatian relative 
sea-level cycle in the Western Carpathian - North 
Pannonian area - CPC 2, which is correlated with 
the TB 2.2 cycle of the global sea-level changes 
( 17 .5 - 16.5 Ma, mfs 17 Ma, sensu Haq et al. 1988, 
Haq 1991 ), is demonstrated by an increased intensity 
due to the synrift stage of the intra-Carpathian basins 
evolution, with high portion of tectonic subsidence 
in the Vienna, Danube, South Slovakian - North 
Hungarian (Novohrad) and the East Slovakfan 
Basins (Lankreijeret al. 1995, Baráth et al. 1997, 
Lankreijer 1998). The sequence boundary of the SB 
1 type is covered by transgressive deposits of the 
!atest Ottnangian or early Karpatian age. The end of 
the cycle is represented by erosional surfaces or by 
the Karpatian evaporites in the East Slovakian Basin, 
both transgresively overlain by the !atest Karpatian 
to Early Badenian mostly deltaic strata . 

The !atest Karpatian to Early Badenian CPC 
3 relative sea-level cycle in the Western Car
pathian - North Pannonian area, which is corre
lated with the TB 2.3 cycle of the relative sea-level 
changes (16.5 - 15.5 Ma, mfs 16 Ma, sensu Haq et 
al. 1988, Haq 1991) started with a sharp boundary of 
the SB I type, documented by an angular uncon
formity between the Lower and the Middle Miocene 
sediments in most of the Western Carpathian basins. 
The CPC 3 cycle is however hardly determinable for 

Fig. 2 Relations among Western Carpathian Neogene 
chrono and biostratigraphic classifications, cycles of the 
sea level changes (3"1 order), paleontological events as 
well as the global eustatic curve and on/ap curve (Haq 
1991) correlation with constructed on lap and paleodepths 
curves in the Vienna, Donau, South Slovakian-North 
Hungarian and Eastern Slovakian Basins. 
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an interference between the sea-level ťali at the Early/ 
Middle Miocene boundary and considerable slowing of 
the subsidence (or uplift) which occurred at that time. The 
cycle was obviously completely controlled by tectonics 
acting the whole tíme of its duration, which disables an 
accurate correlation of the evolution of individual basins 
(heterochronous deposits of lowstand and transgression 
between the late Karpatian and the early Badenian). 

In the East Slovakian Basin it is represented by the 
terrestric late Karpatian swashes in the Kladzany Forma
tion deposits with Globigerinoides bisphericus Todd 
(their upper part resp .) whereas in the South Slovakian
North Hungarian (Novohrad) Basin this period is rep
resented by the regressive-transgress ive Lower Badenian 
deposits with the Karpatian redeposited foraminifera and 
Praeorbulina sp .. 

In the Vienna Basin (Fig. 7) the upper part of the 
Karpatian/Early Badenian conglomerates and sandstones 
of the Aderklaa and the Jablonica Beds and the conglom
erates at the base of the "Lanzendorf Series" may be at
tributed to a new - "Langhian" cycle of the relative sea
level changes (TB 2.3). The upper boundary of the SB 2 
type was identified in the Austrian part ofthe basin inside 
ofthe Upper Lagenide zone (Weissenbäck 1996) 

The late Early Badenian "tectonically controlled" 
transgression started during the deposition of the Upper 
Lagenide zone in alt Western Carpathian basins and is 
characterized by the onset of genus Orbu/ina ( 15 .1 Ma 
ago, sensu Berggren et al. 1995). 

The late Early to Middle Badenian relative sea
level cycle CPC 4 in the Western Carpathian - North 
Pannonian region can be more or less correlated with the 
TB 2.4 global sea-level cycle (15.5 - 13 .8 Ma, mfs 15 
Ma, sensu Haq et al. 1988, Haq 1991 ), but its termination 
in the Western Carpathian - North Pannonian area is dis
tinct only in the East Slovakian Basin, where it was mani
fested by the evaporitic sedimentation at the NN5/NN6 
nannoplankton zone boundary, similarly to the Carpathian 
Foredeep, the Transcarpathian and the Transylvanian 
Basins (Buday et al. 1965, Kováčet al. 1989, 1998, Rogl 
1998). This period in the Central Paratethys area repre
sents the chronostratigraphic boundary at 14.4 to 14 Ma 
(sensu Berggren et al. 1995, Rogl 1998). 

The Late Badenian to Early Sarmathian relative 
sea-level cycle CPC S in the Western Carpathian - · 
North Pannonian area can be approximately correlated 
with the TB 2.5 global cycle of the sea-level changes 
(13.8- 12.5 Ma, mfs 13.4 Ma, sensu Haq etat. 1988, Haq 
1991). In the Western Carpathian area the lower sequence 
boundary of the SB I type is known only from the East 
Slovakian Basin, followed by transgression of the Upper 
Badenian sediments. The Late Badenian pelites of the 
Bulimina-Bolivina zone (Grill 1941) are considered to be 
the deposits of the sea-level highstand during the NN6 
nannoplankton zone in the all Carpathian basins. The end 
of sedimentation represents a transition into the brackish 
Ammonia bearing beds during the sea-level ťali in the 
early samathian (basal part of the NN7 nannoplankton 
zone). In the mentioned cycle no influence of increased 
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tectonic activity on the paleogeographical evolution of the 
intra-Carpathian basins was registered. 

In the South Slovakian - North Hungarian 
(Novohrad) Basin (Fig. 6) the Early Badenian deposits 
with Praeorbulina sp. are transgressively overlain by de
posits ofthe Upper Lagenide zone (Grill 1941 , 1943) and 
at the same tíme the marine sedimentation terminated and 
it was replaced by deposition ofthe Middle to Late Bade
nian volcano-sedimentary complexes at the Novohrad 
Basin northern margin (CPC 4). 

In the Vienna and the Danube Basins a slight de
crease in salinity and shallowing occurred (Cicha in 
Buday et al. 1965, Papp in Papp et al. 1978) at the end of 
the Upper Lagenide zone (Grill 1941 , 1943). The bounda
ries between sedimentary bodies, di splaying the relative 
sea-level oscillation in the Vienna and the Danube Basins 
at the Lower/Middle Badenian boundary, are interpreted 
as a result of decrease of the tectonic activity and in
creased sediment input. In the Vienna Basin this event is 
represented by a transgressive-regressive body of the 
Matzen Sands overlying the Upper Lagenide zone 
(Kreutzer & Hlavatý 1990) and it reflects development of 
a new drainage pattern and delta progradation at the west
ern margin ofthe basin (paleo-Danube delta). The Middle 
Badenian deposits ofthe Spiroplectammina carinata zone 
(Grill 1941) possess a transgressive character in the Yi
enna and the Danube Basins (Buday et al. 1965, 
Hudáčková et al. 1998), passing into the highstand sys
tems tracts. They are separated from the overlying sedi
ments of the Bulimina-Bolivina zone (Grill 1941) by 
a conform surface (CPC 4+5). These facts are consistent 
with the basins tectonic evolution at that tíme 
(Lankreijeret al. 1995, Kováčet al. 1997, Baráth et al. 
1997). 

In the East Slovakian Basin a continuous transition 
from the Upper Lagenide zone to the overlying Spi
roplectammina (Spirolutilus) carinata zone (GRILL 1941) 
was documented. Late highstand of the CPC 4 cycle rep
resents the transition of the Vranov Formation to the 
evaporite bearing Zbudza Formation at the end of the 
Middle Badenian (Baráth et al. 1997). Transgression of 
the Bulimina-Bolivina zone deposits represent in the East 
Slovakian Basin the next CPC 5 cyle relative sea-level 
cycle. These facts are consistent with the basin synrift 
(Baráth et al. 1997). 

The Sarmatian to Early Pannonian relative sea
level cycle CPC 6 in the Western Carpathian - North 
Pannonian area can be approximately correlated with 
the TB 2.6 global cycle of the relative sea-level changes 
( 12.5 - 10.5 Ma, mfs 11.5 ma, sensu Haq et al. 1988, Haq 
1991 ), if correlable at al!, due to the isolation of the intra
Carpathian region from the Mediterranean. 

The Early Sarmatian transgression in the Vienna, 
Danube and the East Slovakian Basins, is characterized 
by the onset of the large Elphidiums zone (Grill 1941 ). 
The transgression was enhanced by the tectonic subsi
dence in the northern part of the Yienna and the Danube 
Basins, as well as in the East Slovakian Basin 
(Lankreijeret al. 1995, Baráth et al. 1997). The overlying 
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sedíments of the Elphidium hauerinum zone (Grill 1941) 

can be considered to be the highstand systems tracts. 

During the global sea-level fall between 11.5 - 10.5 Ma 

ago the late highstand - Porosononion granosum zone 

(Grill 1941) was displayed in the Western Carpathian 

area by decreasing salinity and fresh water deposition (the 

Late Sannatian coal bearing Kochanovce Formation of 

the East Slovakian Basin and the Late Sarmatian deposits 

of the Porosononion granosum zone overlain by relics of 

the terrestric-lacustrine deposits at the base of the Pan

nonian zone C (sensu Papp 1951) in the Vienna and the 

Danube Basins. 
The tectonically controlled subsidence in the Late 

Miocene was a reflection of the second rifting phase of 

the Pannonian back-are basin (Lankreijerl 998) and 

started ca. 10.5 Ma ago, similarly as the TB 3 cycles of 

the global sea-level changes (sensu Haq et al.1988, 
Haq 1991). The isolation of the Western Carpathian -

Pannonian basins, manifested by local biostratigraphy, 

practically disables to use paleoecology for correlation of 

the regional cycles with the TB 3 cycles of the global sea

level changes. lt can be roughly said that the highstand 

falling stage depositional system represents the Pannonian 

zones A-8 (Papp 1951 ). Appearance of a three-fingered 

ancestor of horse - Hipparion at the margin of the Vien na 

Basin during the B-C zone (Papp 1951) may be consid

ered as one of the signs of the sea-level lowstand before 

the transgression in the zone C (Kováčet al. 1998). On the 

other hand, the highstand of the TB 3 .1 global sea-level 

cycle is documented by a boom of dinoflagellates in the 

Pannonian E zone (Papp l 951 ), known from the Vienna 

Basin (Kováč& Hudáčková 1997, Kováčet al. 1998). 
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Calcareous N annofossils biostratigraphy of the Early Miocene sediments 
of the Vienna Basin NE part (Slovakia) 
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Abstract. Calcareous nannoplankton was studied in samples from the 16 boreholes in the NE part of the 
Vienna basin . Designated associations of the calcareous nannofossil s belong to the biozones of calcareous 
nannoplankton NN2, NN3, NN4 (sensu Martini 1971) . Investigated nannoflora enables us to specify the age 
of deposits as the Eggenburgian, Ottnangian and Karpatian . The determined associations of calcareous 
nannoflora ofthe Vienna basin (Centra! Paratethys) were correlated with standard Neogene chart . 

Key words: Early Miocene, biostratigraphy, calcareous nannoplankton,Vienna basin 

Material 

The source of material were samples from 16 drilling 
cores from the NE part of the Vienna basin: Bresty 1, 
Cunín-5,6,8,11,21,23,35,49, Kúty 7,9, Moravský Ján 3, 
Gbely 100, Petrova Ves 1,2, Smolinské 22 . 

Nannoplankton was found out in the calcareous deposits 
from the boreholes Cunín -11, 21 , 49, Kúty 7,9, Gbely 100, 
Moravský Ján 3, Petrova Ves 1,2 and Smolinské 22. 

Results 

Calcareous nannoflora has been recorded only in the 
calcareous clayey sediments, rarely in aleurites (Plate.!). 
Preservation state of the specimens was different. Great 
quantity of nannofossils were redeposited from the Creta
ceous, Paleogene and sometimes from Lower Miocene 
deposits. The following characterizations ofthe appointed 
associations go from older to younger. 

1. association: Discoaster druggii, Sphenolithus 
disbe/emnos, S. dissimilis, S. compactus, S.moriformis, S. 
conicus, Orthorhabdus serratus, Triquetrorhabdu/us 
carinatus, T. cha/lengeri, T mi/owii, Reticulofenestra 
minula, R.cfhaqii, Helicosphaera amp/iaperta, H. 
granulata, H.carteri. AII these specimens occur spo
radicaly. Coccolithus pe/agicus, Cyclicargolithus jlorida
nus and Thoracosphaera sp. are represented in great 
quantity. In the core No.5 ofthe drillhole Petrova Ves 2 is 
for the nannoplankton association characteristic great 
number of the specimens Thoracosphaera a/batrosiana, 
T heimii, Toperculata, Tsaxea, Ttuberosa. In all stud
ied samples is typical the presence of redeposited nanno
fossils, mainly from the Paleogene deposits. Preservation 
state is very bed with secundary recrystalization. The as
sociation has been assigned on the basis of appointed taxa 
(fig.1) to the nannofossil Zone NN2 Discoaster druggii. 
The age of sediments is the Eggenburgian. Such associa-

tion has been recovered in the samples of the boreholes 
Petrova Ves 2, Cunín21 ?, 11 ?,49? 

n. association: Sphenolithus belemnos, S. disbe/emnos, 
S.dissímí/is, S. compactus, S.moriformis, Orthorhabdus 
serratus, Helicosphaera ampliaperta, H. intermedia, 
Hmediterranea, H. scíssura, Reticulofenestra haqii, R. 
minula, Pontosphaera multipora, Triquetrorhabdulus 
mi/owii, (ojedinelo Calcidiscus /eptoporus), Cyc/icargo
lithus jloridanus, Coccolithus pelagicus, Thoracosphaera 
sp. The stage of preservation of the nannoplankton is 
moderately good and even very good by redeposited 
nannofossils of the Cretaceous, Paleogene and Lower 
Miocene age. Mainly Triquetrorhabdu/us, Sphenolithus 
and Helicosphaera sp. were observed. Designated asso
ciation was integrated to the nannofossil Zone NN3 (fig.1) 
and the age of deposits is the Ottnangian. Such association 
was found in the samples of the borehole Cu 11, Kúty 9, 
Petrova Ves l. 

UJ. association: Sphenolithus heteromorphus, S. 
compactus, S. moriformis, He/icosphaera ampliaperta, 
H. carteri, H. mediterranea, H. intermedia, H.granulata, 
Hscissura, Rhabdosphaera sicca, Orthorhabdus serra
tus, Reticu/ofenestra pseudoumbilicus, R.minuta, Pontos
phaera multipora, Thoracosphaera sp., Triquetrorhab
dulus mi/owii, Cocco/ithus pelagicus, Cyc/icargo/ithus 
jloridanus, Calcidiscus premacintyrei, rarely Calcidiscus 
/eptoporus, recycled taxa from Cretaceous and Paleogene. 
On the basis of appointed nannofossil taxa (Fig. l) 
association belongs to the nannoplankton Zone NN4 and 
the age is the Karpatian. 

The discontinuous drilling cores didn 't allow to define 
limits between the calcareous nannoplankton Zones in the 
Early Miocene sedimentary succesion. The age of the 
nannoplankton assamblages was setted by comparison of 
the studied complexes with calcareous nannoplankton 
Zones of the standard scale, based on the European and 
oceanic profiles (Young in Bown, 1998). The correlation 
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Fig. 2 Categorization of the studied segments of the drilling cores on the basis of calcareous nannofossils their correlation and 
biostratigraphic division 
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of the boreholes on basis of the calcareous nannofossils is 
given in the Fíg. 2. 

Early Miocene calcareous nannofossils give possibility 
to correlate the Eggenburgian (NN2) deposits with the 
Upper Aquitanian and Lower Burdigalian deposits, the 
regional stage Ottnangian (NN3) and the Karpatian (NN4) 
with the Upper Burdigalian ofthe Mediterranean region. 

The Vienna basin deposits of the „Lower Lagenid 
Zone„ and the „Uvigerinella graciliformis Zone„ corre
spond on the basis of calcareous nannofossils to the Zone 
NN4(Karpatian). 

Paleoenviromental reconstruction 

The resu lts of the calcareous nannofossils associations 
study in the Lower Miocene deposits show, that the depo
sitional conditions were not optima!. The missing of the 
carbonate sediments in the discontinuous drilling cores 
don 't allow us to construct complete picture of the basin. 
The obtained data enable to state that the basin was ma
ríne and had a connection with the Mediterranean. This 
connections were restricted, the shallow water shelf con
ditions with terrigenous influx don't allow bloom of co
colithophorales. The Karpatian basin indicate the best 
conditions, abundant calcareous nannofossi ls in good 
preservation stage have been recorded . 

Conclusions 

The calcareous nannofossils study provide possibility to 
identificate assemblages of the calcareous nannofossil 
Zones NN2 - Discoaster druggii, NN3 - Sphenolithus bele
mnos and NN4 - Helicosphaera ampliaperta. These zones 
determine the age of the deposits as the Eggenburgian, 
Ottnangian and Karpatian. The Lower Miocene deposits of 
the Vienna basin can be correlated with the Uppermost 
Aquitanian and Burdigalian in the Mediterranean region. 
We canto note, that the Lower Miocene Yienna basin was 
marine and was connected with Mediterranean. 
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Calcareous nannofossils considered (in alphabetical order 
of generic epithets) 

Calcidiscus leptoporus (MURRA y & BLACK) LoEBLICH & T APPAN 
Calcidiscus premacintyrei THEODORIDIS 
Coccolithus pelagicus (W ALLICH) SCHILLER 
Cyclicargolithusjloridanus (ROTH & HAY)BUKRY 
Discoaster druggii BRAMLETTE et WILCOXON 
Helicosphaera ampliaperta BRAMLETTE & WlLCOXON 
Helícosphaera carteri (W ALLICH) KAMPTNER 
Helicosphaera granula/a (BUK.RY & PERCIVAL) JAFAR & 
MARTINI . 

Helicosphaera mediterranea M 
Helicosphaera intermedia MARTrNI 

Helicosphaera scissura MILLER 
Orthorhabdus serratus BRAMLETTE & WtLCOXON 
Pontosphaera multipora KAMPTNER 
Rhabdosphaera sicca (STRADNER) 
Reticulofenestra cf. haqii BACKMANN 
R.minuta ROTH 
Reticulofenestra pseudoumbilicus (GARTNER) GARTNER 
Sphenolithus heteromorphus DEFLANDRE 
Sphenolithus moriformis (BRON!MANN & STRADNER) BRAM
LETTE & WILCOXON 
S.conicus BUKRY 
Sphenolithus compactus BACKMAN 
S.disbelemnos FORNACIARI & RIO 
S.dissimilis BUK.RY & PERCIVAL 
Sphenolithus belemnos BRAMLETTE el WILCOXON 
Thoracosphaera sp. 
Thoracosphaera heimii (LOHMANN) KAMPTNER 
Thoracosphaera saxea STRADNER 
Thoracosphaera albatrosiana KAMPTNER 
Th.operculata BRAMLETTE & MARTINI 
Thoracosphaera tuberosa KAMPTNER 
Triquetrorhabdulus carinatus MARTINI 
Triquetrorhabdulus cha/lengeri PERCH- IELSEN 
T.milowii BUKRY 
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Find of Trionyx rostratus Arth. in the Upper Badenian deposits 
of the Male Karpaty Mts., Western Carpathians 

PETER HOLEC & JÁN SCHLÔGL 

Department ofGeology & Paleontology, Comenius University, Mlynská dolina, pav. G, 
842 15 Bratislava, Slovakia 

Abstract. Find of the representative of freshwater to brackish turie Triony:x is described in this paper. lt was 
found in Upper Badenian shoreface deposits in the Sandberg Hill locality. The species suggests the presence 
of appropriate non-marine water biotop on the former Devínska Kobyla island. These turtles are typical by 
lacking of plastron part of the shell. The remains of the Triony:x are widespread worldwide from the Malm to 
the Recent. Our specimen represents the first occurence of this genus in the Slovakia, on thc other hand it has 
been already described from the austrian part ofthe Vienna Basin. 
Key words: Badenian, Devínska Kobyla Hill , Sandberg, vertebrate fauna, turtles, Trionyx 

lntroduction 

The area around the Devínska Kobyla Hill (514 m 
above the sea level) is well known by findings of the abun
dant invertebrate and vertebrate fauna. The locality is situ
ated west of Bratislava, between Devinska Nová Ves and 
Devín, districts of the Bratislava city. This area is also sig
nificant from the botanical and zoological point of view. 
The vertebrate remains occur mainly on these localities: 
Štokeravská vápenka quarry - classic Zapfe's locality, 
Štokeravská vápenka quany- locality „Bonanza,, Sandberg 
Hill and Weitov lom quany. Abundant fish fauna proceeds 
from Devínska Nová Ves - brickyard and rare vertebrate 
remains have been found also in Devin - vineyards, 
Dúbravka - field and Glavica Hill . 

Ge9logical situation of the area around Devínska Ko
byla Hill was described by Koutek & Zoubek (1936), 
Buday et al. (1962), Mišík ( l 976) and Baráth et al. ( 1994). 

Many authors studied also fossil vertebrates from this 
area, the most important are Pia & Sickenberg (1934 ), 
Zapfe (1950, 1952, 1960, 1979), Thenius ( 1952), Wett
stein & Westersheimb (1955), Herre (1955), Estes 
( 1969), Holec ( 1985) and Špinar et al. ( 1993). 

Description of locality 

The relics of the Upper Badenian marine sediments 
occur all around the Devínska Kobyla Hill. It indicates, 
the Devínska Kobyla Hill formed an is land probably with 
occassional connection with !and (Male Karpaty Mts.). 
Estimated area of island is about 300 hectares (Milovsky, 
pers. com.). 

Well-known Sandberg Hill locality is situated in the 
NW slope of Devínska Kobyla Hill, above the Devínska 
Nová Ves vi llage. The Upper Badenian sediments related 
to an transgressive event on eastem margin ofthe Vienna 
Basin are exposed in the Sandberg quarry. The section 
represents the stratotype of these sediments, called the 

Sandberg Member (Baráth et al., 1994). The sediments lie 
erosionally on the older carbonate sequences ofthe Devin 
Unit, Triassic to Lower Cretaceous in age. The same 
transgressive sediments are also revealed in Devín and 
Štokeravská vápenka quarry The total thickness of the 
section in the quarry attains 90 m. 

We present detail profile from upper terrace of quarry 
(Fig. l ), which is very interestig from the paleontological 
point of view. Many remains of large vertebrates have 
been colected mainly from this part. The studied part of 
section attains 32 m. The white to yellowish sand with 
cross bedding and bioturbation is typical for lower 4 me
tres (Fig. 1 ). Sand layers are intercalated by thin ínterlay
ers and lenses of fine grave] with abundant shark teeth 
and fragmentary molluscs. Middle part ofthe section con
sists predominantly of massive, sol ide yellow sand, local
ly with coarser grave! admixture, thin grave] intercala
tions and pebble-lines. The find of Trionyx carapace 
proceeds from this part (black point in profile). Upper 
part is characterised by sand- sandstone altemation. Grey 
to grey-yellowish sandstones are well-lithified with un
dulated bedding planes. Grey sand layers contain numer
ous marine molluscs (mainly Pecten and Chlamys). 

Systematic part 

Classis. Reptžlia 
Ordo. Che/onia 
Subordo. Cryptodira 
Família. Trionychidae 

Gen. Trionyx 

Trionyx rostratus ARTH. 

Description of carapace: The carapace (Fig. 2, 3) is 
almost flat, only moderately convex. The arching makes 
20 mm (with free costal ribs) above the horizontal plane. 

Geological Survey oj Slovak Republic, Dionýz Štúr Publishers, Bratislava 2000 ISSN I 335-96X 
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Fíg. l litho/ogica/ profile of the upper part of the 
Sandberg quarry (see text for explanation) 

Fíg. 3 Trionyx rostratus ARTH., dorsal view o/ the 

carapace • 

The carapace is not complete. Nuchal plate (scuta 
nuchale) and two costal plates of the right side (scuta 
costalia I and 2) are lacking. The preserved remain consists 
of seven neural plates (scuta vertebralia, V I - 7), eight 
right costal plates (scuta costalia dext., C 1 - 8 dext.) and six 
left costal plates (C3 - 8 sin.). Vertebrae have been partly 
darnaged, only last 4 vertebrae have preserved also corpus 
vertebralia. Free ribs project from the middle of the lateral 
costal bone margins. 
Neural plates (scuta vertebralia) are elongated by the me
dian axis of the carapace (V 1 - V7 from the cranial to cau
dal margin). Vl is the largest, approximately oblong in 
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Fíg. 2 Trionyx rostra/us Arth. , ventra/ view of the carapace 

form. Its cranial margin is regularly convex. The lateral 
margins are moderately concave and they are obliquelly 
bevelled to the median axis near the caudal margin. This 
feature is also visible on V2, V3, V4. V2 and V3 are simi
lar in form . Their cranial margin is narrower than caudal 
margin. V4 is almost regularly oblong, but its lateral mar
gins are slightly convex (in difference of Vl). V5 and V6 
have cranial margins straight and wider than caudal mar
gins. Especially, the caudal margin of V6 is obviously 
narrowed. Almost circular V7 is the smallest neural plate. 
Costal plates (scuta costalia) are laterally elongated. Cra
nial and caudal margins of C2 - C7 dext. and C3 - C7 
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Tab. 1 Measurements of indivídua/ bones (C - costa/ bones, V - neural bo nes) 

No. 1 dext. Cl C2 C3 

1 sin. C l C2 C3 
total length 37.2 51.5 56.7 

fmm] 
---- ---- 55.7 

median margin 18.7 17.2 17.7 
---- ·--- 18.5 

cranial margin 31.1 45.8 49.7 
·--- ---- 51.6 

caudal margin 42.7 50.0 53 .0 
---- ---- 52.3 

lateral margin 13.2 20.2 21.4 
---- .......... 22.8 

length of free 10.4 17.7 17.2 
rib ---- ---- 8.0 

No. Vl V2 V3 
max. width 12.0 11.4 10.6 
max.lenght 24.3 17.5 17.7 

cranial marg. 12.0 7.7 7.7 
caudal marg. 11.7 11.4 10.6 

sin. are almost parallel, however the costal plates become 
moderately wider toward the lateral margin. The shape of 
CI is different others. Cranial margin is slightly convexly 
rounded, it passes gradually into the lateral margin. Free 
rib projects from the boundary of cranial and lateral mar
gins. CI dext. is connected to right lateral margin of VI by 
its median margin. Caudolateral margin of VI is connected 
to C2 dext. This feature is also visible on C3, C4 and C5. 
However, caudal mediolateral margin of C5 is connected to 
the craniolateral margin of V6. lt is interesting that C5 sin. 
is not in contact with V4 due to its asymmetry. Free ribs of 
C2, C3 , C4 dext. and C3 , C4 sin. are situated more crani
ally on their lateral margins. On the other hand, free ribs of 
C5 dext. and C5, C6 sin. are situated more caudally. Free 
ribs of C6 dext., C7 dext. et sin. are not preserved. The 
costal plates C3 dext. et sin. are the longest, C4 is only a 
little smaller. Median margin of C3 is caudolaterally 
directed (C6, C7 - slightly mediocaudally directed). C6 
dext. et sin. are distinctly curved laterocaudally. Mediocra
nial margins are joined with caudal margin of V6 only. 
Mediocaudal margins are joined to craniolateral margin of 
V7. Craniomedian parts ofC7 dext. et sin. are connected to 
V7 but their remaining median parts are joined directly 
each other. Two last costal bones (C8 dext. et sin.) are also 
knitted by suture each other and they are not connected to 
neural bone. C8 dext. et sin. have three margins only, the 
common median margin, cranial margins, which communi
cate with caudal margins of C7 dext. et sin. and free caudal 
margins. C8 dext. is wider than C8 sin. due to asymmetry. 
C8 dext is almost completely joined with C8 sin. but in cra
niomedian comer it also communicates with C7. 

The total length of preserved carapace is 134.0 mm, 
maxima! width (without free ribs) attains 118.2 mm 
(measurement through the C4 dext. et sin.). The thickness 
of costal plates varies among 3.3 - 4 .6 mm . 

C4 C5 C6 C7 C8 
C4 C5 C6 C7 C8 

55.3 50.4 45 .0 36.8 24.2 

55.0 51.0 44 .8 37.l 24.5 
16.8 16.2 14.7 12.2 14.9 
17.6 15 .8 14.4 13.6 13 .5 
53.2 51.8 45.4 37.5 26.5 
53 .6 49 .6 44.7 37.8 25 .0 
50.4 47.0 34.2 26.7 23.0 
51.0 46.0 38.7 25.0 24.7 
19.9 20.2 18.9 17.0 23 .0 
19.8 19.7 20.0 16. 1 24.7 
17.0 12.0 ---- ----
8.1 7.2 13 .1 ----
V4 V5 V6 V7 

9.5 7.9 9.1 7.8 

17.3 15.3 13.9 7.6 

7.0 7.9 9.1 ----
7.9 6.2 4.6 ----

Discusion: Our specimen from the Sandberg Iocality 
is well-comparable in shape and size with Miiller ' s 
specimen (Mii ller, 1968) from the Middle Miocen of the 
Vienna Basin. 

Conclusion 

The genus Trionyx is presented from the Slovakia for 
the first tíme. Its occurrence is of peculiar interest. The 
carapace was found in the shoreface deposits. Well pres
ervation of the almost comlete carapace indicates short
term transport from the adjacent area. 

The representatives of the family Trionychidae are 
ranged to freshwater and brackish turtles. The rivers, as 
well as large brackish river deltas, river creeks, brooks 
and also backwater (lakes and big puddles) with sandy to 
muddy bottom are typical environment where recent spe
cies are living. This fact indicates that an appropriate non
marine water biotop had to exist on the former island of 
the Devínska Kobyla in the area smal ler than 300 hec
tares . Moreover, some other taxa, entirely or seasonaly 
depending on such enviroment have been found there 
(e. g. remains ofthe fossil toads Bujo sp. and Bujo priscus 
Spinar, Klembara & Mezsaros from Štokeravská vápenka 
- locality "Bonanza"). 
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Ottnangian Bryozoa and Foraminifera from the Vienna Basin (Slovakia) 
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Abstract. The Ottnangian sediments are very poor in remnants of Bryozoa in the Alpine-Carpathian region. A 
bryozoan association has been reported from the Ottnangian sediments ofthe borehole Cunín 4 and Cunín 21 
(in the vicinity of Kopčany village). The age was proved mainly by Foraminifera Amphicoryna ottnangensis 
(TOULA) and Pappina breviformís (PAPP et TURN) known only from the Ottnangian sediments (NN3 zone 
sensu Martini 1971 ). Altogether 25 Bryozoa species and 45 Foraminifera species were determined, described 
and documented. "Ceríopora", Hornera and Cel/aria are the dominant Bryozoa genera here. The other 
macrofauna was represented by fragments of Ba/anus, Hydrozoa and rare undeterminably preserved 
molluscs.The studied association of Bryozoa is very similar to those described from Austria (Gaudemdorf, 
lower Austria), which is the Eggenburgian in age and to the association from Hungary (Fót, near Budapest), 
which age is the Karpatian . The similarity is based mainly on the presence of Cellaria, "Ceriopora" and 
fragments of Balanus. On the other hand the Foraminifera associations of the mentioned localities are 
completely different. 

Key words: Vienna Basin, Miocene, Ottnangían, Bryozoa, Foraminifera. 

lntroduction 

During the investigation of the Miocene sediments 
from the boreholes made by Nafta Gbely lne. in the 
northem part of the Vienna Basin a sediment rich in 
Bryozoa has been found. Altogether 25 bryozoan species 
have been determined. The age of this sediment was de
termined on the basis of Foraminifera accompanying 
bryozoans as the Ottnangian (NN3 nannoplankton zone 
sensu Martini 1971 ). 

The Ottnangían Bryozoa are very rare in the Alpine
Carpathian region. Only poorly preserved Bryozoa fauna 
in the Molasse Zone have been discovered until now. 
KUhn (1965) reported 6 species from Bavaria and Vávra 
( 1981) found several bryozoan species in the Hôch (near 
Passau). The sediments from the Vienna Basin yielded 
few Ottnangian bryozoans (Vávra, pers. com, 2000). 
Therefore the studied association is the richest bryozoan 
fauna of the Ottnangian age in the Alpine Carpathians 
region. 

Material and methods 

Studied area, called Cunín, is situated in the northem 
part of the of the Vienna Basin near Kopčany village 
(Fig. l ). The Neogene sediments overlay the flysch nap
pes ofthe Western Carpathians here . The Neogene sedi
mentation of this area starts by the Eggenburgian basa] 
conglomerates, which probably do not reach the basin 
elevation. The Ottnangian sediments overly the flysch 
basement (Jifíček 1988) here and upward pass into the 
Karpatian deposits (reg. stages Eggenburgian„ Ottnan
gian and Karpathian = Burdigalian). 

For the purpose of this paper 30 samples from the 
sandy horizon of the following boreholes have been 
studied: Cunín 35, Cunín 5, Cunín 6, Cunín 8, Cunín 11, 
Cunín 22, Cunín 41 and Cunín 49. The core material is 
represented especially by the coarse to fine coarse sands 
with the clay intercalations. Samples from the Cunín 21, 
Cunín 4 contain bryozoan remnants . Foraminifera have 
been found in samples from Cunín 8, Cunín 11, Cunín 
22, Cunín 41 and Cunín 49. Washed bryozoans from the 
studied samples have been soaked in 10% water solution 
of Quatemary „O"™ for approximately one day. The 
chemical formula of Quatemary „O"TM is as follows : 
1-dihydroxyethyl - 2-heptadekenyl imidazoline chloride 
= C2H(OH)2 C(C10H1s)5 C2HN2Cl. For the method details 
see Zágoršek & Vávra (in press). Foraminifera were 
separated by obvious laboratory methods. 

Results 

The rich foraminiferal associations have been re
corded in the studied material. Despite the fact that this 
sediments were determined as the Eggenburgian in age in 
the revision by HUDEC 1991, their age was estirnated as 
the Ottnangian (this paper). The age of sedirnents was 
determined on the base of the occurrence of the Fo
raminifera species Amphicoryna ottnangensis (Toula) 
and Pappina breviformis (Papp et Tum) which are 
known only from the Ottnangian regional stage (Cicha 
et.al. 1998). 

From the paleoecological point of view and accord
ing to the statistical analysis of foraminifera a mixture of 
two paleoecological associations can be assumed here . 
One of them is the shallow water association with low-
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ered salinity represented by dominance of the Ammonia 
ex gr. beccarii (Linne) and the second one, highly diver
sified neritic association rich in Pappina breviformis 
(Papp et Tum.), Cibicidoides ungerianus (Orb.), Am
phicoryna ottnagiensis and Bolivina sp .. This fact is sup
posed to be caused by short transport from the littoral 
shallow water marginal facies into the shallow neritic 
conditions. From the Cunín 4 borehole core only the 
shallow water foraminifer associations have been recor
ded in the samples. The possibility of the environment 
probably with lowered salinity, which are documented by 
dominance of Ammonia ex gr. beccarii (L.) (90%), 
which can refer to more marginal position of the deposi
tion . In the Hungarian area the sediments rich. in bryozo
ans (with similar bryozoan association as in the Cunín 
area) are poor in Foraminifera - only one area (Fót - Bu
dapest) contained association with Pararotalia aculeta 
(Orb.) documented more marginal position too. Unfortu
nately, Foraminifera have not been studied in the sample 
material from Austria containing bryozoans 
(Gaudemdorf, lower Austria). 

Bryozoa fauna from the Cunín 21 and Cunín 4 bore
holes is unusually rich. The fauna consists of 12 
Cyclostomata and 13 Cheilostomata species. Dominant 
species belong to Hornera (Cyclostomata) and Cellaria 
(Cheilostomata). Many Bryozoa specimens belong to 
undeterminable group of "Cellepora". Myriopora trun
cata (Pallas, 1766) and Tretocycloecia dichotoma 

j 

M = l : 100000 
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+ 
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(Reuss, 1848) are abundant species as well. Other 
species occur only in one or two specimens. The 
complete list of determined Bryozoa species are given in 
Tab. 1. 

The fragments of Balanus represent the most 
common fossil except for Bryozoa within the studied 
sediment. Other organic remains (fragments of molluscs, 
foraminiferal tests, Hydrozoa, and Echinoidea) are 
associated with them. 

Until now the only described Ottnangian bryozoan 
fauna from the Alpine Molasse Zone yielded 6 species, 
from which Steginoporella and "Cellepora" genera 
dominated (Kuhn, 1965). Within the studied material no 
Steginoporella have been found, and species of 
"Cellepora" are not as common as in the described asso
ciation from the Yienna Basin. On the other hand, four 
from six species described by Klihn ( 1965) have been 
found also in the studied boreboles. 

Vávra (1981) mentioned Steginoporella also from 
other Ottnangian localities. He argued that the presence 
of Steginoporella is an indicator of migration from the 
western Europe into the Molasse Zone during the 
Ottnangian (Vávra 1981 ). Although Steginoporella does 
not occur in studied area near Kopčany many other bryo
zoan species accompanying Steginoporella have been 
found. Taking in consideration, that we have only limited 
amount of sediment to study, we believe, that neverthe
less, Steginoporella does not occur in Cunín, the studied 
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Tab. I 

taxa C 21/875 C 21/930 C 21/936,5 C 21/940 C 4/897 

Ba/anus sp. 

"Celleporidae" 

Adeonella polystome/la (REUSS, 1848) 

Cellariafistulosa Auct (REuss) 

Cel/aria mandibulata HrNCKS, 1882 

Cel/aria sp. 

Celleporaria globularis 

Crisidmonea foraminosa (REuss, 1866) 

Disporel/a cf goldfussi (REuss, 1864) 

Exidmonea atlantica D., M . & P., 1972 

Fedora auingeri (REuss, 1874) 

Heteropora anomalopora REuss, 1848 

Horne ra cf. frondiculata 

Hornera frondiculata 

Hornera releporacea MrLNE EDWARDS, 

1838 

Hornera sp.n. 

Hornera striata MILNE EDWARDS, 1838 

Mecynoecia cf. geinitzi 

Mecynoecía pulchella (REuss, 1848) 

Membraniporel/a ungeri (REuss, 1848) 

Myriopora truncata (PALLAS, 1766) 

Reteporella gigantea KUHN 

Rosseliana incompta (REuss, 1848) 

Schizoporella geminipora (REUSS, 1848) 

Tretocycloecia dichotoma (REUSS, 1848) 

Turbicel/epora coronopus (WOOD, 1844) 

Total 25 

sediments belong perhaps to the same sea way migra
tion track from the Mediterranean towards Centra! 
Europe. 

The studied association of Bryozoa is very similar to 
the association described from Austria (Gaudemdorf, 
lower Austria), which is the Eggenburgian in age (Ktihn, 
1925 and Vávra, 1979). Sediment is also the fine grained 
conglomerate to sand stone with dominance of the Bryo
zoa and Balanus fragments. Molluscs (bivalves), brachio
pods, and echinoids occur as well. Up to now 29 species 
have been determined from this locality (Vávra, pers. 
com, 2000). Schizoporella, Umbonula and Callopora are 
dominant genera in bryozo<Vl fauna. The representatives 
of "Cellepora" are rare. 

Kókay (1967, 1993) described Bryozoa-Balanus 
sandstone near Bámapusta village (Várpalota, Hungary), 
which is the Karpatian in age. The litofacies is very 
similar to those found in Cunín . lt is the conglomerate to 
sandstone with dominance of fragments of the Bryozoa 
and with common Balanus. The other fauna is very lim
ited and rare. The main difference is in absolute pre
dominance of "Cellepora" with the bryozoans fauna. The 
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other bryozoan species are very rare. Only 10 bryozoan 
species could be distinguished on the basis of prelimi
nary study made by the first author. 

Sediments of the Fót Formation (Noszky 1935) ex
posed in the abandoned quarry near Fót village 
(Budapest, Hungary) are very similar as well. Sediment 
represent the sandstone to fine grained conglomerate 
with the dominance of Bryozoa and Balanus fragments . 
Other fauna is represented by molluscs (mainly bivalves) 
and echinoids. The age of the deposits is the Karpatian. 
Although the sedimentary facies is very similar to those 
from Cunín, but the bryozoans fauna is completely dif
ferent. The Fót formation yielded more than 80 species 
of Bryozoa. The "Cellepora" bryozoans are very rare, 
dominant species belong to Reteporef/a, Schizoporel/a, 
and Parina genera 

We suppose that the Bryozoa - Balanus facies repre
sents particularly special, unusual environmental condi
tions . These conditions, which are very suitable for 
bryozoans occurred for first tíme during the Eggenbur
gian in the Molasse Zone in Austria (Gaudemdorf). Later 
(in Ottnangian), the same conditions occurred in the 



K. Zágoršek and N. Hudáékavá: 01/nangian Bryozoa and Foraminifera ... 

113 

Plate I. 
1. Ammonia ex. gr. beccarii (Linne) Cunín 2 1, 930m; 2. Ammonia ex. gr. beccarii (Linne) Cunín 21 , 930m; 3. Elphidium cf. 
excavatum (TERQUEM) Cunín 2 1, 930m; 4. Ephidiella heteropora (EGGER) Cunín 21 , 930m; 5. Elphidium cf. subtypicum ľ APP Cunín 
21 , 930m; 6. Spiroloculina aff. excavata Cunín 4, 897; 7. Lenticulina sp. cf. calcar (LINNE) Cunín 4, 897; 8,9. Globigerina 
ottnangiensis ROEGL, Cunín 21 , 930m; 10. Cibicidoides ungerianus (ORB.) Cunín 4, 897; 11. Amphicoryna ottnagensis (TOULA) 

Cunín 11, 905,5m; 12,13. Pappina breviformis PAPP Cunín 21 , 930m 897 
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Plate II. 
1. Hornerafrondiculata Auct. Frontal view. Cunín 2 1/930; 2. Cellariafistulosa Auct. General view with visible ovicells above the each 
zooecial aperture. Cunín 21 /930; 3. Hornera striata MILNE EDWARDS, 1838. Frontal view with visible one large vacuole above and 
bellow the aperture. Cunín 21 /930; 4. Tretocycloecia dichotoma (R.Euss, 1848). General view of large colony shows large apertures and 
small pores. Cunín 21 /930; 5. "Cellepora" (similar to Celleporaria globularis (BRONN, 1837). Cunín 21 /930; 6. Myriopora truncata 
(PALLAS, 1766). typical early Miocene species with visible aperture divided in two parts. Cunín 4/897; 7. Ce/laria mandibulata HINCKS, 
1882. General view (note the large vicarious avicularium). Cunín 21 /930; 8. Mecynoecia pulchella (REuss, 1848). Fragment of rod like 
colony with visible porous frontal wall an length of zooecial tu bes. Cunín 4/897; 9. Cel/aria fistu/osa Aucr. Detail of fig. 12. shows 
dentition and characteristically developed distal margin of aperture; 1 O. Reteporella cf. gigantea KúHN, 1925. Typical Ottnangian species 
preserved only as a small fragment. The characteristic growth form is not preserved. Cunín 4/897; I I. Hornera reteporacea MILNE 
EDWARDS, 1838. Large fragment with visible typical pores in place of bifurcation. Cunín 21 /930; 12. Cellaria fistu/osa Aucr. General 
view. Cunín 4/897. 

7 
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Vienna Basin in Slovakia (Cunín) and the last known 
Bryozoa - Balanus sands are known from Hungary (Fót, 
perhaps also in Várpalota), which are the Karpatian in age. 

Conclusion 

1. In the Vienna Basin NE part 25 bryozoan and 45 
Foraminifera species of the Ottnangian age have been 
determined. 

2. Mixture of the Ottnangian foraminiferal paleo
ecological associations is supposed - shallow water asso
ciation with lowered salinity represented by Ammonia ex 
gr. beccarii and high diversified neritic association rich 
in Pappina breviformis (Papp et Tum.), Amphicoryna 
ottnangensís (Toula) and Bolívína sp. 

3. In the Bryozoa associations "Celleporids" domi
nated in all studied samples. They are characteristic for 
the shallow water tropical to subtropical sea. The pres
ence of Balanus proves this hypothesis. 

4. The Bryozoa - Balanus facies represents special 
environmental conditions. The mentioned conditions 
occurred for the first time during the Eggenburgian in the 
Molasse Zone in Austria (Gauderndorf), the than during 
the Ottnangian in the Vienna Basin in Slovakia (Cunín 
area) . The last occurrence is known from Hungary (Fót), 
which is the Karpatian in age. 
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Abstract: A paper summarise the knowledges about lhe freshwater ostracod fauna from Slovak Neogene de
posits which actually comprise several tens of species from the various biotops. The environmental charac
teristics of the Upper Miocene and Pliocene sediments are given on the base of recents species and their 
ecological requirements. The particular endemic ostracods related to the Paratethys fauna are preserved in 
Turiec depression. This assemblage considered to be freshwater differs absolutely from the recent palearctic 
species and presents some specific features of stabil and cold habítats. 

Key words: Slovakia, Neogene, freshwater Ostracods, endemic fauna, paleoenvironment 

Introduction 

A freshwater sedimentation took place in the Vienna, 
Danube and in the other basins since Middle - Upper 
Miocene and Pliocene after regresíon of marin and brak
ish waters. In this time the freshwater ostracods became 
more nad more frequent in the sediments and reach on 
species. Their quantity results from the various environ
ment conditions intluenced by tectonic movements. 

Regional distribution of fauna 

Because only broken, thick and very rare ostracod 
fragrnents are known from the Midldle Miocene and old
est deposites containing mainly marin or brackish shells, 
the freshwater ostracods are regarded as a secondary ele
ment transported from inland environment resting 
unknown from the point of ostracods. 

The valves of freshwater ostracods are dominant fossil 
group sínce zone E of the Pannonian (Fig. 1 ). The cyclic 
environment changes have been observed on the west 
margin of Danube basin by alteration of freshwater and 
brackish ostracods. The freshwater conditions are docu
mented by Candona candida (O.F. MULLER), Cyclocypris 
laevis (0. F. MULLER), Cyprinotus salinus (BRADY), 
Darwinula cylindrica STRAUB, D. stevensoni (BRADY & 
R0BERTS0N), 1/yocyris gibba RAMD0HR, Paralimno
cythere sp., Zonocyprís sp. (PIPÍK, 1998). 

The assemblage from Vienna basin (locality Studien
ka) is a little bit younger and richer. It comprises the spe
cies Cypria ophtalmíca (JURINE), Darwinula stevensoni, 
D. cylindrica, Cyclocypris laevis, Eucypris aff. dulcifons 
DIEBEL and PIETRZENIUK, Candona balatoníca DADAY, 
Para/imnocythere aff. re/icta (LILIEB0RG), Cyprinotus 

salinus, Candona fragilis HARTWIG, C. pratensis 
HARTWIG, C. fabaeformís FISCHER, Candona ex gr. ne
g/ecta SARS, Potamocypris sp. 1 Janz, Potamocypris sp. 
An environment can not be presumed as absolutely 
freshwater because the brackish Cyprideis species prevail, 
they represent 95 % of all specimens. The age of a rock 
sequence is determined as the Pannonian, the zone F. 

A northem and eastem part of the Danube basin 
(Čeľadince, Orešany) is filled by limeston sediments of 
the Pannonian age (zone H) where have been found the 
species as Candona cf. balatonica affinís ZALÁNYl, Cav
ernocandona roaixensis CARB0NNEL, Cypria tocorjescuí 
HANGANU, Cyclocyprís sp., Fabaeformiscandona cf. li
nea/a KRSTJČ and Pseudocandona marchica HARTWIG 
(Fordinál, 1994, Fordinál et al., 1996). 

The Pliocen locality Hajnáčka rich on the mammalian 
rests is poor on the ostracods. Only the fragments of four 
species Darwinula sp., 1/yocypris sp., Candona sp. and 
Pseudocandona sp. are described from that area. 

The numerous outcrops and boreholes from the Turiec 
depression which existed during the Upper Miocen 
(? Pliocene) offer a huge quantity ofwell preserved rresh
water and oligohaline ostracod. The 87 species, from 
which 57 are new species, subspecies and varieties, be
long to 20 genera. This enormous number of taxons re
sults from isolation of the basin and intensive intra
lacustrin evolution. The fauna shows an inregular distri
bution in the basin and from the point of ecology and 
origine can be devided to 2 groups. 

The species living up till now or having very close 
relationships with recent fauna are not numerous. This 
type is represented by Candona devexa KAUFFMAN, C. 
eremita (VEJD0VSKÝ), C. kieferí KLJE, C. lozeki ABS0-
LON, C. weltnerí obtusa G. W. MULLER, C. candida n. 
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Fig. J Localilies with fresh water ostracods in Slovak Neogene basins. Vienna basin: / . Studienka; Danube basin: 2. Pezinok, 
3. Čeľadince, 4. Orešany, 5. Turiec depression, 6. South slovak basín: 6. Hajnáčka. C::J Neogene basinsC::J other geological 
units 

var. densa, C. carpathica n. sp., C. fatrica n. sp. , C. ta
trica n. sp. Candonopsis arida (SIEBER), C. regalis n. sp., 
Cavernocypris subterranea W OLF, Cy c/ocypris /aevis, 
Cypria ophtalmica, Cyprinotus sa/inus, Darwinula ste
vensoni, !lyocypris gibba, !. papilioformensis n. sp., !lyo
dromus pyramidatus KRSTIČ n. var. angustus, Pseu
docandona albicans, P. compressa, Scottia browniana 
(JONES). 

The second group consists of more than 40 endemic 
species related to Paratethys fauna . A genus Candona is a 
dominant group - Candona aculeata n. sp. , C. eminens n. 
sp., C. expressa n. sp., C. fontana n. sp. , Candona lacus
tris n. sp., C. laterisimilis n. sp. , C. montana n. sp., C. 
palustris n. sp., C. prisca n. sp., C. stagnosa n. sp., C. 
vacuospinosa n. sp, etc. They are accompanied by Pseu
docandona carbonnelii n. sp. , Serbiella armata n. sp. , S. 
pacifica n. sp., Typhlocypris ex. gr. centropunctata 
SUZIN, T trigonella n. subsp. pharius, etc. The specimens 
of Cypria dorsoalta, Cypria servica KRSTIČ, Cypria bod- · 
ergati n. sp., Cypria isosceles n. sp., Euxinocythere minu
scula n. sp. are more or less permanent element in this 
group. 

Ecology and origin of fa una 

A short review of freshwater ostracods shows that the 
Upper Miocene environments was occupied not only by 
the fossil species but the recent representants too. Be
lieving that the ecological requirements of living ostra
cods didn 't change throught the Pliocene and Quartemary 
tíme, we use Absolon 's ( 1973), Sywula 's (1974), Bron
stein 's (1988) and Rybecky's (1989) taxonomical and 
ecological data to reconstruct the Upper Miocene envi
ronment (Tab. 1 ). 

A littoral environment is presumed in case of Pezinok 
(Danube basin). Because the freshwater species are not 
mixtured with a brackish fauna which is known from 
many layers, in tíme of freshwater sedimentation the envi
ronment can be characterised as a shallow lake. 

A similar mixtured fauna! composition as in Studienka 
was studied by Barker (1983) in estuary of Ems, where 
the freshwater and euryhalinne species were observed. A 
habitat in thi s part of the Vienna basin can be determi
nated as a shallow littoral environment somewhere co
vered by water plants with strong freshwater influence. 
The estuary was bordered by the oxbows, the swapms and 
the pools, seasonal or permanent. 

The sediments of the zone H of the Danube basin 
contain only freshwater fauna. For this reason a habitat is 
determined as a littoral freshwater lake covered by the 
water plants and bordered by a forest because a present of 
many terrestrial gastropods (Fordinál , 1994, Fordinál et 
al. , 1996). 

A northern part of the Turiec depression differs not 
much from the mentioned basins. The ostracods found 
in the sediments prefer the shallow lake conditions 
where the water plants grow. They can live also in the 
pools , the oxbows or in the swamps which could ex ist 
around the lake. 

The cave and spring ostracods create a very distin
gui shed group which is not surpris ing. The intens ive 
tectonic movements and very vast carbonatic surface 
with caves existing in Slovakia up till now made a 
possib ility for development of thi s biotop type . Besides 
of the freshwater springs, the hal ine sources could exist, 
inhabited by halobiont ostracod Cyprinotus salinus and 
the other halofil s. 
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Tab. J Ecological tolerance and habitats of recent ostracods according to Absol on, 1973, Bronstein, J 988, Rybecký, 1989, Sywula, 1974. 

caves springs pools oxbows rivers swamps 

Candona balatonica + + + 
Candona candida + + + + 
Candona eremíta + + 
Candona f ragilis + + 
Candana kieferi + 
Candona lozeki 

Candona pratensis + + + 
Candona weltneri 
obtusa 
Cavernocyprís + + 
subterranea 

Cyclocypríc laevis + + + + 
Cypria ophtalmica + + + + + 
Cyprinatus salinus + + 
Danvinula stevensoni + + 
llyacyprís gíbba + + + + 
Pseudacandona + + 
albícans 
Pseudocandona + + + 
compressa 

Pseudocandona + + + 
marchíca 

Scottis browniana + 

Besides the ecological data, the Table 1 . shows also a 
biogeographic widespread of recent spec ies in the Slovak 
Neogene basins. Recently they occupy a palearctic realm 
or they are the cosmopolitans. Generally, without of sub
terranean species, all live in the shallow water bodies. 
They have a high ability to migrate, they are resístant on 
the annual c limatic changes when the cold and warm pe
riods altemat and the pools or oxbows and lakes became 
frozen or dried up (Danielopol, 1980). The species of 
Candonopsis arida, Candona devexa, Cavernocandona 
roiaxensis, Darwinula cylindrica, which are known from 
the other european basins (Carbonnel, 1969; Janz, 1992, 
1997) can be included to this group. This is a very inter
esting feature linking all mentioned ostracods. 

On contrary, in some parties of Turiec depression rare 
fauna had been living and evolutíng. Its ancestors or re
latives lived doubtless on a vast Paratethys area. But thaťs 
al l what can be said abo ut it. To transmit the stratigraphic 
and ecologic <lata observed on Paratethys species it seems 
to be doubt. This endemic fauna presents some specia l 
features as a development of dorsum, very thick and hard 
she ll s, wide zone of the fussion with long, s imp Ie, nume
rous and dense marginal pore canals. A remarkable thing 
is an overlap of val ves and pointed posterior. The species 
wíth triangu lar and trapezoidal shape with widely arched 
valves in posterior absolutely prevailed. 

Such characteristic are typical for the species adapted 
to the stabil and cold environment typical for deeper la
custrin parts (sublittoral and profundal) and for ancient 
lakes like The Lake Baikal, The Lake Ohride, The Lake 
Malawi etc. (Stankovič, 1960; Kozhov, 1963; Danielopol, 
1980). 

lakes deep of tolerance bottom widespread 
water to salinity 

clav mud sand olants 

+ halolil paleartic 

+ UTP halofil paleartic 

+ li ttoral + paleartic 

+ littoral 

+ + 
+ paleartic 

paleartic 

+ littoral euryhaline cosmopolitan 

+ UTP halofil + cosmopol i tan 

halobiont + paleartic 

+ + + cosmopolitan 

+ li ttoral halofil + + paleartic 

+ + 

+ littoral halolil paleartic 

+ littoral + + paleartic 

paleartic 

Conclusion 

The freshwater ostracod fauna became more frequent 
in the sediments after Middle M iocene. Several tens spe
cies is reported from different Neogene basins. Generally, 
the recent palearctic and cosmopolitan species together 
with fossi l ones had been living in shallow lacustrin envi
ronment bordered by the pools, seasonal or permanent, 
the swapms and the rivers and their oxbows. The existing 
carstic surface and tecton ic movements gave rise to 
springs and caves having their own fauna. 

At the same tíme, an endemic ostracods had been 
occupied the Turiec depression wh ich displey the mor
phological pecularities typical for the fauna of stabil and 
cold environment of deep lacustrin zone. 

Aknowledgements 

The French government supports my thesis on freshwater 
ostracods of Slovak intramountain basins. 1 would like to thank 
my supervisors Dr. A.-M. Bodergat (France), Dr. G. Carbonnel 
(France) and Dr. M. Kováč (Slovakia) and Dr. J. Vannier 
(France) for fructuous and helpful discussions. 

References 

Absolon, A, 1973: Oastracoden aus einigen Profilen späl- und post
glazialer Karbonatablagerungen in Mitteleuropa. Mitt. Bayer. 
Staatssamml. Paläonl. hist. Geol., 13, 44-94. 

Barker, D., 1983 : The relationship bctween ostracods distribution and 
sediment grain size. Marine Micropaleontology, 8, 51-63. 

Bronstein, Z. S., 1988: Freshwater ostracoda - Fauna of the USSR: 
Crustacean, Vol. 11, No. 1. AA Balkema, Amsterdam, 455 . 



R. Pipik: Neogene Habilats and Freshwater Oslracods ... 

Carbonnel, G., 1969: Les Ostracodes du Miocéne Rhodanien. Systé
matique, Biostratigraphie, Écologie, Paléobiologie. Docum. Lab. 
Géol. Fac. Sci . Lyon, No: 32, 1, 2, Lyon, 469. 

Danielopol, O., 1980: On the carapace shape of some European fresh
water inerstitial Candoninae (Ostracoda) . Proc. Biol. Soc. Wash., 
93, 743- 756. 

Fordinál, K., 1994: Upper Pannonian (zone H) on Eastem Edge of lhe 
Považský Inovec Mts. Geol. práce, 

Správy 99, 67- 75 . (in Slovak) 
Fordinál, K., Nagy, A. & Fejdiová, O., 1996: Upper Pannonian fresh

water sediments from the surroundings of Čeľadice (western mar
gin of the Tríbeč Mts., Slovakia). Miner. Slov., 28, 307-311. (in 
Slovak). 

Janz, H., 1992: Die miozänen So6wasserostrakoden des Steinheimer 
Beckens (Schwäbische Alb, Soddeutschland). Stuttgarter Beitr. 
Naturk., Ser. B. Nr. 183, Stuttgart, 117. 

119 

Janz, H., 1997: Die Ostrakoden der k/eini-Schichten des miozänen 
Kraterees von Steinheim am Albuch (S0ddeutschland). Stuttgarter 
Beitr. Naturk., Ser. B, Nr. 251 , Stuttgart, 101. 

Kozhov, M., 1963: Lake Baikal and its life. Dr. W. Junk, Publishers, 
The Hague, 344. 

Pipík, R., 1998 : Variation de la salinité détenninées par étude des as
sociations ďostracodes pannoniens sur la marge occidentale du 
bassin du Danube. Suli. Centre Rech . ElfExplor. Prod., Pau, Mém. 
20, 167-177. 

Rybecký, M. , 1989: Spring and limnic Ostracoda from lhe teritory of 
Slovakia and ecological study of most important species. Acta rer. 
nat. mus. nation. slov., XXXV, Bratislava, 101-148. in slovak. 

Stankovič, S., 1960: The Balkan Lake Ohrid and its living world. Uit
geverij Dr. W. Junk - Den Haag, 357. 

Sywula, T., 1974: Freshwater fauna of Poland - Ostracoda. Panstwowe 
wydawnictvo naukove, Warszawa - Poznaň, 314. (in Polish). 



Slovak Geol. Mag., 6, 2-3(2000), /20-123 

Paleoecologic and paleoclimatic significance of the fossil mollusc asemblages 
from the Quaternary sediments near ffiohovec, (Slovakia). 

PETER JONIAK 

Department ofGeology and Paleontology, Faculty ofnatural sciences, Comenius University, Mlynská dolina, 
842 15 Bratislava, Slovak Republic 

Abstract. The paper is dealing with paleoecologic and paleoclimatic evaluation ofthe malacofauna 

assemblages from loesses sediments near the Hlohovec town. Loesses of the studied section were 

predominantly deposited in open !and environment. The uppermost part is characterized by the 

cool climate species dominance, the more thennophilous taxa prevail in the middle and lower part 

ofthe profile. 

Key words: Quatemary, Pleistocene, loess, gastropoda, paleoecology, paleoclimatology 

lntroduction 

Mollusc asemblages in the Quatemary sediments are a 
very sensitive indicator of climatíc and ecologic condi
tions. Detailed characterization of the studied biotops 
were possible through statistical study of the changes in 
occurence of the indivídua! species. Thís methodology 
was used by Ložek (1955, 1956) and Kemátsová (199 I) 
in the southem part of the Považský Inovec Mts„ This 
paper analyzes the outcrop near the Hlohovec town. 
Loessial sediments with horizons ofthe fossil soil are ex
posed in the former quarry in a valley approximately 
100 m south-east of the elevation point 266 (Fig. 1 ). The 
age of these sediments has not been determined yet by 
any method. Changes of biotops and intluence of climatic 
factors in the investigated area were studied by bed-by
bed analysis of malacofau11a communities. 

Results 

Description ofthe lithological section (Fíg. 2): 

O.O - 1.5 m (1.5 m) Soil horizon. Brown forest soil, 
gradually passing to underlying sediments. 
1.5 - 3.4 m (1.9 m) Massive loessíal sediment with pris
matic jointing. The loess is slightly sandy, solid and po
rous, with small calcareous canals. The colour is buff to 
grey. 
3.4 - 4.0 m (0.6 m) The loess is buff-coloured, with a dun 
to chocolate-brown tinge. Slightly porous, with numerous 
small calcareous canals; powdery, with sandy admixture. 
It can be probably an indistinct fossil soil complex. 
4.0 - 6.0 m (2.0 m) Massive loess of yellow-brown to 
yellowish colour, with prismatic jointing. There are 
flushed sands with fine grave) in the upper part of hori
zon. 

6.0 - 6.6 m (0.6 m) Loess and loessial loam, chocolate
brown to brownish, wíth a red-brown tinge, massive and 
solid, with small calcareous canals. It has a fossil soi l 
character. 
6.6 - 7.8 m (1.2 m) Layer has an sharp contact with the 
overlaying bed. There is a horizon of loess-dolls in the 
upper part of thís layer. It passes gradually to massive, 
yellow-brown powdery loess. 
7.8 - 8.5 m (0.7 m) Loess to loessial loam of the same 
character as in the 4-th (6.0 - 6.6 m) layer. It is massive and 
solid, chocolate-brown, but generally of líghter colored. 
8.5 - ? m Yellow-grey to yellowish, solid, moderately 
porous, powdery loess with loess-dolls in the upper part 
ofthe layer. 

Paleoecological evaluation of the preserved malaco
fauna 

Seven samples of uniform weight (15 kg) were taken 
for qualitative and quantitative malacofauna evaluatíon. 
967 specimens and shell fragments were identified. They 
belong to 14 families : Bradybaenidae, Zonitidae, Clausí
liidae, Helicidae, Edodontídae, Vitrinidae, Va//oniidae, 
Vertiginidae, Pupil/idae, Chondrinidae, Enidae, Cochli
copídae, Euconulidae, and Orculidae (Tab. 1). 

lt is evident that the samples from the layer 1- 7 
(marked No. l - No.7) show some changes in composition 
of malacofauna species, as well as changes in quantity 
(Fíg. 2, Tab. !) . 

Sample No. 1 consists solely of treeless land species, 
some steppe and xerotermous rock species are also pres
ent. Forest species and species of mixed biotops (forest 
and treeless !and) are totally absent. The identified fauna 
contains loessial species, predominantly of middle ther
mophilous to cold-loving assemblages. 
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Fíg. 1: Localisation ofthe loess outcrop near Hlohovec 

Sample No. 2 contains the most diversifted assem
blages. The number of specimens is also very high. Loes
sial middle-thermophilous treeless !and and steppe taxa 
prevail, but forest species and species of mixed biotops as 
well as typical cold-loving species are also abundant. The 
occurrence of typical banks-bog species Perforatel/a 
bidentata (GMEL.) is ofpeculiar interest. 

Generally, cold-loving species Colume/la columella 
(MART.) dominates in samples No. 1 and 2. This taxon is 
characteristic for Wtirm3 in association with other cold
loving taxa: Pupil/a loessica LžK., Pupil/a musc. dense
gyrata LžK., Clausi/ia dubia DRAP., Vallonia tenuilabris 
(A. BR.) and Vitrea crystalina (MULL.). The occurrence of 
thermophilous taxa is probably due to some short warmer 
and wetter climatic event, which is documented by a very 
indistinct soil horizon (Wtirm 2/3). The above mentioned 
characteristics suggest open !and (grassy plains, meadows) 
environment with local forests (typical forest species almost 
absent). The age of samples No. 1 and 2 is the Lowermost 
Pleistocene, Wtirm 3, partly Wtirm 2/3. 

The fauna of sample No. 3 is very poor. Occasionally 
loessial and loessial treeless open !and taxa prevail. Spe
cies of the mixed-biotops are also present, but both typi
cally forest and cold-loving taxa are completely absent. 
Composition of sample No. 4 is quite similar to sample 
No. 3 in that occasionally loessial treeless open land taxa 
predominate. Present is also a forest and dry treeless !and 
taxon, which indicates wanner climate. Occurrence of 
Helicopsis striata (MULL.) is of special importance be
cause this taxon is representative of „striata fauna, ,, and it 
is not present in horizons younger than Wtirm 2 in the 
Vah river valley and the Danube lowland (L0ŽEK, 1955, 
1973). 

1 
121 

Fíg. 2: litological profile; 1- 7 diferent layers o/ the loess de
posils, see text/or explanation. 

Samples No. 3 and 4 are characterized by total absence of 
cold-loving species. On the other hand, middle thermo
philous open !and species occupying dry meadows, 
steppes and xerotermous rocks are more frequent 
(Vallonia costata {MULL.), Pupilla muscorum (L), Chon
drula tridens (MULL.)). Forest taxa are also practically 

1 
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absent, except for the mixed-biotop species Bradybaena 
fruticum (MULL.). Sample No. 4 has a soil complex char
acter. This fact is confirrned by composition of malaco
fauna and especially by the occurrence of Helicopsis 
stria/a (MULL.). Stratigraphically, sample No. 4 belongs 

L - forest 

treeless siles 

L (M) - forest, locally 
moderately w et treeless 

sles 

B - banks, bogs 
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to soi l complex No. 3, Ris/WUrrn to WUnn 1. The climate 
was wanner and wetter during this period (according to 
Ložek, 1973). 

The diversity and number of specimens increase in 
sample No. 5. Occasionally loessial species dominate 

RI. - moderately w et rocks, 
treetrunks 

S -steppes, xerotermous 
rocks 

XS - drier forest and 
treeless srtes 

M - variably w et forest or 
treeless s~es 

Fig. 3: Quantilative and qualitative evaluation of taxa and theirs ecologica/ characterislics 

Tab. / : Thefrequency of indivídua/ taxa and their ecologica/ characteristics. 

Main ecologi- Ecological Species Sample Sum 
cal groups characteristics 

1 2 3 4 5 6 7 
1.4- 3.4 - 4.0- 6.0 6.0 - 6.6 - 7.8 - 8.5 - ? 

3.4 m 4.0m m 6.6m 7.8 m 8.5 m m 

forest L (S) Bradybaena fruticum u u u o 
(generally (MULL.) 

L (V) Vitrea crystalina (MULL.) 13 1 14 
L(M) Balea biplícata (MTG.) 6 6 
L(Y) Puctum pygmaeum {DRAP.} 102 102 

L Semilimax semilimax /FÉR.) 5 2 1 3 

treeless land o Vallonia tenuilabris (A BR.) 36 41 
(generally o Vallonia costata (MULL.} 3 4 4 5 4 21 41 

o Vertigo pygmaea (DRAP.} 1 1 
o Columella columel/a 63 63 

{MART.) 
o Pupilla loessica LžK. 7 20 27 
o Pupilla muscorum (L.) 14 104 2 1 5 5 IO 141 
o Pupilla musc. Densegyrata II 172 183 

LžK. 
s Pupilla sterri (VTH.) 12 148 14 174 

s Abidafrumentum (DRAP.} 3 3 
s Chondrula tridens (MULL.) 3 IO 2 15 

s Helicopsis striata (MULL.) 2 3 5 

forest & xs Cochlicopa lubricella {PORR.) 1 3 1 5 
treeless land M Trichia hispida (L.) 58 3 61 

M Euconulusjufvus (MULL.) 14 14 
RL Clausilia dubia DRAP. 53 3 56 
RL Orcula dolium (DRAP.) 4 1 6 II 

water B Perjoratella bidentata 1 1 
(GMEL.) 

Sum 49 799 10 7 40 12 49 967 

Ecological characteristics (biotop): l(S) - forest, local/y a/so dry treeless sites, l(M) - forest, locally with moderately wet treeless 
si/es, l(V) - forest, locally a/so with wet treeless sites, l - forest, O - open /and, S - sleppes, xerotermous rocks, XS - drier forest 
and tree/ess sites, M - moderately or variably wet si/es, RL - moderately wet rocks, tree trunks inforest, B - banks, bogs 
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(mainly Chondrula tridens {MULL.). Thennophilous spe
cies and species of mixed-biotops (with various humidity 
demands) prevail , but a more cold-loving Orcula dolium 
(DRAP.) is also present. 

Samples No. 6 and 7 contain mainly loessial and occa
sionally loessial taxa, occupying open !and environments 
and less frequently steppes and inferior forest biotops. 
The majority of taxa belongs to middle thennophilous to 
thennophilous ecological groups, except for the specimen 
of Vitrea crystalina (MULL.). The presence of this speci
men can be explained by redeposition from older eroded 
layers. Sample No. 6 represents a less distinct soil com
plex which can be ranged as soil complex No. 4, Ris 3, 
according to the occurrence ofthermophilous taxa. 

Conclusion 

From a paleoecological point of view, loesses of the 
studied section in the suthem part of the Považský Inovec 
Mts. were deposited in open !and environments (Fig. 3), 
such as foothill meadows, open grassy plains, less fre
quently steppes, with restricted forests and shrubbery. 
Sunny rocks and stony debri s also occurred. On the other 
hand, river, lake or swamps enviroment was of minor im
portance, temporary swamps and puddles were created by 
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occasional streams and rain washes, ex isting probably 
only during more humid periods. 

From a biostratigraphic perspective, the section near 
Hlohovec shows changes in malacofauna assemblages. 
The upper part is characterized by loesses with typical 
cold-loving "columella fauna". This part is ranged to Up
permost Pleistocene. However, a foss il soil complex No. 
3 with mainly more thermophilous fauna (Helicopsis 
striata (MULL.), Chondrula tridens (MULL.) and others) 
occuring in the lower part of the section, is al so present . 
It is dated to Ris/Wilrm . 
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Abstract. The fossil findings of the Neogene camivores are found relatively rarely in the Western Carpathi
ans. In spite of it, so far eight Neogene localities with approximately thirty-five taxa of carnivores are known 
in the territory of Slovakia. Author gives an overview of these eight mammalian localities . The localities were 
correlated on the base ofbiochronological MN zonation ofthe continental Neogene ofthe Europe and West
ern Asia. Also, the camivorous associations and literature references for these localities are given. 
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The Neogene Mammalian Localities and their Fauna 
of Carnivores 

The findings of the Neogene fossil camivores are 
found relatively rarely in Slovakia. In spite of it, so far 
eight Neogene localities with approximately thirty-five 
taxa of camivores are known (Tab. 1 ). An overview of 
them is given in this paper. 

The geologically oldest locality is Devínska Nová 
Ves - Štokerav limestone pit (MN 6, Astaracian, 
Lower? - Middle Badenian, Middle Miocene, Estimated 
age: 15.0 - 16.4 Ma.) is situated in a quarry at the left 
side ofthe railway from Bratislava to Brno (Fig. 1). The 
quarry is forrned in the dark recrystalisated Jurassic 
limestone with fissures running in the N - S direction . 
These fissures are often filled with sinter, cave sedi
ments, sands, ,,terra rossa" and „terra fusca" . A large 
quantity of the vertebrate bones has been discovered in 
two of them. The fossil remains of the carnivores have 
been discribed by Zapfe ( 1950). They belong to five 
families: Mustelidae (Trocharion albanense F. MAJOR, 
1903 ; Mustelidae gen. et spec. indet.), Amphicynodon
tidae (Alopecodon leptorhynchus (FILHOL, 1883)), Ur
sidae (Hemicyon sansaniensis LARTET, 1851; Hemicyon 
cf. sansaniensis LARTET, 1851 ; Ursavus brevirhinus 
(HOFMANN, 1887)), Amphicyonidae (Amphicyon maior 
BLAINVILLE, 1842; Amphicyon cf. steinheimensis 
FRAAS, 1885) and Felidae (Ailurictisjourdani KRETZOI, 
1929; Pseudaelurus sp.) . 

The Devínska Nová Ves - Sandberg (MN 7/8, Asta
racian, Late Badenian, Middle Miocene, Estimeted age: 
12.8 - 13 .8 Ma.) is one of the best-known Miocene mam
malian localities in Slovakia (Fig. 1 ). The locality is situ
ated in the southem border ofDevínska Nová Ves village 
and in the northwestern foothills of Devínska Kobyla. 
This significant paleontological site consist of the Bade
nian sands, sandy limestone, algal limestone and grave( 
layers. Rich terrestrial and marine fauna of the vertebrates 
and invertebrates has been discovered here. The marine 

fauna indicates a shallow littoral facies. Fauna( list of the 
Sandberg fossil vertebrates is in the article from Holec 
and Sabol (1996), where these camivorous taxa are put 
out: Mustelidae (Mionictis dubia (BLAINVILLE); Tro
charion albanense F. MAJOR, 1903 ; Paleogale sp.), Pin
nipedia (Potamotherium miocenicum (PETTERS, 1868); 
Pristiphoca vetusta ZAPFE), Ursidae (Hemicyon sansani
ensis LARTET, 1851 (H. goeriachensis (TOULA, 1884) 
after Ginsburg, 1999); Ursavus brevirhinus (HOFMANN, 
1887)), Amphicyonidae (Amphicyon sp.; Pseudarctos aff. 
bavaricus Schlosser, 1899), Felidae (Pseudaelurus lorteti 
GAJLLARD, 1899; Pseudaelurus turnauensis (HOERNES, 
1882)). 

The locality Devínska Nová Ves - Bonanza (MN 
7/8, Astaracian, Late Badenian, Middle Miocene, Esti
mated age: 12.8 - 13.8 Ma.), which was discovered by Š. 
Meszároš in the year 1982, is situated in the same quarry 
as the locality Štokerav limestone pit (Fig. 1 ). It is in a 
large fissure running in the WNW - ESE direction. Be
sides fossil remains of the terrestrial vertebrates the sedi
ments contain also fossil remains of the marine 
vertebrates. Findings of frogs indicate the presence of an 
fresh-water environment in near vicinity of the locality 
(Holec et al., 1987). Representatives of three carnivorous 
fami lies have been found here only: Mustelidae 
(Trocharion albanense F. MAJOR, 1903 and Plesictis sp.), 
Phocidae (Devinophoca claytoni KORETSKY; Pristiphoca 
vetusta ZAPFE; Phocidae gen. et spec. indet.) and Viverri
dae (Viverrinae gen. et sp . indet.). 

The next locality near Devínska ová Ves is Wait 
quarry (MN 7 /8, Astaracian , Late Badenian, Middle 
Miocene, Estimated age: 12.8 - 13 .8 Ma.). It is aban
doned quarry in the western foothill of Devínska Kobyla, 
approximately 700 m southward of the Sandberg (Fig. 1 ). 
The site is situated in the Jurassic carbonates with trans
gressive horizontal layers of the Badenian sands, espe
cially in the upper parts of the quarry. These sands 
contain a large quantity of the fish and seal (Pristiphoca 
vetusta ZAPFE) fossil remains. 
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1. Devínska Nová Ves - Štokerav limestone pit; 2. Devínska Nová Ves - Sandberg; 3. Devínska Nová Ves - Bonanza; 4. Devínska 

Nová Ves - Wait quarry; 5. Košice-Bankov; 6. Borský Svätý Jur; 7. lvanovce near Trenčín; 8. Hajnáčka. 

From the Miocene fissure filling of the magnesite 
quany Košice - Bankov (MN 7/8, Astaracian, Sarmatian, 
Middle Miocene, Estimated age: 11 .2 • 12.8 Ma.) in the 
Eastem Slovakia (Fig. 1) some cranial fragments of Lo
phocyon carpathicus FEJFAR, SCHMIDT-KľITLER et 
ZACHAROV, 1987 have been discovered. This genus from 
the family Viverridae is closely related to the Miocene 
Sivanasua Pilgrim and Euboictis FEJFAR et SCHMIDT
KITTLER reported from the centra! and southem Europe 
(FEJFAR et al., 1987). 

The loam pit of the brick yard in Borský Svätý Jur 
(MN 11 , Turolian, Upper Pannonian, Late Miocene, Es
timated age: 7.5 - 9.0 Ma.) is situated 75 km N from Bra
tislava in the Vienna Basin (Fig. 1). Lithologically the 
locality is characterized by the clayey silts with some · 
sandy beds, silty sands and fine sands, which contain fos
sil remains of the ostracods, molluscs. and vertebrates. A 
large quantity of vertebrate remains belong to mammals. 
Besides representatives of the insectivors, rodents, artio
dactyls and perissodactyls, the fossil camivores bave been 
found here too. Tbey belong to individuals of the taxa 
Mustelidae (Eomellivora wimani ZDANSKY, 1924) 
(Lupták, 1985a) and Hyaenidae (/ctitherium viverrinum 
ROTH ET WAGNER, 1854){LUPTÁK, 1985b). 

The fossils of camivores have been described from tbe 
sediments of fissures in the stone quarry lvanovce near 
Trenčín (MN 15, Ruscinian, Romanian, Late Pliocene, 
Estimated age: 3.6 - 4.4 Ma.) together with a quantity oftbe 
micromammal fossil remains and other marnmal findings 
(Fig. !). Tbese camivore remains belong to representatives 

of four families: Mustelidae (Lutra cf. bravardi POMEL, 
1843 and Proputorius sp.), Procyonidae (Parailurus sp.), 
Viverridae (Hesperoviverra carpathorum (K.RETzol ET 
FEJFAR, 1982)) and Hyaenidae (Hyaenidae gen. et spec. 
indet.) (FEJFAR & HEINRJCH, 1985). 

The locality Hajnáčka 1 (MN 16a, Lower Villafran
cbian, Romanian , Late Pliocene, Estimated age: 2.8 - 3.5 
Ma.) is situated near Hajnáčka village in the Rimavská 
Sobota district in the southem Slovakia (Fig. 1) and ·was 
discovered in 1863 . The fossiliferous sequence, whicb has 
been deposited in a small lake, consists mainly ofthe fine 
grained, tuffaceous and poorly indurated sediments (silty 
sands, tuffites and pyroclastic inclusions). The excavated 
fauna includes remains of the clams, fisbes, reptiles, birds 
and mammals. The rare findings of the camivores are 
represented by fossil remains of the individuals of the 
families Mustelidae (Lutra sp.), Procyonidae (Parai/urus 
hungaricus KORMOS, 1934), Felidae (Megantereon sp.), 
Hyaenidae (Pliocrocuta perrieri (CROIZET ET JOBERT, 
1828)) (FEJF AR et al., 1990) and Ursidae (Ursidae gen. et 
spec. indet. (cf. Ursus minimus)). 

Tbe Neogene carnivores found in the Western Car
pathians (Slovakia) cover a time span from the Middle 
Miocene to the Pliocene. The Middle Miocene camivores 
were discovered mostly at the NE margin of tbe Vienna 
basin and are Middle to Late Badenian in age (MN 6 -
MN 7/8, Astaracian). The age of tbe findings at the E 
margin of the Transcarpathian (East Slovakian) basin is 
the Sarmatian (MN 7/8, Astaracian). Tbe fauna from the 
Borský Svätý Jur at the margin of the Vienna basibn is 



Slovak Geol. Mag., 6, 2-3(2000), J 24-126 

126 

Tab. / . List oj the Neogene Carnivores o/ Slovakia 

Carnivores/Localities SLP s B WQ KB BJ 1T H 

Mustelidae 
Eomellivora wimani + 
Mionictis dubia + 
Trocharion albanense + + + 
lutra cf. bravardi + 
lutra sp. + 
Paleogale sp. + 
Plesictis sp. + 
Proputorius sp. + 
Mustelidae gen . et spec. indet. + 

Pinnipedia 
Potamotherium miocenicum + 
Devinophoca claytoni + 
Pristophoca vetusta + + + 
Phocidae gen. et spec. indet. + 

Procyonidae 
Parai/urus hungaricus + 
Parailurus sp. + 

Amphicynodontidae 
Alopecodon leptorhynchus + 

Ursidae 
Hemicyon sansaniensis + + 
Hemicyon cf. sansaniensis + 
Ursavus brevirhinus + + 
Ursidae gen. et spec. indct. + 

Amphicyonidae 
Amphicyon maior + 
Amphicyon cf. steinheimensis + 
Amphicyon sp. + 
Pseudarctos aff. bavaricus + 

Viverridae 
Hesperoviverra carpathorum + 
lophocyon carpathicus + 
Viverrinae gen. el spcc. indet. + 

Hyaenidae 
lctitherium viverrinum + 
Pliocrocuta perrieri + 
Hyaenidae gen. et spec. indet. + 

Felidae 
Ai/urictis jourdani + 
Pseudaelurus /orteti + 
Pseudae/urus turnauensis + 
Pseudae/urus sp. + 
Me1wntereon so. + 

SLP - Štokerav limestone pil (MN 6) , S - Sandberg (MN 718), B - Bonanza (MN 7/8), WQ - Wait quarry (MN 7/8), KB -
Košice-Bankov (MN 718), BJ - Borský Svätý Jur (MN 11), IT - lvanovce near Trenčín (MN 15), H - Hajnáčka (MN 16a). 

from the Upper Miocene - Pannonian (MN 11 , 
Turolian).The Pliocene (Romanian) findings are from the 
N margin of the Banube basin (near Trenčín; MN 15, 
Ruscinian) and from Hajnáčka in the Novohrad basin 
(MN 16a, Lower Villafranchian). 
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Pannonian fauna of the northern part of the Danube Basin (Slovakia) 

KLEMENT FORDINÁL 
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Abslract: Throughout the Pannonian (7,1 -11 ,5 Ma), on territory of the Slovakia marginal part of a lake 
resembling in size the present-day Caspian Sea was situated. The fauna of the mentioned lake was of endemic 
character. In the frame of the Pannonian on the basis of molluscs 8 zones, were distinguished, designated as 
A to H Zones in the Vienna Basin (Papp, 1951). The objective of this contribution is to characterize the 
indivídua( zones faunistically in the northem part of the Danube Basin, bound to predominantly marginal 
environment. 

Key words : Pannonian, Biostratigraphy, Danube basin (Slovakia) 

lntroduction 

The Danube basin is a extensional basin, which started 
to be opened to the end of the Early Miocene. The main 
part ofthe synrift phase took place throughout the Middle 
Miocene and the thermal post-rift phase, during which 
tenninated filling up ofthe basin, in the Late Miocene and 
Pliocene. Opening of the basin took place as asymmetri
cal extension (Kováč et al. , 1997; Vass & Pereszlényi, 
1998). 

Sediments of the Pannonian age in the northem part of 
the Danube basin were deposited in the post-rift stage of 
basin development without distinct manifestation of fault 
activity (Kováč & Baráth, 1996). Throughout the Pan
nonian in the region of the Danube basin (northem part) 
the marginal part of a lake extended, sediments of which 
cover an area of about 250 OOO km2 at present and its size 
is comparable with the recent Caspian Sea (Kázmer, 
1.990). The fauna is of endemic character. On the basis of 
mollusc the sediments were divided into 8 zones, A to H 
(sensu Papp, 1951). 

The Pannonian sediments are represented by the 
!vánka and Beladice Formations (Priechodská in Harčár 
et al., 1988; Fordinál et al., in press). The !vánka Forma
tion includes zones A to E of the Pannonian and the Be
ladice Formation F-H Zones of the Pannonian and 
Pontian (sensu of Rogl et al., 1993). The marginal mem
ber of the Beladice Formation is the Hlavina Member of 
Late Pannonian age (Fordinál & Nagy, 1997). 

Characterization of the Pannonian zones 

Sediments of the Pannonian A zone are formed by 
Iight-grey conglomerates with calcareous cement and 
angular fragments of carbonate rocks in the marginal part, 
then by gravels medium to coarse grained calcareous 
sands, which altemate with thin layers of pelites (Gaža, 
1974; JiJíček, 1972; 1974; Priechodská in Harčár et al. , 
1988; Tanistrák, 1969). In the deeper part ofthe lake lay
ers of sandstones and pelites deposited, in which aggluti-

nated foraminifers Miliammina subvelatina Venglinskij 
(Brestenská in Franko et al. , 1982) and ostracodes Cyp
rideis tuberculata (Méhes) (Brestenská in Franko et al. , 
1985) were found . 

Sediments ofthe B Zone are represented by dark-grey 
and greyishgreen clays, in which a fauna of ostracodes 
with the species Hungarocypris auricu/ata (Reuss), 
Amp/ocypris g/obosa Zalányi, A. abcissa (Reuss), Hemi
cytheria lärenthey (Mehés), loxoconcha lórenthey 
(Méhes), Cyprideis macrostigma Kollmann and fora
minifers with the species Sílicoplacentina hungarica Kov. 
(Brestenská, 1963; Jil'íček, l 97 4) were found. 

Sediments of the C and D Zones in marginal shallow
water development are represented by fine gravels, sands 
and aleurites. The folloving bivalves and gastropods of 
stratigraphic importance are found in them: 

- in the C Zone bivalves Congeria martonfii pseu-
doauricularis (Lôrenthey), Parvídacna tinnyana 
(Lorenthey), lymnocardium spinosum (Lorenthey) 

- in the zone D by the occurrence of gastropods 
Melanopsis austriaca Handmann, M. lebedai Lueger, M. 
pumila Brusina as well as bivalves lymnocardium con
jungens (Hoernes), Ca/adacna ornata bisepta (Papp) and 
Parvidacna /oerenthey (Pavlovié). Besides molluscs in 
the mentioned sediments the occurrence of calcareous 
nannoflora with the species Noe/aerhabdus jerkovici 
Bóna et Gál, N. bozinovicae Jerkovié and Reticulofenes
tra pseudoumbi/ica (Gartner) (Raková in Nagy et al. , 
1995) and otolites „ Raníceps " pannonicus ľana was 
established (Brzoboha1Ý. in Nagy et al., 1995). 

The basinal facies of the zone C represented by light -
greenishgrey calcareous clays with carbonized remnants 
of plants and light-grey fine to medium grained calcare
ous sands and sandstone deposited (Tanistrák, 1969). 
Bivalves Congeria partschi partschi Czjz. were found in 
them (Jandová in Tanistrák, 1969). 

In the tíme of the zone D in deeper part of the lake 
greenishgrey and light-greenishgrey poorly sandy clays 
deposited, which altemated with sands. The bivalve shells 
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of lymnocardium conjungens (Hoemes) and Congeria 
czjzeki (Hoemes) were present in them (Gaža, 1968). 

Sediments of the Pannonian E Zone, found at the ba
sin margin, are formed by clays and sands with layers of 
coal. In the tíme of the mentioned zone repeated oscílla
tions of water level were found out, causing changes of 
the paleoenvironment from deep lacustrine to continental 
with paleosoils (Baráth et al., 1999). 

In sediments of the mentioned zone were found 
bivalves of stratigraphic importance Congeria subglobosa 
subglobosa Partsch, C. subglobosa longitesla Papp, 
Dreissenomya primiformis Papp, Monodacna viennensis 
Papp (Holec et al., 1987; Fordinál, 1997) and ostracodes 
Candona (Candona) mutans Pokorný, C. (Caspiolla) 
praeba/canica Krstié, C. (Pontonie//a) mu/tipora 
(Pokorný), Cyprideis heterostigma (Reuss), Hemicytheria 
reniformis (Reuss), H. brunnensis (Reuss), Tyrrheno
cythere pezinokensis (Jifíček) and leptocythere /acunosa 
(Reuss) (Tuba in Kováč et al., 1991; Pipík, 1998). Be
sides the mentioned fossils remmants of vertebrates and 
teeth belonging to the species Hipparion primigenium (H. 
v. Meyer) (Holec, 1981) and Trogontherium cf. mínus 
Newton (Holec et al., 1987), as well as otolites of the 
species Umbrina cirrhosa (Linné), Morone kuhni 
(Weinfurter), Gobius dorsorostra/is Weinfurter, ,,genus 
aff. Umbrina" kokeni (Schubert), and fish teeth belonging 
to the genera Tinea, Scardinius, Squalis, Pe/ecus a 
probably Leuciscus (Brzobo1iatý, oral communications) 
were found there. 

Sediments of the Pannonian F Zone (in the past the 
coal serie) are represented by dark-grey and greenishgrey 
clay with layers af sands and lignites in the marginal part. 
The occurrence of brakish (Me/anopsis affinis Handmann, 
M sturii Fuchs, Theodoxus soceni Jekelius, Congeria 
zaha/kai Špalek, C. neumayri Andrusov), freshwater 
(Lymnaea sp., Planorbis sp. and Anisus sp.) as well as 
terrestrial (Carychium pachychilus (Sandberger), Vertigo 
oecsensis (Halaváts)) mollusc was established in them. 
Besides ostracodes Cyprideis cf heterostigma (Reuss), 
leptocythere (Amnicythere) aff. larga Krstié, limno
cythere sanctipatrici Brady et Robertson (Fordinál & 
Tuba, 1992) were found in the mentioned sediments. 
Trought the Pannonian F Zone, similarly as in the E Zone, 
it was possible to trace oscilation of the lake level, caus
ing altemation of freshwater and terrestrial gastropods 
assemblages with brakish ones. The mentioned changes 
were also identified by the study of palynomorphs, on the 
bases of which altemation of swampy primeval forests 
(Taxodiaceae - Cupressaceae) and lacustrine environ
ment represented by abundant water plants (Nymphaceae, 
Potamogetonaceae, Sparganiaceae-Typhaceae) is pres
ent (Papšíková, 1989). 

The G Zone ofthe Pannonian (in the past blue series) 
is represented by deep greyishgreen fine sandy clays 
causing the bluishgreen shade of these beds. The men
tioned sediments are very poor in fauna. Only sporadical 
tests of ostracodes of the genus Candona, shells of gas
tropods of the family P/anorbidae, oogonia of Characeae 
and osteocols were found (Cílek, 1960). 
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Sediments of the Pannonian H Zone (in the past 
variegated serie) are formed by greenishgrey, highly 
rústybrown and yellowishbraun spotted clays with layers 
of sands and very rarely also coal clays (Cílek, l.c.). At 
tectonic lines, in the sediments of the marginal develop
ment often freshwater limestones, lacustrine chalk and 
travertines were deposited. In these carbonate sediments a 
rich fauna of terrestrial and freshwater gastropods was 
found. From species of terrestrial gastropods of strati
graphic importance Fortuna c/airi Schlickum-Strauch, 
Clausilia strauchiana Nordsieck, Tropidomphalus 
doderleini (Brusina), Klikia goniostoma (Sandberger) 
(Fordinál, 1996) and from freshwater gastropods 
P/anorbis confusus Soós, Armiger subptychophorus 
(Halaváts), Segmentina loczyi (Lorenthey) Bathyom
pha/us moedlingensis Sauerzopf (Fordinál, 1998) were 
present. 

Besides gastropods the occurrence of freshwater 
ostracods Candona (Typh/ocypris) roaixensis Carbonell, 
Candona (lineocypris) mo//asica invaginata Carbonell, 
C. (Fabaeformiscandona) cf. lineata Krstic, Cypria 
tocorjescui Hanganu, chelae of freshwater crabs Potamon 
(Pontipotamon) ibericum Biberstein (Fordinál, 1994) as 
well as otolites of fish Palaeoesox cf. praekrameri 
(Weinfurter) (Brzobohatý in Fordinál, 1994) was estab
Iished in these sediments. 
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Detachment control of core complex exhumation and back-are extension 
in the East Slovakian Basin 
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Abstract. The East Slovakian Neogene Basin is tloored by the metamorphic series ofthe lňačovce
Krichevo Unit. This unit appears to be the Lower Miocene core complex, exhumed jointly due to 
back-are extension of the East Slovakian Basin. Petrological, structural and geochronological data 
allow to interpret the processes of core complex updoming and bas in downfaulting. 
Key words: East Slovakian Basin, metamorphic core complex, exhumation, low-angle detachment, 
basin subsidence 

Pre-Neogene basement of the East Slovakian Basin is 
formed mainly by the lňačovce - Krichevo Unit (IKU). 
This subsurface unit comprises mostly of metasedimen
tary formations showing a similarities to the Penninic 
Zone. At the base of the complexes there are variegated 
phyllites, calcschists and marbles, which can be correlated 
with the red-bed formations, in Alpine region known as 
,,Quartenschiefer" . Their Upper Trassic age has been de
termined biostratigraphically. Above them a thick 
„BUndnerschiefer"-like formation follows, containing 
green or dark phyllites, metasandstones and metasilt
stones. Oceanic lithology of these metasediments is indi
cated by the presence of metaultramafic rocks, 
metabasalts and metatuffites. In the upper part, 
,,BUndnerschiefeť formations pass into the more arena
ceous sequences. The Upper Cretaceous formations are 
probably represented by turbiditic sequences of dark 
schists and metasandstones. The youngest formations 
(Middle Eocene) are formed by dark phyllitic schists in
tercalated by Nummulites-bearing metasandstones. Consi
dering that, the !atest phase of syntectonic low-tempe
rature metamorphism , were taking place probably after 
the Middle Eocene. 

The estimation of the physical conditions of metamor
phism in the IKU is based on the study of mineral assem
blages. The peak metamorphic conditions are documented 
by assemblages: ( 1) biotite + actinolite and/or magne
sioriebeckite + chlorite + titanite + epidote (metabasalts), 
(2) muscovite + quartz + pyrophyllite + paragonite + in
termediate Na-K micas + chloritoid (Al-metapelites), 
which are indicative of metamorphic temperatures be
tween 350 and 400°C. Co-existence ofNa and Ca amphi
bols is considered here as a relic of earlier, higher 
pressure metamorphic event (greenschist to blueschist 
transition zone, p == 7-8 kbar). During decompressional 
phase of metamorphism norma! greenschist assemblages 
occurred (chloritoid in metapelites and biotite in metaba-

salts) at a pressures <5 kbar. The youngest sediments of 
the IKU are represented by the Middle Eocene formations 
composed of black phyllites and metasandstones. Using 
phyllosilicate „crystallini ty„ and coal rank data, their de
gree of metamorphism corresponds to the higher 
anchizone or lower epizone, respectively (JC == 0.31 ° .120, 
ChCcooz) = 0.26° .120, Ro max == 5. 75%). 

The IKU reveals a complex polydeformational his
tory. Progressive deformation proceeded from ( 1) under
thrusting - soft sediment deforrnation, strata! disruption 
and boudinage of high-competent layers, overpressured 
conditions, (2) underplating and deep tectonic burial -
high flattening strain, FI foliation , synkinematic crystalli
zation, intrafolial folding, diffusional mass transfer, crys
talplastic deformation, (3) subcretion and intrawedge 
shortening - crenulation cleavage as F2, transpositional 
foliation, high-strain zones, ultramylonites, 8 - type por
phyroclasts, open to tight F2 folds , dynamic recrystalliza
tion, etc. , and (4) updoming and extensional unroofing -
shear bands, SC foliation fabric , kink-bands, en-echelon 
structures, extensive veining, cataclastic deformation, 
brecciation, norma! faulting, etc. 

The FT dating of the IKU gave significantly younger 
ages, than the sedimentation ages. This rather narrow 
range (with a mean of 20.1 ± 0.9 Ma) can be considered 
as cooling age after the Neogene metamorphic event, 
which caused the total resetting of the zircon FT ages. 
The similarity of the white mica K/Ar ages and the range 
of zircon FT ages indicates a rapid cooling period in 
Early Miocene. The Neogene syn-rift sediments from 
above the metamorphic basement suffered no significant 
post-depositional overprint and their zircon FT ages can 
be interpreted as a typical cooling ages of the source re
gions, but not the IKU. 

The East Slovakian core complex occurs in the area 
of strike-parallel wrench zone. Therefore, the exumation 
of the !KU could be iniciated by buoyancy and ductility 
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Fig. I Exhumational history of the lňaéovce-Krichevo Unit (/KU). Exhumation started with updoming and intrawedge shortening of the !KU (A), subsequently reached a depth appropriate far zircon FT annealing (izotherm near 200°C} and finally its emplacement on the bottom of the East Slovakian Basin (C). Exhumation process was accomplished by destabilization and col/apse of orogenic wedge (A), detachment faulting and extensional unroofing (B) and back-are extension and bas in subsidence (C). 

of underplate rocks, updomed within the wrench zone. 
Since the Early Miocene, the main controlling factor of 
the exhumation was an extensional unroofing (Fig. 1 ) . · 
The extensional formation of the core complex structure 
is evidenced by the cataclasites developed on detachment 
faults. Youngest extensional detachment with cataclasites 
overprinted the contact of basement core complex with 
the Neogene sediments (cataclastic breccias were misin
terpreted sometimes as a basa! clastic sediments). There
fore, the Neogene sediments appear to be detached during 
the core complex exhumation. This assumption is also 
supported by FT results, which provide a different type of 
zircon grains in Neogene syn-rift sediments having no the 
young FT annealing typical for the core complex associa
tions. In the seismic profiles, this detachment is expressed 
as a basin/basement retlector, which corresponds to the 
low-angle norma! fault with roll-over growth of elevations 
in the Ptrukša Zone and Zemplín Unit (see profile 598/84 

in Vozár & Šantavý 1999). In this case, the East Slova
kian Basin was formed above extensional detachment 
(master fault) , which gave rise as a consequence of core 
complex updoming accomplished by hangingwall normal 
faulting and basin subsidence. 

Stratigraphic evidences and geochronological data on 
the IKU allow to interpret the time-temperature path. The 
cored rocks of the IKU were brought from the metamor
phic depth (cca 15 km) to shallow crustal level , or even to 
the near-surface position (their material was recycled to 
the Merník conglomerates - Soták et al. 1990). Thus, the 
complexes of the IKU appear to have been cooled and 
exhumed rapidly. The vertical displacement of the core 
complex started in the Upper Oligocene, with a high up
lift rate and approached the zircon FT blocking tempera
ture during the Early Miocene ( ~20 Ma). lf the time of 30 
- 20 Ma is assumed for the exhumation, the core complex 
reached the uplift rate of about 1.5 km/Ma. Such uplift 
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rate is high, but obvious in the core complexes exhumed 
in the continent-continent collisional orogens. 

The cooling age of the IKU is most consistent with 
zircon FT ages of the Rechnitz window. From this Pen
ninic window, Dunkl & Demény ( 1991) reported the zir
con FT data ranging from 15 .1 to 18.5 Ma. Although that 
window is situated at the western margin of the Pannonian 
Basin System, the formation of both core complex struc
tures was related to the same Early Miocene extensional 
period (Royden et al. , 1983). The minor difference be
tween the means of zircon FT ages in these windows 
could indicate some temporal shift ofthe main extension . 
The paper is a contrubution to the YEGA grant N0 7068 . 
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Abstract. The Danube Basin spreads on the territories of Austria, Hungary and Slovakia. This 
interpretatíon focuses on the large central part ofthe basin on Slovak territory. Until recently, little 
was known about the lower part of the Neogene till . Re-processing of older reflectíon-seismic pro
ti les and measurements of newer ones have Jed to a better understanding of the lower structure of 
the basin. Moreover, new significant features ofthe basin structure have been revealed in areas not 
covered by seismic survey before. 

Keywords: Danube Basin, geological structure, tectonic evolution, hydrocarbon system 

Study and Conclusions 

An analysis of the tectonic-geological structure 
showed that the deepest part of the basin is the Gyor
Meder pull-apart basin (Fig. l) with its base reaching the 
depths of 9 .5 to IO km (Hrušecký et al. , 1993 , 1996) . This 
basin is most probably filled with Karpatian and Lower 
Badenian sediments. However, even older (Paleogene? to 
Ottnangian?) sediments cannot be excluded. The pre
Tertiary basement surface of the centra) part of the basín 
is dissected and broken by a system of major faults into 
seven upper-crustal blocks (Fig. l ). Moreover, an ímpor
tant part of the pre-Tertiary basement of the central part 
of the basin on Slovak territory ís most probably built of 
(according to seismic profiles) metasediments of 
Paleozoic-Mesozoic cover and nappe sequences of the 
Alps and West Carpathians. In places, these sequences 
reach up to 2 OOO - 3 OOO m. lt has also been found out 
that the pre-Tertiary basement in the western part of the 
basin, represented by Tatric crystalline rocks, is fonned 
(according to retlection-seismic data) into one to three 
superimposed tectonic scales (Hrušecký, 1997, 1999 ). 

Faults striking N-S (with slight deviations in both di
rections) and NE-SW predominate in the Slovak part of 
the basin. These faults are accompanied with significant 
transversal W-E and WSW-ENE oriented fau lts (Fig. l ). 
Newer seismic profiles and newer gravity maps did not 
confirm any important faults of Sudetic directíon (NW
SE). In the past, these NW-SE vergent faults were con
sidered to have played a major role in the forming of the 
pre-Tertiary and Tertiary structure of the basin. Some 
major faults in the basin (e.g. the Čertovica-Mojmírovce 
fault system, the Hurbanovo line, etc.) are re-activated in 
places of old pre-Tertiary tectonic lines, some of them 

having been produced as late as during the basin evolu
tion (e.g. the Cífer transversal fault, the Medveďov fault , 
the Kolárovo fault , etc.). 

The different area) and time activity of the major 
faults in tíme and area lead to more or less sígníficant 
reconstructions of the tectoníc style in the basin evolution 
history. Therefore, different styles of sedimentatíon and 
tectonics occur in different interna) leve ls of the basin. 
Four structural levels ofthe basin fil! can be distinguished 
in the centra! part of the Danube Basin (from the oldest to 
the youngest): 

a) level 4 - lower extensional level represented by the 
fil ! of the Gyor -Meder pull-apart basin (Paleogene?
Ottnangian?, Karpatian to Lower Badenían); 

b) level 3 - upper extensional level (Lower Badenian 
to Sarmatian); 

c) level 2- transitive extensional-thermal (early ther
mal) level (Lower Pannonian); 

d) level 1 - thermal level (Middle Pannonian to Qua
temary). 

The tectonic evolution of the Slovak part of the 
Danube Basin has been controlled by two subsequent 
phases oftectonic formation : 

1) Crustal extension phase - (Paleogene? - Ottnan
gian?), Karpatian to Lowest Pannonian ( 17.5-11.0 MA); 

2) Thermal collapse phase - later Lower Pannonian 
to Recent ( 1 1.0-0.0 MA). 

According to the main features of the geological struc
ture and tecton ic evolution, the Slovak part ofthe Danube 
Basin has been classified among polyhistoric, composed 
basins (global classification of basins after Shannon and 
Naylor, 1989). This classification of the bas in is based on 
the fact that the Slovak part of the Danube Basin includes 
in its "basinal curve", according to which it has been de-
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Fíg. I Slovak part of the Danube Basin - sígnificant upper crustal blocks and import ani faults (modified after Hrušecký et al., 1998) 

veloping in tíme, at least two pure basin types (pull-apart 
and rift basins), and the final stage of its evolution is as
sociated with thennal collapse (Hrušecký et al. , 1998; 
Hrušecký and Pospíši l, 1999) The hydrocarbon prospec
tion parameters of such polyhistoric, composed basins 
terminating with the thennal sag phase are very good. 
Even, on assumption of a small number of structural 

phases during the basin evolution, these basins are con
sidered to be the most promising in regard to the genera
tion and accumulation of hydrocarbons (Shannon and 
Naylor, 1989). 

Evaluation ofthe hydrocarbon prospection parameters 
in the Slovak part of the Danube Basin shows that at least 
its centra) part has sufficiency of source rocks, potential 
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traps and reservoir rocks in the pre-Tertiary basement and 
within the Neogene fil 1. Until now, eight prospective ex
ploration areas have been defined. The most promising 
strata for hydrocarbon prospection appear to be sands 
and sandstones of levels 2 and 3 (Badenian, Sarrnatian 
and Lower Pannonian sediments) and the weathered 
surface of the pre-Tertiary basement in the shallower 
parts of the basin (Hrušecký, 1997, 1999). A favourable 
factor is the large number of direct and indirect 
indications of hydrocarbons in boreholes, but also 
within the reflection seismic profiles. Misgiving of high 
or dominant contents of non-hydrocarbon gases in the 
gas mixture in the basin need not be well-founded. 
World experience (e.g. Hunt, 1982) shows that 
hydrocarbon gases together with non-hydrocarbon gases 
(CO2, N2,, H2S) in basins frequently display areal and 
al so depth zonality. Gas quality maps (Hrušecký et al., 
1996) of sediments of the level 2 (Lower Pannonian) 
confirrn that there is a high-methane-content zone in the 
centra! part of the Danube Basin. Positive for 
hydrocarbon exploration is the existence of several 
prospective areas inside this Lower Pannonian high
methane-content zone or in its vicinity. 

135 

References 

Hrušecký, I. ( 1997): Centra! part of the Danube Basin in Slovakia -
geophysical-geological model of the structure and its infl uence on 
hyd rocarbon perspectives of the region. PhD. thesis. Comenius 
University, Bratislava, pp. 1-159 ( in Slovak). 

Hrušecký, 1. ( 1999): Centra! part of the Danube Basin in Slovak ia: 
Geophysical and geological model in regard to hydrocarbon pros
pection. EGRSE Joumal, Brno, Special issue, Vol VI., No 1, pp. 2-55. 

Hrušecký, 1. , Pereszlényi , M., Šefara, J. & Vass, D. (1993): Structure of 
the Danube Basin in a view of the interpretation of new and re
interpretation of older geophysical dat.a. In: Rakús , M. and Vozár, 
J. (Eds.) : Geodynamic model and deep structure of the Western 
Carpathians. GÚDŠ, Bratislava, pp. 291-296 (in Slovak). 

Hrušecký, 1., Šefara, J., Masaryk, P. & Lintnerová, O. (1996): The 
structural-facies development and exploration potential of the Slovak 
part of the Danube basin. In: Wessely, G. and Liebl, W. (Eds.): Oil 
and Gas in Alpidic Thrustbelts and Basins of Centra) and Eastem 
Europe. EAGE Spec. Publ. No.S, Geol. Soc. ofLondon, pp. 417-429. 

Hrušecký, 1. , Bielik, M., Šefara, J. & Kú.šik, D. ( 1998): Slovak part of 
the Danube Basin - From geological structure to lithospheric dy
namics - defined from seismic profiles . Contribution to Geophysics 
and Geodesy, 28, 4, pp. 205-226. 

Hrušecký, 1. & Pospíšil , L. ( 1999): Slovak part of the Danube basin -
from passive and active rifting to thermal collapse. Abstracts of the 
3nd Conference of Slovak Geophysicits . Contributions to Geo
physics and Geodesy, 29, 2, pp. 137-138. (Abstract and poster 
prescntation), Bratislava. 

Hunt, J. M. (1982): Petroleum geochemistry and geology. Mi r, 
Moscow, pp. 1-703. 

Shannon, P. M. & Naylor, O. (1989): Petroleum Basin Stud ies. Graham 
and Trotman, London, pp. 1 -206. 



.. ... . Slovak Geol. Mag. , 6, 2-3(2000), I 36-138 

Early stages of the Polish Carpathian foredeep development 
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Abslract: The flysch olistoplaque from the W part of Polish Carpathian Foredeep could be correlated with the 

Old Styrian overthrust of the Moravo-Silesian Carpathians. Th•s nappe load caused the development of the 
Karpatian flexural depression which was filled with coarse clastic sediments.This subsidence was followed by 

the intra-Karpatian uplift and erosion ofthe Cieszyn-Slavkov Ridge. The new Late Karpatian/ Early Badenian 
subsidence was connected with development of extensional grabens at the front of the Old Styrian thrust, and 

accompanied by the Early Badenian regional transgression 

Key words: Mioceneflysch olistoplaque, Old Styrian nappe front, Karpatian foredeep, of theWestem Car
pathians 

Introduction 

The Early to Middle Miocene Polish Carpathian 
Foredeep (PCF) developed as a peripheral foreland basin 
in front of the moving Carpathians (Oszczypko, 1998). 
The outer foredeep is filled with Badenian and Sarmatian 
marine deposits which are up to 3500 m thick. The inner 
foredeep is located beneath the Carpathian nappes and 
composed of Lower to Middle Miocene autochthonous 
deposits. The Lower Miocene strata are mainly terrestrial 
in origín, whereas the Badenian and Sarmatian ones are 
marine. 

Results 

In the inner part of PCF (Fig. 1) the tlysch derived 
olistoplaque (Sucha Fm., Šl<1_czka, 1977) has been docu
mented in a few deep boreholes (Moryc, 1989, 
Oszczypko, 1998). This formation overlaps both a few 
dozen metres ofthe Lower Miocene polimictic conglom
erates as well as the Paleozoic basement. The olisto
plaque, which is 79-267 m thick, is composed of Lower 
Cretaceous to Paleocene tlysch and is connected with the 
Subsilesian/Sílesian successions (Laskowicz, 1997, Gedl , 
1997). The olistoplaque is covered by the Stryszawa Fm. 
which, itself, reaches a thickness of 360-566 m 
(Oszczypko, 1998). The Lower portion of the formation 
is represented by polimictic conglomerates of the Sta
chorówka Mb.(Šlctczka, 1977, Moryc, 1989) up to 650 m 
thick (Šlemien ! ,SL 1 ). In the Zawoja-1 borehole, the Sta
chorówka Mb., 180 m thick, is composed of conglomer
ates and coarse to fine-grained arenites. This matrix of 
conglomerates changes from clay minerals to a sandstone 
type, with a dominance of quartz (medium to coarse
grained, poorly rounded and poorly sorted), whereas the 
cement is composed of changing proportions of carbon
ate, gypsum and anhydrite. The conglomerate clasts are 
dominated by: sandstones, mudstones, carbonates, 

quartzites, fragments of metamorphic rocks and granites 
which derived from both the Carpathian ílysch as well as 
from the Paleozoic basement. These conglomerates pass 
into the upper part of the Stryszawa Fm. This part of the 
formation is composed of variegated, conglomerate
sandy-mudstone strata. The Stryszawa Fm. contains a 
relatively frequent microfauna from the Lower Cretaceous 
- Early Miocene age recycled from the Carpathian flysch 
(Oszczypko, 1998). From this fonnation , Karpatian cal
careous nannoplanktom (NN 4) has also been reported 
(Garecka et al. , 1996). The upper part of the Stryszawa 
Fm. resembles features of the alluvial fan deposits. In the 
Sucha IG-l(SIGl) borehole (Fig. 1) this formation passes 
upwards into Lower Badenian Skawina Fm. 

In the Cieszyn area the flysch olistoplaque (Zamarski 
Mb.) has been preserved in the centra! part of paleo-val
ley beneath the frontal part of the Carpathian overthrust 
(Fíg. 1, Buta & Jura, 1983). The Zamarski olistoplaque, 
which overlapped both the Upper Carboniferous base
ment as well as the Lower Míocene Zebrzydowíce 
Fm.(Bula & Jura, 1983), is 25-150 m thick, reaches at 
least 50 sq. km and is composed of elements of the Sub
silesian Unit. The Zebrzydowice Fm. (Fig. 1) is com
posed of pelitic grey-greenish deposits of the Early 
Burdigalian (N5/N6) age (Garecka et al. , 1996). Early 
Burdigalian (NN2-NN3) marine deposits were also dis
covered in NE Moravia (Jurkova et al., 1983). In the 
Bielowicko IG-1 (BIG 1) borehole, polimíctic pebbly 
mudstones, 23 m thick , have been found (Jaworska, 1998) 
at the base of the tlysch olistoplaque (Fíg. · 1 ). The olisto
plaque is covered by a 10-1 IO m thick layer of variegated 
conglomerates composed of ílysch-derived clasts. These 
conglomerates resemble the Stryszawa Fm. from the 
Sucha-Zawoja area. In the Cieszyn area the upper part of 
the sub-thrust molasse sequence is represented by a 40-90 
m thick complex of transgressive D~bowiec conglomer
ates, which are composed of Upper Carboniferous clasts. 
These conglomerates pass upwards into the Skawina Fm. 
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Fíg. 1. Distribution o/ the Miocene autochthonous deposils in the Valašske Mežiŕici-Ostrava and Cieszyn-Bielsko Biala-Zawoja 
areas (after Jur kova, 1971, Jur kova et al., 1983, Oszczypko et al, 1989, Palensky et al., 1995 and new boreholes). 
Platform basement: 1 - Proterozoic-Lower Paleozoic, 2- Upper Paleozoic, 3 - Mezozoic; Carpathian Foredeep: 4 - Karpatian, 5 -
Lower-Middle Badenian, 6 - boundary o/ the Zebrzydowice Fm. (Early Burdiga/ian), 7 - northern boundary o/ the Karpatian 
deposits, 8 - northern boundary o/ the O/d Stryrian overthrusts, 9 - present-day front o/ the Outer Carpathians, 10-/ault, 
11 - northern boundary o/the Paleogene autochtonous deposits, 12 - borehole. Abrevations: CSR-Cieszyn- Slavkov (Príbor) Ridge, 
?KB-Pieniny Klippen Bell, IC- lnner Carpathians. 

According to Garecka et al. (1996) both the Debowiec 
congl. as well as the lowerrnost portion of the Skawina 
Fm. belong to the Late Karpatian. An isolated fragment of 
the Subsilesian Unit has also been found in a sub-thrust 
position in borehole K-3 near Bielsko-Biala (Fíg. 1). This 
112 m thick olistoplaque was discovered in conglomer
ates of a D~bowiec type. In our opinion the Subsilesian 
fragments (Zamarski Fm.) found at the base of the Bade
nian subthrust sequence in the Cieszyn - Bielsko-Biala 
area could belong to the same tlysch olistoplaque in the 
Sucha-Zawoja area (Sucha Fm.). In the area between 
Bielsko-Biala and Zawoja this olistoplaque was removed 
by erosion. In the more uplifted part of the Cieszyn 
Slavkov Ridge (CSR), both the tlysch olistoplaque as well 
as Miocene deposits are absent (Fig. 1, Oszczypko et al. , 
1989). The westemmost fragment of the CSR is covered 
by Karpatian deposits, which are a few dozen metres 
thick (Palensky et al., 1995). In the South-West of 
Valašske Mezii'ici , the thickness of these strata are more 
than 300 m (Palensky et al. , 1995). In NE Morava, the 
Karpatian foredeep was at least 40 km wide (Fig. 1 ). This 
foredeep extended to the East - Zawoja-Sucha area 
(Poland) and also towards the Sambor-Rozniatov basin 
(Ukraine). Beneath the Polish Carpathians, the axes ofthe 
Karpatian foredeep is manifested by the magnetotelluric 
depression and a gravimetrie low (Oszczypko, 1998). 

The flysch olistoplaque (Sucha and Zamarski fms .) 
from the W part of PCF could be correlated with the Old 
Styrian overthrust in marginal part of the Moravo-Silesian 
Carpathians. In the Príbor area, the front of the Old Sty
rian nappe, composed of the Sub-Silesian sequence, is 
located 1-3 km north of the present-day margin of the 
Carpathians (Fig. 1 ). In a few places the erosional outliers 
of this nappe are even preserved in the Badenian pa
leodepresion 1 O km north of the Carpathian margin. Close 
to the Polish-Czech border, the Old Styrian nappe is pres
ently overlapped by a margin of the Carpathians. Mean
while East of Cieszyn this nappe has been described 
above as the Zamarski and Sucha Fms. 

lnterpretation 

In our opinion, all buried fragments of the Sub-Sile
sian unit are erosional remnants of the Old Styrian 
nappe, which was at least 25 km wide. According to 
Jurkova ( 1971 ), the Old Styrian overthrust was forrned 
after the Karpatian age and before the deposition of 
„basa! Badenian clastics", which are synonimous with 
the Debowiec congl. in Poland . However, if we accept 
the new biostratigraphic data (Garecka et al., 1996), 
then the age of Old Styrian thrusting should be regarded 
as intra-Karpatian . 
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On this basis, we are able to propose the following 

scenario for the Early/Middle Miocene evolutíon of the 

ínner western part of PCF: After the Ottangían compres
síve event, the front of the Outer Carpathíans overrode the 

platform and the thín-skinned Sub-Silesían nappe (NE 

Moravia and S Silesia) reached more or less the present
day posítíon of the Carpathians. The load of this nappe 

caused the development of the Karpatian flexural depres
sion (foredeep), which was filled with coarse clastic, ter
restrial sediments from both the Carpathians as well as the 

emerged platform. This event was further followed by an 

intra-Karpatían uplift and an erosion of the CSR (Eliaš & 
Palensky, 1997), which could be correlated with the dis
cordance below the termína! Karpatian strata in Southem 

Mora via (J iricek, 1997). The new period of the Late Kar
patian/ Early Badenian subsidence was characterised by 

the development ofSW-NE and NW-SE trending grabens 

at the front of the Old Styrian thrust (Fíg. 1 ). This subsi
dence was accompanied by the Early Badenian regional 
transgression (Oszczypko, 1998). 
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Abstract: The geodynamic evolution ofthe Carpathian region reflects the plate tectonic history of 
the Earth from the Early Cambrian to Late Miocene. In this region the several terranes form the 
mosaic of tectonic units. The Alpine history of the Carpathians begins with the Mesozoic rifting 
and formation ofthe oceanic type basin along the northem margin ofthe Tethys Ocean and termi
nated with the Early Miocene contínental collision, and Middle/Late Miocene overthrustíng upon 
the North European platform. 

Key words: plate tectonic, terranes, ríftíng, contínental collísion, Carpathians 

The geodynamic evolution of the Carpathían-pan
nonían region retlects the plate tectonic history of the 
Earth from the disassembly of Rodinia-Pannotia during 
the Sauk (Early Cambrian - Middle Ordovician) tíme, 
through closure, assembly, reorganization and formation 
of Pangean supercontinent during the Típpecanoe 
(Míddle Ordovician - Early Devonian), Kaskaskia (Early 
Devonian - Late Carboníferous) and Lower Absaroka 
(Late Carboniferous - Late Permian) tíme, ríftíng, 
spreadíng and dísassembly during the Upper Absaroka 
(Early Triassic - Middle Jurassic) and Zuni (Middle 
Jurassic - Early Paleogene) tíme, and new closure during 
Tejas (Early Paleogene - Neogene) tíme. 

The several terranes form the mosaic of the tectonic 
units of the present day basement of major plates in the 
circum-Carpathian region. The terranes ' hi story began 
with the Cadomian orogeny duríng the Vendian tíme. 
This orogeny caused deformation and magmatic events of 
terranes from Iberia through Armorica, Bohemian and 
Malopolska massifs, Carpathians to the Transcaucasus 
area. Southem Poland (the Malopolska Massit) and other 
terranes belonged at the Cambrian tíme to the Gondwana· 
supercontinent and were situated at the high latitudes of 
the Southem Hemisphere. Rheic Ocean and Tomquist Sea 
separated the Baltica continent, which included most of 
Ukraine and northeastem Poland, from Gondwana 
(Golonka et al., 1994). 

The Early Paleozoic rifting and drifting detached sev
eral terranes from Gondwana. These terranes collided 
with Baltica during the Caledonian orogeny (Late Ordo
vicían Early Devonian) and the early stages of the 
Hercynían (Variscan) orogeny (Devonian-Early Carbo
niferous). Baltica at this tíme became the part of the 
larger continent Laurussia. During the Carboniferous tíme 
the Hercynian orogeny was concluded with the collision 
of Gondwana and Laurussia. The supercontinent Pangea 

was forrned. The Tethys Ocean formed the embayment 
between the Eurasían and Gondwanian branches of 
Pangea. The basement of the major plates was consoli
dated at that tíme. 

The Mesozoic rifting events resulted in the forrnation 
of the oceanic type basins along the northem margin of 
the Tethys Ocean. The Meliata and Pieniny Klippen Belt 
Oceans were fonned in the western part of the region . 
Tauric and Greater Caucasus-Caspian Oceans were lo
cated east of the Moesian Platforrn (Kiessling et al. , 
1999). 

The Centra! Atlantic was in an advanced drifting stage 
during Middle - Late Jurass ic (Golonka et al, 1996). 
Rifting continued in the North Sea and in the northem 
Proto-Atlantic. The progressive breakup of Pangea re
sulted in a system of spreading axes, trans form faults, and 
rifts, which connected the ocean floor spreading in the 
Centra! Atlantic and Ligurian-Piedmont Ocean to the 
opening of the Pien iny Klippen Belt Basin and to rifting 
which continued through the Polish-Danish graben to 
Mid-Norway and the Barents Sea. The Pieniny Klippen 
Belt Basin was fully opened by the Middle - Late Jurassic 
time. The Czorsztyn ridge separated this basin from the 
enigmatic and speculative Magura basin . This ridge may 
be related to the Brian9onnais zone in Alps, while Magura 
basin may be connected with the opening Valais trough. 
Tethys was connected with the Polish-Danish graben by 
transform fault and rift system, which preceded opening 
ofthe Outer Carpathian basins. The Zegocina Andesite is 
a volcanic expression of this early Outer Carpathian rift
ing (Šl<lczka et al. , 1999). 

Major plate reorganization happened during the 
Tithonian tíme. (fig. l) The Centra! Atlantic began to 
propagate to the area between Iberia and the New Found
land shelf (Ziegler, 1988). The Ligurian-Pieniny Ocean 
reached its maximum width and stopped. The subduction 

Geological Survey oj Slovak Republic. Dionýz Štúr Publishers, Bratislava 2000 ISSN l335-96X 



140 
Slovak Geol. Mag.. 6. 2-3(2000). 139- 142 

Neotethys 

E ~ 9 G 1 O C 11 ~ 12 V 13 --14 lfll 15 Á16 ~1 7 /t 8 / 1 9 * 20 

E:/paleomnt/jurcrel.dgn Apr. 05 , 2000 11: 3 4:11 

1 ......... 111~~ ::=~=::::=~::: 
l====ll s 

E:/paleomnt/jurcre3.dgn Apr. 05. 2000 11:35:40 

)½-_~eotethys 
( _-



J. Golonka el al.: Geodynamic evolution and paleogeography ... 

ofthe Meliata-Halstatt Ocean and the collision ofthe Tisa 
block with the Inner Carpathian terranes was concluded at 
the !atest Late Jurassic - earliest Lower Cretaceous tíme. 
Subduction jumped to the northem margin of the Inner 
Carpathian terranes and began to consume the Pieniny 
Klippen Belt Ocean (Birkenmajer, 1986). The Outer Car
pathian (Silesian) basin) had developed with extensional 
volcanism (Golonka et al. , 1999). To the west, this 
troughs extended into the Valais ocean, which entered 
into a seafloor spreading phase (Froitzheim et al., 1996), 
and further into the area between Spain and France and to 
the Biscay Bay (Stampfli , 1996). Eastward it was prolon
gated into the Eastem Carpathians in Ukraine and Roma
nia (Šlqczka et al, 1999. The Polish-Danish rift tumed 
into aulacogen (Zytko, 1985) with marginal marine, 
sometimes evaporitic sediments. Carbonate platforms 
with reefs have developed on the northern margin of Sile
sian Basin. The Silesian ridge (Ksiq:í.kiewicz, 1977) sepa
rated Silesian and Magura basins. The subsidence in the 
Silesian Basin was accompanied by the extrusion of basic 
lavas (teschenites in the Western Carpathian and diabase
melaphyre within the Black Flysch of the Eastern Car
pathians. The Outer Carpathian basin reached its greatest 
width during the Hauterivian - Aptian tíme. With the wid
ening of the basin, several subbasins (troughs) began to 
show their distinctive features. This subbasins, like Sile
sian, Sub-Silesian, Skole, Tarcau, were separated by up
lifted areas. The general downwarping of the Silesian 
Basin was probably due to the cooling effect of the un
derlying lithosphere (Slctczka et al. , 1999). 

During Hauterivian-Aptian the Ligurian Ocean en
tered into its compressional phase (Ricou, 1996). Contin
ued closure of the western part of Neotethys was related 
to the subduction along the Neotethys margin. This clo
sure was marked by Albian collisional deformation, in the 
early stage of Trupchun phase in Alps and by the forma
tion of eclogites in Austroalpine units (Froitzheim et al. , 
1996) .. The thrusting and shortening was also noted in 

the Inner Carpathians (Plašienka & Kováč, 1999). Sub
duction was active on the southem margin of the Pieniny 
Klippen Belt Ocean. The compressional event took place 
in the southeastem part of the Carpathians (Šlqczka et al, 
1999). Intensive folding, accompanied by the deposition 
of coarse clastic sediments was completed by the Albian 
tíme. The northward movement of the Marmarosh terrane · 
perhaps caused this folding. In the Western Outer Car
pathians the uplifting ofthe intrabasinal ridges manifested 
this period of compression. 
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Latest Cretaceous-earliest Paleocene was the time of 
the closure of the Pieniny Klippen Belt Ocean and the 
collision of the Inner Carpathians terranes with the 
Czorsztyn Ridge in the Carpathians (Birkenmajer, 1986; 
Winkler & Šlqczka, 1992). The subduction zone jumped 
from the southem margin of the Pieniny Klippen Belt Ba
sin to the northem margin of the Czorsztyn ridge and be
gan consume the Magura Basin. The Alcapa block was 
formed at that tíme by welding together Eastem Alps, 
lnner Carpathian, Tisa as well as smaller terranes, like 
BUkk, Transdanubian or Getic- (Plašienka & Kováč, 

1999). During Paleogene the subduction consurned most 
of the Magura Basin. After the Late Oligocene folding, 
the Magura Nappe thrust northward and covered the 
remnant ofthe Silesian ridge and in the more outer part of 
the Carpathian Basin (Silesian Subsilesian, Skole-Tarcau) 
flysch sedimentation continued during the Oligocene. The 
Paratethys Sea developed in Europe and centra! Asia, 
ahead of the progressing northwards orogenic belts. Geo
dynamic evolution of the basins in the Alpine-Carpath ian 
belt led to a transition from flysch to molasse type of 
sedimentation. 

Apulian and Alcapa terranes continued their northward 
movement colliding with the European plate, until 17 Ma 
(Oszczypko, 1992, 1999). This collision caused the 
foreland to propagate North. N to NNW-vergent thrust 
system of the Eastem Alps was formed. The oblique 
collision between the North European plate and the 
overriding Western Carpathian terranes led to the de
velopment of the outer accretionary wedge, the built up 
many tlysch nappes and the formation of a foredeep. These 
nappes were detached from their original basement and 
thrust over the Paleozoic-Mesozoic deposits of the North 
European platform. This process was completed during the 
Early Miocene tirne slice in the Vienna basin area and then 
progressed northeastwards. Th formation of the West 
Carpathian thrusts was completed by the middle Miocene 
tíme. The thrust front was still progressing eastwards in the 
Eastern Carpathians, with a strong element of translation. 
The thrusting was completed during the Pliocene
Quatemary in the Vrancea Mountains in Romania. The 
Carpathian foredeep developed as a peripheral foreland 
basin (Golonka et al. 1999). In Centra! Europe, the NW-SE 
trending rift system was perpendicular or diagonal to the 
thrust front of the Carpathians. Tertiary magmatism was 
crossing the Carpathians between Moravia and Upper 
Silesia, on one side, and the Pannonian Basin, on the other. 
Mantle doming contributed to crustal stretching. 

Fig. I. Paleoenvironment and lithofacies of the circum-Carpathian area during /atest Late Jurassic - ear/iest lower Cretaceous 
(146-136 Ma) . I - Land non-deposit, 2 - deep ocean basin with little to no sediments (primarily oceanic crust, 3 - sandstone, 
sil/stone, 4 - shale. clay, mudstone. 5 - limes/one, 6 - interbeded or mixed sand/shale, 7 - interbeded or mixed carbonatelsha/e, 8 -
interbeded or míxed carbonate/sand, 9 - evaporile IO - glauconite, 11 - coa/, 12 - silica, 13 - volcanics, 14 - organic-rich rock. 15 -
reef. 16 - oceanic spreading center and trans/arm faults, 17 - active subduction zone, 18 - thrust fault, 19 - norma/ fau/t, 20 -
volcano. Abbreviations of oceans and plates names: Ad - Adria (Apu/ia), An - Andrychov Ridge, Ba - Balearic , BI - Balkans, Br -
Bria~onnais, BS - Black Sea, Ca - Calabria-Campania, Cr - Czorsztyn Ridge , Di - Dinarides , EA - Eastern A/ps, EP - Eastern 
Pontides, Gs - Gresten, Hv -Helvetic. lb - lberia, !C - !nner Carpathians, Li - ligurian (Piemont) Ocean, Mg - Magura, Mo - Moesia. 
Mr - Marmarosh, OC - Outer Carpathíans, Pi - Pindos, PKB - Pieniny Klippen Bell. RD - Rheno-Danubian. Rh - Rhodopes. Sa -
Sakariya , SC - Silesian Ridge (Cordi/lera). Sl- Silesian, Si - Sicily, Sk - Skole, Sn - Sinaia, Ta - Tarr;au, Tí - Tisa, UM - Umbria
Marche, Vc - Vercors, Vl - Valais, WP - Western Pontides. 
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Paleogene autochtonous deposits at the basement of the Polish Outer 
Carpathians and their paleogeographical implications 
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Abstract: The Paleocene through the Eocene/Oligocene autochthonous and paraautochthonous deposits from 
the Polish Carpathian Foredeep and those occurring below the Carpathian nappes could be correlated with 
autochthonous Paleogene deposits from Southem Moravia. They probably form a sed imentary infill of 
southeast trending paleovalleys, which supplied the northem part ofthe Outer Carpathian Basin at that tíme. 

Key words: Paleogene, Western Carpathian Foredeep, paleovalleys, debris flow deposits 

Introduction 

Since the early sixties the autochthonous Paleogene 
deposits have been known from Southem Moravia on the 
slopes of the Bohemian massif. These deposits were 
pierced beneath the marginal part of the Western Outer 
Carpathians. They represent depositional fill of the Nes
valička and Vranovice paleovalleys (Picha, 1979), incised 
in the European plate during the Paleogene (Fig. 1 ). The 
Late Eocene-Oligocene sedimentary fill of those pal
leovalleys, up to 1500 m thick, is developed as organic
rich laminated mudstones and siltstones, and subordinatly 
as turbidites and debris flows (Picha & Straník, 1999). 

In the Polish Carpathian Foredeep the autochtonous 
Paleogene terrestrial deposits were documented by Moryc 
( 1995) in a few boreholes located in the frontal part of the 
Skole Nappe near Rzeszów (Fig. 1). These deposits, up to 
302 m thick, fi lled southwards dipping the post-laramian 
paleodepression (below 3200 m bsl) up to 20 km wide, 
cut in the Jurrasic, late Paleozoic and Precambrian plat
form basement. The Paleogene sequence consists of a 96-
203 m thick basa! , variegated coarse conglomerates, 
composed of clasts derived from the basement. The con
glomerates are followed by the organic-rich mudstones 
with sandstone intercalations. According to dinotlagellata 
determinations the upperrnost portion of thís sequence 
probably represents the middle/late Eocene marine de
posíts (Moryc, 1995). The Paleogene strata in the 
Rzeszów area are transgressively overlapped by the Early 
Badenian deposíts. 

The remnants ofthe Oligocene-? Early Miocene auto
chthonos deposits are also known from the vicinity of 
Zory in Upper Silesia (Fig. 1). In that area the Menilite
like bituminous shales with fish scales were found above 
the Upper Carboníferous and beneath the Lower Bade
nían deposíts (Oszczypko et al. , 1989). 

Results 

The report of the Zawoja-1 deep borehole (Fig. 1) was 
publíshed by Moryc (1989). Deposits reached at a depth 
of 4666.0-4825 .5 m were defined as the Zawoja Fm. and 
assigned to the Lower Miocene age. This forrnation over
lies the 33 thick, variegated, ?Lower Triassíc deposits , 
underlain by the Upper Carboniferosus strata. The 
Zawoja Fm. is overlapped by the 259 m thick tlysch olis
toplaque (Sucha Fm.) composed of the Lower Cretaceous 
deposits (Gedl, 1997) followed by the Stryszawa Fm. 
(?Karpatian) with the flysch conglomerates of the Sta
chorówka Mb. at the base (Oszczypko, 1997). 

The Zawoja Fm. is not homogenous, and according to 
our opinion its origin could have been connected with at 
least two dífferent sedimentary environments. This for
mation begins with a thick layer of grey-greenish to black 
conglomerates (4825.5-4815.0 m). The fine to medium
grained, well rounded clasts are composed of quartz, 
quartzitic sandstones, slates and sporadically rusty lirne
stones derived from the Paleozoic and Proterozoic 
basement rocks (Moryc, 1989, Laskowicz, 1997). The 
sandy-silty matrix is rich in coalified tlakes. These 
conglomerates are followed by a 115 m thick sequence of 
dark coloured deposits, which display a few fininig and 
thinnig upwards sequences, 25-40 m thick (Fig. 2). The 
lower portion of these sequences are dominated by ma
trix-supported conglomerates. The matrix is represented 
by sandy, sil ty and clay material and contains consider
able amount of organic matter and FeS2• The clasts are 
composed of milky quartz, quartzitic-sandsones, frag
ments of slates, marbles and granites. The diameter of the 
clasts varies from granule up to 20 cm cobbles. 

These conglornerates pass upwards into laminated 
mudstones wilh intercalations of dark-grey pebbly rnud
stones. Al the depth interval 4779-4736 m among the 
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Fig. / . Sketch map of the Pre-Neogene p/atform basemenl of the Western Carpathians (after Oszczypko el al., 1989, Moryc, 1995, 

and Picha, /996, modified). I - Crystaline basement, 2 - Vendian-Cambrian me/asediments, 3 - Devonian-lower Carboniferous, 

4 - Upper Carboniferous, 5 - Permian and Triassic undivided, 6- Jurassic, 7-Upper Cretaceous, 8 - Paleogene, 9 - Fron/ of 

Western Carpathians, IO - faul/, 11-Zawoja - I bore hole. 

massive pebbly mudstones a subvertically dipping (up to 
80°) layers of dark laminated mudstones were observed. 
Ata depth of 4751-4759 m the mesoscopic anticline was 
pierced. The core material from this interval displays par
allel laminated dark mudstones with interclations of very 
thin-bedded ( 1-2 cm) and very fine-grained sandstones. 
The sandstones are composed of poorly-sorted, poorly 
rounded grains accompanied by plagioclases and biotites, 
indicating the short transport of these sediments. A char
acteristic feature of these arenites is the high content of 
the organic matter (cement) and clay minerals (matrix). 
The presence of pyrite (framboides on micas) indicates 
the reductive conditions of the sedimentary enviroment. 

According to well logs, a low resistivity unit, 58 m 
thick, is visible above the conglomerate-mudstone interval 
(4736-4745 m) (Fíg. 2). The core material from a depth of 
4689-4697 m consisted of green calcareous-free siltstones 
with red , irregular lamination or hematite coating. At the 
top of lhis interval (4689-4691 m) the shales contained 
irregular, very thin layers of coarse-grained, siliceous and 
reddish sandstones with small clasts of green shales. 
According to Moryc ( I 989) in this interval thin veins of 
gypsum were present. The uppermost portion of the Zawoja 
Fm. (4666-4689 m) belongs to coarse-grained matrix 
supported polímictic conglomerates. (Fig. 2). 

The Zawoja Fm. was examined for foraminiferal and 
dinocyst content. The dark mudstones (Z-22; Fíg. 2) 
yielded only a few specimens of foraminifers. This fauna 
consisted of poorly preserved Cretaceous planktonic 
forms and agglutinated Recurvoides sp. and Hormosina 
sp. The green and variegated siltstones (Z- 19) contained 
mixed, two-coloured specimens of the Late Cretaceous 
Globotruncana s. l. and agglutinated Early and Middle 
Eocene species Saccammínoídes carpathicus Geroch and 
Retículophragmium amplectens (Grzybowski). 

Two uppermost samples (Z- 18 and Z-19) were barren 
of dinocyst. AII the other samples contained organic mat
ter. The palynofacies were composed of variable ratios of 
black woody particles and plant tissue remains . Dinocysts 

~ eo~ome,att1 (3 undltone1 - mudl:tone, -- .,,,__I 

Fig. 2. Graphic summary of /he Zawoja-1 borehole. 
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were rare. The following taxa representing Paleocene 
were recognized from samples Z-20 and Z-21: Areoligera 
spp., Cerodinium diebelii, C. speciosum, Cordosphae
ridium exilimurum, C. fibrospinosum, Hystrichosphae
ridium tubiferum, Lejeunecysta spp., Oligosphaeridium 
complex, Operculodinium divergens, Phelodinium mag
nificum, Senegalinium obscurum, Spinidinium densispi
natum, Spiniferites ramosus. 

Different dinocyst taxa determined as the Eocene-Oli
gocene were encountered from samples Z-22, Z-23 and 
Z..24: Areosphaeridium?, Achomosphaera alcicornu, 
Cleistosphaeridium sp., Deflandrea phosphoritica 
EISENACK, Glaphyrocysta sp., Homotryblium tenuispino
sum, H. plectilum?, Homotryblium spp., Jmpagidinium 
brevisculatum, lmpagidinium sp., Lejeunecysta spp., Lin
gulodinium machaerophorum, Odontochitina sp, Oper
culodinium centrocarpum, Palaeocystodinium golzo
wense, Spiniferites mirabilis?, Spiniferites spp., Systema
tophora placacantha, Wetzeliella spp. 

Ioterpretatioo 

Sedimentological features of the described sequence at 
the depth of 4825-4689 m suggest its marine origin related 
both to the cohesive and turbidite flows and to hemipelagic 
mudstones (green shales). The uppermost part (4666-4689 
m) is represented by coarse-grained conglomerates of 
terrestrial origin.They resemble the Lower Miocene 
Stachorówka conglomerates of the Stryszawa Fm. 

Thus, in the light of the above facts the Zawoja Fm. 
should be redefined. We propose to leave this name only 
for the marine-origin deposits, whereas the terrestrial con
glomerates should be regarded as a different unit (Fíg. 2). 

Discontinuous coring and different age deterrninations 
of the same samples from the Zawoja Fm. s.s. impede its 
univocal interpretation . 

The microfauna from the sample Z-19 documents the 
Lower/Middle Eocene age of the hemipelagic green shales, 
whereas dinocysts from samples Z-20 and Z-21 indicate the 
Palaeocene age of the pebbly mudstone unit. Beneath the 
depth of 4751 m the samples indicate the Eocene
Oligocene age of the lower portion of the Zawoja Fm. s.s. 
The older age of the upper part of the formation and the 
younger age assignment for the lower part could be 
explained by tectonic repetition (overthrusting). However, 
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the sedimentary recycling of the microfauna and dinocysts 
from the interval 4689,5-4759 m cannot be excluded. 

Assuming that there is tectonic repetition of the Zawoja 
Fm., it will be necessary to accept the post-Late Oligocene 
and prior to Late Burdigalian (Karpatian) inverse tectonics 
in the northern part of the Carpathian Foreland Basin. This 
tectonics was · followed by erosion and deposition prior to 
the Old Styrian compression, which is manifested by the 
flysch olistoplaque of the Sucha Fm. (Oszczypko & 
Luciŕlska-Anczkiewicz, this issue). 

In our opinion the Paleocene? to Oligocene auto
chthonous and paraautochthonous deposits from the Pol
ish Carpathian Foredeep and below the Carpathian nappes 
cou ld be correlated with the autochthonous Paleogene 
deposits from Southem Moravia (see Picha & Straník, 
1999). The deposits which were penetrated in the bore
holes in the Rzeszów area and Zawoja- 1 borehole proba
bly represent sedimentary infill of the southeast trending 
palleovaleys. During the Paleocene through the Oligocene 
these paleovalleys supplied the northem part of the Car
pathian Flysch Basin (Subsilesian and Skole subbasins). 
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Jointing in the medial segment of Magura Nappe, Outer West Carpathians, 
Poland: hint for the timing of deformation events 
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Abstract: A study ofjoint pattern in the Cretaceous-Palaeogene flysch strata ofthe medial segment ofthe By

strica slice, Magura Nappe, leads to a reconstruction of at least three episodes of folding in that area. The re
constructed positions of fold axes formed during indivídua] deformation episodes are as follows: W to WNW, 

NW to NNW, and N to NNE, being coeval with successively clockwise rotating orientations of fold-related 
maximum compressive stress: from N (NNE) through NE to ESE. The first event is tentati vely correlated 
with the !atest Cretaceous (?)/Paleocene to early Miocene episode ofN to NW-directed piggy-back thrusting, 
the second event could be related to the early through middle Miocene, NE-directed thrust reactivation and 
out-of-sequence thrusting, whereas the third deformation event was either associated with minor folding in
duced by strike-slip reactivation of the pre-existing thrust faults or caused by focal transpressional motions 
along strike-slip faults. 

Key words: Outer West Carpathians, Magura Nappe, jointing, folding 

The study area is located in the medial segment of the 
Bystrica slice, Magura Nappe, close to a small tectonic 
window of Szczawa, Dukla s.l. Nappe (Figs. 1, 2). That 
part of the Bystrica slice is composed of Upper Creta
ceous and Palaeogene flysch strata of variable thickness . 
Exposures of Cretaceous rocks are widespread and easily 
accessible; therefore, the area provides a rare opportunity 
in the Polish Outer Carpathians to compare different 
styles of deformation between tightly folded Cretaceous 
rocks and open-folded Palaeogene strata (Oszczypko et 
al. , 1991 ). Examination of several generations of jointing 
present in the studied rocks enables also a comparison 
with the regional pattem of jointing in the Polish Outer 
Carpathians (Fig. 1 ). Axes of minor folds deforming up
per Cretaceous strata in the study area are aligned W to 
NW in thin-bedded and N to NNW in thick-bedded tur
bidites, whereas map-scale folds deforming both Creta
ceous and Tertiary strata trend predominantly E-W. 

99 stations have been analysed, representing Upper 
Cretaceous (Turonian through Maastrichtian; 54) and 
Paleocene to Eocene flysch strata ( 40) of the Magura 
Nappe, as well as Oligocene strata of the Dukla s.l. 
Nappe, exposed in the Szczawa tectonic window (5) . At 
each station 50 to 100 joint surfaces have been measured, 
a figure statistically representative for the region 
(Oszczypko et al. , 1991 ; Zuchiewicz, 1998). The data 
have been plotted on lower hemisphere Schmidt projec
tion and then bedding- and fold plunge-corrected. 

The regional joint network comprises five sets, al
though at indivídua! exposures three to four sets can be 
encountered. Sets showing the same regional orientation 
display both similar surficial features and the type of in
tersection with bedding surfaces . Cross-fold joints 

comprise a single set T, striking perpendicular or subper
pendicular to map-scale fold axes, and two diagonal sets 
(Di, D2) striking under high angles to these axes. The 
acute bisector between these two sets is orientated per
pendicular to map-scale folds . Fold-parallel joints (L, ľ) 
strike parallel or under small angles to map-scale fold 
axes and are perpendicular or subperpendicular to bed
ding. 

Morphological properties of the diagonal joints indi
cate that the incipient stage of their development was a 
shear one, whereas their further opening proceeded in 
extensional mode (Ksiazkiewicz, 1968). The pattem of en 
echelon arranged gashes and feather fractures shows that 
the D 1 and D2 sets represent, respectively, dextral and 
sinistral shears. Abutting relationships suggest that these 
joints are roughly coeval and were formed as "potential 
shear surfaces" in the triaxial stress field (Engelder, 
1989). The joints are, therefore, shear fractures (Hancock, 
1985) that form a conjugate system. Some of these were 
formed when the host strata were poorly lithified, as 
shown by contaminatíon of mínera! veins that fill the 
joints by material derived trom host strata (cf. also 
Swierczewska & Tokarski, 1998; Tokarskí et al. , 1999). 
The morphology of T joints, in tum, indicates that their 
development proceeded without the initial "shear" stage 
and that they are mode I fractures (Price & Cosgrove, 
1994). Both the L and L' sets are devoid ofproperties that 
would point to their shear origin. Their morphology and 
type of intersection with bedding planes appear to indi
cate tensional origin . These joints probably originated 
during early stages offolding (cf. Aleksandrowski, 1989). 

Joint sets shown in Fíg. 2 reveal considerable scatter 
in orientation resulting from the presence of differently 
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Fig. 1. Orientation of the cross-fold shear joint-related ?J(a) and fold-perpendicu/ar extensional T joints in the Polish Outer 
Carpathians. lnset map show s location of the area portrayed in Fig. 2. 
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Fíg. 2. Orientation of shear joint-re/ated ? 1 (a) and fold-perpendicular extensional T j oints (b) in the medial segment of Magura 

Nappe c/ose to tectonic window o/ Szczawa. 

SZCZAWA AREA 

TERTIARY STRATA 

F1 F2 F3 

CRETACEOUS STRATA 

F1 F2 F3 

Fig. 3. Summary diagram showing principal joint sets associated with three 
consecutive episodes of folding (F1 through F J) in the medial segment o/ Magura 
Nappe. OF - dominant orientation offold axes; see text/or other explanations. 

arranged folds . Abutting relationships 
are strongly indicative of at least three 
generations offolds and related joint sets 
in that area. Discrepancy in structural 
style between Cretaceous and 
Palaeogene series has already been 
reported by Oszczypko et al. (J 991 ), 
basing on large-scale mapping of the 
area, as well as by Aleksandrowski 
(1985, 1989), Zuchiewicz (1998) and 
Tokarski et al. (1999) in respect to the 
whole mid-westem segment of the 
Magura Nappe. This discrepancy used to 
be associated with the presence of 
superposed buckle folds origínated 
duríng folding of the East Carpathians 
(Aleksandrowski, 1985, 1989), post
folding rotation of fault-bounded blocks 
(Zuchiewicz, 1998), and/or reactivation 
ofthe pre-existing thrust faults (Tokarski 
et al. , 1999). Recent structural studies 
support an idea of at least three episodes 
of folding of the Cretaceous-Palaeogene 
flysch strata in the medial segment of the 
Bystrica slice ofMagura Nappe. 

The reconstructed pos itions of fo ld 
axes formed during indivídua) defor
mation episodes are as follows: W to 
WNW, NW to NNW, and N to NNE 
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(Fig. 3), and are coeval with successively clockwise 
rotatiflg orientations of fold-related maximum com
pressive stress: from N (NNE), through NE to ESE. The 
first event is tentatively correlated with the [atest 
Cretaceous (?) /Paleocene to early Miocene episode of 
N to NW-directed piggy-back thrusting in the Outer 
Carpathians of Poland. The thrusting was initiated in the 
southern tectonic units and propagated to the northern 
units through a series of foreland-propagating in
sequence thrusts (Decker et al., 1999). The second 
event, in turn, could be related to the early through 
middle Miocene, NE-directed thrust reactivation and 
out-of-sequence thrusting (Decker et al., 1999; Fodor et 
al., 1999). The third deformation event was either asso
ciated with minor folding induced by strike-slip 
reactivation of the pre-existing thrust faults (Decker et 
al., 1998, 1999; Tokarski et al., 1999) or caused by 
Iocal transpressional motions along strike-slip faults. 
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Palaeogeography of the Podhale Flysch (Oligocene; Central Carpathians, Po
land) - its relation to the neighbourhood areas as based 

on palynological studies 
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Abstract: Grganie matter (palynofacies) and dinocyst distribution in the Podhale Flysch deposits differ in 
quality and quantity depending on age and geographic positions of its lithostratigraphic units. Land plant tis
sue dominated palynofacies ofthe Lower Oligocene Szaflary beds, the lowermost part ofthe flysch sequence, 
seems to represent a relatively nearshore, eutrophic environment highly influenced by fresh water. It resem
bles palynofacies of coeval Menilite beds of the Outer Flysch Carpathians. The main difference is the pres
ence of relatively numerous dinocysts in the Podhale Flysch, contrary to strongly impoverished or even 
barren in dinocysts the Menilite beds. A palynofacies similar to that of the Szaflary beds occurs in the peri
Klippen Zakopane beds. The south-eastern outcrops of the Zakopane beds are devoid of dinocysts; black 
opaque phytoclasts appear as the only palynofacies constituent. Palynofacies ofthe Chocholów beds shows a 
pronounced lateral variation: a land plant tissue dominated palynofacies occurs in the western part of the 
study area, gradually passing eastwards into black opaque phytoclast palynofacies barren of dinocysts. This 
resembles palynofacies of the Outer Carpathian Krosno beds. Palynofacies of the Ostrysz beds, the youngest 
unit ofthe Podhale Flysch, is characterized by relatively numerous dinocysts representing mainly chorate taxa 
which often are associated with environments of increased salini ty. 

Key words: Oligocene, Pod hale Flysch, palaeogeography, palynofacies, dinocysts 

Geological setting 

The Podhale Flysch more than 3000 m thick forms a 
part of the Centra! Carpathian Palaeogene Basin deposits 
(Fíg. 1 ). The tlysch deposits overlie transgressive con
glomerates and carbonate platform deposits (the so-called 
Tatra Eocene) of Middle-Upper Eocene age. In the Polish 
part (Fíg. 2), the Podhale Flysch begins with the Szatlary 
beds in the north and the Zakopane beds in the south. Age 
of the Szaflary beds has been determined on the basis of 
dinocysts as Early Oligocene (Fíg. 3), the Zakopane beds 
probably represent a hígher part of Rupelian (Gedl, 
1999b, in press). Dinocyst occurrence in perí-Tatra Zak
opane beds suggest an older age, probably coeval with 
that of the Szaflary beds. A hiatus between the Tatra Eo
cene carbonates and the succeeding flysch deposits is 
suggested, decreasing or even dísappearing in an eastem 
part ofthe basin (Blaicher, 1973 ; Gedl, in press). 

The Chocholów and Ostrysz beds (the latter known 
only from the western part of the Podhale Basin), repre
sent sandy tlysch deposits representing latest Early Oligo
cene(?) to Late Oligocene ages (Gedl, 1995a, 1999b, in 
press). The so-called Brzegi beds díffering from the Cho
cholów beds by more shaly development represent the 
youngest flysch deposits in the eastem part ofthe Podhale 
Basin (Fíg. 2). They are presumably coeval with the Os
trysz beds (Fíg. 3; Gedl , in press). 

Palaeogeography and palaeoenvironment 

The Tatra Eocene deposits are barren of dinocysts. 
Their palynofacies is composed predominately of black 
opaque phytoclasts. No sporomorphs were found. A 
similar palynofacies is characteristic of rnarly deposits 
locally developed at the top of the Tatra Eocene, and of 
the lowerrnost part of the Szatlary beds as known from 
the boreholes. Such palynofacíes is characteristic for: ei
ther (i) near-shore, high energy environments (cf Blondel 
et al., 1993) with limited land organic matter input and 
aerobic bottom conditions, or (ii) offshore, oligotrophic 
settings. The latter is suggested by rnass occurrence of 
Nummulites species which favour oligotrophic condítions 
(cf Brasier, 1995). The carbonate deposits of the Tatra 
Eocene presumably forrned on isolated marine shoals sur
rounded by oligotrophic waters with no direct land input. 
The Tatra island, which existed during deposition of 
transgressive conglomerate, was flooded by the Late Eo
cene sea. Oligotrophic conditions persisted also at the 
begining of tlysch sedimentation. A majority of the 
Szatlary beds are dorninated by !and plant tíssue remains 
with relatively numerous dinocysts; this indicates a 
change in palaeoenvironmental conditions. A northem 
!and supplied clastic and organic materíal (Fíg. 4a; Kry
siak, 1976; Gedl , 1998b, in press). Fresh water input re
sulted in change of trophic conditions into nutrient-rich 
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Fíg. 2. A scheme o/ the Podha/e Palaeogene lithostratigraphic units in Po/and (after Malecka, 1982; simpli
fled); 1- southern limit o/the Szaflary beds (after K~piŕzska, 1997) 

ones, favourable for Dinoflagellates, and in decrease of 
salinity in subsurfal photic zone (Gedl, 1998a). This is 
indicated by relatively frequent occurrence of dinocysts 
dominated by Peridinioids (Dejlandrea, Wetzelielloideae) 
and by „blooms" of Gonyaulacoids (Chiropteridium and 
Membranophoridium; cf Malone, 1991; Powell et al., 
1992). High terrestrial organic matter input into the basin 
caused depletion in oxygen in the bottom part ofthe basin. 

Sedimentation of eastem part of the peri-Tatra Zako
pane beds (probably coeval with the Szaflary beds) took 
place in different conditions. Their black opaque phyto
clast palynofacies probably resulted from offshore depo
sitional setting distant from land with oligotrophic 
conditions in the subsurfal water layer and aerobic condi
tions at the bottom (Gedl, 1998a). These beds were pre
sumably deposited on an elevated part of the basin floor 
above depocentrum ofthe Szaflary beds (Fig. Sb). 

Such palaeogeographic setting persisted until a higher 
part of Rupelian when a new clastic source area had ap
peared, west from the study area (Fig. 5c). Sedimentation 
of the Zakopane beds then covered the whole Podhale 
Basin. Dinocysts from the peri-Klippen and the western 
perí-Tatra Zakopane beds become similar to those from 
the Szaflary beds. A western source area became a domi
nating one, although the northem one was still active. 

Palynofacies of the Chocho!ów beds is horizontally 
differentiated : a land-plant tissue dominated palynofacies 
of the westernmost Chocholów beds is being replaced 
eastwards by a Dejlandrea-dominated palynofacies (this 
is a transitional palynofacies type between land-plant tis
sue dominated palynofacies and black opaque phytoclast 
dominated one, characterized by high amount of black 
opaque phytoclasts and very rare dinocysts among which 
Deflandrea is the most common taxon) and into dinocyst-
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barren black opaque phytoclast palynofacies in the east 
emmost area (Fíg. 4c ). This trend confirms results of pre
vious sedimentological studies which indicated transport 
direction from west to east (e. g. Marschalko & Radom
ski, 1960). In the Chocholów beds, dinocysts are either 
absent or infrequent. In the latter case, Dejlandrea and 
Caligodinium are often the most common and best pre
served taxa as compared with much worse preserved 
Gonyaulacoids. The Chocholów beds in the centra! part 
of the study area (vicinity of Czama Góra; see Gedl, in 
press) where a very rich dinocyst assemblage was found 
(mainly Dejlandrea, Chiropteridium, Ca/igodinium, 
Membranophoridium) are an exception . Wetzelieloideae, 
absent or present as single specimens in most ofthe Cho
chotów beds occurrences, are relatively cornmon in the 
Czama Góra area. Thís dinocyst assemblage resembles 
more that of the Szatlary and Zakopane beds than those 

) .... . - ,-----,--...__ ; 
., .. ~ Tatr1 M 1, '----,,-

Fíg. 4. Palynofacies dislribution and inferred transport direc
tions in the Podha/e Flysch deposits (after Ged/, 1998b); a -
Szajlary beds (Lower Oligocene); b - uppermost part o/ 
Szajlary beds and Zakopane beds (Lower O/igocene); c - Cho
cho/ów beds (Lower Oligocene); d - Ostrysz beds and Brzegi 
beds (Upper O/igocene) 

from other parts of Chocholów beds. lt is suggested that 
the northem source area was active also during the Cho
cholów beds deposítion (Fíg. 4c). 

Palynofacies of the Ostrysz beds is characterized by 
occurrence of well preserved !and pland tissues and rela
tively numerous sporomorphs (especially spores). Dino
cysts appear there more frequently, as compared with the 
Chocholów beds. The latter are mostly chorate Gonyaula
coids like Homotryblium, Polysphaeridium or Spiniferites. 
Taxa such as Dapsilidinium and Distatodinium occur more 
frequently than in older lithostratigraphic units. Perídínioíds 
become much less numerous, Wetzelíelloideae appear 
mostly as single specimens, and only Deflandrea occurres 
more frequently. Numerous occurrence of epicystal Gon
yaulacoids such as Homotryblium and Po/y:,phaeridium 
suggest increased salinity conditions prevailing in the mar
ginal areas ofthe Podhale Basin during Late Oligocene. 
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Fig. 5. Schematic reconstruction of Podhale Basin palae
ogeography (Late Eocene-O/igocene; S, N directions refer to 
present-day sítuation: they could be different during Palae
ogene - see Márton et al. , 1999); a) development of carbonate 
platforms in southern and northern parts of the basin (Upper 
Eocene); b) sinking oj carbonate platforms and begining of 
hemipelagic sedimentation (marly deposits - uppermost Eocene, 
and south-eastern Zakopane beds - Lower Oligocene) ; a /and 
appears in northern part resulting in Szajlary beds deposition 
(Lower Oligocene); c) uniformity of sedimentation - the Zako
pane beds occur in the whole basin - western /and-area be
comes a dominating source area (a similar palaeogeography 
existed a/so during deposition oj the Chocholów beds, however, 
the western /and become the most pronounced source area for 
the Podhale Basin). 

It is difficult to reconstruct bathymetry of the Podhale 
Flysch basin based on dinocysts . Lack or very infrequent 
presence of oceanic taxa (i. e. Nematosphaeropsis , lm
pagidinium) suggest a relatively shallow and isolated ba
sin. On the other hand, eutrophic conditions in photic 
zone exclude oceanic taxa inhabiting oligotrophic waters. 
It is likely that the oceanic dinocyst association was re
placed by a dinocyst association (Deflandrea) that bene
fited from increased nutrient accessibility. 

Presence of a high lattitude dinocyst Impagidinium 
velorum, most common in the Ostrysz beds, might sug
gest cooling of the subsurfal water layer. Presence of ex
tremely large Wetzelielloideae which exceed 200 µm of 
cyst length, an indicator of gigantism, ís also typical for 
cool climates. 
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Comparison with Outer Carpathian Oligocene deposits 

Upper Eocene deposits of the Polish Flysch Car
pathians are characterized by rich and diversified dino
cyst assemblages which almost completely disappear at 
the beginning of deposition of the Lower Oligocene 
Menilite beds in the Dukla, Silesian and Skole nappes 
(Bujak in Van Couvering et al., 1981; Gedl , 1999a). In 
the Menilite beds dinocysts are either absent or a 
strongly impoverished dinocyst assemblage composed 
of Wetzeliello ideae and Caligodinium is present. Pa
lynofacies of the Menilite beds, independently of its 
facies , ís composed ofterrestrial plant remains and spo
romorphs. This feature makes it s ímilar to the palynofa
cíes of the Szatlary beds. The latter, however, is never 
as rich in terrestríal plant remains. It contains more nu
merous and diversified dinocysts, except of one locality 
of the Szaflary beds (at Szaflary; see Gedl, in press) 
where palynofacies is identical with that of the Outer 
Carpathian Menilite beds. This suggests palaeoenvi
ronmental conditions favourable for Dinotlagellates in 
the Podhale Basin during Oligocene. 

Similar palynofacies of the Magura Nappe deposits 
was found (P. Gedl, unpubl.) in Oligocene deposits ofthe 
Malcov Forrnation at Leluchów (see Birkenmajer & 
Oszczypko, 1989). A different palynofacies (and pre
sumably also age) ofthe Malcov Formation was found in 
the Nowy Targ area (cf Gedl , 1995b). 

Dinocysts from the Chocholów beds are most similar 
to those from the Krosno beds of the Flysch Carpathians: 
among rare dinocysts, Deflandrea appears as the most 
common taxon. No dinocyst assemblage comparable to 
that ofthe Ostrysz beds was found so far in the Outer Ca
pathians. 
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Newly found marine Oligocene deposits in the Carpathian Foreland 
and its palaeogeographic consequences 
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Abstract: Marine Oligocene deposits are described for the first tíme from the Polish part of Carpathian 
Foreland bellow the Miocene Foredeeps basin. The age of these deposits is documented by dinocysts found 
in their lower part. Presence of marine deposits relatively close to the Outer Carpathians Flysch basins 
throwes some new light on a palaeogeography of the Carpathian northern edge. Comparison of dinocysts 
from boreholes in Carpathian Foreland with the ones ofthe coeval Outer Carpathians deposits suggest lack of 
communication between these two marine basins. 

Key words: Oligocene,Carpathian Foreland, Outer Flysch Carpathian basins, palaeogeography, dinocysts 

lntroduction 

Rich and very well preserved Oligocene dinocysts 
were found during the palynological investigations of the 
Carpathian Foredeep Miocene deposits near Bilgoraj 
(Fig. 1 ). They were found in lowerrnost part of „Miocene" 
sequence in few boreholes in this area. Oligocene depos
its, up to several meters thick, are developed as brownish 
(in the lower part) and greyish and whitish loose sands 
(upper part), lying disconcordantly on the Cambrian sub
stratum (Fig. 2). Transgressive cong1omerate is often pre
sent in the lowermost part. Oligocene deposits are cov
ered by the Miocene Baranów beds (sensu Ney, 1966) 
developed as Litothamnium sandstones and limestones 
and sandstones with oysters. 

Northern Carpathian margin was belived to have been 
a land since the Laramian phase till the begining of the 
Miocene sedimentation (e. g. Kwiatkowski , 1985; Moryc, 
1985). The find of the marine Oligocene deposits indicate 
that at least once in the Early Oligocene a part of Car
pathians Foreland was flooded by sea (area of the Mio- . 
cene Foredeep). Although these deposits have been found 
in one area only, their original extent must have been 
much larger. Today the marine Oligocene is preserved in 
isolated tectonic grabens, whereas their majority was 
eroded from the uplifted parts. lt is also very likely, that 
some of sandy deposits included among the Miocene 
Baranów beds (especially its lower part: see Ney, 1969) 
are in fact Oligocene deposits. 

Age and palaeoenvironment 

Numerous and well preserved dinocysts trom the 
lower, dark coloured sands allow to determine Oligocene 
age of these deposits. These is based on the presence of 
following taxa: Areoligera? semicirculata, Chiropteri-

dium galea, Chiropteridium lobospinosum, Pentadinium 
laticinctum, Pentadinium lophophorum, Reticu/atos
phaera actinocoronata, Rhombodinium draco, Rhom
bodinium freienwa/densis , Wetzelie//a gochtii and Wetze
/ie//a symmetrica subsp. incisa. 

More precise dating based on known stratigraphic 
ranges of the above mentioned taxa from north-westem 
Europe suggest Rupelian or Rupelian-earliest Chattian 
age of studied deposits (Costa & Down ie, 1976; Costa & 
Manum, 1988; Gradstein et al., 1992; Powell , 1992; Sto
ver & Hardenbol , 1993 ; Sto ver et al., 1996). 

Comparison with the Polish Lowland Oligocene dino
cyst assemblages indicate their Rupelian age. Grabowska 
(1974, 1987, 1996; Grabowska & Wazynska, 1997) dis
tinguished a dinocyst assemblage characteristic for the 
Lower Oligocene deposits of the Polish Lowlands: it is 
dominated by Chiropteridium lobospinosum, and subor
dinarly by following taxa: Chiropteridium partispinatum, 
Membranophoridium aspinatum, Phthanoperidinium 
amoenum, Wetzeliella symmetrica, Dejlandrea phos
phoritica and Rhombodinium draco. Late Ol igocene 
dinocysts described by Grabowska (Ciuk & Grabowska, 
1991) are characterized by much lower diversity and the 
occurrence of such taxa like Dejlandrea phosphoritica, 
Dapsilidinium simplex, Hystrichokolpoma rígaudiae and 
Spiniferites ramosus. Chiropteridium /obospinosum, the 
most frequent taxon in the Lower Oligocene deposits, 
becomes very rare in lower part of the Upper Oligocene, 
and disappears in its upper part (Grabowska, 1996). 

Thus, the newly described marine Oligocene deposits 
can be correlated with epicontinenta1 marine Rupel For
mation and brackish Czempin Formation and/or the ma
rine Upper Mosina Formation of nort-western Poland 
being coeval with the Carpathians Menilite beds (cf. 
Piwocki & Olszewska, 1996). 

Geological Survey o/Slovak Republic, Dionýz Štúr Publishers, Bratislava 2000 ISSN 1335-96X 
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Fig. /. Distribution of Lower O/igo
cene deposits in Po/and (data con
cerning Polish Lowlands after Odr
zywolska-Bienkowska et al., 1978): 
1 - septarian clays; 2 - glauconitic 
sands; 3 - sandy deposits with plani 
debris but without coals; 4 - extent 
oj Carpathian flysch basins; 5 -
Oligocene deposits oj Carpathian 
joredeep basin; 6 - recent tectonic 
border oj Flysch Carpathians. 

lnvestigated deposits are characterized by two different 
palynofacies reflecting various palaeoenvironmental con
ditions. Lower, dark coloured part contains dinocysts 
whereas the upper one contains much less organic matter 
which is often composed of black opaque phytoclasts and 
resin remains only. Rare sporomorphs and sporadic dino
cysts are also present in the latter. Diversifíed dinocyst 
assemblage from the lower part of the sequence indicate 
marine conditions of relatively shallow and near shore 
basin. Dinocyst disappearance upwards reflects presuma
bly a shallowing trend leading to high-energy, aerobic 
conditions of very near shore environment. Palynofacies 
composition suggests limited terrestrial input into the ba
sin without fresh water supply. 

Palaeogeography 

The newly found Oligocene deposits were located 
approximately 100-120 km from the Oligocene Car
pathian basins edge (if distance of 50-75 km between pre
sent day Carpathians tectonic edge and their northem sea 
shore calculated by several authors, e. g. Kotlarczyk 
[ 1986), will be taken into acount). 

1150 lit _ 111 pre-Oligocene substratum 
1 

Dinocyst data suggest the lack of communication 
between these two basins: rich, diversified and very well 
preserved foredeep dinocyst assemblage versus very 
poorly preserved, highly impoverished or absent dino
cysts from Carpathian Menilite beds (Gedl, 1999). Paly
nofacies of the latter is 100 % composed of the terrestríal 
phytoclasts (]and plant tissue remains) and palynomorphs 

Fig. 2. Schematic profile o/ Carpathian Foreland deposits in 
vicinity o/ Bilgoraj. 

1 
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Fig. 3. Schematic reconstruction oj northern edge oj Carpathian bas in during lower Oligocene. 

(mainly bisaccate polien grains), whereas the one of the 
Oligocene Foreland deposits is characterized by domi
nance of black opaque phytoclasts and resin remains with 
relatively frequent dinocysts (in lower part) and sporo
morphs (in upper part). Moreover, no reworked dinocysts 
from the other basin were found so far. Thus, a land bar
rier must have separated these two basins (Fig. 3). Since 
the precise position of southem border ofthe Oligocene 
deposits is not known at the present state of knowledge 
the distance of 100-120 km from the Oligocene Car
pathian basin must be taken as its breadth. 

Palynofacies of the Menilite beds, rich in terrestrial 
plant remains, suggests the presence of river system in the 
southern part of the land barrier mounting into the flysch 
basin, leading to partial salinity decrease and eutrophica
tion in subsurfal water layer (Gedl, 1999). No major river 
system was present on the nothern slopes of the land bar
rier resulting in normal salinity ofthe Oligocene Foreland 
basin. 
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Lithostratigraphic and facies division of the Flysch units, Outer Western 
Carpathians (northern Orava, Slovakia) 

DANIEL PIVKO 
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Mlynská dolina, 842 15 Bratislava 

Abstract. The lithostratigraphic units were defined via six facies types which repeated in various formations 
and members. The facies types reflect not only type of deposition (turbiditic, hemipelagic), type of sediment 
(thickness, granularity, structures) expressed by descriptive facies, but also the differences of the source of 
turbidite currents (e.g. composition and sorting of sediments, paleocurrent measurements). 

Key words: Flysch Belt, lithostratigraphy, facies types, Cretaceous - Paleogene 

In trod ucti on 

The area studied is situated in the Magura Unit of the 
Flysch Belt around Pilsko mountain on the Slovakian
Polish frontier. The area is built of several tectonic slices 
ofthe Rača and the Bystrica subunits (Fíg. 1). 

Many lithologícal types of sandstones and claystones 
repeated in a few lithostratigraphic units and tectoníc 
slices. The lithostratigraphic members and formations are 
composed of turbidites of various origín. Therefore, it is 
useful to define the facies types and then to state theír 
portíon in every lithostratigraphic unit. lt helps in better 
characterization of the formations and members to deter
mine their depositional environment. The facies types are 
well characterized by comrnon descriptive facies of tur
bidite sediment (Pickering et al. 1986). 

The facies types include the features of descriptive 
facies, but their description is more actual. The facies 
types also reflect the differences of the source of turbidite 
currents. Therefore the important marks are added, which 
describe character of the source area: composition of 
sandstones, conglomerates and claystones, paleocurrent 
measurements, sorting of sandstones, roundness of clasts 
and distribution of granularity. 

The usage of facies types was outlined in earlier 
works only. For example, it is written of sandstones of the 
Magura type, of the mudstones of both the Lacko or the 
Bystrica types. The use of the same names of the facies 
types as the names of the lithostratigraphic units is rather 
intranspare.nt and confusable because of their mistaking 
(e.g. Pivko et al. 1991). 

The facies types were used by Potfaj et al. ( 1991 ). The 
names were combined either after formations either after 
type of sediment what is not suitable resolution. In the 
studied area we chose the names, which reflect the most 
simple their rocky composition, characteristic feature 
easily distintive in the field . The abbreviations were 
added to the facies types. 

The schematic lithostratigraphic sections (Fig. 2) for 
every tectonic slice were arranged. From them the sumrnary 
stratigraphic table (Fig. 3) and the table with proportional 
content of the facies types in the lithostratigraphic units 
(Fíg. 4) were created. 

Facies types 

Massive sandstones (MaSa) 

The facies type is composed of mostly very thick - to 
thick-bedded massive sandstones (up to 4 m) with thin 
layers of claystones. The sandstone beds are often amal
gamated. The most comrnon is interval S3 (Lowe 1982) 
or Ta Bouma interval. Locally the comglomeratic layer 
are present with well rounded granule clasts (max. 15 
mm) consisted of quartz, less feldspars, granitoids, meta
morphids, carbonates. The granule clasts are often dis
tributed to gradation of „coarse-tail„ type (Middleton 
1966), the amount ofthe clasts in sandstone are decreased 
to the top of bed. The Tb-Td Bouma intervals are com
monly imperfectly evolved. Thin Te interval is presented 
by dark grey non-calcareous mudstones to claystones. 

The MaSa facies type is classified by B 1. l , little A2 .7 
and C2 . I, rarely A2 descriptive facies (Pickering et al. 
1986). The massive gravely sandstones and the sand
stones were deposited from high-density turbidity currents 
mostly in distributaries and inner parts of the lobes of 
deep-sea fans (Walker - Mutti 1973, Pickering et al. 
1986, Mutti 1992). The material was transported from NE 
and E. 

Thick-bedded glauconitic tlysch (TkG/) 

The TkGI facies type is created of very thick beds 
composed of calcareous sandstones with glauconite and 
calcareous grey mudstones with shelly disintegration . The 
proportion of sandstones and mudstones are changeable. 
The beds mostly begin with Lowe interval S3 or Bouma 

Ceologica/ Survey oj Slovak Re public, Dionýz Š'túr Publíshers, Bratislava 2000 ISSN l 335-96X 
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Fig. 1: The position of the studied area and the tectonic scheme of surrounding region. Explanation: I - I st to 4th slice of the Rača 
Subunit, 2 - 5th slice ofthe Rača Subunit, 3 - /st slice of the Bystrica Subunit and 4 - 2nd to 5th slice of the Bystrica Subunít. 

Ta, less Tb, rarely Te or Td. The sandstones are often of 
vitreous appearance, very hard, grey (greenish). Ta inter
val are most often homogenous. Locally the conglom
eratic layers sharply separated from sandstones are 
presented with granule imperfectly rounded clasts. The 
clasts are composed of quartz, less epimetamorphids, 
granitoids, feldspars and carbonates. There are also large 
foraminifers there. Tb - Td intervals are distinct. 

The facies type is classified by C2. l and C2.4, less C2.2 
descriptive facies, the conglomeratic and the coarse-grained 
sandstone layers by A2 .3, A2.8 and B2.1 (Pickering et al. 
1986). The TkG/ facies type was deposited from high- to 
low-density turbidite currents on deep-sea fans, especially 
on the inner parts of their !obes, less on distributaries 
(Walker - Mutti 1973, Pickering et al. 1986, Mutti 1992). 
Some very thich beds were probably created by several 
times reflection from sides of a basin (Pickering et al. 
1986). The material was transported from N, NW and NE. 

Medium-bedded limestone flysch (MeLí) 

The facies type is built of mostly medium-bedded 
clayey limestone (Te), less siltstone - limestone (Tde) and 
rarely sandstone - siltstone - limestone beds (Tcde, 
Tbcde, Tabcde). The sandstones are the most often grey 
with well evolved Bouma intervals. Te and partially Td 
interval is represented by grey-green, red, less grey and 
green calcilutite - calcipelite with various portion of clay. 

The Meli facies type is classified by descriptive facies 
E2.l, less 02.1 and little C2 .2 and C2.3 (Pickering et al. 
1986). The material was transported along with axis of 
the basin from NE. 

Thin-bedded green flysch (TnGr) 

The facies type is typical of very thin- to thin- (less 
medium-) bedded altemation of green, greenish sand-

stones, siltstones and green-grey mudstones. The portion 
of sandstone to mudstone is 1 :3 to 2: 1. The beds mostly 
begin ofTc, little Tb or Td, still less Ta Bouma intervals. 

Ta interval is finegrained, less medium- and coarse
grained, rarely conglomeratic (up to 5 mm). The clasts are 
predominantly consisted of quartz and feldspar, less 
quartzites and metamorphítes. The areas of lamination 
(interval Tb, Te) are covered by lamellas of mica and 
chlorite. Sharp transitions are often evolved between 
sandstone and mudstone part of beds. 

The TnGr is classified by C2.3, less 02.1 and 02.2, 
rarely C2. l a B2 descriptive facies. The facies type was 
deposited mainly from low-density turbidite currents. 
Some beds were probably reworked by bottom currents. 
The material was probably transported along with axis of 
the basin from NE and partially from N. 

Thin-bedded trace fossil flysch (TnTF) 

The facies type is created of thin- (medium-) bedded 
altemation of grey calcareous sandstones, siltstones and 
mudstones. The portion of sandstone to mudstone is 2: 1 
to 1 :2. The sandstones (Te, less Tbc) are with distinct 
dark laminae with muscovite and plant debris and with 
trace fossils on the bottom of beds. The transition from 
the sandstones to the siltstones and to mudstones is fluent. 

The facies type belongs mainly to C2.3 descriptive fa
cies. 1t was deposited from low-density turbidity currents 
on the distal parts of deep-sea fans. The material was 
transported along with axis ofthe basin from NE. 

Non-calcareous mudstones (NcMu) 

The facies type consists of non-calcareous claystones 
and mudstones. Grey-greenish colour prevails over dark red 
one. The portion of red and green claystones is changeable. 
Their thickness changes from few mm to 100 cm. 
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The NcMu facies type ís mostly classified by descrip
tive facies E 1 (Pickering et al. 1986). lt was deposited as 
hemipelagic claystone under CCD with posible intluence 
of low-density turbidity and bottom currents (Pickering et 
al. 1986, Leszczynski - Uchman 1991 ). 

Lithostratigraphic units 

The lithostratígraphic units are composed of above de
fined facies types . Biostratigraphy of the units is not dis
cussed in this article. It has been analysed in detail in 
previous works (Pivko et al. 1991 , Pivko 1998, 2000). 

Malinowa Formation (Lower Campanian) 

The NcMu facies type prevails (distinctly in the lower 
part of the forrnation) over the beds of the Meli facies 
types. Red colour predorninates. 

Haluszowa Formation (Upper Campanian - Maas
trichtian) 

The formation is composed of the NcMu facies type, 
which is interrupted by the beds of the Meli facies types. 
The first one prevails in the lower part and the second one 
in the upper part of the formation. In the lower part the 
greygreenish claystones and limestones predominate over 
red ones, which are sporadic in upper part. In the upper 
part ofthe forrnation the MaSa facies type is presented. 

Szczawina Sandstone (Maastrichtian - Rača Subunit, 
Paleocene - Bystrica Subunit) 

In the Szczawina Sandstone the MaSa facies type pre
dominates with large amount of muscovite. lnsíde the 
member the packages of the variegated NcMu facies type 
together with the TnGr facies type with the thickness of a 
few dm to m (max. some tens m) are presented . The 
Szczawina Sandstone in the 3rd slice is more dístal than 
in the 5th slice. 

Ropianka Formation (Maastrichtian - Lower Eocene) 

The Ropíanka Formation is very changeable in dif
erent tectonic slices. The predominance of the TnGr and 
NcMu facies types is common feature with prevailing of 
grey-green colour, less the TnTF, TkG/ and MaSa facies 
types. In the 2nd and the 3rd slice there are coarse and 
medium-graíned sandstones (TnGr) with quartz and feld
spars. In the 5th slice, the Ropianka Formation has indi
vídua] features (Fig. 2) with the lower part similar to 
Labowa Formation. 

161 

Labowa Formation (Upper Paleocene - Lower Eocene) 

In the Labowa Forrnatíon the NcMu facies type (with 
predomination of red colour) prevails over the TnGr and 
TnTF facies types. The beds of TkG/ and MaSa facies 
type are also present. The formation is changeable in the 
various slíces. 

Beloveža Formation (Lower Eocene) 

In the Beloveža Fonnation the TnTF facies type pre
dominates over NcMu (mainly of greygreenish colour). 
Generally calcareous mudstones prevail over non-calca
reous ones. The red non-calcareous mudstones (NcMu) are 
found especially in the lower part of the formation, where 
are sporadic beds of the MaSa, TkG/ and TnGr facies types. 

Osielec Sandstone (Middle Eocene) 

The Osielec Sandstone is almost exclusively created 
by the TkG/ facies type, in which the sandstones with rare 
conglomeratic layers prevail over mudstones. The TnTF, 
MaSa and NcMu facies types are sporadic. 

Hieroglyphic Member (Middle Eocene) 

In the Hieroglyphic Member the TnTF facies type 
generally prevails over the TkGl facies type, that created 
single beds or sets of beds in the first type. Between the 
beds very thin layers of NcMu facies type are present. The 
sandstone parts of beds totally predominate over mud
stone parts, where non-calcareous (NcMu) mudstones 
prevail over calcareous ones (TnTF and TkG{). Beds of 
the MaSa facies type are very sporadic. 

Vychylovka Formation (Middle Eocene) 

The Vychylovka formation can be characterized as a 
transitional development between both the Beloveža and 
the Zlín formations, because the facies types typical for 
both them are mixed here. The Vychylovka formation. 
fonnation is composed ofthree basic facies types: 

1. TnTF. To the top ofthe fonnation the proportion of 
the type is decreasing and the thickness of beds of the 
type increases. 

2. TkG/ with predomination of mudstones. To the top 
of the formation, the thickness of the beds of the type in
creases. The facies type is present in single beds of the 
whole formation. 

3. MaSa. The beds of the type are present especially 
in 4th and 5th slice. 

Between the beds of the previous facies types (espec. 
of TnTF) thin layers of facies type NcMu are present. 

Fig. 2: The lithostratigraphic sections through the slices of the Rača and the Bystrica subunits. Explanation: a) hemipelagic varie
gated mudstones (NcMu), b) hemipelagic greengrey mudstones (NcMu). c) thin- (medium-) bedded turbidites (ľnTF and TnGr), d) 
medium-lthin-bedded turbidites (limestones>sandstones, Meli) , e) thick- (medium-) bedded turbidites (mudstones>sandstones, 
TkGl) ,j) thick- (med/um-) bedded turbidites (sandstones >mudstones, TkGl,MaSa), g) massive sandstones (sandstones>>mudstones, 
MaSa) , h) conglomeratic layers, i) unknown and supposed bed succesion. I - Malinowa Formation, 2 - Haluszowa Forma/ion, 3 -
Szczawina Sandstone. 4 - Ropiank.a Forma/ion, 5 - Labowa Forma/ion, 6 - Beloveža Forma/ion, 7 - Osielec Sandstone, 8 - Hiero
glyphic Member, 9 - Vychylovka Formalions, 10 - Bystrica Member, 11 - Kýéera Member and 12 - Malcov Forma/ion. 
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Fig. 4: The proportion of the facies types in the lithoslratigraphic units (the names on Fig. 3). Facies types: TkGI - thick-bedded 
glauconilic jlysch, Meli - medium-bedded Ii mest one jlysch, TnGr -thin-bedded green jlysch, TnTF - thin-bedded /race fossil jlysch 
and NcMu - non-calcareous mudstones. 
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Zlín Formation - Bystrica Member (Middle Eocene) 

The Bystrica Member is predominatly built of the 
TkGI facies type with a prevalence of calcareous mud
stones, various portion of the MaSa facies type, little 
presence of the TnTF in lower part of the member and 
subordinate portion ofthe NcMu. 

Zlín Formation - Kýčera Member (Upper Eocene) 

The Kýčera Member is composed of the MaSa facies 
type and less of the TkG/ facies type. In the lower part of 
the member the beds of the TnTF facies type are present. 
The proportion ofthe NcMU facies type is very Iow. 

The portion the MaSa to the TkGI is changeable in 
various slices and also in bed succesion in terms of one 
slice. In the I st slice of the Rača Subunit the packages of 
a few tens meters of the TkGI facies type are present. In 
the 3rd slice of the Rača subunit the MaSa facies type is 
substantial. In the I st slice of the Bystrica subunit the 
beds of the TkGI facies type are sporadic present, espe
cially in the lower part by calcareous mudstones. In the 
5th slice of the Bystrica subunit the MaSa facies type 
generally predominates, but in some part of the section 
the TkGI facies type (mainly mudstones) outweighes. 

Malcov Formation (Upper Eocene) 

The formation is built of the TnTF facies type alter
nating with the NcMu facies type of greenishgrey colour 
and Jess proportion of the MaSa facies type diminishing 
to the top ofthe formation . Mudstones (TnTF and NcMu) 
prevail over sandstones (TnTF) . 

Conclusion 

The geological structure of the area studied near 
Pilsko mountain in the northem Orava is very compli
cated. It is built of five tectonic slices of the Rača Subunit 
and five slices of the Bystrica Subunit. Each slice is 
created of different líthostratigraphical section (Fig. 2) 
with characteristic lithostratigraphic units (Fig. 3). The 
lithostratigraphic units were defined by six facies types 
which were repeated in various formations and members. 

Slovak Geol. Mag. , 6, 2-3(2000), 158- 164 

The facies types retlect not the type of deposition 
(turbiditic, hemipelagic) only, the type of sediment 
(thickness, granularity, structures) expressed by descrip
tive facies, but also the differences of the source of turbi
dite currents (e.g. composition and sorting of sediments, 
paleocurrent measurements) . 

Defined facies types were recognized in the major part 
of the sequence studied. However, transitional features 
between indivídua! facies have been recorded. This tran
sitions may have originated by repetitive erosion and 
transport of older sediments or by gradual passage be
tween indivídua! genetic zones. 

The definition of the lithostratigraphic units via faci es 
types is contribution to more evolved understanding of 
paleogeographic and paleotectonic regime oftlysh basins. 
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Provenance of tourmalines from the Kanina Beds 
(Magura Nappe, Polish Flysch Carpathians) 

DOROTA SALATA 1 & NESTOR OSZCZYPK02 

Institute of Geological Sciences, the Jagiellonian University,Oleandry st. 2a, 30-063 Krakow. 
1agat t ing.uj .edu.pl, 2Nestor@ing.uj .edu.pl 

Abstract. The composition of tourmalines which occur in sandstones of the Kani na beds (Bystrica Subunit of 
the Magura Nappe, Polish Flysch Carpathians) was studied. SEM-EDS analyses have revealed that all studied 
tourmalines belong to the schorl-dravite series. Diagrams exhibiting Al, Fe, Mg and Ca molecular proportions 
indicate that tourmalines originate from various kínds of granitoids and metapelites. 

Key words: Magura Nappe, Kanina beds, tourmalines, source rocks. 

Geological setting 

The studied area is situated on the southern rím of the 
Msz.ana Dolna tectonic window and stratigraphically 
belongs to the Bystrica Subunit of the Magura Nappe 
(Polish Flysch Carpathians) (Fíg. 1 a, b ). The investigated 
Kanina beds (Campanian), exposed in the Koninki Stream, 
are the lower member of the Senonian-Palaeocene turbidite 
deposits. They are composed ofthin-bedded turbidites with 
intercalations of turbidite limestones (Oszczypko et al., 
1999). The Kanina beds overlay the Malinowa shales and 
are followed by the Szcz.awina sandstones. 

Sampling 

Three samples were investigated from sandstones 
intercalating shales and turbidite limestones from the 
Kanina beds. 

Sample 2/97 was collected from thick bedded sand
stone which revealed palaeotransport from NW whereas 
sample 4/97 from sandstone derived from the S (Fíg. 2). 
Sample 6/97 (not marked in the Fíg. 2) was collected 
from sandstone occur in the Kanina beds although palae
onthological investigations determined its age as Palaeo- · 
cene ofthe Grybów Unit. 

Analytical techniques 

Analyses were carried out on the detrítal grains of 
tourmalines as well as in polished sections of the heavy 
fraction . SEM-EDS investigations were performed using 
a standard less analyses using a JEOL-JSM-54 10 Pioneer 
microscope fitted with a Noran Voyager 3100 spec
trometer. Analysed points were located in centres as well 
as in the ríms of tourmaline crystals. Boron amounts were 
calculated assuming 3 boron atoms in the structural for
mula and that total amount of Fe is present as FeO. Since 
the amount of B20 3 and H20 is not known the structural 
formula was calculated on the basis of24,5 oxygens. 

Tourmaline composition 

Tourmaline is one of dominating minerals in heavy 
mínera! fraction in which, zircon, gamet, rutile and spo
radically apatite and staurolite, are also present. 
Tounnaline grains are unzoned or slightly zoned and dis
play pleochroic colours from dark-greenish brown to 
brownish yellow. 

The analyses have revealed narrow compositional 
variability of investigated tourmalines (Fíg. 3, Tab. 1 ). 
They generally belong the schorl-dravite series although 
they display a difference in Mg/Fe proportions: tourma
Iines of sample 4/97 in comparison to tourmalines of 
sample 2/97 are slightly enriched in Fe (Fíg. 3). 

Tab. / . Representative composition oj tourmalines 
ofthe Kanina beds 

No ofsample 4/97 2/97 6/97 

~ 3.000 3.000 . 3„000 
Si 6.083 6.096 6.011 
AIT 
TTotal · 6.083 6.096 . 6.0ll 
Alz 5.913 6.000 5.716 
Fez 0.087 0.284 
Z Tótal 6.QOO 6.000 . 6.0()0 ' 
Alv 0.428 
Ti 0.061 0.093 0.165 
Fe 1.745 0.716 0.848 
Mg 1.059 1.362 1.3 14 
Cr 0.009 
Mn 0.005 
v O.O! 1 
Y Total 2.879 2.599 3.000 
Ca 0.171 0.083 0.048 
Na 0.438 0.596 0.614 
K 0.018 0.006 
Mg 0.043 
X Tótal 0.627 0.679 0.711 
Because of standard less analyses the precise 
amount of oxides cannot be determined 
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Fíg. la, b Location of the investígated area. 
Fig. 2 Líthologícal log of the Magura nappe in the Koninki Stream. 1. red shales, 2. turbidíte limestones, 3. turbidite mar/s, 
4. hornstones, 5. thin to medium turbidítes, 6. sandstones, 7. greyish and greenish shales, 8. numbers of samples. 

The tounnalines of samples: 2/97 and 4/97 display X
as well as Y-site vacancies. X-site vacancy value varies 
along the range of 0.20-0.50apfu (atom per fonnula unit) 
while the Y-site vacancy varies from 0.03 to 0.55apfu. In 
comparison to tounnalines from sample 2/97 the one from 
sample 4/97 have generally higher Fe amount. lt is 
underlined by the Fe/Fe+Mg ratio which reveals: 0,34-
0.45apfu in sample 2/97 and 0,38-0,76apfu in sample 4/97. 
Besides, Ti, Mn and locally Cr and K are also present. 

In contrast to described above samples in the tounna
lines from sample 6/97 the Y-vac. value is much lower and 
reveals 0-0.24apfu, while the X-vac. varies from 0.13 to 
0.44apfu. The Fe/Fe+Mg ratio reaches 0.37-0.67apfu. In 
relation to samples: 2/97 and 4/97 they display generally 
lower Al amount (Tab. 1 ). Besides, Ti, Cr, K and V are also 
present. 

The composition of tounnalines on the: Al-Fe(tot)-Mg 
and the Ca-Fe(tot)-Mg diagrams locate generally in fields 
describing different kinds of granitoids and metasediments 
(Fig. 4, Fig. 5). 

Conclusions 

The analyses of tourmaline grains indicate that they 
derive from different types of source rocks. Tourmalines 
from the Palaeocene sandstones (6/97) and tourmalines 
from the sample 2/97 (Campanian sandstones) seem to 
originate from various types of metasediments while 
tourmalines of the sample 4/97, which also was collected 
from the Campanian sandstones, seem to be of granitoid ie 
as well as of metamorphic derivation. 

The exotic pebbles granitoids, micropegmatites, 
gneisses, and various kinds of micaschists as we ll as 
sedimentary rocks which were found in sandstones and 
conglomerates occurring in the Magura Nappe (Unrug, 
1968, Krysowska-lwaszkiewicz & Unrug, 1967) seem to 
confirm the existence of source rocks determined on the 
basis oftourmaline composition . 

Acknowledgement. The investigations were financially sup
ported by the State Cowmittee for Scientific Research (KBN), 
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Fig. 3 The composition oftourmalinesfrom the Konina sandstones: 2197 (0), 4/97 (O), 6/97 (O) . 
Fíg. 4 AI-Fe(tot)-Mg diagram o/ points analysed in lourmalines (symbols of samples as in the Fig. ]): 1. Li-rich granitoid pegmatiles 
and aplites, 2. Li-poor graniloids and associated pegmatites and aplites, 3. Fe TJ-rich quartz tourmalin:e rocks (hydrotermally altered 
granites) , 4. Metapelites and metapsammites coexisting with an Al-saturating phase, 5. Metapelites and metapsammites no/ coexisting 
with an Al-saturaling phase, 6. Fe' 3-rich quartz-tourmaline rocks, calc-silicate rocks, and metapeliles, 7. low-Ca metaultramafics and 
Cr, V-rich metasediments, 8. Metacarbonates and meta-pyroxenites (Henry & Guidotti, 1985). 

Fig. 5 Ca-Fe(tot)-Mg diagram o/ analysed points (symbols of samples as in the Fig. 1): /. Li-rich granitoid pegmatites and aplites, 2. Li
poor granitoids and associated pegmatites and aplites, 3. Ca-rich melapelites, metapsammites, and calc-silicate rocks, 4. Ca-poor 
metapelites, metapsammile and quartz-tourmaline rocks, 5. Metacarbonale, 6. Metaultramafics (Henry & Guidotti, /985) . 
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Eocene fish fauna from the Menilite Beds (Huty Formation) of the Central 
Carpathian Paleogene Basin (Orava region, NW Slovakia). 

BARBARA CHALUPOVÁ 

Geological Institute, Slovak Academy of Sciences, Dúbravská cesta 9, 842 28, Bratislava, Slovak Republic 

Abstract: The Paleogene fishes belonging to the genus Clupea, Trachinus Alosa, Serranus and Lepi
dopus were identified in the Menilite Beds ofthe Huty Formation. Deep-water (mesopelagial) type of 
the fishes were found in the Pribisko Brook and slide area near Zuberec, the littoral type of fishes in 
the Blatná Valley - Záskalie. Determined fish remnants confinn deep sea condision during the deposi
tion of the Menilite claystone layers (up to 2000 m depth), as well as paleoecological and paleocli
matological character ofthe sedimentary environment belonging to temperate up to tropical zone. 

Key words: Palaeogene, Eocene and Oligocene, fish fauna, Menilite Beds, Huty Fonnation, Centra! 
Carpathian Paleogene Basin 

Introduction 

The Menilite Beds provide rich population of fish fos
sils, which were investigated mainly in Polish part of the 
outer Carpathians tlysh belt (Gregorová, 1988). There were 
only one studies coming from last century (Mojsisowicz, 
1867) which described fish scales (Amphisele, Meletta, 
Lepidopites) from the Centra) Carpathian Paleogene Basin 
,,amphisile" shale - later described as the Huty Fm. (Hesek, 
1978). The fish association mentioned above is typical for 
the deepwater Paleogene turbidites and the Menilite Beds 
(Jerzmaňska, 1968). In the area studied (Fig. 1 ), the Menil
ite Beds outcrops in a zone reaching in some places wide of 
more than I km. The beds are declined to the north (Gross 
et al. , 1993). 

The fossil materials was selected from three localities 
- Pribisko Brook, slide area by Zuberec and Brook in 
Blatná Valley - Záskalie. 

There are the same type of sediments (the menilite 
claystones) on all localitied studied. 

Characteristics of the Huty Formation 

The Paleogene sedimentation in the Centra! Carpathian 
Paleogene Basin started by deposition ofthe Borovce Fm. 
The environment was shallow water with warm and good 
aerated conditions favorable for faunal and tloral associa
tions development. 

During the Jlirian tectonic phase (Dovina et al. , 1990) 
the sedimentary environment wrui tum over into pelagic 
deep-water sedimantion of calcareous claystone of the 
Huty Fm. The Huty Fm. consist of calcareous claystones, 
sandstones, fine-grained conglomerates and pelocarbon
ate lenses, rarely with layers of turbidites and claystones 
ofthe Menilite Beds as was defined by Gross (1984). The 
coal substance is common in claystones and sandstones. 

The dominant structural component of claystones is clay 
of very complicated mineralogy composite with three 
dominant group: montmorillonite, olite and kaolinite 
(Gross et al. , 1993). Usually, very hard silicified layers 
contain dark brown to black no calcareous, rarely weakly 
calcareous claystones with high content of the manganese 
and organic matter. The layers ofthe Menilite Beds decay 
on very firm and slim tables (50 x 50 cm). The thickness 
of claystones layers is variable, it reach from 5 to IO m. 
On the surface they form large lenses covering the areas 
since several tens to hundred m2

• 

The age of the Huty Fm. was deterrnined as Lower 
and Middle Priabonian on the base of the microfauna, 
palinomorfs, nannoplankton and large foraminifers 
(Dovina et al. , 1990). In claystones of the Menilite Beds 
are many fish scales (max. 1,5 x 0,9 cm) as well as no 
complete bad preserved fish bone were documented. Only 

Fíg. / Situation oj studied localities 

• 
TVROOtlN 
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one complete fish body was found. The population inves
tigated belong to the Teleostei fish, Clupeiformes and 
Perciformes orders. There were also common ostracods 
occurring among studied fish associations. 

Systematics 

Infra class Teleostei 
Superorder Clupeomorpha 
Order Clupeiformes 
Suborder C/upeoidei 
Family Clupeidae BONAPARTE, 1831 
Genus Clupea LCNNÉ, 1758 

Clupea sardinites HECKEL, J 850 
Fíg. 2 

Materials: Two no complete fishes; the first one with the 
tail, the second one with no complete body; as well as fur
ther two tails and many remnants of bones and cycloid 
scales. 
Dimensions: No complete fish with the tail : L (long)-6,4 
cm, H (height)- I cm, the length of the tail is 2,3 cm; no 
complete fish without the tail : L-1,6 cm, H-0, 7 cm; the 
tails: L-2,2 cm and 2,4 cm and the size of the scales is 1,5 
x 0,9 cm in average. 
Description: The fish body is prolate and on the trans
verse section is oval with abdomen keel. The lower jaw
bone is less long as upper jaw-bone. lt have a big eyes. 
The dorsal fin is short, it consist of 17-20 rays which are 
relatively high. The tail fin is cut out deeply having the 
shape ofthe letter „V,,. The pelvic fins begin in the mid
dle of the fish body. C/upea sardinites have expressive 
separate big cycloid scales. The greatness of the body 
reach up to 36 cm. 
Thorax vertebras: relatively short with long narrow neu
ral prominences, strongly lean to back. The ribs are long 
and narrow. 
Tail vertebras: short, relatively with thin long dorsal and 
ventral prominences. The body of vertebras are relatively 
short, their middle zones is not expressive narrow. 
Caudalis: consist of relatively big no ramify rays 
(average 6-7) situated in the border part of the tail. There 
are 6-8 ramify rays in the middle part ofthe tail. 
Sca/es: big, oval and cycloid shape with 4-6 drains on its 
both sides; the first drains are longer. 
Paleoecology: The fish are social, herd living in open sea 
water, usually in 250 m depth. 
Stratigraphic range: Eocene - Pleistocene ofthe Europe. 
Occurrence: Pribisko Brook, Zuberec - slide area, Blatná 
Valley - Záskalie. 

Family Clupeidae BONAPARTE, 183 1 
Genus A/osa LINCK, 1790 

A/osa sp. 
Fig. 3 

Material: One complete fish with destroyed head. 
Dimensions: L - 2, 1 cm, H - 0,3 cm; length of the tail -
0,5 cm. 
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Description: The fish body is prolate with big head part 
showing the abdomen keel in its transverse section of the 
oval body. There are big eyes and broad mouth on the 
head. The lower jaw-bone is less long as upper jaw-bone. 
The dorsal fin is high and short, begining before the pel
vic fins . lt consist of 15-17 rays. The pelvic fins are short 
( 6-7 rays ). The tail fin is deep ly cut out in shape „V". It 
have the cycloid scales, it !ose them easily. The greatness 
ofthe body is different, it reach 75 cm in length. 
Thorax vertebras: relatively short with long narrow neural 
prominences (21 vertebras are visible ). 
Tail vertebras: relatively short, with thin mediurn long 
dorsal and ventral prominences. 
Caudalis: consist of the big no ramify rays (average 6-7) 
situated in the border part of the tail. Seven to eight ram
ify rays are in its middle part. 
Pectoralis: it is a triangle shaped with 8-9 rays approxi
mately. 
Scales: big, oval and cycloid shape with 4-6 drains on the 
both sides ofthe scales; there are tiny points in their centre. 
Paleoecology: This is social, herd fish living in shallow 
littoral water us well us in the mesopelagial zone. 
Stratigraphic range: Oligocene - Pliocene ofthe Europe. 
Occurrence: Blatná Valley - Záskalie. 

Superorder Acanthopterygii 
Order Perciformes 
Suborder Percoidei 
Family Serranidae RICHARDSON, 1846 
Genus Serranus CUVIER, 1817 

Serranus budensis HECKEL, 1856 
Fíg. 4 

Materia/: One no complete skeleton (without the head 
and with piece oftail). 
Dimensions: Skeleton: L - 4,9 cm, H - 2,4 cm; length of 
the body without the tail is 4,3 cm. 
Description: The fish oval body have high spine. It have 
big eyes, broad mouth and the eyelid thom on the head. 
The dorsal fin is long, it begin behind the head reaching 
nearly the tail ; it have 100-105 hard rays. The anal fin 
have three hard rays and nine soft rays. The pectoral fins 
consist of one hard ray and 5 soft rays. The back of the 
tail is rounded. The total greatness of the body is 13 cm. 
Thorax vertebras: relatively long with short narrow neural 
prominences, gently lean to back. The ribs are long and 
thick. 
Paleoecology: This is social, herd fish living in littoral 
open sea water, into 100 m depth. 
Stratigraphic range: Eocene - Miocene ofthe Europe. 
Occurrence: Blatná Valley - Záskalie. 

Suborder Trachinoidei 
Family Trachinidae RISSO, 1826 
Genus Trachinus LINNE, 1758 

Trachinus minutus Jo ET, 1958 
Fíg. 5 

Material: One no complete fish, without head and taíl. 
Dimensions: L - 4,6 cm and H - 1,5 cm. 
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Thorax vertebras: are long with short 
narrow neural prominences gently 
lean to back. The anal fins are long 
and narrow, wider part of the fins 
joints are touched each other. 
Paleoecology: It is so litary fish, living 
in deep water up to 2000 m. 
Stratigraphic range: Eocene - Mio
cene ofthe Europe. 

Fíg. 2: Reconstruction by Clupea sardinites (HECKEL, 1850) from Pharisat 1991. Occurrence: Zuberec - slide area. 

Suborder Scombridei 
Family Trichiuridae RAFINESQUE, 

1810 
Genus lepidopus GOUAN, 1770 

Lepidopus glarisianus BLAINVILLE, 

1818 
Fíg. 6 

Materials: Ten no complete skele
tons, without the heads and the tails 
and one no complete head with jaw -
bone and two pieces of operculum. 
Dimensions: L (cm): 3,6; 2,2; 6,2; 
1,9; 2,3; 2,6; 2,8 ; 1 ,9; 2,5; 7,4; H 
(cm): 2,0; 1,7; 1,6; 0,9 ; 1,1; 1,0; 1,0; 
1,3; 0,9; 1,0. 

Fíg. 5 : Reconstruction by Trachinus minutus (JONET, 1958) from Pharisat 1991. 

The upper jaw - bone is long 1,3 cm, 
the lower jaw - bone is long 1,9 cm. 
Description: The fish body is prolate 
and fillete without the scales. On the 
vertical head section, shallow climb
ing from the snout to the border of the 
eyes is visible and than it is gradually 
steeping to beginning of the dorsal 
fin . The long head is approximately 
1/7 of the body length. L. glarisianus 
have a final snout, broad mouth and 
the lower jaw - bone is longer than 
the upper jaw - bone. There are a 
strong teeth on the lower jaw - bone. 
The dorsal fin is long, beginning be
hind ofthe head and is reach nearly to 
the tail. It consist of 100-105 hard 
rays. The anal fin is short, it is situ
ated in the midd le part of the fish 
body, it have 31-36 hard rays rising 
from the skin, there are also 21 -25 
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Fíg. 6: Rcconstruction by Lepidopus glarisianu~ (BLAINVILLE, 1818) f~m Pharisat 1991. 

Description: The fish body is long and low lateral oblate 
with big head and with broad upper mouth. There are big 
eyes situated in the upper part of the head beh ind of them 
three big bony plates occur. The eyelid gills have strong 
spine with poison. T. minutus have a two dorsal fins, the 
first one is short, with six poison rays, the second one is 
very long, with 18-20 soft rays approximately. The anal 
fin is long with 22-23 rays approximately. The pelvic fins 
are situated on the throat. The total greatness of the body 
is 25 cm. 

soft rays. The pelvic fins are small 
„scales" shaped situated under the breast spine. The end 
of the tail is fork shaped. The total greatness of the fish 
body is 2 m. 
Thorax vertebras: are long with less narrow neural 
prominences, strongly leaning to the back. The anal fins 
pterygiophores are short and thick. The rays are long and 
narrow. 
Up per jaw - bone: consist of seven long teeth (0,09 cm). 
Lower jaw - bone: six teeth (O, 1 cm), the first one of 
them is longer (0,2 cm). 



8. Chalupová: Eocenefishfaunafrom the Meni/ite Beds ... 

Operculum: big triangle arched bone with small joint 
head. The crista opercularis is very good preserved on the 
first piece investigated, on the second one it is totally de
stroyed. 
Paleoecology: This is social herd fish living in open wa
ter, in 100-250 m depth, on the continental shelf reaching 
400 m as well as in littoral water too. 
Stratigraphic range: Oligocene - Pliocene ofthe Europe. 
Occurrence: Blatná Valley - Záskalie. 

Conclusions 

Transgression of the Paleogene sea on the emerged 
Sub-Tatric Mesozoic Units in the Orava Region started 
during the Middle Eocene. The sea-level rise influenced 
essentially the changes of the sedimentary environment 
and living conditions of the fish fauna. The fish associa
tion investigated on the localities near Zuberec village 
document deep-water conditions (100 - 250 m depth) 
prevailing during the sedimentation ofthe Menilite Beds. 

The fish association preserved on the selected localities 
Pribisko Brook and slide area near Zuberec point out on 
mesopelagial conditions. The scales of the Clupea sar
dínítes were found in all succesion studied. On the other 
hand, the remnants of the skelets of Trachinus mínutus 
were identified in the studied section near Zuberec. The 
fossils fish remnants represented by the Eocene fish spe
cies C/upea sardinites, Serranus bunensís derived from 
locality brook in Blatná Valley - Záskalie indicate littoral 
shallow water conditions prevailing near the coast. Oligo-
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cene fishes lepidopus glarisianus, A/osa sp. are typical 
for open deep-water conditions. On the base of these data 
it is possible to presuppose deepening of the sedimentary 
environment during the Oligocene. 
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Foraminiferal assemblages of the Magura nappe (Polish outer 
Carpathians) and their Paleobathymetrical implications 
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Abstract.The oldest assemblage of agglutinated foraminifera (Late Albian-Cenomanian) represents Plectore
curvoides a/ternans and Bulbobacu/ites prob/ematicus zones, the youngest is the calcareous assemblage of 
the Early Miocene G/oboquadrina dehiscens zone. The mean proportion of agglutinated genera to calcareous 
were calculated for indivídua( lítological units. The assemblages wíth purely agglutinated taxa indícate depo
sitíon below local CCD (pelagic and hemipelagic variegated deposits ofthe Albian-Campanian and Eocene). 
The considerable amount of calcareous taxa points to deposition well above CCD (Eocene/E. Oligocene pe
lagic malrs and Early Miocene marly turbídites). The agglutinated assemblages with minor admixture of cal
careous genera can índicate close proximity of the CCD (most of the Maastrichtian - Early Oligocene 
turbidíte deposits). The sedímentologícal features and foraminiferal assemblages indicate the greatest depth 
(about 3000 m) ofthe Magura basin during Late Albian-Turonían. 

Key words: Biostratígraphy, Foramínífera, Deep-water condítions, Magura basín, Outer Carpathíans 

ln troduction 

The Magura basin was created during Late Jurrasic 
but during the overthrust movements its deposits were 
completely uprooted from their substratum along Upper 
Cretaceous variegated shales. The older deposits are pre
served only locally at the southem margin of the Mszana 
Dolna tectonic window. 

Sedimentation in the Magura basin was characterized 
by unifacation of facies during Albian-Campanian (period 
of pelagic and hemipelagic deposition), fo llowed by 
gradual differentation in the Late Senonian-Paleocene 
connected with the development of turbiditic stage; Eoce
ne was a period of conspicuous facies differentiation and 
diachronous boundaries due to the northward prograda
tion of the fan -lobe system of the Magura Sandstone Fm. 
(Oszczypko, 1992; 1999). 

The biostratigraphical studies of the Magura Nappe 
were carried out in the area of the Beskid iywiecki (BZ) 
in the west, through Beskid Šredni (BSR), Gorce (G), 
Beskid Wyspowy (8 W), Nowy SllCZ area to Beskid 
Slldecki in the east (Fig. 1 ). In these regions four facies
tectonic subunits namely Krynica (Mk), Bystrica (Mb), 
Raca (Mr) and Siary (Ms) are represented. So far, the old
est recognized deposits are Late Albian-Cenomanian in 
age and the youngest Early M iocene. Abo ut 180 fora
miniferal assemblages, whose age and taxonomical com
position were clear, were chosen for taxonomical 
analysis. The majority of the litological units distin
guished in the Polish part of the Magura Nappe were ex
amined in relation to the foramin iferal content. The 
litostratigraphic units used in this paper follow the propo
sition of Oszczypko et al. , ( 1999). 

The ílysch-type deep-water agglutinated foraminifera 
(DWAF) (Kuhnt & Kaminski, 1989) are the main com
ponent of the foraminiferal assemblages. Their abundance 
and diversity vary through tíme and facies , though gener
ally, they are of lower diversity and less numerous than 
equivalent assemblages from the other nappes . The oldest 
assemblages are devoid of calcareous taxa. The calcare
ous benthonic and planktonic foraminifera first appeared 
in the late Senonian . In most cases they are poorly pre
served and represented by single specimens. The calcare
ous taxa are the most numerous in the youngest, marly 
facies as well as in the marly, slump deposits (Fig. 2) . 

The age determinations were based on the index spe
cies and the overall character and composition ofthe fora
miniferal assemblages. Most of the zones proposed 
recently by Olszewska (1997) were recognised in the 
Magura Nappe though some endemism is also observed. 

Paleobathymetric analysis was based on the assump
tion that purely agglutinated foraminifera occurring in the 
non-calcareous sediments indicate deposition well below 
local CCD; agglutinated assemblages with rare calcareous 
taxa (benthonic, planktonic as well as agglutinated with 
calcareous cement) can point to a depth close to CCD; 
mixed assemblages or those wih majority of calcareous 
foraminifera indicate deposition well above local CCD 
(Kennett, 1982). The numbers of genera occurring in all 
analysed samples were counted and divided into two 
groups (agglutinated and calcareous). Then, the mean 
value for each studied lithological unit was calculated. 
The author is aware that presented analysis is not quite 
objective as it d id not consider the number of specimens 
and that the amount of samples for each lithological unit 
used in the calculations was not equal. 
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Fig. 1. Tectonic position of the Magura 
Nappe in Po/and (after Oszczypko et al, 1999, 
símp/ified). 1 - Tatra Mts. & Podha/e flysch, 
2 - Pieniny K/ippen Be/t, 3 - Magura Nappe: 
Mk - Krynica Subunit, Mb - Bystrica 
Subunit, Mr - R.aca Subunit, Ms - Siary Sub
unit, 4 - Grybáw Unit, 5 - Fore-Magura 
Unit, 6 - Si/esían Unit, 7 - Subsi/esian Unit, 
8 - Miocene deposits upon the Carpathians, 
9 - boundaries of lhe Magura subunits, 1 O -
boundaries ofthe Beskidy Ranges. 
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Fig. 2. Foraminiferal assemblages composition (al generic level) and their suggested posilíon in relation to /oca/ CCD against 
símplified litostratigraphy (after Oszczypko el al. , 1999). 

Results 

Exclusively aggl utinated foraminifera l assemblages 
indicating deposition be low local CCD were found in the 
green, spotty, pelagic shales of the Hulina Fm (Late 
Albian-Cenomanian), red hemipelagic shales of the Mali
nowa Fm. (Turonian-Carnapnian), variegated hemi
pelagic shales of the -Labowa Fm. (Early-Middle Eocene) 
and in the variegated shales of the Mniszek Mb 
(Middle/Late Eocene) (Fig. 2). The calcareous forarni 
nifera dominate assemblages from the upper part of the 

pelagic Leluchów Marls (Late Eocene/Early Ol igocene, 
distal marly turbidites of the Malcov Fm. (Early Oligo
cene) and medium to thick-bedded calcareous turbidites 
of the Zawada Fm. (Early Miocene). The considerable 
arnount of planktonic foramin ifera and the character of 
benthonic species suggest deposition above CCD at the 
bathyal depths. The calcareous foraminifera prevail also 
in the reworked assemblages. Such assemblages are more 
often fo und in the upper Midd le and Late Eocene deposits 
(L~cko Marls of the Zeleinikowa Fm, Zernbrzyce Fm). 
The foraminiferal assemblages with dominating aggluti-
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nated taxa and with varied admixture of calcareous ben
tonic and planktonic forarninifera were found in the other 
Late Senonian-Early Oligocene turbidite deposits (Fig. 2) . 
They can suggest close proximity of CCD and if they are 
found altemating with purely agglutinated assernblages, 
local tl uctuation of CCD can be suggested. 

The assernb lages displaying the highest diversity at 
the generic level indicate the most favourab le environ
mental conditions in the basin for the developrnent of 
foraminifera (Malinowa Fm., Szczawnica Fm ., Ropianka 
Beds, Middle Eocene Labowa Sh. Frn. , Leluchów Marls 
and Zawada Fm.). 

An atternt to estimate the real depths of the basin is 
rnuch more difficult task. Sorne global phenomena are 
reflected in the studied sediments but the position of the 
Magura basin within the Western Carpathian dornain at 
NW periphery of the Neothethys Ocean and its indivudual 
evolution are very irnportant factors in the paleoenviron
rnental analysis and conclusions (Oszczypko, 1999). The 
character of sediments and foraminiferal assernblages 
indicate the greatest depth during the sedimentation of the 
oldest deposits. Considering that he Middle Cretaceous 
position of global CCD was quite shallow (less than 3000 
rn), and that through the Late Cretaceous it gradually 
deepened (Kennett, 1982) the depths below 3000 can be 
suggested for the sedirnentation of the Hulina and Mali
nowa formations . During the Paleogene the Magura basin 
rnust have had varied bottom configuration The Eocene 
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variegated shales were deposited in the deepest part ofthe 
Magura basin . Their wide distribution in the Ealy 
Eocene tíme coincided with global sea level rise. The 
sedirnentation of the Leluchów Mar ls reflects global 
drop in CCD at the Eocene/Oligocene boundary to 
about 4500 m, but the position of the local CCD in the 
Magura basin due to its own evolution and configu
ration must have been shallower The Early Miocene 
Zawada Frn developed in the open marine conditions 
probably at upper bathyal depths . 
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Oligocene paleogeography and nannofossil paleoecology 
of the Magura Basin (Western Carpathianns) 
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Abstract: As a result of the Priabonian folding in the southem part of the Magura Basin (Krynica and 
Bystrica subunits), a kind of submerged plateau was formed which divided the Magura Basin from the fore
arc Podhale flysch basin . After the deposition of the Globigerina Marls and their equivalents (Priabonian/ 
Early Rupelian) the Oligocene deposition in the Magura Basin was dorninated by two distinctive litofacies. 
The Krynica, Bystrica and partly Rača zones were occupied by Menilite Shales and followed by Malcov 
lithofacies, whereas in the Siary, there was a deposition ofthick-bedded glauconite sandstones and marls. 

Key words: paleogeography, paleoecology, nannofossil , Oligocene, Magura Basin 

l ntroduction 

The Eocene paleogeography of the Magura Basin was 
controlled by the SE source area as well as by the pro
gressive growth of the Magura accretionary prism. This 
caused a subsidence and a northward migration of depo
centers, which was characterised by the progradatíon of 
the fan-lobe system of the Magura Sandstone Fm 
(Oszczypko, 1992). During Late Eocene there was a dis
tinct change in paleogeography in the Outer Carpathian 
Basin. Thís was caused by a global and regional condi
tions. The global changes were related to a I OOO rn drop 
in CCD and a 100 m fall of the sea level (Van Couvering 
et al., 1981 ). The regional changes were controlled by a 
southward subduction of the thinned crust of the Magura 
Basin beneath the Pieniny Klippen Belt/ Centra] Car
pathian Block. This was accompanied by the cessation of 
the South Magura source areas and a submarine folding 
of the southem part of the Magura Basin (Krynica and 
Bystrica subunits). This part of the basin, together with 
Pieniny Klippen Belt, formed a kind of submerged pla
teau which divided the Magura Basin from the fore-arc 
Podhale flysch basin. 

Paleogeography 

In the Pieniny Klippen Belt and southem part of the 
Magura Basin the transition from variegated shales with 
Reticulophragmium amplectens (Magura Fm.) to Subme
nilite Globigerina Marls (SGM) of the Malcov Fm reveal 
a Priabonian change in paleogeography. In the Leluchów 
section SGM are represented by green marly shales and 
soft, red and green marls up to 4 metres thick 
(Birkenmajer & Oszczypko, 1989). The rate of sedimen
tation of the green shales (NP 19-20) is 2,4 m/ma1, 
whereas the rate of sedimentation of the red and green 

1 the rates of sedimentation without baekstripping 

marls is 1,5 m/ma (NP 21-22). Such low rates of sedi
mentation indicate a very low subsidence in the southern 
part of the Magura Basin during Late Eocene through to 
Early Oligocene. In the Leluchów section SGM are cov
ered by a 19 m of dark Menilite-like shales (NP 23, 
Oszczypko-Clowes, 1998). The lowennost portion of this 
member reveal a marly development with a few tuffite 
intercalations and a thin (2-5 cm) intercalation of hom
stones at the top. The upper portion ofthe Menilite Shales 
belongs to black noncalcareous, bituminous shales with a 
few layers of coarse-grained, thick-bedded sandstone. The 
uppermost part of this section is represented by 25 metres 
ofmassive thick-bedded sandstones, passing upwards into 
thin-bedded turbid ites of the Malcov Fm. The rate of 
sedimentation of the Menilite Shales reaches 8 m/ma. 
Similar profiles of the Menilite Shales are also known in 
many localities from the Krynica zone in Eastem Slovakia 
(Leško & Samuel, 1968). 

In the Rača zone the Priabonian and Early Oligocene 
are represented by thick-bedded sandstones ofthe Magura 
Fm, derived from SE and E. The deposition was re lated to 
the terminal stage of the Magura Sandstone fan develop
ment. The rate of sedimentation varies from 162 m/ma 
during the Late Eocene (NP 18-NP21) to at least 177 
m/ma in the Early Oligocene (NP23). 

During Early Oligocene the northern part of the 
Magura Basin (Siary zone) was occupied by the deposi
tion of the glauconite sandstones of the Wcttkowa Beds 
(Oszczypko-Clowes, 1999).These sandstones are under
lain by variegated shales of the tabowa Fm (Lower-Up
per Eocene) and by thin-bedded turbidites and marls 
belonging to the Sub-Magura Beds (NP 19/20 to NP2 l). 
The thickness of these beds varies from a few metres up 
150 m. The Wcttkowa Sandstone is composed of thick
bedded glauconitic, medium to very coarse-grained sand
stones with sporadic intercalations of dark turbiditic marls 
up to a few meters in thickness. The thickness of the 
W<\_tkowa Sandstone varies from 600 m (W) to 1200 m in 
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' -----±=::::::;:~~K~ra~k~ów~::::::;tq =:::=::::=::!!.~~~1150' Outer Carpathians (partly after Ksiqžkiewicz, r 1962) 
1-emerged /and, a - islandJ·, 2 - Iii/oral facies, 3 -
shelf and slope facies; basinal facies: 4 - bitou
minow,· shales, 5 - thin and medium-bedded 
turbidites, 6 - síliciclastic-carbonale /urbidíles, 7 -
thick-bedded glaukonilíc turbídítes, 8 - thick-bedded 
turbidites, 9 - delta, IO - shore line, I 1 - paleo
currenl direclion, 12 - zero line o/ Viese's vectors, 13 
- tectonic margins, 14 - present-day front o/ the 
Carpathians, 15 -northen limit of Silesian (S), Dukla 
(D), Fare-Magura (PM), Magura (M) and Pieniny 
Klippen Bell (P) fac ies. Lthostratigraphic sub
divisions: 1 - Menilile Shales, 2 - Kliwa, Magdalena 
and Gródec sandstones, 3 - Cergowa Sandstones, 4 -
Sub-Grybów Mar/s, Grybów Shales and Dulqbka 
Beds, 5 - Wqtkowa Sandstone, 6 - Budzów Beds, 7-
Magura Fm., 8 - Malcov Fm., Szajfary and 
Zakopane Beds. 

9 / 10 / 11 

· the-Mafastów section (E). These sandstones revealed 
the paleotransport direction from the NE. The rate of 
sedimentation varies from 31 to 240 m/ma from west to 
east, respectively. At that tíme the Fore-Magura 
sedimentary area (Grybów and Jaslo subbasins) was 
occupied by the deposition of turbidite marls, whereas the 
remainder of the Outer Carpathian Basin was dominated 
by black shales of Menílite Beds, with intercalations of 
quartz-rich Kliwa sandstones. In the Dukla and Silesian 
sedimentary areas clastic material was transported from 
the SW and W, which is the opposite direction than in the 
Magura Basin. This suggests that the Magura and Dukla
Silesian areas were divided by the uplifted Silesian ridge 
(Fíg. 1, see also Ksi<l_zkiewicz. , 1962, Leszczyŕlski , 1997). 

The Late Oligocene deposition in the Magura Basin 
was dominated by Malcov and Budzów (Supra-Magura) 
lithofacies. The Malcov lithofacies occupied the southem 
part of the basin (Krynica, Bystrica (?) and Rača zones), 
whereas Budzów lithofacíes were characteristic for the 
northem part of the basin (Siary zone). The tlat-layíng 
Krosno-like deposits of the Malcov Fm. are represented 
by dark-grey, marly shales with intercalations of thin bed
ded, cross-laminated calcareous sandstones. The rate of 
sedimentation reached at least 21 m/ma and 24 m/ma in 
the Krynica and Rača zones, respectively. In the Siary 
zone the deposition of the Budzów Beds pass upwards 
into the Supra Magura Beds (Budzów Fm), which are tur
biditic marls with intercalations of glauconitic sandstone. 
The thickness of these beds is at least 400 m, whereas the 
rate of sedimentation reached at least 11 O m/ma (NP24). 

During Late Oligocene the sedimentary areas located 
north of the Magura Basin were occupied by the deposi
tion of the Krosno Beds (Fíg. 1 ). 

After the Late Oligocene folding, the Magura Nappe 
was thrust northwards onto the residual Krosno tlysch ba
sin (Oszczypko, 1999), and during Burdigalian its front 
reached the S part of the Silesian bas in . During the course 
ofthe Burdigalian transgress ion, part ofthe Magura Basin 
was tlooded and the sea-way connection with the Vienna 
Basin via Orava was probably established (Oszczypko et 
al. 1999). In the Nowy S<l_cz Basin the Zawada Fm. was 
deposited. These folded deposits are represented by me
dium - to thick-bedded glauconitic sandstones with inter
calations ofthick-bedded marls and they probably overlap 
the Malcov Fm. 

Paleoecology 

The analysis ofnannoplankton assemblages enable the 
possibility to follow the paleoecological changes in the 
Magura Basin through Late Eocene to Oligocene. In 
comparison with middle Eocene the amount of nanno
plankton species in Late Eocene decreases considerably. 
The Early Oligocene is characterised by the lowest 
nannofossil diversity. According to Haq (1973) and Bu
kry ( 1978) this low diversity is associated with a colder 
temperature and vice versa. The assemblages consist 
mostly of medium (e.g. Dictyococcites bisectus, Cyc/i
cargolithus jloridanus, Coccolíthus pelagicus, Cocco
lithus eopelagicus) and cold-water taxa (e.g. Isthmolithus 
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recurvus, Reticulofeneslra ca/lida, Reticulofenestra 
lockerii, Reticulofenestra ornata) whereas tbe amount of 
warm-water taxa (e.g. Discoaster barbadiensis, Disco
aster saipanensis) decreases between Late Eocene and 
Early Oligocene. The last wann-water taxa, Ericsonia 
formosa, became extinct by the end of NP2 l zone. Fur
ther events were also recorded in Zone NP23 . The assem
blage of this zone is characterised by the occurrence of 
Transversopnotis fibula and abundant Reticulofenestra 
ornata. Such an association ís believed to be indicative of 
brackish water and restricted to the Paratethys regíon 
(Nagymarosy & Voronina, 1992). 

This work has been carried out under the finanncial 
support form KBN - grant no 6 P04D 051 15 

References 

Birkenmajer, K. & Oszczypko, N., 1989: Cretaceous and Paleogene 
lithostratigraphic units of the Magura Nappe, Krynica Subunit, 
Carpathians. Ann. Soc. Geol. Polon., 59: 145-181. 

Bukry, D., 1978. Biostratigraphy o f Cenozoic marine sediment by cal
careous nannofossils. Micropaleontol., 9: 93-131. 

Haq, B. U., 1973. Transgressions, climatic change and diversity of cal
careous nannoplankton. Mar. Geol., 15: M25-M30. 

Ksicttkiewicz, M. (Ed.): 1962:Atlas geologiczny Polski, zagadnienia 
stratygraficzno facjalne, Zeszyt 13/12 - kreda i starszy trzecio~d 
w polskich Karpatach zewn~trznych. lnst. Geol. Warszawa. 

Leško, B. & Samuel, O. 1968. Geologia Vychodoslovenskoho Flysu. 
Wydaw. Slov. Akad. Vied. Bratislava pp 245. 

177 

Leszczyóski , S., 1997: Origin of the Sub-Menilite Globogerina Marls 
(Eocene-Oligocene transition) in the Polish Outer Carpathians. 
Ann. Soc.Geol. Polon., 67: 367-427. 

Martini, E., 1971 : Standard Tertiary and Quatemary calcareous nan
noplnakton zonation, 2: 729-785, pls. 1-4. ln: Farinacci A. (Ed.): 
Proc II Planktonic Conf. Roma 1970, Edizioni Tecnoscienza, 
Rome. 

Nagymarosy, A. & Voronina., A., 1992. Calcareous nannoplankton from 
the Lower Maykopian beds (early Oligocene, Union of Independent 
States). In Hamrsmid B. & Young J., eds, Nannoplankton re
search.- Proec. Fourth INA Conf., Prague, 1991 , 187-221 . 

Oszczypko, N., 1992: Late Cretaceous through Paleogene cvolution of 
Magura Basin. Geol. Carpathica, 43, 6, 333-338. 

Oszczypko, N., 1999: From remnant oceanic basin to collision-related 
foreland basin - a tentative history of the Outer Western carpathi
ans .Geol. Carpathica, 50 special issue, 161-163 

Oszczypko, N., Andreyeva-Grigorovich, A. , Malata., E. & Oszczypko
Clowes, M., in print: The Lower Miocene Deposits of the Rača 
Subunit Near Nowy S~cz (Magura Nappe, Polish Outer Carpathi
ans). Geol. Carpathica. 

Oszczypko (Clowes), M., 1996: Calcareous nannoplankton of the Glo
bigerina Marls (Leluchów Marls Member), Magura Nappe, West 
Carpathians. Anna!. Societ. Geol. Polon. , 66, 1-15. 

Oszczypko-Clowes, M., 1998: Late Eocene - Early Oligocene calca
reous nannoplankton and stable isotopes (613 C, 6 18 O) of the 
Globigerina Marls in the Magura Nappe (West Carpathians). 
Slovak Geol. Magazíne, 4, 2, 95-107. 

Oszczypko-Clowes, M., 1999: The Late Eoccne to Early Miocene 
stratigraphy of the Magura nappe (Western Carpayhians, Poland). 
Geol. Carpathica, 50 special issue, 59-62. 

Van Couvcring, J. A. , Aubry, M. P., Bcrggren, W. A., Bujak, J. P., 
Naeser, C. W. & Wieser, T., 1981 . The Tcrminal Eocene Event and 
the Polísh connection. Palaeogeograph., Palacoclimat. , Palaeoecol. , 
36: 32 1-362. 



Slovak Geol. Mag., 6, 2-3(2000), 178- 18/ 

Influence of regional factors on the Late Eocene - Early Oligocene 
palaeogeography of the Northern Carpathians 

STANISLAW L ESZCZYNSKI 

lnslitute of Geological Sciences, Jagiellonian University, ul. Oleandry 2a, 30-063 Krakow, Pol and 

Abstract. Dislribution of lhe Late Eocenc - Early Ol igocene deposits in the orthern Carpathians and their 

facies indicate presence of three distinctive sedimentary realms in the region . The Moldavide flysch basins 

were located in tectonically relatively stable area. Eustasy and climate were there the chief sedimentation 

controls. In contrast, growth and northward migration of accretionary prism were the chief sedimentation 

controls in the Magura basin. The Centra! Carpathians, particularly their northern part underwent growing 

subsidence. The development of the Magura basin and the Centra! Carpathians was driven by a rollback of 

the earlier subduced oceanic slab. The roll back started to intensify at the beginning of Late Eocene. 

Key words: Carpathians, Poland, Paleogene, palaeogeography, sedimentation controls 

ln troduction 

Distribution of the Late Eocene - Early Oligocene 

deposits in the Northern Carpathians and their facies 
indicate notable differentiation of sedimentary con
ditions and palaeogeography in the depositional area. 

Factors responsible for the differentiation are here 
i nterpreted . 

Sediment distribution and facies 

In the Moldavide tecto-facia l units (i.e . the Fore

Magura Group, Silesian, Sub-Silesian and Skole nappes, 

see Sandulescu, 1988), a complete succession of the 

Upper Eocene - Lower Oligocene deposits occurs in the 
entire area (Figs. 1, 2). Background, deep-water deposits 

constitute significant part of the succession . Up to several 

tens of metres thick unit dominated by green noncalcare

ous shales with some admixture of sandstones locally 
(chaotic deposits occur in NE part the Skole Nappe) is 

characteristic of its lower part (lower - middle Upper 

Eocene). These deposits are overlain by a several metres 

thick package commonly dominated by cream-yellow 
and/or yellowish-green marls and calcareous shales rich 

in globigerina (upper Upper Eocene - lowerrnost Oligo

cene). This package passes upwards into a several tens to 

several hundreds meters thick unit called the Menilite 

Beds (basically Lower Oligocene). The predominance of 

dark-coloured fine-grai ned deposits and occurrence of 

cherts are the most characteristic features of this unit. 

Thin- to thick-bedded sandstones occur there locally in 
notable proportion. 

In the Magura Nappe, a continuous succession of the 

Upper Eocene - Lower Oligocene deposits is being 
known first of all from the outermost part of the nappe, 

called the Siary Unit. This succession consists basically of 

sandy and muddy turbidites and attains up to 2000 m in 

thickness (see Bromowicz, 1992). lt represents the Ma
gura Beds. Precise upper chronostratigraphic range of this 

unit is poorly known. Green noncalcareous shales repre
sent there usually the background deposits. They occur 

principally in several millimetres thick laminae underly

ing the turbidite beds. The sandstones display character
istic enrichment in glauconite. 

In other parts of the Magura Nappe, the Upper Eocene 

only is widely distributed. ft is represented by the top part 

of the Magura Formation dominated by thick-bedded tur
bidite sandstones. These sandstones differ from those of 

the Siary Unit by distinctive enrichment in muscovite. 

The sequence attains greatest thickness in the Rača Unit, 

located south of the Siary Unit (see Bromowicz, 1992). 

The topmost part of the Upper Eocene and the Lower 

Oligocene are known only from several places. These 

deposits display some similarities to their chronos

tratigraphic equivalent in the Moldavide units. In the 

Krynica Unit, this success ion rests unconformably on 
older rocks. 

In the Centra! Carpathians, the Upper Eocene - Lower 

Oligocene deposits form a transgressive succession more 

than a I OOO metres thick (see K~pinska, 1997). It starts 
with a sequence of carbonate ramp deposits that continue 

from the Bartonian and embrace the lower and middle 

part of Priabonian . These rocks pass upward into basinal 

siliciclastic deposits dominated by turbidites (Uppermost 

Priabonian - Oligocene). Together with the underlying 

Bartonian alluvial fan deposits this succession rests 
unconformably on older, chietly Mesozoic rocks. 

Sedimenta tion development 

In the early Priabonian, most intense sedimentation 
occurred in the middle part of the Magura Basin. ln its 
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Mb. = Member; Cgl. = Conglomerate; Sdsl = Sandstone; Chwaniów Sdst. = Chwaniów Calcareous Sandstone Member; W. S. = Wojakowa Sandstone; 

[SZ] Chaolic deposit, ~ Dark-coloured shale with sandstone ~ Varie2ated marl & sh ale . paraconglom erates ~ & marl; somelimes chert inlercalations (red green) 

El Th in• to thick-be dded sandstone t=I Black, brown & dark-grey shale 
~ Thick-bedded dark-coloured marl 

with shale intercalations with rare sandstone intercalations - with sandstone & shale intercalations 

El Allernation of thin - to thick-bedded 
~ Dark-j'een shale, subordinately ~ 

Dark-grer & brown , platy, 
hard mar with shale & chert . 

sandstone, shale and marl grey dark-grey shale inte rcalations -

~ Allernation of lhin-lo medium bedded 
~ Variegated sha le (red & green) ~ 

Dark'jrey, grey & brown ma rl , dark-
sandstone & dark coloured shale 91ey dark -green shale, sometimes -- intercalations of sandstone & tuflites 

~ Allernation of thin -to medium bedded EJ Light-colou red marl, subord inately [IIl]] Cherts alternated by black & brown 
green & dark-grey s hale sandstone & gray and green shale - shales, rare ly sandstone intercalations 

~ Dark-coloured shale with sandstone E3 Light-coloured marl with sandstone, 
inte rcalations - . dark-grey & green shale interca lations 

Fig. 1. Simplified litho- and chronotratigraphy of the Upper Eocene - Lower Oligocene (without topmost part of Lower O/igocene) 
of the Polish Outer Carpathians. Unit names given in simplifiedform. Compi/ed by the author [rom di.fferent sources. 

innennost part, this was a period of sedimentation decrease · 
crease up to the prevalence of erosion locally. The mate
rial was supplied from sources located on southern 
margin ofthe basin . 

In the outer part of the basin, i.e. the Siary Zone, the 
early Priabonian was a tíme of sedimentation increase. 
The sedimentary material was supplied trom northem 
basin margins (the Silesian cordillera). In the area in 
which the rocks of the Moldavide units were deposited, 
the early Priabonian was a tíme of extensive green shale 
sedimentation. 

In the late Priabonian, significantly lowered sedimen
tation and extensive deposition of globigerina marl 
occured in the Moldavide basins. In the Magura basin, 
this was tíme of intense sedimentation in the Siary Zone, 

whereas in the inner part of the basin, sedimentation 
decrease occured. Locally, sedimentation was similar to 
that in the Moldavide basins. 

The Early Rupelian was a tíme of a widespread 
sedimentation of dark-coloured fine-grained deposits in 
the Moldavide basins. To a lesser extent, such sedimenta
tion occurred in the inner part of the Magura basin and 
the basin of the Centra! Carpathian Paleogene. Coarse
clastic material was deposited in the Moldavide basins 
and the inner parts of the Magura basin only subordi
nately. Two phases of intensified coarse-clastics sedimen
tation divided by an episode of extensive sedimentation of 
cherts are there recorded. In the Siary Zone ofthe Magura 
basin, the Early Rupelian was a period of gradual 
sedirnentation decrease. 
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Magura Basin 

Centra! 
Carpathians 

CJ Nol folded sediments ot lhe 
Outer and Cenlral Carpathian 
bas in s 

~ Continenta l crust inc lud ing 
L__J lolded Mesozoic • Paleocene 

sedímentary cover 
.. Oceaníc and/or 

suboceanic crust 
fiTiTi1 M a n Ile 
LU.lUI (upper part) 

Fíg. 3. Comparative palimpastic cross-sections through the Northern Carpathians in Eocene. Arrows above cross-seclions denote 
relative subsidence 

Discussion and conlusions 

Distribution ofthe Late Eocene - Early Oligocene de
posits in the Northern Carpathians and their facies indi
cate the presence of three distinctive sedimentary realms 
in the region. The realms differed in tectonic activity and 
sedimentation controls. 

The Moldavide flysch basins were located in tectoni
cally relatively stable area. This area underwent slow sub
sidence balanced by sedirnentation. Eustasy and climate 
were there the chief sedimentation controls. In contrast, 
the Magura basin and the Centra( Carpathians represented 
a tectonically active area. The very high sedirnentation 
rate, the facies and their succession indicate a fast subsi-· 
dence in the Late Eocene to Early Oligocene in notable 
part ofthe Centra( Carpathians. 

The development ofthe Magura basin was much more 
complicated. The deposits indicate gradual northward 
shifting of depocentres and appearance of deformation in 
the innermost part of the basin. Such circumstances sug
gest that growth and northward migration of accretionary 
prism were the chief sedimentation controls (cf. 
Oszczypko, 1999). Furthermore, such development of the 
Magura basin together with rapid subsidence in the Cen
tra( Carpathians suggest that the development of both 

areas was driven by a rollback of the earlier subduced 
oceanic slab (Fig. 3). The entire succession of the Car
pathian Paleogene indicates that the rollback started to 
intensify at the beginning of Late Eocene. Moreover, 
sedimentation development suggests that at the turn of 
Eocene - Oligocene, the inner parts of the Magura basin 
changed to a kind of a trench-slope basins, whereas the 
basin of the Centra( Carpathian Paleogene turned to a 
forearc basin (Plašienka & Kováč, 1999). 
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Geodynamic evolution stages of two orogens: the Carpathians 
and Ouachita Mts. 

JAN GOLONKA & ANDRZEJ ŠLACZKA 

Jagiellonian University, Institute ofGeological Sciences, Oleandry Str. 2a, 30-063 Kraków, Poland. 

Abstract. The Carpathians and Ouachita Mts., although remote in age display striking similarity in their evo
lution. In both orogens the similar geodynamic stages could be distinguished: stage I - rifting of terranes off 
the major continents, forming of oceanic type of basins; stage II - formation of subduction zones, partia! 
closing of oceanic basin, development of flysch basin associate with the reifting on the platform passive 
margin; stage III - collision, probably terrane 
- continent, with the accompanying convergence of two large continents; stage IV - postcolli sional rifting 
system development. 

Key words: Orogenese, geodynamic, Carpathian, Ouachita 

The Carpathian and Ouachita Mts. are remote geo
graphically. The age of the formation of orogen is also 
quite different. The Carpathians fonned mountain belt 
during Mesozoic and Cenozoic, while the Ouachitas in 
Paleozoic. Their tectonostratigraphic history displays 
however striking similarities. The following geodynamic 
evolution stages could be distinguish in these two oro
gens: 

Stage I - rifting of terranes off the major continent, 
forming of oceanic type ofbasins. 

Triassic - Jurassic in the Carpathian region, Cambrian 
- Devonian in the Ouachita basin. 

In the Tethyan region opening of the Meliata-Halstatt 
Ocean occurred as a result of rifting of the Tisa terrane 
from Eurasia during the Triassic tíme. The embayment of 
this ocean could have reached the Pieniny Klippen Basin. 
This was followed by the Jurassic opening ofthe Ligurian 
- part of Pieniny Klippen Belt/Magura Ocean. This 
opening was associated with the rifting of Alpine-lnner 
Carpathian terranes off Eurasia in the Carpathian region. 
Sedimentation of pelagic limestones, marls, cherts, cherty 
limestones and some flysch deposits occurred during this 
period. 

There are two models explaining formation of the 
Ouachita basin. In one model (e.g. Keller and Cebull , 
1973) the ocean with the truly oceanic crust was open 
during the early Paleozoic time. E.g. according to Thomas 
and Astini ( 1999) the Argentíne Precordillera was rifted 
from the Ouachita embayment of Laurentia during Cam
brian time. In the other model ( e.g. Arbenz, 1989) the 
Ouachita basin was separated from the main (Iapetus
Rheic) ocean by the poorly detined terranes. Present day 
Sabíne up lift perhaps constitutes the remnant of these ter
ranes. The Inner Ouachita Foldbelt in Texas could also be 
connected with such terranes . Sedimentation of graptolitic 
shales, pelagic, limestones, flysch deposits, marls, cherts, 
and cherty limestones occurred during this period. 

Stage II - forrnation of subduction zones along the 
active margin, partia( closing of oceanic basin, develop
ment of flysch basin associate with these rifting on the 
platforrn (passive margin) with the attenuated crust. Cre
taceous-Paleogene in the Carpathian region, Early Car
boniferous in the Ouachitas 

In the Carpathian region subduction developed at the 
end of Jurassic/ beginning of the Cretaceous (Fig. l ) 
along the along the southem margin of the narrowing ba
sin north of the approaching _lnner Carpathian or Alcapa 
terranes and began to consume the Pieniny Klippen Belt 
Ocean (Birkenrnajer, 1986). Cherty limestones tumed into 
marls and flysch deposits. The Outer Carpathian 
(Silesian) basin had developed on the rifted European 
with extensional volcanism (Golonka et al., 1999, 2000). 
Outer Carpathian basin reached its greatest width during 
the Hauterivian-Aptian tíme with the development of sub
basins, like Sub-Silesian, Dukla, Skole-Tarcau, locally 
separated by uplifted areas. The flysch sedimentation de
veloped. The material was derived from the northem 
margin as well as from the inner parts ofthe basin. 

During Lower Carboniferous tíme the Ouachita basin 
became a narrowing trough with the flysch sedimentation 
receiving vast amount of clastics (Arbenz, 1989). The 
subduction probably developed along the southem margin 
of this narrowing basin north of the approaching lnner 
Ouachitas or enigmatic Sabíne terrane and began to eon
sume the Ouachita Ocean (Fig. 2). According to Arbenz 
(l 989, the earliest evidence of the constriction of the 
Ouachita depositional bas in and of extension in the north
em region is from the Lower Carboniferous 
(Meramecian). The northem margin supplied the clastic 
material for flysch deposits. 

Stage III - Col lisíon, perhaps terrane - continent, with 
the accompanying convergence oftwo large continents 
In the circum-Carpathian region Adria-Alcapa (lnner 
Carpathians) terranes continued their northward move-
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Fig 1. Plate tectonic profiles. Centra/ Europe - Carpathians - Greece. 1- continental crust (including obducted, allochtonous rocks 
and sedimentary cover, 2 -oceanic crust (including deposits), 3 - upper mantle. 

ment during Eocene-Early Miocene time (Golonka et al. , 
2000). Their ob lique collision with the North European 
plate led to the development of the accretionary wedge of 
Outer Carpathians. During the compressional stage flysch 
still continued to be deposited . Numerous olistostromes 

were formed during this time. At the same time Africa 
converged with Eurasia. The direct collision ofthe super
continents never happened, but their convergence did not 
leave much space, leading to the permanent setting of the 
Alpine-Carpathian system. The formation of the West 
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Fig 2. Plate tectonic proflles. North America-Ouachitas-Yucatan- South Ameríca. Explanation as on Fíg. / . 

Carpathian thrusts was completed by the Miocene tíme. 
The flysch deposits passed locally upwards into rnolasse. 
The thrust front was still progressing eastwards in the 
Eastem Carpathians. To the north of the Outer Carpathi
ans and partly beneath them lies the Northern European 
platforrn with its Neogene cover. As an results of Mio
cene tectonic movements, the Outer Carpathians alloch
tonous rocks have been overthrust onto the platforrn for 
the distance of 50 to more than 100 km. As the results of 
Carpathians overriding the platform the peripheral fore
land basin forrned along the moving orogenic front 
(Oszczypko & Šlqczka, 1989, Oszczypko, 1998). In the 
circum-Ouachita region lnner Ouachitas- Sabíne ter
ranes continued their northward movement during 
Carboniferous time. Their collision with the North 
American plate led to the development of the accre
tionary wedge of Ouachita Mountains. During the 

compressional stage flysch still continued to be 
deposited . Olistostromes of the Maumelle Chaotic Zone 
formed during this tíme The main collisional activity 
occurred during Late Carboniferous - Early Permian in 
Ouachita Mountains region. The flysch deposits passed 
upwards into molasse. 

This major tectonic activity was caused by the 
collision ofthe fnner Ouachitas/Sabine terrane with North 
America (fig. 2) with the accompanying convergence of 
Laurasia on the north and Gondwana (composed of Africa 
and South America with Yucatan promontory) on the 
south. To the north of the Ouachitas and partly beneath 
them lies the Northem America platform with its 
autochthonous cover. As the results of Carboniferous
Perrnian tectonic movements, the Ouachita allochtonous 
rocks have been overthrust onto the platform for the 
distance of 50 to more than 100 km As the results of 
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Ouachitas overriding the platform the peripheral foreland 
Arkoma Basin formed along the moving orogenic front. 

Stage IV - postcollisional 
Miocene-Present- Future? in Carpathians, Permian

Triassic in Ouaehitas 
During and after the main orogenie phase and the su

ture ofthe eontinents an inítial rifting system was initiated 
in early-Mioeene time behind the Carpathian are in the 
Pannonian Basin. Extension in the Alpine-Carpathian 
system eontinued during the Mioeene-Plioeene, fonning 
horst and grabens within the orogen as well as in its fore
land. Further development of these processes eould be 
predieted in the future. 

During and after the main orogenie phase and the su
ture of the eontinents an initial rifting system was initi
ated in late Pennsylvanian-Permian time in Ouaehitas. 
The basin (equivalent of the Pannonian Basin) devel
oped behind the Ouachitas are (Arbenz, 199). The sys
tem was strongly developed during the Triassie. The 
rifts eontain Triassie sediments. Transgressive Jurassic, 
Cretaeeous and Cenozoie deposits of the Gulf Basin 
partly covered the Ouachita region. The major part of 
the Paleozoic hinterland basinal deposits could be hid
den below the thiek (loeally over 1 O km) Mesozoic and 
Cenozoic cover. 
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Kaolinite-barite intergrowths associated with As-suplphides mineralization 
near Baligród (Polish Flysch Carpathians) 
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Abstract. Barite-kaolinite intergrowths have been noticed in association with quartz, realgar, and orpiment 

mineralization in the Carpathian tlysch sandstones in the Rabiaríski stream valley near Baligród. Form of 

occurrence ofthese minerals indicates that emplacement ofmineral ization took part after tectonic events. 

Crystallization temperatures of minerals from joints and faults from the Rabiaŕlski stream valley have not 

been determined. The relation between quartz and realgar in joints indicates that the crystallization of realgar 

post-dates the crystallization of quartz. Textural relations suggest that barite and kaolinite formed contempo

raneously. The temperature ofbarite-kaolinite intergrowths crystallization is also unknown. 

Association of sulphides and barite-kaolinite can indicate the variation of chemical composition of 

mineralizing solutions. The origin of solutions is, however, unknown. lt is possi ble to consider the migration 

of solutions from depth and their relations to magrnatic phenomena, but also more local circulation and 

leaching of components from the fl ysch rocks can accepted. Kaol inite-barite association can be formed during 

sandstones diagenesis. Detailed study of minerals fillin g joints as well as surrounding sandstones is needed 

for the determination of origin of solutions and conditions of mineral precipitation. 

Key words: Flysch Carpathians, barite, kaolinite, hydrothermal mineralization, diagenesis 

1 ntroduction 

Traces of the hydrothermal mineralization are scarce 
in the Polish Outer Carpathians. The area near Baligród 
(the Bieszczady Mts.), where realgar, orpiment and other 
minerals of hydrothermal origin have been found 
(Kamieríski, 1937), was studied extens ively (Šlitczka, 
1958, Ostrowicki , 1958, Kita-Badak, 1971 ). Ostrowicki 
( 1958) based on a detai led microscopic study, determined 
that also sphalerite, galena, tennantite(?), enargite(?), and 
malachite are in the hydrothermal minerals assemblage. 
Gawel (1970) mentioned historical reports on mercury 
and cinnabar occurrences in this area. However, prelimi
nary results of the research recently undertaken indicate, 
that the list of minerals is far from being complete and 
that the interpretation of mineralization origin should be 
re-interpreted. 

Materia l and methods 

Samples have been collected in the quarry situated in 
the Rabiaríski (Rabskí) stream valley near Baligród 
(Bieszczady Mts.). Quartz, realgar, and orpiment miner
alization can be macroscopically seen in joints crosscut
ting sandstones ofthe Istebna beds. 

Samples were studied using optical microscopes and 
scanning electron micorscope equipped with energy dis
persive spectrometer (SEM-EDS). 

Results 

Surfaces of joints and small faults planes are covered 

by smal l quartz crystals. Their size varies from several 
milimeters to a few microns. Realgar tightly covers sur
faces of quartz crystals and fills depressions between 
quartz crystals. Some realgar crystals are porous and ex
hibit striation. Chemical composition of realgar is usually 
close to stoichiometric. 

Organic matter aggregates were found on surfaces of 
quartz crystals. Aggregates are rounded and exhibit 
smooth surfaces. Their size is within the range from few 
mm up to dozens of mm. Some of aggregates are bubble
like with empty space inside. 

Fine crystalline (<few mm) aggregates of K-mica-like 

minerals were noticed on quartz crystals walls. Barite is 
present in spaces between quartz crystals. The size of barite 
accumulations is usually not larger than dozens of mm. 
Kaolinite dispersed in some of barite accumulations can be 
seen. Kaolinite crystals, 3-5 mm in size, are pseudohexa
gonal. Kaolinite is loosely dispersed in barite. Kaolinite 
chemical composition is close to stoichiometric. Kaolinite 
seeded directly on quartz surfaces can be noticed also. 

Discussion of resu lts and conclusions 

The presence of euhedral quartz, realgar, and barite 
crystals in joints and small faults indicates that emplace-
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ment of mineralization took part after tectonic events. It is 
in agreement with conclusion presented by Šl~czka 
(1958). 

The temperature of hydrothermal minerals formation 
can not be detennined precisely. Šwierczewska et al. 
( 1999) determined that drusy and blocky quartz in filling 
joints and small-scale faults within flysch rocks crystal
Iized within temperature range of 160-220 °C and at fluid 
pressure 0.7- 3.7 kbar (200-220 °C and 2. 1-3.7 kbar in the 
Dukla nappe and 160-210°C and 0.75-2 kbar in the Ma
gura nappe). Realgar and orpiment can crystallize at tem
peratures less than or equal to 150-200 °C (Pokrovski et 
al., 1996) but significantly lower temperature (e.g. 75-85 
0C) is also probable (Migdisov & Bychkov, 1998). Crys
tallization temperatures of minerals from joints and faults 
from the Rabianski stream valley have not been deter
mined. The relation between quartz and realgar in joints 
indicates that the crystallization of realgar post-dates the 
crystallization of quartz. 

Textural relations suggest that barite and kaolinite 
formed contemporaneously. The temperature of barite-kao
linite intergrowths crystallization is unknown. Because of 
difficulties in separation of minerals filling joints, the 
polytype variety ofkaolinite has not been determined. 

Association of sulphides and barite-kaolinite can indi
cate the variation of chemical composition of mineralizing 
solutions. The origin of solutions is, however, unknown. It 
is possible to consider the migration of solutions from 
depth and their relations to magmatic phenomena, but also 
more local circulation and leaching of components from the 
flysch rocks can accepted. Lesniak et al. (1999) determined 
that barite concretions of the Sub-Silesian unit in flysch 
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Carpathians can no longer be considered as of hydro
thermal origin. Kaolinite-barite association can be formed 
during sandstones diagenesis. Detailed study of minerals 
filling joints as well as surrounding sandstones is needed 
for the determination of origin of solutions and conditions 
of mineral precipitation. 
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Abstract. Biely Potok Fm. represents a termína! sediments of the Paleogene depositional cycle in the Centra! 
Western Carpathians. This formation can be interpreted as a depositional system of suprafan., exhibiting lateral 
and vertical variability offacies tracts. Sedimentological study ofthe Biely Potok Fm. in the Orava region allows 
to distinguish several facies: typical massive sandstones (suprafan-toe deposits), medium rhythmical bedded 
sandstones (progradational !obes) and thin rhythmical bedded formations with prevalence of mudstones (levee, 
fan-fringe and open fan facies). These facies are considered to be a falling stage and lowstand system tracts, 
which were deposited during the Late Oligocene and Early Miocene. Different facies tracts of the Biely Potok 
Fm. provide an uniform nannoplankton associations, corresponding to NP 24 - 25/NN J biozones. 

Key words: Centra! Carpathian Paleogene Basin, Orava, submarine fans, facies tracts, nanoplankton 

The name of Biely Potok Sandstone was introduced 
by Andrusov ( l 931) for the sandstone fonnation of the 
Skorušinské vrchy Mts. This name has been accepted in 
lithostratigraphic classification of the „Centra! Carpathian 
Paleogene" after Gross et al. (1984), where the Biely Po
tok Fonnation is characterized as a thick-bedded sand
stones with occasional conglomerates and sporadic 
claystones. The Biely Potok Formation is situated above 
the Zuberec Formation, taking a position of terminal 
sediments of the Paleogene depositional cycle in the 
Western Carpathians. Based on the palynoflora and cal
careous nannoplankton, the stratigraphic age of the Biely 
Potok Fm. has been established to Uppermost Eocene and 
Lower Oligocene (Gross et al. 1993). From the sedimen
tological point of view, the Biely Potok Fm. comprises 
heteropic lithologies, which are related to various subma
rine fan environments. 

Sedímentological study of the Biely Potok Fm. allows 
to dístinguish several facies in the Orava region. (Fíg. 1) 
Sediments of this formation are typically developed 
as massive sandstones, corresponding to stratotype loca
lity near Oravský Biely Potok. (Fíg. lb) Their structu
reless and massive character (S I type sensu Lowe 1982) 
points to sand-laden flows lackíng interna! separation. 
Such sediments are indicative ofhigh-density turbidites or 
sandy debris flows with a high concentration, cohesive 
matrix and dispersive pressure. The deposition from high
density currents is inferred from sharp contacts of thick 
sandstone beds ( concentration of shear on the bases of 
sandstone beds), frequent appearance of floating mud
stone clasts in upper parts ofthe beds (erosion, dispersíve 
pressure and freezing of overloaded flows), absence of 
water escape structures (high solidification of flows with I 

ow content ofpore fluids), etc. On the lower bed surfaces, 
there are frequently scour marks and flute moulds, 
produced due to basa) shear of overloaded flows. Massíve 
and graded sandstone beds sometimes show an upper 
Iamination, which results from overflow of frozen depo
sits by diluted suspensions with laminar flow (traction 
currents). Massive sandstone sediments of the Biely 
Potok Fm. are poor in nannoplankton, consisting of reti
culofenestrids and cyclicargoliths with bad preservation 
(mostly redeposits). 

Sediments of the Biely Potok Fm., which correspond 
to progradational Io bes (Fíg. 1 b ), show a partly different 
character, indicating a higher flow dynamics. Lobe suc
cessions consist of medium rhythmical bedded sand
stones, structures of which indicate an interna! fractio
nation and gradational sorting of tlows, sometimes with 
basa) tractíon of finer grained sediments and buoyancy of 
coarser grains and rafted clasts, or with tractional lamina
tion in top of beds (S3 type sensu Lowe 1982). There are 
also a multiply laminated beds (e. g. Habovka), deposited 
from traction carpets of high-concentration turbidites. 
Laminations frequently exhibit a convolute deformation 
due to fluid expulsion. These sandstones do not corre
spond to sandstone lithosomes of the Biely Potok Fm. 
neither in absence or only sporadic occurrence of flute 
marks (Gross et al., 1984). They, on the contrary, are 
characterized by more intensive current erosions produ
cing flute casts, bulbous moulds, corkscrew casts with 
spiral welts, frondescent marks, deltoid marks, etc. (e.g. 
Podbiel, Zabiedovo, Habovka, Tvrdošín). Erosional and 
mould structures in these sandstones indicate a higb flow 
regime and deposítional capacity. The nannoplankton of 
lobe sediments provídes a more relevant biostratigraphi-
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Fíg. 2 Depositional model of submarine fam·, interpreted for the Biely Potok and Zuberec Fms. 

cal data. Nannoplankton species belong mostly to the NP 
24 - NP 25 Biozone (Cyclicargo/ithus abisectus, C. 
jl.oridanus, Reticulofenestra bisecta, R. ornata, R. lockeri, 
R. cf coenura, Pontosphaera multipora, P. rothii, Dis
coaster tani tani, He/icosphaera intermedia, H. recta, 
etc.). Hovewer, some of nanoplankton species from the 
Biely Potok Fm. are indicative already for the Lower 
Miocene (e.g. Spheno/ithus cf conicus, S. cf dilphix, S. 
cf calciculus, S. dissimilis, S. capricornutus, Triquetro
rhabdu/us carinatus, Ca/cidiscus abisectus). 

Sandstone lobes ofthe Biely Potok Fm. associate with 
levees formed by overspilled muds with pinching out rip
ples. Levee mudstones are relatively rich in braarudo
spherids, which appearance can indicate a shallowing and 
a decrease of salinity. 

Sandy-rich tracts of suprafan are distally transformed 
to thin rhytmical bedded formations with prevalence of 
mudstones ( e. g. Tichá dolina) (Fig. 1 b ). Sandstone com
ponents of this fonnation are developed as a base-missing 
turbid ites with upper divisions of Bouma intervals . Such 
sandstones with lateral continuity indicate a flow strip
ping processes and deposition from dilute turbidites. 
Contemporaneous deposition of sand-rich and mud-rich 
sediments of the Biely Potok Fm. is documented by iden
tical assemblages ofnannoplankton biozones NP 24 - NP 
25, extending up to NNI Biozone. 

Accumulation of sand-rich fans in the Biely Potok Fm. 
requires a specific conditions offlow hydrodynamics. High
density turbidites ancl sandy debris flows lost a velo city, 
overbanking a high volume of sands. They deposited a 
structureless or graded sandstones, corre sponding to A2. 7 
facies sensu Pickering (1986) or F5 sensu Mutti (1992). 
Rapid accumulation of deep-water sands could resulted 
from a hydraulic jump, in which the flows changed a 
physical conditions. Due to hydraulic jump, the flows 
became overspread a slowed down, by which they lost 
a flow efficiency, resulting in sedimentary load accumu
lation. Sediments are deposited as massive and horizontally 
bedded sandstones and fine grained conglomerates (F3-F5 
facies sensu Mutti 1992). When the flows lack a hydraulic 
jump, they operate as a traction carpets, depositing fine 
horizontally laminated sandstones and beds with normal 

gradation (S1 facies sensu Lowe 1982, B 2. 1 facies sensu 
Pickering 1986). Above the traction carpets or in their flow 
direction, a high volume of sands is accumulated rapidly. 
The medium- to fine-grained sandstones were deposited 
from these flows (F7-F8 facies sensu Mutti 1992). High
density turbidites were probably overspilled by dilute 
suspensions, which formed a less expressive Bouma inter
vals in uppennost parts of sandstone beds. These intervals 
are frequently eroded by successive currents, which Jed to 
the amalgamation of sandstone beds. Sediments of the 
Biely Potok Fm. are considered to be a falling stage and 
lowstand system tracts, which were deposited during the 
Late Oligocene and Early Miocene. (Fig. 2) Their 
deposition reveals a basinward progradation, when a shelf 
edge accumulated a high volume of clastic sediments, 
carried out into turbidites of slope and base-of-slope fans. 
The Biely Potok Fm. can be interpreted as a depositional 
system of suprafan (sensu Normark, 1978), exhibiting 
lateral and vertical variability of facies tracts (Fig. 1. c). 
The paper is a contribution to the VEGA grant n., 7068. 
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Synorogenic deposition of turbidite fans in the Central-Carpathian Paleogene 
Basin: evidence for and against sea-level and climatic changes 
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Abstract. The Central-Carpathian Paleogene Basin reveals a polystage development that includes the 1) initial 
faulting and alluvial fan deposition in halfgraben-type basin, 2) carbonate factory in shelf-margin basin, 
3) Terminal Eocene Event- cooling, glacio-eustatic regression and semi-isolation in restricted basin, 4) pro
gressive faulting and fault-controlled accumulation of radia! fans in tilted basin, 5) highstand aggradation in 
starved basin, 6) Mid-Oligocene sea-level lowering and retroarc backstepping of depocentres in relic basin, 
7) wedging of sand-rich fans and suprafans in over-supplied basin. 
Key words: Western Carpathians, Paleogene, submarine fans, climatic events, sequence stratigraphy 

The Central-Carpathian Paleogene Basin (CCPB) was 
fonned as a marginal basin of the Paratethys. It shows a 
fore-arc basin position, extended on the destructive plate
margin and in the rear of the Outer Carpathian accretion
ary prism. 

The CCPB has undergone two third-order cycles of 
initial transgression (TA 3.5 - 3.6 sensu Exxon cycles), 
that was followed by two second-order cycles of deposi
tion (TA4 and TB 1 sensu Exxon cycles) - Fig. 1. The 
initial transgression was preceded by deposition of allu
vial-fan and delta-fan sediments. Upper Lutetian trans
gression in the CCPB (Andrusov & Kôhler 1963) led to 
shallow-marine deposition of nummulitic banks devel
oped in two 3rd order cycles (Bartholdy 1997). The num
mulitic cycles of the CCPB, like a large foraminifera 
demise (Hallock et al. 1991, Hottinger 1997), disappeared 
due to the inversion of the Middle Eocene wann climate 
in the beginning of the T A4 supercycle . Climatic changes 
culminated in the "Terminal Eocene Evenť, which corre
sponds to the global cooling and glacio-eustatic regres
sion related to the Antartic cryosphere expansion (Van 
Couvering et al. 1981). Consequently, the carbonate fac
tory on broad warm shallow shelves was suffocated by 
terrigenous sedimentation on bypassed shelf areas. The 
sediments from above the nummulitic limestones are de
pleted in CaCO3 and enriched in organic matter due to 
continental runoff of land plants (occurrence of silicified 
woods) . They contain an abundance of cool-water coco
Iiths (e.g. lsthmolíthus recurvus, Zigrhablithus bijugalus), 
<liatom oozes (Menilite cherts) and Globigerina-rich 
fauna (Globigerina Marls) . The small-scale intercalation 
of non-calcareous black shales and Menilites with Globi
gerina Marls indicates a short pulses ofthe high carbonate 
productivity during the terminal Eocene fertility crisis 
(precessional cycles). 

Climatic control of depositional changes in the CCPB 
became less significant in tíme of forced regression. Nev-

ertheless, the influx of cool-water into the CCPB Jed to 
carbonate depletion and anoxicity in the Šambron Beds. 
The appearance of Globigerina Marls in the deep-water 
siliciclastic deposits (Šambron Beds) indicates the CCD 
drop described from about the Eocene/Oligocene bound
ary (Thunell & Corliss 1986). The falling stage of relative 
sea-level is recorded by a Type-) sequence boundary on 
shelves (between carbonate platform deposits and over
lying forrnation), which were eroded by fluvial channels 
entering the basin through marginal delta-fed fans (cf. 
Janočko & Jacko 1998). During this tíme, the basinal 
slopes were actively tilted and incised by subm~rine val
leys, which fed the basin-floor and slope fans . The Šam
bron Fan (like the Tokáreň, Szaflary and Pucov Fans) 
represents a lowstand system tracts consisting of canyon
fill, spillover and mass-failure deposits. The later stage of 
regression is evidenced by a progradational stacking of 
the Šambron Beds and by amalgamated sandstone unit 
(Bachledova Sandstone) representing a sandy toeset de
posits of shelf-margin deltas (shingled turbidites). 

The T A4 supercycle ten ded toward the gradual rise of 
relative sea level during the Early Oligocene. Success ive 
fonnation of the CCPB (Huty Fm.) corresponds to trans
gressive and highstand system tracts. The transgression is 
marked by ravinement surfaces detecting between Eocene 
Nummulitic banks and Middle Rupel ian sediments ofNP 
23 Biozone. Basa! sediments of the transgressive forma
tion still show the cool-water influence, salinity decrease 
and semi-isolation, as indicated by wetzelie llacean dino
flagellates, inprints of diatoms, brackish nectonic fishes 
and ostracods. Higher in the section, the carbonate-free 
sequence reveals the first pulses of nannofossil blooms 
(e.g. Tylawa Lms. in Blatná dolina section), characterized 
by reticulofenestrids of NP 23 Biozone, which became 
flourished due to sea-level rising and renewed circulation. 
The Lower Oligocene transgression rose up to highest 
sea-level in tíme of 32 Ma (Haq et al. 1988), which re-
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Fig. 1 Climatic changes during the development ofthe CCPB, as inferredfrom inversion of the Middle Eocene warm climate, later 

culmination of cooling in the Terminal Eocene Event which continued during the Early O/igocene, upwardly tended to eustatic rise 

of sea-level and than ils drastica/ /owering due to glacio-eustatic regression in the Mid-O/igocene Eve ni. Climatic changes are indi

cated by extinction of semitropica/ fauna , foraminiferal abundance and nannofossil blooms, cool-water diatom oozes (Menilitic 

facies) and brackish dinojlagellates. 

stored the Paratethyan circulation (Baldi 1984). Conse
quently, the CCPB became reoxygenated increasing in 
carbonate precipitation, productivity and fertility 
( calcareous claystones, abundance of cyclicargoliths, 

oxygen-related ichnocoenosis) . Maximum flooding ofthis 
sequence falls into the condensed horizons of manganese 
layers, that occur in the Orava region and Rajec and Po
prad Depressions. Late highstand ofthis formation is evi
denced by small-scale progradational events and 
megaturbidite beds (e.g. Bysterec and Tichá dolina sec
tions). Such deposition with progradational events (falling 
stage system tracts) terminated till the FAD of Cyc/icar
golithus abisectus on the base of NP 24 Biozone, where 
the oxygen-related ichnocoenosis with Fucoides and 
Taphrhelmintopsis become to appear already in flysch 
lithologies. The Early Oligocene highstand sedimentation 
in the CCPB is in accordance with relative sea-level rise 
in the Outer Carpathian Basin. Supra-Menilite sediments 
and associated nanno-chalk horizons in the Outer Flysch 

Carpathians, like the Jaslo, Zagórz and Folusz Limestones 
and the Štibofice Marl, were deposited during the coeval 
sea-level highstand in the Late Rupelian (Krhovský & 
Djurasinovič 1993). 

The TB I supercycle was introduced by the lntra
Oligocene regression. lt is in accordance with an abrupt 
sea-level fall at around 30 Ma (Mid-Oligocene Event), 
detennined as a distinctive drop in sea-level during the 
major glaciation in Antartica and subsequent cooling in 
the Northem Hemisphere (Kennett & Barker 1990, 
Zachos et al. 1993). The falling stage of the Late Oligo
cene regression in the CCPB is expressed by an offlap 
break of prior highstand sediments in the upper fan zones 
(e.g. eroded Mn blocks and Tylawa Lms. in conglomer
ate-slope accumulations) and related correlative confor
mity between mud-rich fans (Huty Fm.) and sandy-rich 
fans (Zuberec and Biely Potok Fm.). The sandy-rich 
depos ition of the CCPB lasted till to the Early Miocene, 
as has been already indicated by some nannoplankton and 
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foraminiferal species (e.g. Helicosphaera scissura, H. 
kamptneri, H. cf ampliaperta, Triquetrorhabdu/us cf 
carinatus?). The regression in the CCPB reached the 
maximum lowstand on the base of the NN2 zone, when 
the brackish fauna became to appear in the Paratethyan 
basins (e.g. braarudospherids in nannoplankton associa
tions, brackísh dinoflagellates in phytoplankton 
Hudáčková 1998, small gastropods). According to thís 
evidence, the deposítion of the Biely Potok Fm. should 
terminated tíll to the Early Eggenburgian, i.e. to the low
stand phase at the beginning of the NN2 Biozone, which 
preceded the next transgression during the cycle TB 2.1 
ia the Prešov Fm. (Kováč & Zlinská 1998). The tíme
equivalent sedimentation in the Outer Flysch Carpathians 
took also place in lowstand setting, recorded by the 
Krosno Facies (Krhovský & Djurasinovič 1993). The 
paper is a contrubution to the VEGA grant N0 7068. 
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Abstract. Formatíon of euhedral quartz (,,Marmarosh Diamonds") in mineralized joints of the Tertiary colli

sonal belt of the Western Carpathians can be correlated with a folding-superimposed, regional collapse

related flow of hot fluids. The essentally aqueous fluids have been enriched by methane and locally also by 

petroleum. 
Temperatures of quartz crystallisation derived from microthermometry data on coexisting, immiscible 

methane- and water-dominated fluid inclusions increase from 140-205°C in the unfolded Centra! Carpathian 

Paleogene Basin (CCPB), through l 60-2 I0°C in the Magura nappe, to l 90-220°C in the Dukla nappe. The 

temperature increase has been accompaníed by a fluid pressure increase from 0.5- 1.5 kbar in the CCPB, 

through 0.7-2 kbar in the Magura nappe, to as much as 3.7 kbar in the Dukla nappe. 

A concept of cyclically changing lithostatíc and hydrostatic fluid regimes in fractured rocks could account 

for the unusual pressure fluctuations observed during the quartz precipitation. Estimated fluid pressures 

correspond to overburden of 5-5.9 km in the CCPB (Spi šská Magura Mts.), 7.5-7.9 km in the Magura Nappe, 

and > 8 km in the Dukla nappe. 

Keywords: fluid inclusions, methane, flysch sediments, joints, temperature, pressure, Carpathians 

Jn trod uction 

Mineralized joints in folded Upper Cretaceous-Oligo
cene flysch of the Outer Carpathians contain transparent 

quartz crystals with typical bi-pyramidal habitus. Typical 

localities have been known mainly from bitumen-rich 

beds in the ukrainian and the east-slovakian segments of 

the Outer Flysch Belt (OFB), but some occur also in the 

polish part (Zepharovich 1859; Tóth, 1882; Tokarski, 

1905; Laskiewicz, 1960). Large quartz crystals, up to 5 
cm in size, have been revealed in fissures from unfolded 

Paleogene flysch basin of the Centra! Western Carpathi
ans - CCPB (Zepharovich 1859; Tóth 1882; Mastella & 
Koisar, 1975). The euhedral quartz is generally the latest 

mineral of the fissures , but it partly overlaps precipitation 

interval for the earlier drusy calcite. The calcite-quartz 

age relationship is the same in the OFB and the CCPB. 
Similar relationship has been reported also in the Rahiv 

nappe from the ukrainian segment of the OFB° (Vityk et 

al. , 1995, 1996). 
Primary, methane-dominated fluid inclusions are 

characteristic of the euhedral quartz from the Carpathian 
region (e.g. Kozlowski , 1982; Zacicha et al. , J 984; Kar

wowski & Dorda, 1986; Kalyuzhniy, 1993; Vityk et al., 

J 994, 1995, 1996; Hurai et al. , 1995; Šwierczewska et al. 

1997, 1998; Dudok & Jannolowicz-Szulc, 1999) and also 
from other segments of the Alpine-Himalayan orogenic 
belt (see revíews in Mullis, 1987, Vityk et al., 1996). 

Similar methane-bearing euhedral quartzes have been 

described from low-grade accretionary wedges of south
western Japan (Sakaguchi, 1999, Lewis et al., 2000), 
Kodiak formation in Alaska (Vrolíjk et al., 1985, 1988), 
and Centra! and Northern Appalachians (Kisch & van den 

Kerkhof, 1991 , Evans 1995, Evans & Battles, 1999, 
O'Reilly & Parnell, l 999). 

The paper is aimed to elucidate instantaneous PT con

ditions in the Tertíary accretionary complex of the 

Western Carpathians recorded by the quartz-hosted fluid 

inclusions trapping coexisting immiscible CH4- and H2O

rich phases. 

Origin of minera lized joints 

Origin of joints and their mineralization has been 

studied in terms of structural evolution only in the 

Magura nappe. During Tertiary times, the nappe has ex

perienced three development stages: 1) NW-verging 

synsedimentary folding and thrusting, 2) NE-verging 

thrusting accompanied by strike-slip faulting, 3) regional 

collapse (Decker et al. , 1997, Tokarski & Šwierczewska, 
1998, Tokarski et al., 1999). 

The cross-fold joints comprise T-joints, striking sub

perpendicular (80-90°) to fold axes, and two sets of D
joints, striking under high angle (66-80°) to fold axes. 

The fold-parallel joints comprise two longitudinal sets of 
joints (L, ľ), striking under small angle to fold axes . The 
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cross-fold joints are norma! to bedding, which is indica
tive of their formation prior to folding, most likely duríng 
sedimentation of the host strata. The fold-parallel joínts 
postdate the cross-fold ones. Folding íncidental to the first 
stage has Jed to transformation of some D-joínts into mi
nor cross-fold strike-slip faults of two conjugate sets. 
Some ofthe T-joints have been also transfonned into ten
sion gashes. After completion of the regional folding in 
the first stage, the maximum stress axis s I has rotated 90° 
clockwise. The ľ1 stage-related T-joínts have re-activated 
as strike-slip faults, whereas some D-joints have been 
transformed into tension gashes. Close to completion of 
the 2nd stage-related rotation, the longitudinal L and L' 
joints have re-activated as small-scale faults. Regional 
collapse of the 3rd stage has been marked by normal 
faulting, resulting in re-activation of the pre-existing 
joínts and strike-slip faults as small-scale norma! faults 
(Tokarski et al., 1999). 

Quartz mineralization has formed during several 
stages. Euhedral quartz armouring detrital quartz graíns 
exposed in open fissures can be correlated with diagenesis 
and synsedimentary folding (Šwierczewska et al., 1999). 
Fibrous and colurnnar calcites have crystallized during 
strike-parallel extension in horizontally positioned host 
strata. The calcite is rarely accompanied by fibrous 
quartz, particularly in small-scale faults. Crystallization of 
the columnar calcite in some joints has taken place during 
and/or after the 2nd stage-related folding due to cross-fold 
extension. Blocky calcite has precipitated during fold
parallel extension after completion of the folding. This is 
valid also for relatively frequent blocky quartz. Drusy 
quartz represents the last phase of the composite calcite
quartz veins, precipitatíng during extensional tectonic 
regime and open-space fluid circulation. 

In the CCPB, calcite-filled veins are ubiquitous, but 
quartz is present only in the Spišská Magura Mts. Calcite 
infillings correspond to blocky and drusy types. Fibrous 
and columnar types have not been observed. Euhedral 
quartz growing onto blocky calcite is the latest mínera] 
phase of the composite veins. In simple joints, the euhe
dral quartz and calcite grow directly on rockwalls . 

Subvertical quartz-bearing joints in the CCPB form 
conjugate E-W- and SE-SW-trending rhomboidal sets 
interpreted provisionally as accomodation structures cre
ated due to shearing in the adjacent Pieniny Klippen Belt. · 
In contrast, mostly N-S-(NNE-SSW)-trending subvertical 
(75-90°) mineralized veins in the southem part of the 
CCPB are believed to be coeval with shear fractures of 
strike-slip origin, originating duríng inversion (uplift) of 
the CCPB. These veins only very rarely contain blocky 
quartz with rnethane-gasoline inclusions trapped at tem
peratures around 80°C (Hurai et al. , 1995). 

Fluid inclusions 

According to phase cornposition at room temperature, 
primary CH4-bearing inclusions can be subdivided ínto 
three groups: 

1. Monophase inclusions composed of methane-rich 
liquid. 
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II . Monophase ínclusions with light brown to 
greenish-brown methane-saturated petroleum, in places 
with dark brown and black opaque asphaltite blebs 
attached to ínclusion walls. 

III . Two-phase aqueous inclusions with vapour bubble. 
IV. Cornposite, two- and three-phase inclusions, con

sisting of liquid methane-petroleum, liquid methane
water, or liquid methane-petroleum-water assernblages. 
The inclusions sometimes contain transparent-to-brown, 
highly birefringent, radially concentric aggregates of 
parafinic hydrocarbons. These inclusions, usually with 
inconsistent phase ratios record a heterogeneous entrap
ment of methane-petroleum-water, methane-petroleum or 
methane-water mixtures . 

Formation PT conditions and fluid inclusion 
bathymetry 

Coexistence of immiscible methane- and water-domi
nated liquids trapped as group IV inclusions provides 
unique opportunity for obtaíning crystallisation PT con
ditions of quartz directly from microthermometry data. In a 
group of coeval ínclusions, minimum bomogenization 
temperature of the aqueous inclusions has been considered 
as approachíng the actual trapping temperature, and the 
corresponding fluid pressure has been bracketted by 
intersection of the temperature with isochores for most and 
least dense coexisting rnethane ínclusions. Densities of the 
methane-bearing ínclusions have been derived from 
equation of state for saturation curve of pure methane for 
Hl-type inclusions (Setzrnan & Wagner, 1991) or from the 
phase diagrams by Thiéry et al. (1994) for the H2- and S2-
types, CfL-CO2 ínclusions. Isochore has been recalculated 
from density and cornposition usíng equation of state for 
multicomponent gaseous system (Holloway, 1981 ). 

Crystallisation temperatures of the quartz are rela
tively broad in the CCPB (140-205°C), and the Magura 
nappe (160-210°C) in contrast with the narrow range es
timated for the Dukla nappe ( 1 90-220°C), which m ight 
result from a still limited set of data. Large pressure dif
ferences have been observed among selected localíties in 
the Dukla unit. Fluid pressures between 2.2-3 .7 kbar are 
limited to one locality (Szczawa't, while the two other 
sites have yielded values between 1.6-2.1 kbar, with one 
estimate at l.l kbar. The inclusion fluid pressures be
tween 2.2-3 .7 kbar may be thus interpreted either as real, 
resulting frorn extreme local fluid overpressure, possibly 
exceeding the lithostatic load, or fictious, resulting from 
local intlux ofnitrogen into the CH4-bearing fluid. 

Recent nitrogen emanations have been recorded in 
deep boreholes from crystalline basement granodiorites 
and gneisses beneath the CCPB (Harča, 1987). The 
admixture of nitrogen would significantly depress ho
mogenization temperature of the CH4-N2 inclusion in 
comparison with pure CH4 inclusion of equivalent den
sity, thus leading to overestimation ofthe density and cor
responding pressure expressed in terms of pure CH4 or 
CH4-CO2 systems. 

Considering average density of 2.54 g/cm3 of tlysch 
sediments in the OFB (M. Nemčok, pers. comm.) and a 
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lithostatic load, minimum depth of burial during quartz 
crystallisation in the CCPB, the Magura nappe and the 
Dukla nappe should correspond to 2.0-5.9 km, 2.8-7.91. 
km, and 6.3-14.6 km, respectively. Pressure of 1.9 kbar, 
corresponding to depth of 7 .5 km, has been inferred by 
Dudok & Jarmolowicz-Szulc (1999) for the Dukla nappe, 
using the same method. 2. 

Extreme inclusion fluid pressure fluctuations are ob
served between some adjacent growth zones inside the3. 
quartz crystals. The density differentials are often rever
sal, i.e. increasing towards the rim. In the CCPB, some 
joints contain quartz crystals with large inclusions entirely 
undisturbed by re-equilibration, while the inclusíons from 
neighbouring joints are intensively re-equilibrated. This 
points to an ínhomogenous thermal and pressure field, 
which might be attributed to influx of deep-seated hot 
fluids rather than to a passive cooling of an extínct 
hydrothermal system. 4. 

Large and abrupt pressure changes can be expected in 
recurrent high- and low-permeability sedimentary layers 
of extensional basins due to interactíon between fracture 
and associated compartrnent pore pressures (Holbrook, 
1999). Pore pressure compartment is a layer of high per
meability rock mated by low-permeability one, whích 
retards escape of the pore fluid to the subsurface. Com
partment pore pressure in excess of the minimum fracture 
propagation pressure (mín. Pr) will open vertical fractures 
in the compartment-sealing caprock. With fluid release, 
pressure within the compartment will fall to hydrostatic 
until fracture seals due to precipitation of newly formed 
minerals. lncreasing compartment pore pressure will re
open the assocíated fractures if the min. Pr is reached. 
The min. Pr cannot exceed lithostatic load at depths shal
lower than approximately 5 km (Barker, 1990, Holbrook, 
1999). Driving mechanism for such a cyclic fracture re
opening could be a pore fluid volume increase due to 
thermal cracking of petroleum and kerogen accompanied 
by its conversion to methane-rich gas. By this mechanism, 
lithostatic gradient can be reached in a petroleum reser
voir under hydrostatic regime, if only 1 vol. % of the 
petroleum is converted to methane (Barker, 1990). 

In the CCPB, nitrogen content detennined in fluid 
inclusions by micro-Raman spectrometry is negligible 
(Dubessy, unpubl. data). Thus, the inclusion fluid pres
sure fluctuations between 0.5-1.5 kbar in the CCPB are 
realístic, or slightly underestimated due to presence of Cr 
C5 gases along with methane and CO2. The concept of a 
lithostatic fluid regime applied to the inclusion fluid pres
sure data results in the overburden of 2-5.9 km. In con
trast, the concept of an overpressurísed compartrnent with 
min. Pc = P1;1. and cyclically changing hydrostatic and 
lithostatic fluid regimes results in a relatively constant 
depth of 5-5.9 km during formation of quartz in the 
CCPB. 

Considering recurrent litho- and hydrostatic regimes 
in the OFB, the minimum overburden between 7.5-7.9 km 
for the Magura nappe and >8 km for the Dukla nappe can 
be ascertained. Presence of nitrogen and a potential exis
tence of fluid overpressures exceeding the lithostatic load, 
however, may shift the estimated values to lower depths. 
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Conclusions 

Formation of euhedral quartz in mineralized joints of 
the Tertiary collisonal belt of the Western Carpathians 
can be correlated with a regional collapse-related hot 
fluid flow superimposed to folding. 

Migration of the hot fluids has been accompaníed by 
ubiquitous methane and local occurrence of petroleum. 

Temperatures of quartz crystallisation derived from 
microthermometry data on coexisting methane- and wa
ter-dominated fluid inclusions increase from 140-205°C 
in the unfolded Centra! Carpathian Paleogene Basin, 
through 160-210°C in the Magura nappe, to l 90-220°C in 
the Dukla nappe. Similarly, a pressure increase from 
0.5-1.5 kbar in the CCPB, through 0.7-2 kbar in the 
Magura nappe, to as much as 3.7 kbar in the Dukla nappe 
has been recorded. 

A model of cyclically changing lithostatic and hydro
static fluid regimes in fractured rocks has been employed 
to account for pressure fluctuations observed during the 
quartz crystallisation. Estimated pressures correspond to 
overburden of 5-5 .9 km in the CCPB (Spišská Magura 
Mts.), 7.5-7.9 km in the Magura Nappe, and > 8 km in the 
Dukla nappe. 
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Tectonosedimentary formations of the Pieniny Klippen Belt 
(Orava, Slovak.ia): structural styles of melanges 

and olistostromes 

LENKA SAKOVÁ & JÁN SOTÁK 

Geological lnstitute, Slovak Academy of Science Bratislava, Severná 5, 
974 01 Banská Bystrica, Slovak Republic 

Abstract. The paper deals with structural investigation in tectonosedimentary formations ofthe Pieniny Klip
pen Belt. Záskalie Breccias are considered to be a tectonic melange, showing pinch-and-swell structures, 
shistosity, expressive SIC fabric, systems of Riedel shears, pressure shadows, etc. On the contrary, a chaotic 
formations with gravitational slumps and drag folds in the Krivá section are indicative of olistostromes. 

Key words: Pieniny Klippen Belt, Upper Cretaceous, tectonic melange, olistostrome 

The term olistostrome and melange has been used to 
designate the chaotic units with block-in-matrix fabric. 
The chaotic units originate in responce of synsedimentary 
deformation (olistostromes) and tectonic deformation 
(melanges), or in influence of both processes 
(tectonosomes). Recognition of olistostromes from me
langes is based on structures induced tectonically. In the 
Western Carpathians, the chaotic units occur mostly in the 
Pieniny Klippen Belt, which was designated as a melange 
already by Andrusov ( 193 8). Lithosome- and melange
like units ofthe Pieniny Klippen Belt are well exposed in 
outcrops near Záskalie and Krivá, where they have been 
studied from the structural point of view. 

In the Klippen belt near Záskalie the Upper Creta
ceous sediments of the Kysuca Unit are exposed. They 
consist of breccias (the so-called Záskalie Breccias) be
longing to the Gbelany Formation. The Záskalie breccias 
are composed of sharply angular blocks of marly lime
stones, which are embedded in a shaly matrix with ori
ented fabric . The blocks are separated to form a 
boudinage, which are flattened and elongated in a matrix 
flow direction. Boudinage developed through necking and 
swelling of beds (pinch-and-swell structures), which re
tlects a strain efficiency and shear movement in inho
mogenous units. Shear concentration in the ductile 
claystones was compensated by fracturation and strike
parallel extension of rigid blocks along the Riedel (R1) 

shears, observed as domino-like structures. Systems of 
Riedel (R1) fractures are filled up with calcite. Orientation 
of elongated blocks and Riedel (R 1) elements indicates 
top-to-the-SSW shear movement. Original S0 bedding is 
identifiable in pressure shadows along the necked parts of 
blocks. Mudstone matrix shows secondary schistosities, 
developed as S 1 and S2 foliations . Their combination 
originates an expressíve S/C fabric . S 1 and S2 planes bear 

slickenslides, offsets and stretching lineations. This 
planes are marked by parallel sets of fibrous calcite veins, 
which were formed through detachment and buckling of 
dilatation fissures under shear deformation and fluid 
overpressure (Capuano 1994, Stoneley 1984). Secondary 
schistosity S2 is observed as planes with sigmoidal de
flection of S 1 indicating the shear sense. Observed SIC 
structures indicate the top-to-the-SSW shearing. Sequence 
in the middle part of profile is deformed into tight and 
isoclinal subhorizontal folds with SSW vergency. Mud
stones from around the folds are intensively sheared, 
exhibiting the SIC fabric and boudinage of marly Iime
stones. Záskalie Breccias are superimposed by the 
Gbelany Fm. , which exhibits a less intensity of tectonic 
deformation. Sequence of the Gbelany Fm. is overturned 
in position, which is documented by the appearance of 
hieroglyphs on the upper bed surfaces. Tectonic slices 
with overtumed position occur together with those in the 
norma! position (Jablonský 1994). Schistosity in clay
stones is developed non-systematically. The sandstones 
show an intensive synsedimentary folding, while the sur
roundings of folds lack the tectonic deformation. The 
structures described above from the Záskalie Breccias are 
indicative oftectonic melange. 

Chaotic formations of different type are exposed in 
the Klippen belt near Krivá. They belong to the Nižná 
Succesion ofUpper Cretaceous sediments, which occur in 
norma! position (hieroglyphs on the lower bed surfaces). 
The formation consísts of various sediments of submarine 
fans, like turbidite and conglomeratic deposits and block 
accumulations. Turbídite sequences are deformed via 
s liding in a form of large-scale drag folds with axes 
trending SW. Drag folds occur within the gravitational 
slumps, where the sandstones show pinch-and-swell 
structures and pass progressively to broken formations. 
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The contact with underlying undeformed beds is over
printed by bedding parallel slip, as is indicated by smooth 
surfaces and slickenslides. The breakage of the formation 
was accompanied by the development of small-scale nor
mal faults. The fonnation changes the dip and inclination 
of beds towards the NE. In this part of cross sectíon the 
forrnation contains a coarse grained and boulder con
glomerates, which form a channel infills. Structures 
observed in the Krivá section are not indicative of the 
tectonic melange. They resulted rather from the deforma
tion of unlitified sediments, which were folded and bro
ken due to gravitational instability. In this sense, the 
chaotic units in the Krivá section are considered to be a 
tectonosedimentary formation, i.e. an olistostrome 
(endoolistostrome sensu Okamura 1991). The paper is 
a contribution to the VEGA grant N0 7068. 
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Abstract. The wide area between the East Alpine-Carpathian-Balkan and the South Alpinc-Dinaride orogenic 

fronts inside the Carpathian orocline is composed of several pre- Tertiary continental terranes that show am

biguous relationships eíther to the northern or southern Tethyan margín al different tíme levels. At the same 

tíme, the íntervening suture zones mostly contaíning Mesozoic oceaníc materíal werc reactivated several 

times and almost obliterated by Tertíary wrenching. Consequently, no simple so lution of pre-Tertiary plate 

configuration and their motions during the Mesozoic is possible. Based on constraínts given by the restored 

Early Tertiary situation, Mesozoic facies links and polaríties towards basinal , supposedly oceanic domains, 

on the movement paths of large plates and on the tectonic progradation trends and shortening directions, a 
tentatíve palinspastic restoration of the Carpathian realm is presented for the Si nemurían, Oxfordian, Early 

Albían and Maastrichtian stages. The presented reconstruction considers the possible drivíng forces for the 

displaced terranes as well. 

Key words: Alpine-Carpathian-Dinaric realm, Mesozoic, plate motion, driving forces, kinematic reconstruction 

Introduction 

The Tethyside Alpidic orogenic system of centra( and 
southeastem Europe consists of two bivergent branches -
the northern East Alpine-Carpathian-Balkan , and the 
southem South Alpine-Dinaric-Helenic branch. While 
convergent movements in the outermost, frontal zones of 
both branches ceased by the Late Tertiary only, the interi
ors of the system appear to be a collage of more-or-less 
independent continental terranes separated by suture 
zones containing Mesozoic oceanic material. Sutures de
piet a very complex, wriggling pattem that wrap up the 
continental terranes (Fig. 1 ). Since the sutures were fre
quently reactivated as wrench corridors during the Terti
ary, their original character has been mostly obliterated . 
Moreover, a great dea l of suture complexes is presently 
hidden below a thick Tertiary sedimentary cover of the 
Pannonian basin system. That is the main reason why 
there is no general agreement about their mutual re lation
ships and links. 

There are many uncertainties also about the age of 

ophiolitic and oceanic sedimentary complexes and, con
sequently, about the time of opening and tinal closure of 
various oceanic domains within the region. Concerning 
the continental terranes, several possib le solutions of how 
to assemble the Tertiary collage were published, but the 
main disagreement concems the Early Mesozoic positions 
of these segments with respect either to Europe, or to 
Adria-Africa. This discord may be exemplified by totally 
diverging views of two groups of Carpathian researchers 

about the original pre-Tertiary position of a large intra
Carpathian segment called Tisia or the Tisza unit. For one 
group Tisia is a segment of the northem margin of Tethys 
showing distinct European affinities, especially during the 
Triassic and Jurassic (e .g. Haas et al. , 1995). The second 
group argues for an independent, ,,within-Tethys", i.e. 
much more southem original position of this microconti
nent (e.g. Mišík, 1987; Kozur and Mock, 1987). Recently, 
even the position of Tis ia far to the west, in the proximity 
of the northem margin of Adria, has been proposed by 
Stampfli et al. (1998). 

In a tentative palinspastic restoration presented in 
Fig. 3, data from both the continental domains and from 
intervening oceanic suture zones have been considered. 
The principal constraints taken into account were de
tined by Plašienka & Kováč ( 1999). The following, 
well-documented data have been preferred: {l) polarity 

and age of shortening processes, vergence of contrac
tional structures; (2) facies polarity within continental 
terranes indicating position of basinal, presumably oce
anic zones at various time levels . The reconstruction is 
supplemented by paleotectonic considerations assuming 
the global plate movements (e.g. the Adria path) and 
local plate driving boundary and body forces arising 
from plate interactions within the realm . The methodical 
approach adopted was the backward reconstruction 
starting from the Late Cretaceous situation, which was 
partly based on the Early Tertiary state as interpreted 
e.g. by Bal ia (1984), Csontos et al. (1992) and Willing
shofer (2000). 
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Fig. 1. Sketch of principal pre-Tertiary continenta/ and oceanic terranes of the Carpathian rea/m. Abbreviations: 77Z - Teysseire
Tornquist Zone; ND - Northern Dobroge-a; NCA - Northern Ca/careous A/ps; PKB - Pieniny Klippen Bell; Z - Zemplín block. 
Thick dashed lines indicate the main wrenchfaults that accommodated the Late Tertiary escape and rota/ion tectonics: PAL - Peri
adriatic Lineament; MHL - Mid-Hungarian Lineament; SL - Sava Line; TL - Transylvanian Line. Thick arrows indicating facies 
polarity point to presumably oceanic paleogeographic domains. 

Palinspastic restoration 

During the Triassic, the northem margin of Paleotethys 
was subducted northward below the Eurasian plate (e.g. 
Stampfli, 1996). Oceanic basins of hard deterrninable 
shape, co llectively referred to as the Meliatic ocean, 
opened in the southem European areas probably due to 
back-are rifting during the Middle Triassic (Fig. 2). Oce
anic rifting was preceded by a Permian HT/LP event that 
substantially weakened the epi-Variscan crust. Based on 
rernnants of Triassic ophiolites and oceanic sediments, 
this oceanic realm comprísed a SW-NE trending, 
SW-ward wedging out Hallstatt-Meliata-Transylvanian 
branch, which was linked to the Karakaya basin of west
ern Pontídes through the NW-SE trending Siret 
(Dobrogea) branch that followed the unstable Teisseyre
Tomquist Zone (TTZ). Future displaced continental ter
ranes of the Austroalpine, Slovakocarpathian and Tisia 
domains were located at the SE margin of the stable 
North European Platform. The Adriatic microplate with 
its northem relatives ( units of the South Alpine-Transda
nubian-Bi.ikkian-Dinaric margin) and the Balkan 
(Rhodopean-Moesian-Getic) segment were separated 
from Europe and drifted southward. The oceanic domains 
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back-are basin system 

- Neotethys 
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Fig. 2. Western Tethyan plate conjiguration during the Midd/e 
Triassic, partly after Stampfli (1996). AA - Austroalpine; SC -
Slovakocarpathian; T - Tisia domains. 

were dominated by pelagic limestones or cherts, their pas
sive margins by huge carbonate platforms and reefs, while 
lagoonal and continental deposítion occurred in regions 
adjacent to the North European Platform. This facies dis
tribution is still well traceable and helps to restore the 
former passive margins ofthe Meliatic ocean. 
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The results of the Jurassic - Cretaceous palinspastic 
and paleotectonic restoration are presented in four snap
shots (Fíg. 3): 

(1) Early Jurassic (200 Ma, Sinemurian; Fíg. 3a). The 
Meliatic ocean was partly consumed by a southward sub
duction starting fonn the latest Triassic. The associated 
defonned belt was restricted only to a narrow accretionary 
wedge rimming the northem Adriatic margin, however. 
Both the northem passive and the southem active margins 
ofthe Meliatic ocean, as well as broad fore land and hinter
land areas suffered extensive rifting during the Early Juras
sic. This can be related to back-are extension of the upper 
plate, and the passive rifting of the lower European plate 
due to the southward puli exerted by the negatíve buoyancy 
of the Meliatic slab, augmented by the eastward drift of 
Adria. The SW-ward subduction and roll-back of the 
Dobrogea oceanic branch may have account for an east
ward shift and counterclockwise rotation of the Balkan 
plate that initiated its separation from Adria and rifting of 
the NW-SE trending Vardar ocean in between during the 
latest Triassic. Continental rifting produced elevated and 
subsided domains, the fonner being indicated by shallow
water syn-rift limestones rich in the clastic admixture, the 
latter by hemiturbiditic, partly anoxic sediments. 

(2) Late Jurassic (155 Ma, Oxfordian; Fíg. 3b). The 
subduction of the Meliatic ocean split into two branches. 
The western, Meliata-Hallstatt branch was gradually 
closing, but the oceanic Szarvaskô back-are basin opened 
on its SE site. Within the European lower plate, the South 
Penninic (Ligurian-Piemont-Yahic) ocean spread out after 
the )atest Liassic break-up, which separated the Austroal
pine-Slovakocarpathian-Tisia terranes from the North 
European Platfonn by passive rifting. Tisia and the Zem
plín block were separated from the Slovakocarpathian 
terrane and drifted further SE-ward. The eastem, Transyl
vanian-Mure~ Meliatic branch became to be unified with 
the Vardar trough and remained opened until the Albian, 
whilst the Dobrogea branch was sutured and Moesia was 
welded to the East European Platfonn. The intraoceanic 
Transylvanian subduction propagated to the Vardar 
ocean. This initiated opening of the Severín back-are ba
sin that separated Moesia from the Getic domain. In the 
Late Jurassic, an immature orogenic wedge nuc leated 
along the Meliata-Hallstatt suture, associated with HP/L T 
metamorphism and blueschists exhumation during the 
initial collision, and with synorogenic sedimentation 
dominated by olistostromes. However, the northem lower 
plate was still in tension. This is ascribed to the 8 -sub
duction and persisting southward slab-pull of the Meliatic 
oceanic lithosphere attached to the European lower plate. 
Finally, the Brianyonnais, Hochstegen (Hohe Tauern) and 
Oravic (Pieniny Klippen Belt) continental ribbons, 
marked by swell sedimentation, were separated from the 
southern passive European margin by passive rifting. The 
North Penninic oceanic branches, as the Valais, Ybbsitz 
and Magura, opened during the Late Jurassic and Early 
Cretaceous. All these are characterized by eupelagic 
sedimentation, often below the CCD. 
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(3) Mid-Cretaceous (110 Ma, Early Albian; Fig. 3c). 
From the Early Jurassic onward, the movement vector of 
Adria has been reconstructed e.g. by Savostin et al. 
(1986). For the Jurassic and Early Cretaceous a system
atic east- to SE-ward drift of Adria and its pendants with 
respect to Europe is inferred. This brought about dimin
ishing of the meridionally trending Vardar and Severín 
oceans associated with ophiolite obductions, as well as a 
left-lateral shift of Adria with respect to the Meliatic su
ture-collision wedge. This wedge widened due to persist
ing subcrustal compressive load exerted by the sinking 
Meliatic slab. The Mure~ and Severín sutures expanded 
NE-ward to consume a part of the Siret oceanic crust of 
the later Moldavide Outer Carpathians, fonning the com
pressive, intraoceanic Silesian ridge. However, tensiona l 
stresses sti II dominated in the western sector of the Euro
pean lower plate. Orogenic wedge of the Austroalpine
Slovakocarpathian system widened considerably by mid
Cretaceous times, accompanied by basement stacking, 
crustal thickening and eo-Alpine metamorphism. Outward 
progradation of the orogenic growth from the Meliatic 
suture indicates the puli exerted by the sinking Meliatic 
slab was still the main driving force. Large-scale short
ening produced voluminous flysch sediments along the 
oceanic and/or intracontinental sutures. 

(4) Late Cretaceous (70 Ma, Maastrichtian; Fig. 3d). 
The general geodynamic situation fundamentally changed 
during the Late Cretaceous. Adria began to move north
wards, bulldozing in its front all the previously shortened 
or stretched continental, as well as oceanic realms. The 
detached Meliatic slab drowned in the mantle and did not 
affect the crustal dynamics any more. The Austroalpine
Slovakocarpathian system was welded to Adria and its 
northem pendants {Transdanubian, Bilkk), but these be
come to be separated from Adria by the wedging in of 
Tisia along a large-scale dextral strike-slip, a precursor of 
the Periadriatic and mid-Hungarian lines. At the same 
time, Tisia was welded with the Getic and Bucovinian 
segments to fonn the Tisza-Dacia microplate. The amal
gamated Austroalpine, Slovakocarpathian, Transdanubian 
and Bilkk segments constituted the Alcapa microplate. 
Movement of both the Alcapa and Tisza-Dacia mi
croplates governed the later Tertiary evolution of the 
area. During the )atest Cretaceous, consumption of the 
Southem Penninic oceanic crust by the A-type subduction 
started along the northern margin of Alcapa. Conse
quently, the compressive stresses exerted by drifting 
Adria were effectively transmitted to far distances to
wards the north, where they caused basin inversions, 
wrenching and locally thrusting in the cover complexes 
of the North European epi-Variscan Platform (Saxon 
folding) . TTZ was one of the main Ioci of reactivation . 
The late Senonian is still characterized by extensive 
synorogenic sedimentation, though it post-dates the 
important shortening events during the early Late Creta
ceous. Nevertheless, apart from the stil l oceanic Rhe
nodanubian-Magura and Moldavian zones, these Gosau 
sequences show a shal lowing-upward. 
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Fig. 3. Tentative palinspastic restoration of the Carpathian realm and possible plate driving forces presented at four Mesozoic time lev
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Conclusion 

Although the graphic outcome of the presented resto
ration is a tentative one, it well illustrates the complex 
relationships and movement paths of the principal units 
distinguished. Despite the space available for oceanic 
spreading was limited, several short-living oceanic zones 
were created, and often re-opened in places of older 
sutured oceans. Continental terranes were separated by 
rifting processes, and then reassembled in a different pat
tem leaving numerous paleogeographic puzzles. A con
clusion may be drawn that the motion and deformation of 
crustal segments within the Carpathian collage seems to 
be driven, in addition to global plate movements as was 
the drift of Africa-Adria, also by the locally generated 
driving forces, dominantly generated by descending oce
anic slabs. 
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Lithofacies and micropaleontological data of the Upper Cretaceous deposits 
of the Subsilesian Unit in the Sulkowice tectonic window 

(Outer Carpathians, Poland) 
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Abstract: Foraminifera assemblages of the Turonian to the Maastrichtian age were studied in the Subsilesian 
Unit in the Sulkowice tectonic window. Following lithofacies were distinguished in the Ubionka section: red 
shales, variegated marls and grey marls. In these sediments, three different assemblages have been recognized 
according to the taxonomic composition which suggests gradual shallowing trend. 
Key words: Late Cretaceous, Subsilesian Unit, Sulkowice tectonic window, variegated marls, small fora
minifera 

Studied area 

In the Polish Flysch Carpathians the 
Subsilesian Unit appears in front of the 
Silesian Nappe and along its southern mar
gin in several tectonic windows, known as 
the Lanckorona-Zegocina tectonic zone. 
One of the windows, in which Upper Creta
ceous pelagic deposits occur, is located in 
the Sulkowice area (about 30 km SW from 
Cracow). Section studied is exposed along 
the Ubionka creek (tribute of the Har
butówka stream) in Suikowíce (Fíg. I ). 

So far, the most complex research of 
these deposits was carried out by Liszkowa 
and Ksi<l_i:kiewicz (1967). 

14 foraminiferal samples were collected 
from the shales and marls. All samples were 
prepared using the standard micropaleon
tological techniques. 

Lithological and biostratigrphical data 

y 

Within the Upper Cretaceous sequences investigated 
three lithofacies were distinguished. 

The sequence begins with soft red shales (samples No: 
1/257, 2/258, 3/260) (F ig. 1). The Turonian age of sedi
ments was established by of agglutinated foraminifera, 
which are typical for the Uvigerinnamina jankoí Zone 
(Olszewska's zonation, 1997). In the samples studied 
abundant Recurvoides and Thalmannammina (40 % of 
foraminiferal assemblages) occur, and single Bulbobacu
lites prob/ematicus (Neagu) accompany index taxon. 

Above the red deposits there are variegated marls 
(samples No: 4/259, 5/253, 6/252, 1/53, 7/254, 9/255) 
which are represented by red shales and marls intercalated 
by grey-greenish marls (Fig. 1 ). In the higher part grey 

Sílesian Nappe 

s9m 

Fíg. 1. Geological setting. 

Su/kowice 

lithofacies: 
D greymarls 

D vanegated marts 

- redshales 
-1f257 samples 

marls are more frequent. The assemblages of foraminifera 
from the variegated marls lithofacies are characteristic of 
the Spiroplectinella costata Zone and the lower part of the 
Hormosina gigantea Zone (Olszewska's zonation, 1997) 
ofthe Coniacian - Early Campanian age. Beside the index 
species, calcareous agglutinating form of Goese//a rugosa 
(Hanzlikova) is present, as well as calcareous benthic 
Aragonia ouezanensis (Rey) and Pullenia cretacea 
Cushman. Planktonic foraminifera are represented by sin
gle specimens of Globotruncana cf. area (Cushman) and 
Heterohelix sp. 

Grey marls represent the next lithofacies distin
guished. At the base, the marls are soft and green-grey in 
colour, higher up they are grey and harder, at the top they 
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fi d fr Bíozones are stratí Ie ánd equently bioturbated . The (afterOlszewska, 1997) 
Morphogroups Maln dlstr1butlon 

or foramlnlfera 
assemblages of foraminifera from the lower 
part (samples No: 4/50, 1/47, 8/256) consist of 
agglutinated, calcareous benthic and planktonic 
taxa. Agglutinated foraminifers indicate 
the Hormosina gigantea Zone (zonation of 
Olszewska, 1997) of Campanian age. 
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morphogroups: 
1 

1 erect epifauna 

The planktonic foraminifera are repre
sented by: Dicarinella asymetrica (Sigal), 
Globotruncana area (Cushrnan), G. linneni
ana (d'Orbigny), Globotruncanella havanen
sis (Voorwijk), G. petalloídea (Gandolfi), 
Hedbergella holmdelensis Olson, Heterohelix 
globulosa (Ehrenberg), H pulchra (Brotzen), 
Marginoglobotruncana coronata (Bolli). Thís 
association is índicative for Dicarinella asy
metrica and Globotruncaníta elevata zones 
(sensu Caron, 1985). 

lithofacies: of foraminifera 
--- mobile epifauna -

Numerous specimens of the Reusella sza
jnochae (Grzybowski) - 21 % of all fora
minifera are present in these assemblages. lt 
seems to be a characteristic feature of the 
variegated marls of the Subsílesian Unit 

t.!. í.!."I grey mar1s D agglutinated benthos 
1 stabile epifauna 

-::;_ shalow infauna t l j .1 ·1 variegated mar1s D calcareous benthos 

- plancton 

t 
t t 
t 

deep infauna =1 red shales 

(Geroch et al. , 1967). 
In the híghest part despite of agglutinated assemblages 

characterístic for Rzehakina ínclusa Zone (sensu 
Olszewska, I 997), single forms of Rzehakina fissístomata 
(Grzybowskí), Hormosína excelsa (Dyl,tzanka), Haplo
phragmoides mjatliukae Maslakowa and Spiroplectam
mina spectabilis (Grzybowski) are present. The Late 
Maastrichtían age is confirmed by planktonic foraminífera 
representing the Gansserína gansseri and Abathomphalus 
mayaroensis zones (zonatíon after Caron, 1985). 

Palaeoecology 

According to Sliter & Baker (1972) based on their 
palaeobathymetrical model, Turonian foraminiferal fauna 
(species and genera) are characteristic of the lower/ mid
dle part of the slope, close to the Jocal CCD. During the 
Coniacían - Early Campanian foraminiferal assemblages 
indícate a higher posítion on the slope. The Late Cam
panian - Maastrichtían foraminiferal taxa are typícal of 
the upper part of the slope above the foraminiferal lyso
cline. Similar palaeobathimetrical changes were observed 
by Gasinski (1998), Gasinski et al. (1999). 

The distribution of agglutinated and calcareous fo
raminifera confirm the palaeobathimetrical changes. The 
Turonian assemblages are dominated by agglutinated 
taxa. In the Coniacian - Early Campanian, the assem
blages contain an amount of calcareous benthic fora
minifera, which increases to 20% indicating a higher 
position on the slope (Fíg. 2). The Late Campanian -
Maastríchtian assemblages consists of more numerous 
calcareous benthic foraminifera (up to 45%) and the 
amount of planktonic forms is rather varíable (from 1 to 
85%). 

The results of morphogroup analysis of benthíc taxa, 
according to the model proposed by Jones & Chamock 
(1985), suggest that the conditíons in the basín supported 

Fig. 2. Main distribution o/ foraminifera groups against lithos
tratigraphic section. 

development of numerous and various assemblages of 
foraminifera during sedimentation ofthe studied deposíts. 
There were no restrictive factors for development of any 
ecological group. The Upper Cretaceous variegäted de
posits at the Ubíonka section are characterízed by large 
amount of infauna (60 %) indicating a well oxygenated 
environment well supplied by nutrients. Small amount of 
both tubular fonns representing suspension-feeders and 
mobile epifauna (Fíg. 2) in benthic communities can sug
gests low rate of sedimentation and minor influence of the 
turbidíty currents during sedimentation of the Upper 
Cretaceous variegated shales and marls (Gasióski, 1998). 

Conclusions 

Within the Upper Cretaceous variegated deposits at 
the Ubionka section three lithofacies were dí stinguished 
with three different foraminiferal assemblages respec
tively. Red shales of Turonian age contained assemblage 
of the Uvígerínammina jankoi Zone dominated by agglu
tinated taxa. Yariegated marls, Early Coniacian - Cam
panian in age, yielded assemblages of Spíroplectinella 
costata and Hormosina gígantea Zones with considerably 
amount of calcareous benthic foraminifera. Jn grey marls 
ofthe Campanian - Maastrichtian age, assemblages repre
sentíng Hormosina gigantea and Rzehakina inclusa Zones 
with numerous calcareous benthic and planktonic fo
raminífera were found . 

During sedimentation of Upper Cretaceous varíegated 
deposits, palaeoecological conditíons in the basin sup
ported development ofvaried foraminíferal groups. 

Turonian up to Campanían - Maastrichtian shallowing 
tendency could have been connected with global or local 
sea level changes. 
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Paleogeography of the Cretaceous karst in the light of geochemical methods 
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Abstract. Grain-size, trace and major elements of red clays and bauxites of Cretaceous age, formíng the in

fi ll ing of karstíc traps in Middle/Uppper Triassic carbonates were analysed. The aim of the work is to answer 

open paleogeographical questions: 1. autochthony or allochthony of the infillings, 2. their facial characteris

tics, 3. characterize the source areas, 4. contribute to the question of the age of the infillings. 

Key words: karstic traps infillings, major and trace elements 

Introduction 

Karst sediments of Cretaceous age are conserved only 

rudimentary in different kinds of karst depressions. The 

sedimentary traps represent a scale of different karst hol

lows/fissures, widened by karst dissolution , shallow doline

like and deeper, canyon-like depressions. This study covers 

the geochemistry of the karstic traps infillings. (Fíg. 1) 

o 

Fíg. / Schematic cross-seclion o/ a canyon-like depression W oj 

Brezová pod Bradlom 
J - Hauptdolomite (Norian), 2 - bauxite, 3 - bauxitic clay, 4 -

kaolinic clay, 5 - illitic/smectitic clay (pre-Upper Cretaceous), 

6- Valchov Conglomerate (Upper Cretaceous), 7- debris 

Methods 

The infillings of karstic traps -red ferrugineous clays 

or silty clays and rather rare lens-shaped boehmite

kaolinite bauxite- were analysed in regard of grain-size 

di stribution, clay minerals, trace and major elements. 

The grain size of the samples was determined by the 

pipet method for three grain-size fractions. 

The mineralogical composition of the samples studied 

was determined by means of X-ray diffraction. Philips 

PW 1710 diffractometer was used to this purpose. Whole

rock powdered preparations and separated sam ples <2µ m 

were examined. Prior to separation of fractions by the 

sedimentation method, the samples were prepared by ul

trasonic disíntegration. The suspension obtained was co

agulated and finally transformed into homoionic Na form 

by 1 M solution of NaCI. The excess of salt was removed 

by washing with disti lled water, and the process was 

checked by means of chloride ions, using AgN03. 

Preparation for X-ray diffraction analysis were pre

pared by sedimentation of clay suspension (10 mg.cm·2) 

on glass slides. The specimens were analysed in their 

natural state and after saturation with ethylene glycol va

pour for 8 hours al a temperature of 60° C. 
Major elements were analysed on the X-ray spek

trometer Philips PW 1410/20 (X-ray tube with Rh anode, 

gas flow detector with Ar/CH4=90/10 filling , LiF200 and 

TIAP crystals). The samples were analysed in the form of 

solid solution with Li2B40 7• 

Trace elements were determined by optical emission 

spectroscopy (using the spectrograph PGS-2 in ultraviolet 

and visible ranges). The results were checked by the 

analysis of the standard samples KK (kaolinite Karlovy 

Vary) and TB (siate) . 

Aim of the work 

The Paleoalpine collision caused partia) stabilization 

leading to the individualization of the Centra! Western 

Carpathians (CWC) into quasiplatform basement and to 

the subsequent geocratic regime (Činčura, 1988). Surface 

and near subsurface zones of the basement were com

posed to a great extent of carbonate complexes. Favour

able lithology, tectonics and climate conditioned the 

origin of the Cretaceous, Paleolpine karst. The lower 

boundary of the Paleoalpine karst period is age

determined by the gradual emergence and termination of 

the marine deposition in the main tectonic units of the 
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Western Carpathians (Činčura & Kohler, 1995). The pre
Gosau and/or pre-Paleogene karst is developed on the 
carbonate complex of Middle/Upper Triassic age of the 
Hronic and Silicic superficial nappe systems. The pres
ence of the Paleoalpine karst period is proved mainly by 
different corrosional karst forrns and partly also by karst 
sediments-infillings of karstic trap s. 

The aim of our work is above all to answer open pale
ogeographical questions: 

1. autochthony or allochthony of the infillings of the 
karstic traps, 2. facial characteristics of the infillings, 3. 
characteristics of source areas, 4. contribute to the ques
tion ofthe age ofthe infillings. 

Analytical results and discussion 

1. Autochthony versus allochthony. Limestones 
(Gutenstein, Annaberg, Reifling, Wetterstein) of Middle/ 
Upper Triassic age, surrounding the infillings of the kar
stic traps have low insoluble residua contents, which is 
a characteristic feature of shelf carbonates where the sup
ply of clastic material is minimal. Insoluble residues of 
the Gutestein, Annaberg, Reifling and Wetterstein Lime
stones in Malé Karpaty Mts. consist exclusively of clay 
material (Lintnerová et al., 1988). Similar resul ts were 
obtained also from other localities. Red clays/silty clays 
occurring in the karstic traps represent a two- to three 
component system in which the clay fraction is predomi
nant (up to 75-80%). The content of silt particles is rela
tively constant (15-18% ), nevertheless, there are, some 
sporadic cases when the quantity of silt increases to over 
20%. The content of sand particles as a rule varies be
tween 5-7%, and only sporadically exceeds 10%. In eon
trast to the insoluble residue of underlying limestones 
which has a clayey character, the red infil1ings contain 
also abundant adrnixture of silt as well as sandy grains. 
The silt and sand particles of the infillings could not have 
originated from limestones (Fíg. 2). 

Dl 

■ 2 

O J 

Fíg. 2 Average grain size distribution oj the red clays 
1- clay, 2 - silt, 3- sand 

Clay material of the insoluble residue of the different 
limestones consists generally of a monotonous mínera! 
assmblage, for example illite and a small quantity of chlo
rite (cf. Lintnerová et al. , 1988). There is a much wider 
range of clay rninerals present in the red infillings, while 
the mineralogical composition varies relati vely strongly 
from place to place. The infillings differ generally 
(mineralogy, trace elemensts) from the insoluble residues 
(Činčura & Šucha, 1992, Činčura & Puškelová, 1999). 
This finding indicates, that the infillings do not represent 
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a product of weathering in situ. In assessing the problem 
of allochthony or autochthony we consider rapid changes 
in the mineralogical composition of clay minerals of indi
vídua] samples to be significant factors of allochthony. 
Trace elements of the infillings differ considerably from 
the insoluble residues ofunderlying limestones. 

2. The facial characteristics of the infillings . The pres
ence of bauxite in the sedimentary traps, the relatively 
high contents of A]zO3, FezO3, TiO2 as well as the domi
nance of kaolinite in many samples indicates, that the in
fillings are products of intensive weathering on !and, in 
conditions of a warm climate. A warm, altemating wet 
and dry climate has been essential to reduce the parent 
material to the final aluminum hydroxides (boehmite). 
Boehmite is the main alumina mínera! of the bauxite from 
Brezová pod Bradlom. The trace elements, which may 
reflect facial conditions (gallium, strontium), as well as 
source areas (vanadium, nickel, chromium, zirconium) 
were studied separately. The red infillings are enriched 
also in vanadium, nickel, chromium, zirconium, titanium 
and gallium. In comparing the chemical composition of 
bauxite and red clays, it is possible to see significant dif
ferences (Tab. 1). The most marked differences are in the 
contents of Al20 3, FezO3 and SiO2. In contrast, areas with 
carbonate rocks, e. g. the superficial nappes of Hronic 
and Silicic are marked by low concetrations of A1 2O3, 

FezO3, TiO2. In the karst bauxite from Brezová pod 
Bradlom a positive correlation has been found between 
the A12O3, FezO3, and TiO2 contents. For facial analysis 
from trace elements, we can rely on gallium and stronc
tium. The lower content of strontium, as well as the high 
content of gallium in the red clays/silty clays point rather 
to a fresh water environment during the transport of mate
rial to karstic traps (Činčura & Puškelová, l 999). (Fig.3) 

3. The characteristics of source areas. Differences in 
the values of contents of trace elements characterizing the 
source rocks, may bear wittness to different materials, 
which give the source for the infillings of the traps. Vana
dium, nickel and chromium are ranked among trace ele
ments whose distribution is mostly affected by the nature 
of parent rocks in the original source areas . The extraor
dinary high content of nickel 213-494 ppm, chromium 
42-231 ppm, vanadium 342-630 ppm in the bauxite and 
the raised content of nickel 62-207 ppm, chromium 76-
191 ppm, vanadium 132-276 ppm in the red clays/silty 
clays, indicate that the source material for the infillings 
was marked by a significant proportion of alkaline erup
tive rocks. In relation to the geology ofthe Hronic, above 
all the basalts of Ipoltica Group of Permian age should be 
taken into account (cf. Vozárová & Vozár, 1988). This 
possibility also appears to be real, from a comparison of 
the trace element contents, directly with the basalts men
tioned. The content trends are mutually quite compatible. 

4. Age of the infillings of karstic traps . The lower 
boundary of the Paleoalpine karst period is age
deterrnined by the gradual emergence and terrnination of 
the marine deposition in the main tectonic units of the 
Western Carpathians. As overlying rocks of the karstic 
traps infillings often occur: l.Valchov Conglomerates, the 
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Tab. I :Contents of some major and /race e/ements in bau.xites and red clays, Malé Karpaty Mts. 

Bauxi tes 

ČIN-1 ČIN-2 ČIN-3 ČlN-4 ČIN-S BRE IOl BRE 103 BRE 105 BRE 106 BRE 107 

Si02 22,89 23 ,02 22,41 24,67 22,39 22,62 25,63 31,84 25,62 27,30 

Ti02 % 1,88 1,88 2,00 1,87 1,97 2,25 2,14 1,91 2,30 2,06 

Al20 J 41 ,48 40,12 40,60 38,90 39,84 42,32 39,46 37, 11 38,83 38,80 

Fe203-tot 15,53 16,25 16,24 15,64 16,58 16,77 15,93 12,8 1 17,08 14,5 1 

Ga 26 3 1 31 26 25 56 42 39 65 41 

Sr 134 6 1 6 1 95 40 393 248 305 500 389 

v ppm 630 562 4 17 354 468 506 342 440 529 380 

Ni 238 2 18 2 13 234 240 393 350 358 494 389 

Zr 690 793 723 707 954 2 11 253 326 278 354 

Cr 95 42 53 66 48 124 116 116 231 123 

Red clays 

V8-č2 V8-č3 V8-č4 V8-č5 V8-č6 V8-č7 BRE 102 BRE 108 BRE 112 BRE 113 MKP-1 

Si02 47,05 45 ,97 48,72 46,2S 55,09 S4,20 37,37 40,09 37,98 36,23 50,07 

Ti02 % 0,76 0,79 0,79 0,84 1,04 0,85 1,68 1,52 1,5 1 1,75 0,86 

Al203 22,03 22,59 2 1,21 2 1,90 18,56 17,12 33,59 30,30 33,23 33,64 23, 12 

Fe20 3-tot 8,40 9,10 9,01 8,84 8, 11 9,46 10,62 9,09 9,15 10,82 8,15 

Ga 28 19 33 46 20 

Sr 36 48 48 4 1 48 64 155 153 172 233 2 19 

v ppm 157 173 150 132 137 132 245 183 299 261 276 

Ni 84 79 84 69 63 62 182 110 207 198 78 

Zr 637 298 30 1 223 555 428 79 68 10 1 128 418 

Cr 133 19 1 154 156 124 12 1 76 84 101 119 93 

45 18 
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Fig. 3 Correlation between A/20 3 and various e/ements in the infillings of karstic traps, Malé Karpaty Mts. 
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lithostratigraphical equivalent of the basal conglomerates 
of the „Tiefere Gosau,, (Coniac) of the Northern Calcare
ous Alps in Austria. Coarse to medium grained Valchov 
Conglomerates pass sometimes into breccias. Their clasts 
(different limestones and dolomites - 60-75% ofTriassic, 
25-30% of Jurassic age, the rest fonn eruptive rocks) are 
unsorted or badly sorted, angular to subangular (Salaj et 
al. , 1987). The changing matrix of the Valchov Conglom
erates is formed by red ferruginous clay and/or silty clay, 
or fine clasts of limestone, dolomite and quarz. 2. Borové 
Forrnation, which represents the basal part of the trans
gressive Paleogene sequence. It consists of carbonate 
breccias, conglomerates and carbonatae sandstones, fol
lowed by organogene and organodetrital limestones 
(Gross & Kohler, 1991 ). The organogene and organode
trital limestones of Borové Fonnation are not karstified. 
In both cases is the infilling of the karstic traps older than 
the overlying rocks. 

Conclusions 

1. Grain-size analyses explicitly prove that silt and 
sand particles of the infillings could not have originated 
from the surrounding and underlying limestones. The 
results of analyses (grain-size, mineralogy, trace and ma
jor elements) speak for the allochthony of the material of 
the fillings of karstic traps. 

2. The material of weathering crusts on non-carbonate 
rocks was transported during the dry season by wind, or 
washed onto the carbonate karst surface by area) water
flows during the wet season of the year and caught in the 
karstic traps. 

211 

3 .. The infillings are products of a warm, altemating 
wet and dry climate with monsoonal features which pre
vailed not only during the pre-Gosau period, but probably 
also during the Late Cretaceous. 

4. As the trace elements indicate the source material 
for the infillings was marked by a significant proportion 
of alkaline eruptive rocks. In relation to the geology of 
the Hronic superficial nappe, the basalts of Ipoltica Group 
of Permian age should be taken into account. 
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Carpathian-Crimean paleogeography in Hauterivian-Aptian 
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Abstract. The main features of the Early Cretaceous paleogeography at the Carpathian-Black sea region are 

outlined. Hauterivian-Aptian sediments accumulated in the interna! and extemal basins separated by an island 

arch . In the interna) basin terrigenous shallow marine and alluvial sedimentation dominated. Clastic influx 

realized by rivers, wich were controlled by regional faults. Carbonate, carbonate-clay si lts were formed in the 

extemal basin, while carbonates of Urgonian type - at the Moesian plate. 

Key words: Carpathian-Crimean, paleogeography, hauterivian-aptian, shelf, river) 

Basa! layers of Cretaceous in Carpathian-Crimean 

region are the carbonate and clastic sequence with several 

meters (Carpathian region) to about 600 m (Crimea and 

adjacent areas) in thickness. Depending on the section 

setting it consists of different grained sandstones, silt

stones with conglomerates, claystones, limestones inter

layers or of limestones with various content of clay, 

clastic and biogenic material. 
At the most part of the investigated area between 

Lower Cretaceous and Paleozoic-Mezozoic basement the 

deposítíonal hiatus existed. Lower Cretaceous deposits 

with local unconformity are covered by glauconitic 

Aptian-Albian deposits. 
Studied basa! layers have dífferent age: Late Haute

rivian-Early Barremian (southem part of the Crimean 

lowland, Carpathian region); Late Barremian-Early 

Aptian (centra! part of the Crimean lowland, Predo

brougean depression); Aptian (North Foreshore of the 

Black Sea, centra! zones and slopes of Carkinitian, Cala

mitian, Middle Azovian uplifts) and Late Hauterivian

Early Aptian (Scythian and Moesian plates). 
In the Moesian plate I imits these deposits are a part of 

united Lower-Middle Cretaceous complex. 
Taking into consideration sequence correlation of the 

main lithological components (sandstones, siltstones, 

claystones, limestones), according to quantitative method 

ofthe facial analysis (Kiseliov & Kulchytskyi, 1983), five 

lithologic complexes from three series have been revea

led. There are: psammitic and carbonate-psammitic com

plexes of psammitic series; silt-claystone complex fi-orn 

claystone series; also carbonate and carbonate with sand

stone and claystone intercalations complexes of carbonate 

series. 
Psammitic and carbonate complexes are most develo

ped in the limits ofthe Carpatian-Crimean region (Fig. 1). 

Hauterivian-Aptian sediments in Carpathian-Crimean seg

ment of Mezo-Tethys accumulated in epi-mezopelagic 

depositional environments in two major basins (interna! 

and extemal) separated one from the other by an island 

arch. The latter consisted of sub- and overrnarine uplifts. 

Santa Crist, Dobrougean and Crimea islands were the 

largest among them (Fíg. 2)1. 
In the interna! basin (separated rrom the open ocean) 

there occurred alluvian-deltaic and shallow marine sedi

mentation . The continental margin marine basins were 

divided into two major regions - Roztockij and Pre

dobrougean-Black sea. The depocentre of the first region 

was located in the western part of the margin; the depo

centre of the second one - in the eastern part of the Car

pathian-Crimea continental margin (Michajlov depres

sion). Through the narrow straits both basins were con

nected with the open ocean: Roztockij - with the 

Carpathian trough; Predobrougean-Crimea - through the 

strait between Dobrougean and Calamitskij islands with 

the West-Black sea trough. 
In both basins, clastic-carbonate sedimentation (carbo

nate-clay muds, thin layers of quartz-feldspar, quartz, 

carbonate sands and silts) dominated. Sedimentation rate 

did not exceed 5- 10 mm/1000 years. Organogenic car

bonate sedimentation was depressed by the intense clastic 

influx. Biogenic and carbonate detrital deposits were 

forrned in !oca! areas only. 

Clastic material was provided by five main river sys

tems flowing rrom the Feno-Sarrnatian highland. These 

river valleys were fixed by elongated areas of coarse 

grained quartz and quartz-feldspar sands with kaolinite 

(meander facies) development (sedimentary rate about 

100- 150 mm/1000 y) . Southward these facies were 

changed by fine grained deltaic sands and silts, and then -

by silts and carbonate-clay muds of the extemal basin. 

This facies association are ended by oceanic floor fans . In 

lateral direction sandy meander facies were changed by 

1 Lithological map and paleogeographic model are constructed using 
geological data of Romania and Bulgaria (e.g. Atanasov, 1983. Costea, 
Vinogradov, Comsa, & Bonig, 1981 ). 
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Fíg. 1. Líto/ogícal map of the Carpathian-Crimean region. Upper Hauterívian- Lower Aptian. 
Lito/ogic complexes: Psammitic series (1-2) : J - psammitic complex (avarage content: gravelites 4%, sandstones 61%, síltstones 
20%, claystones J 3%, limestones 2%); 2 - carbonate-psammítíc comp/ex (gravelítes 2%, sandstones 57%, síltstones l 0%, claystones 
12%, limestones 26%); C/aystone series: 3 - síllstone-claystone complex (gravelítes 0.2%, sandstones 8%, si/tstones 29%, 
claystones 53%, limestones 10%); Carbonate series (4-5): 4 - carbonate comp/ex (sandstones 2%, síltstones 7%, claystones 10%, 
/imestones 81%); 5 - carbonate with ínter/ayers of sandstones and claystones complex (sandstones 8%, si/tstones 10%, claystones 
21%, /imestones 61%). 6 - Land. 7 - limits ofthe deposíts spreadíng. 8 - límits of the lito/ogic complexes. 9 - isopachytes. 10 - thrust 
/imits. 11 - sandstones, J 2 - si/tstones, J 3 - claystones, 14 - marís, J 5 - clay límestones, 16 - oolític límestones, 17 - breccia. 

alluvial silts and muds; deltaic deposits were changed by 
clay-carbonate muds of the interna! shelf. These major · 
river systems formed up along fault zones. The 
Odesskij, Mykolaivskij , Krivorogsko-Eupatorijsko-Sca
dovskij , Salgir-Octiabrskij, Konksko-Bij Iozerskij faults 
promoted terrigenous influx into the Black sea-Crimea 
basin, whereas the Teteriv and Bilotcerkivskij - into 
Carpathian basin. 

Extemal basin, which was open to the ocean sedi
mentary zone, was very narrow and developed southward, 
south-westward from Santa Crist-Crirnean island arch. In 
the Moesian-West and East Pontides platforms, only this 
zone essentially widened. In these areas organogenic car
bonate sedimentation dominated. 

The Moesian carbonate platform was divided into 
three sedimentary zones (interna!, extemal shelves an bar-

rier zone). Jnner shelf covered the Iargest part of the 
Moesian platform. There were deposited the foraminiferal 
and foraminiferal-oolitic carbonate, sometimes clay-car
bonate muds wit:h sedimentary rate about 20-30 mm/1000 y. 
The external shelf as a narrow zone surrounded the inter
na! one. Within its lirnits, clay and carbonate-clay muds 
essential silt-size clastic admixture were deposited at the 
rate of about 50-60 mm/1000 y. In the barrier zone, 
which is routed in southern part of Moesian platform, 
carbonate bars and bioherms (Urgonian facies) were 
formed. 

The paleoshelf edge in the Carpathian region suppo
sedly occurred along the Transcarpathian fault zone, in 
the Moesian platform - to the south of the South Moesian 
thrust, in the Black sea-Crimea region the paleoshelf edge 
actually coincides with the present one. 
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Fig. 2. Sedimentary model o/ the Carpathian-Crimean continental margin. Late Hauterivian-Lower 
Aptian. 
1 - coarse grained sands, 2 - di/ferent grained sands, 3 - silts, 4 - clay muds, 5 - carbonate-clay 
muds, 6 - carbonate (detrital) and organogenic deposits, 7 - nondeposited area , 8 - directions o/ 
clastic influx, 9-/ans, 10-shelf edge, I 1 - thrust limits.I - Feno-Sarmatian /and. Island.s: Jl - Santa 
Christ: III - Dobrougean; IV - Calamitskian; V - Crimean. Trough: CT - Carpathian; WBT - West
Black sea; ECT - East-Caucasus. 
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Uppermost Maastrichtian radiolaria and foraminifera assemblages from 
the Polish part of the Magura Unit (Rača sub-unit) 

1Institute ofGeological Sciences, Jagiellonian University, Oleandry 2a, 30-063 Kraków, Poland 
2Jnstitute ofGeography, Pedagogical Academy, Podchonµych 2, 30-084 Kraków, Poland 

Abstract. Abundant radiolarian fauna and foraminifers have been found within uppennost Maastrichtian 
deposits of the Inoceramian beds in the Magura Unit. The nassellarians dominate in numbers of specimens 
and taxa. The most characteristic genera among the radiolarians are Amphipyndax, Dictyomitra and Theocap
somma, Pseudoaulophacus and Pate/Iu/a. Foraminiferal assemblage is represented mostly by deep-water 
agglutinated fonns. The most frequent are tubular-shaped fonns of genera Rhabdammina, Bathysiphon and 
Nothia. 

Key words. Radiolaria, foraminifera, uppermost Maastrichtian, Magura Unit, Outer Carpathians. 

lntroduction 

Radiolarian and foraminiferal faunas around Creta
ceous- Tertiary boundary have been a subject of system
atic descriptions and stratigraphic studies from different 
regions ofthe world. 

In the Carpathians, the investigations of radiolarian, 
foraminiferal and nannotloras assemblages from the KIT 
boundary interval. were started by Bubik et al. (1997, 
1999), in the Czech part of the Magura Nappe (Rača 
subunit) 

Our investigations concem uppermost Cretaceous mi
crofauna, which have been found in the Polish part of the 
Rača sub-unit, within the Beskid Niski Mts. 

Geological setting 

The microfauna investigated have been found within 
the lnoceramian beds located at Szymbark village, in the 
stream-bed of the Ropa river, near the mouth of the Bie
lanka creek. The Inoceramian beds at the Szymbark loca
lity consist of dark-grey and greenish shaly silts and 
argilaceous shales, altemated with thin- and medium-bed
ded, calcareous, laminated, micaceous sandstones, with 
some thick-bedded sandstone intercalations. 

Twenty samples for micropalaeontological purposes 
were collected during our field studies 

Radiolarian assemblage 

The radiolarian assemblage consists of well preserved, 
pyritized specirnens, which have been found in the dark
grey silty claystones. The nassellarians dominate in num
bers of specimens and taxa. They consist of 90 percent of 
all specimens found . The most characteristic genera are 
Amphipyndax, Dictyomitra and Theocapsomma. The spu
mellarians are represented predominantly by species belon-

ging to the family Pseudoaulophacidae (genera: Pseudo
aulophacus and Patel/ula). The fauna described has a 
character oflow latitude radiolarian association (Pl. 1). 

Foraminiferal assemblage 

Deep-water agglutinated foraminifera represent nearly 
100% of foraminiferal assemblage, which number and 
diversity varies of lithology. The most frequent are tubu
lar-shaped forms of genera Rhabdammina, Bathysíphon 
and Nothia. They are accompanied by siliceous-walled 
Hormosina exce/sa, Rzehakina epigona, R. inclusa, R. 
minima, Ammodiscus cretaceus and G/omospira díffun
dens. Less frequent are Pseudoreophax splendidus, Pseu
donodosinella parvula, Reophax spp., Recurvoídes spp., 
Saccammína placenta. Moreover, there have been found 
Paratrochammínoides heteromorphus, Trochammínoides 
spp., Spiroplectammina cf. spectabilis and Remesella 
varians. Planktic foraminifera occur only as single speci
mens in five samples. 

Age assignment 

Radiolarian fauna. The age of the radiolarian assem
blage has been assigned based on correlation with the 
radiolarian zonal schemes of previous authors (Foreman, 
1975, 1977; Riedel & Sanfilippo, 1974; Pessagno, 1976; 
Hollis, 1997). The assemblage investigated can be corre
lated with the upper Campanian to Maastrichtían Amphi
pyndax tylotus radiolarian Zone of Foreman ( 1977), 
based on the presence of the index species and Afens 
liriodes which co-occur wíth Siphocampe bassílis, Sípho
campe daseia, Stichomitra grandis, Theocapsomma teren 
and Theocapsomma comys, described also by Foreman 
(1968) from the upper Maastrichtian deposits in 
Califomia. 
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Plate /. Upperrnost Maastrichtian Radiolariafrorn Magura Unit (Rača sub-unit). 
1 - Dictyornilra rnu/ticostata ZITT"EL - Sz 19, 2 - Stichornitra grandis (CAMPBELL & CLARK) - Sz 18, 3 - Arnphipyndax tylotus 
FOREMAN - SzO, 4 - Arnphipyndax stocki (CAMPBELL & CLARK) - Sz l 8, 5 - Theocapsornrna teren FOREMAN - Szl9, 6 -
Theocapsornrna sp. - Szl8, 7 - Cryptamphorella conara (FOREMAN) - Szl8, 8 - Myllocercion acineton FOREMAN - SzO, 9 -
Pseudoaulophacusjloresensis PESSAGNO- SzO 



M. Bqk and K. Bqk: Uppermosl Maastricht ion Radiolaria andforaminifera ... 

The assemblage studied is also similar to those of 
Riedel and San fil ippo ( 197 4 ), and can be correlated with 
the Theocapsomma comys Zone of Riedel and Sanfilippo 
(1974) of approximately Maastrichtian age, based on the 
co-occurrence of the index species with Slichomitra 
grandis, Amphipyndax stocki, A/ens liriodes and Amphi
pyndax pseudoconulus. 

The presence of Orbicu/iforma renil/aeformis together 
with the above mentioned radiolarian species allows cor
relation with the Maastrichtian Orbiculiforma renillae
formis interval Zone proposed by Pessagno () 976) for the 
California Coastal Ranges. 

The assemblage investigated corresponds also to the 
Lithomelissa ?hoplites radiolarian Interval Zone (RK.9) of 
Hollis (1997) for the upper Campanian to uppermost 
Maastrichtian interval. The radiolarian species that occur 
within this zone (Hollis, 1993, 1997) are similar to the 
radiolarían association from the Magura Nappe deposits. 
Both associations contain S. carnegiense, S. grandis, S. 
bertrandi, Amphipyndax stocki, Myl/ocercion acineton, 
Dictyomitra /amel/icostata and D. multicostata. The spe
cies Amphisphaera aotea (first species providíng evi
dence of earliest Paleocene) is not present in the 
assemblage investigated. Moreover the nassellarians 
dominate within the association in number of specimens 
as well as in number of taxa. The characteristic change of 
fauna( character from nassellarians to spumellarians 
dominance which also coincides with the top ofthe Litho
melisa ?hoplites Zone of Hollis (1997) does not occur in 
the association investigated. Based on these facts the age 
of the radiolarian assemblage from the Magura Nappe is 
assigned to the latest Maastríchtian. 

Foraminifers. The planktic foraminifera include sin
gle specimens of Pseudotextularia elegans, Heterohelix 
striata, Racemiguembelina fructicosa, Pseudoguembelina 
palpebra, Globotruncanita stuartiformis, Globotruncana 
area and Gansserina gansseri. Taking into account the 
stratigraphic ranges of these taxa (e.g., Caron, 1985), it 
could be speculated the age of the deposits, as not older 
than the Gansserina gansseri Zone (middle Maas
trichtian). The late Maastrichtian Abathomphalus maya
roensis has not been found. 

Some agglutinated foraminifera, occuring in the 
section, such as Remesel/a varians, rzehakinids and Spi
roplectammina spectabilis could confirm thís suggestion. 
The F AD of Remesella varians is known from the mid
dle-upper Maastrichtian ( e.g., Kuhnt & Moullade, 1991; 
Kuhnt & Kaminski, 1997). Numerous small rzehakinids 
are also described from the Maastrichtian flysch deposits 
(e.g., Malata et al., 1996). First appearance of Spiroplec
tammina spectabilis was documented from the )atest 
Maastrichtian, near the Cretaceous-Tertiary boundary 
(Kaminski et al., 1988; Peryt et al., 1997). 

217 

From other hand, lack of smalt Early Paleocene globi
gerinids and truly Paleocene deep-water agglutinated fo
raminifer, Rzehakina fissistomata (Geroch & Nowak, 
1984), have excluded the Paleocene age of the studied 
deposits. 
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Biostratigraphy and paleoecology of the Upper Cretaceous Frydek - type 
marls from the Rajbrot tectonic window (Polish Flysch Carpathians) 
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Abstract. In the Frydek - type marls, that occur in the Rajbrot tectonic window, the planktonic as well the 
benthic foraminiferal assemblages were identified. In majority samples, planktonic and benthic calcareous 
foraminifera are predominant. The foraminiferal assemblages are ranging from the upper part of the Early 
Campanian to the Late Maastrichtian. The succession examined can be interpreted as a deposit of the shelf 
and/ or the upper slope on the basis of the paleobathymetrical analysis . The morphotype analysis indicates 
stable paleoecological conditions during deposition of the Frydek - type marls. 

Key words: Campanian - Maastrichtian, Subsilesian Unit, Rajbrot tectonic window, Frydek - type marls, 
Foraminiferida. 

Geological setting 

The Subsilesian Unit is exposed in several tectonic 
windows within the Polish Flysch Carpathians. The 
Rajbrot tectonic window which fonns the most eastem 
part of the structure called the Lanckorona- Zegocina 
tectonic zone (Skoczylas-Ciszewska, 1960, 1963) is one 
of them. This zone occurs in the front of the Magura 
Nappe and is composed of Silesían and Subsilesian nap
pes which are folded and overthrusted together 
(Koszarski, 1984 ) . The area studied ís located in the 
Rajbrot tectonic window and examinated materials come 
from the Frydek - type marls that occur along Uszwica 
and Boczny creeks in the Rajbrot víllage ( Fíg.! ). 

Methods 

Twenty samples have been collected from the Frydek 
type marls. They are represented by grey and green - grey 
coloured hard marls and marly-shalls with intercalations 
of thin - bedded sandstones. AII samples were divided 
into 300 g parts, disintegrated by repeated boíling and 
drying using Na2SO4 x H2O solution. Then, they were 
washed over a 63 µm screen and dried. At least all speci
mens were picked from the dry residue and examined. 
Most of samples contained relatively abundant and diver
sified foraminiferal assemblages . 

M icropaleontological a na lysis 

The foraminiferal associations consist ofplanktonic (up 
to 60 %) and benthic calcareous as well as agglutinated 
taxa. The neritic fauna like fragments of echinoids, sponge 
sclerites, ostracods and radiolarians have been also found. 
The studies of foraminiferal assemblages have revealed the 
presence of the stratigraphic sequence of the planktic fora
minifera zones from the upper part of the Early Campanian 
to the Late Maastrichtian (according to Caron, 1985; 

Robaszynski & Caron, 1995). Wíthin the succession, ex
aminated the benthic foraminifers are represented by: 
Ammodiscus sp., Arenobufimina dorbigny (Reuss), Nothia 
excelsa (Grzybowski), Rzehakina epigona (Rzehak), Gy
roidinoides nitidus (Reuss), Ossangulariaflorealis (White), 
Quadrimorphina allomorphinoides (Reuss), Dorothia 
crassa (Marsson), Bolivinoides draco (Marsson), Geosella 
rugosa (Hanzlikova), Remesella varians (G laessner), 
Dentalina sp., Stensioeina sp. lt is not able to precise the 
age of the succession on the base of the composition of 
benthic foraminifers. The age of the deposits considered 
has been defined thanks to reach assemblages ofplanktonic 
foraminifers. The Globotruncana ventricosa Zone (sensu 
Caron, 1985) was the oldest foraminiferal biozone withín 
the succession examinated. Species like: Globigerinelloides 
ultramicra (Subbotina), Globotruncana area (Cushman), 
Archeoglobigerina cretacea (ďOrbigny), Heterohelix glo
bulosa (Ehrenberg) have been identified. They indicate late 
Early Campanian age. The younger assocciation of plank
tonic foraminifers is characteristic for Globotruncanita cal
carata Zone (Caron 1985) of the Late Campanian. This 
biozone is represented by: Archeoglobigerina cretacea 
( d 'Orbigny), Globigerinelloides prairiehiellensis Pessagno, 
G!obotruncanella havanensis (Voorwijk), G!obotruncana 
linneina (d'Orbigny), G. area (Cushman), Heterohelix 
globulosa (Ehrenberg) . Within the fol lowing Globotrun
canella havanensis zone (Caron, 1985) have been identy
fied species: Globotruncanel!a havanensis (Voorwijk), 
Hedberge!la holmde!ensis Olsson, Rugoglobigerina rugosa 
Plummer, Heteroheíix g!abrans (Cushman), Globotrun
canita stuarti (Lapparent). This association is characteristic 
for the early part of the Early Maastrichtian. The assem
blage of foraminifers from the next Globotruncana aegyp
tiaca Zone of the upper part of the Early Maastrichtian 
contains i.e.: Globigerinelloides multispina (Lalicker), 
G.prairiehi/!ensis Pessagno, G/obotruncanella peta!oidea 
(Gandolfi), Globotruncana aegyptiaca Nakkady, G. linne-
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1998) has shown a number of benthic taxa 
which are characteristic for the shelf and 
the upper slope. The relation between 
keeled and non - keeled planktonic taxa has 
been also studied. Non-keeled forms that 
are epipelagic dwellers predominate over 
keeled ones which are bathypelagic. 

Magura Nappe 

The morphogroup analysis according to 
Jones & Charnock 1985 has indicated 
stabile environrnental conditions e.g.: suffi
cient food and oxygen availability during 
deposition of the deposits studied. More
over, these conditions have on the Cam
panian - Maastrichtian boundary and at the 
beginning of the <P ameliorated Maas
trichtian. Relatively small amount of the 
tubular forms and the vagile epifauna 
within benthic associations have shown a 
low rate of sedimentation during forrning of 
the Frydek-type marls in the area studied. 

Subsilesian Unit: 
I 

500m 

Conclusions 

Within the examinated Frydek - type 
marls from the Rajbrot tectonic window, 
standard planktonic biozones have been re
cognised. These foraminiferal assemblages 
are Campanian-Late Maastrichtian in age. 

variegated marls 

Rajbrot sandstones 

2egocina marls Predominance of non-keeled taxa have 
been used as the main criterion among 
planktonic foraminifers, indicating shallow 
water environment of deposits studied. 
Stable paleoecological conditions pre
vailed during deposition of the Upper 
Cretaceous Frydek - type marls. 

samples 

Frydek-type marls tectonic dyslocations 

Fíg. 1 Location and and geologícal position o/ the Uszwica and 
Boczny creeks. (Numbers re/er to locations o/ samples 

iana (d'Orbigny), Gfobotruncanita conica (White), Rosita 
contusa (Cushman), Heterohelix navarroensis Loeblich, 
Racemiguembeíina fructicosa (Egger). The following 
Gansserina gansseri zone is represented by: Gíobotruncana 
buíloides Yogler, Gfobigerineíloides muítispina (Lalicker), 
Heteroheíix pulchra (Brotzen). They indicate early Late 
Maastrichtian. The youngest association of the planktonic 
foraminifers that has been found, is characteristic for Aba- . 
thomphalus mayaroensis Zone of the )atest Maastrichtian. 
Abathomphalus mayaroensis (Bolli), Globotruncanefla 
citae (Bolli), Gfobotruncanita stuarti (Lapparent), Rosila 
contusa (Cushman), Racemiguembeíina fructicosa (Egger) 
have been identified . 

Paleoecological remarks 

The quantitative analys is of the studied samples from 
the upper part of the Early Campanian to the Late Maas
trichtian has shown paleobathymetrical and paleoecological 
differences between foraminiferal associations. 

The paleobathymetrical analysis within foraminiferal 
assemblages studied (sensu Sliter & Baker, 1972, Gasinski, 

T. Lesniak (Univ. ofMining and M etallurgy) is sincerely acknow
ledged fo r introduction and guidance to the area investigated. 
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Cretaceous karst phenomena of the Central Western Carpathians 
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Abstract. Cretaceous, Paleoalpine karst phenomena occurs in different positions in several tectonic units 

(Tatric/Fatric, Hronic, Silicic) of Centra! Western Carpathians. Paleokarst ediments and morphological forms 

provide an important record of the little known history of periods of uplift and erosion, mainly during the pre

Gosau period. 

Key words: Karst, Tatric/Fatric, Hronic, Silicic 

Introduction 

The sedimentary record of the Central Western Car
pathians (CWC) is dominated by marine sediments. A 
common feature ofthe CWC paleogeographical syntheses 
is that they are usually concemed with the paleogeogra
phy of basins. A proportionate place in the pale
ogeographical syntheses is not given to the neighbouring 
dry land, the source areas for the basins sedimentation. 
Among the wrongly neglected problems of the CWC pa
leoland, the problem of paleokarst is one of the most ne
glected. Looking for the paleotectonic roots of the Creta
ceous karst in the CWC, the disintegration of Triassic 
carbonate platfonn complexes by rifting in Early Jurassic 
and the Cretaceous contraction and establishment of Pa
leoalpine tectonic units (cf. Plašienka, 1999) should be 
taken into account. Cretaceous karst phenomena is mainly 
developed in the carbonate complex of Middle/Upper 
Triassic age of the Hronic and Silicic cover nappe sys
tems. In the western part of the CWC are predominant 
carbonate complexes belonging mainly to the Hronic and 
Fatric. In the eastem part, extensive areas of carbonate 
complexes ofthe Silícic predominate. Cretaceoous paleo
karst is notably developed mainly on Wetterstein and 
Gutenstein Limestones and Dolomites, Hauptdolomites 
and Steinalm, Tisovec, and Furmanec Limestones. Nu
merous present-day karst landforms and sedirnents are 
believed to have developed during the Cretaceous 
(Činčura, 1993, 1997, 1998). The lower boundary of the 
Cretaceous, Paleoalpine karst period is age-determined by 
the gradual emergence and termination of the marine 
deposition in the main tectonic units ofthe CWC (Činčura 
& Kôhler, 1995). The karstification started in the south
ern paleogeographic zones of the CWC already in Early 
Cretaceous (in Silicic partly in Late Jurassic) and oper
ated also during the extensive surface overthrusting, em
placement of the superficial nappes. In the northern 
paleogeographic zones prevailed the marine sedimenta
tion with shorter breaks longer. 

Cretaceous karst phenomena of the Tatric/Fatric 

The Tatric and Fatric (Andrusov et al. , 1973, 
Plašienka, 1999), belong to the northern superunits of the 
CWC. Pelagic sedimentation in CWC units was inter
rupted several tirnes by defonnations, uplift and emer
gence. On the top of the Urgonian limestones of the short 
living Urgonian carbonate platforms (northern Fatric
southern Tatric domains), traces of syngenetic karstifica
tion (Andrusov, 1959, Glazek, 1989) and hardgrounds 
(Rakús, 1997) - in our opinion microkarst (northem 
Fatric) - are known. Carbonate buildups grew on elevated 
parts of tilted blocks (Plašienka 1999). lmmediately after 
its deposition and the syngenetic karstífication, in the Al
bian times, the Urgonian carbonate platform was drowned 
and covered with pelagic sediments. The Praznov Forma
tion overlies the Urgonian limestones with an unconfonn
ity whích is represented by a phase of karstification 
(Činčura, in press) and a hardground (Rakús, 1997). 

Cretaceous karst phenomena of the Hronic 

The Hronic (Andrusov et al. , 1973) belongs to the 
southem superunits of the CWC and represents a possible 
lateral paleogeographical analouge of the Silicíc 
(Plašienka, 1999). The Hronic is characterised by a thick 
píle of marine carbonates of Middle/Upper Tiassic age 
and only rudimentary preserved Jurassic-Early Cretaceous 
carbonate sequences. Paleokarst sediments repeatedly 
unconformably overly Tríassic carbonates. Therefore it 
can be expected, that Jurassic and Early Cretaceous car
bonate sequences were destroyed by the following Pa
leoalpine karst solution. This idea is supported, for 
example, by the occurrence of spicules of sponges and 
radiolarians in red clayey or silty matrix of the Valchov 
Conglomerates. Cretaceous karst developed on Middle/ 
Upper Triassic carbonate complexes (mainly Gutenstein, 
Reitling, Wetterstein Limestones, Wetterstein Dolomite 
and Hauptdolomite). The lower boundary of the Creta 
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ceous (Paleoalpine karst period) karst is age-determined 
by the gradual emergence and termination of the marine 
deposition in the main tectonic units of the CWC - in the 
Hronic in ?Aptian (Činčura & Kôhler, 1995). The uneven 
surface ofthe „quasi-platform„ basement, on many places 
made by carbonate complexes ofthe Hronic, was strongly 
corroded and karstified. Doline- and canyon-like depres
sions of the Cretaceous karst are rarely filled by bauxite. 
In Strážovské vrchy Mts. yellow, red and brown bauxites 
of Turonian age consist of hydrargillite, kaolinite, 
boehmíte and colloidal hydrogoethite (Číčel, 1958, Borza 
& Martiny, 1964). In Malé (Brezovské) Karpaty Mts. red, 
lens-shaped, boehmite-kaolinite bauxite with chlorite is 
rather rare, red ferrugineous silty clays are more frequent. 
Shallow karst depressions are often filled with red fer
rugineous clays. The clay fractíon consísts of chlorite, 
kaolinite, illite and illite/smectite (Činčura, 1997). Coarse 
breccias in Malé Karpaty (Kržľa Breccia, Michalík, 
1984) are the products of the collapse of karstic cavities 
(Činčura, 1990). The clasts are mostly angular, their size 
varies from 0,1 up to 300 m3

• Speleothems forrned by 
coarse columnar or laminar calcite and lenticular beds of 
laminated marl with a horizon of weakly rounded grave) 
(sediments of a subterranean stream) ín the breccia com
plex indicate a cave origin of the breccias. The area! and 
spacia) extent of the breccia complex, indicates that an 
ímportant cave system existed in the centra! part of Malé 
Karpaty Mts. before the transgression of the Paleogene 
sea (Činčura, 1992). Occurrences of longitudinal bodies 
of freshwater límestones have been known in the Bre
zovské Karpaty Mts. (Pustá Ves Forrnation, Michalík et 
al., 1993). Pebbles of such freshwater limestones were 
found in the Valchov Conglomerates. We regard the lime
stones as paleokarst sediments deposited in lacustrine 
basins (pre-Upper Cretaceous uvala-líke depressions) 
developed especially on the surface of karstífied carbon
ate complexes. The bottoms were flooded during heavy 
precípitation. Intermittent lakes oríginated with the 
growth of freshwater algae which contríbuted to the depo
sition of limestones. The end of the Cretaceous Paleoal
pine karst period in the Hronic is connected with two 
transgressions. In the northem part of Malé Karpaty Mts. 
(Brezovské Karpaty) the upper boundary of the karstifi
cation if determined by the transgression of the Gosau 
(Valchov Conglomerates, Brezová Group) in Coniacian. 
In the middle part of the Malé Karpaty Mts. (Lower Eo
cene), ín Strážovské vrchy Mts. (Lower Eocene), Liptov 
Basin (Middle-Late Eocene) were the karst forms and 
sediments sealed by the transgression of the Paleogene 
sea - Borové Forrnation (Činčura & Kohler, 1995). 

Cretaceous karst phenomena of the Silicic 

The Silicic belongs to the southern superunits of the 
WC and represents a possible lateral paleogeographical 
analouge of the Hronic (Plašienka, 1997). The Silicic is 
characterised by a more thousand metres thick píle of ma
ríne carbonates of Middle/Upper Tiassic age and only 
rudimentary preserved Jurassic carbonate sequences. Pa-
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leokarst sediments of Cretaceous age unconformably 
overly Triassic carbonates. 

Plateau paleokarst is a typical feature of Middle and 
Upper Triassic carbonate sequences of the Slovak Karst, 
Slovenský Raj and Muránska Planina. On the surface of 
paleokarst plateaux, a wide range of karst forms are pres
ent, especially different types of grikes and sinkholes, and 
sometimes valley sinks and inselbergs. Depressions filled 
with freshwater chalk rocks, or of banded series of light 
coloured graded si!tstones and black mudstones are 
known (Mello & Snopková, 1973, Marschalko & Mello, 
1992, Cflek & Bednáfová, 1994 Cílek & Svobodová, 
1999) in different quarries (Gombasek, Host'ovce, 
Včeláre) ofpaleokarst plateaux. According to plant polien 
and spores the filling is of Upper Cretaceous (Santonian
Campanian) age. The depression near the Dobšiná Ice 
Cave represents a fallen block in a paleokarst plateaux 
system - probab ly a Middle Cretaceous polje - which was 
later, during Upper Cretaceous filled by conglomerates of 
continental origin. From the bottom of this depressíon 
rises the Steinalm limestone mogot/hum of Ostrá Skala 
hill, which is surrounded by remnants of the fill of the 
depression: conglomerates of continental origin and 
freshwater limestones of Upper Cretaceous age (cf. By
strický, 1978, Tu lis & Novotný, 1989, Hovorka et al. , 
1990). The polje-like depression and the mogot/hum of 
Ostrá skala hill represent exhumed forrns . The karst is 
clearly older than the fill of conglomerates of continental 
origin and freshwater Iimestones of Upper Cretaceous 
age. The exhumation of this paleokarst practically fin
ished in Lower Miocéne and new karst form s of the M io
cene karst period started to develop in changed climatic 
conditions. 

The deeply corroded carbonate „quasi-platform base
ment is partly covered by lateritic crusts and red ferrugi
neous silt/clays. Boehmite-gibbsite bauxite fills a small 
canyon-like depression at Drienovec (Grecula et al., 
1995). Occurences of bauxite are known from the contact 
zone of the Silicíc and the Hornád Basin at Markušovce 
(Zorkovský, 1952). Residual bauxitic iron ores occur lo
cally on the surface of the Silica Plateau (Borza & Mar
tiny, 1964 ). Red clays fill different karst depressions in 
Middle/Upper Triassic limestones. 

The start of the Cretaceous karstificarion in the Silicic 
is indicated by the termination of marine deposition dur
ing the Tithonian. The end of the Paleoalpine karst period 
is connected in the northern part with the transgression of 
the Paleogene sea. In the Medvedia jaskyňa cave, which 
lies bellow the surface of the Glac paleokarst plateau 
remnants of sediments of the basa! transgressive lithofa
cíes are found . In the southern part the transgression pro
gressed on the karstified surface to the north from Upper 
Cretaceous until Egerian. 

Conclusions 

1. Cretaceous karst phenomena of the Tatric/Fatric is 
represented by traces of syngenetic karstification and hard
grounds/microkarst on the top of the Urgonian limestones. 
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2. Doline- and canyon-like depressions, filled by red 
ferrugineous clay and rarely bauxite, coarse collapse 
breccias, fresh water limestones deposited in uvala-like 
depressions are characteristic features of the Cretaceous 
karst of the Hronic. 

3. Wide paleokarst plateaux, a Middle Cretaceous 
?polje and a mogot belong to the most typical karst phe
nomena of the Silicic. 
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Tethyan - Boreal connection during the Pliensbachian (Western Carpathians): 
an evidence from ammonite fauna. 

A NDREJ BENDÍK 

Geological lnstitute, Slovak Academy of Science Bratislava, Severná S, 
974 01 Banská Bystrica, Slovak Republic 

Abstract: A distribution of Liassic ammonites provides an important tool for correlation between the Tethyan 
and Euroboreal realms in the Centra! Western Carpathians. Liassic ammonites described herein come from 
the Adnet Formation in the Veľká Fatra Mts. (Frčkov and Rovné valleys). Adnet limestones with ammonites 
occur in Jurassic sequence of the Zliechov Succession, belonging to the Krížna Nappe. The study of the 
Frčkov section allows to distinguish a set of 12 ammonite biozones within the Adnet Fm. The ammonites of 
the Adnet Fm. belong to the Raricostatum Zone (Sinemurian) - Jamesoni, Jbex, Davoei, Margaritatus and 
Spinatum zones (Pliensbachian) - and Tenuicostatum, Falcifer, Bifrons, Variabilis, Thouarsense, Levesquei 
zones (Toarcian). The results ofthis study indicate a mixing ofthe Boreal and Tethyan ammonite fauna dur
ing Pliensbachian , whereas the Tethyan ammonite fauna became dominant during the Toarcian. 

Key words: Centra] Western Carpathians, Zliechov Succession, Lias, ammonites, biostratigraphy, paleobio
geography 

lntroduction 

Liassic Adnet Formation was introduced by Hauer 
(1853) in the Eastem Alps. The type locality of these sedi
ments occur in a quarry near Adnet in the Salzburg area. 
Hohenegger (1867) used this name for red limestones in the 
saddle of the Veľký Šturec Hill in the Veľká Fatra Mts. 
This locality was also mentioned by Štúr (1860). 

The Adnet formation occur within the Liassic succes
sions ofthe Krížna Nappe in the Centra] Western Carpathi
ans (CWC) and in the Silica Nappe near the Gemerská 
Kováčová in the Miglinc river (Kollárová & Andrusovová, 
1966). Mišík & Rakús (1964) described a microfacies 
character and fauna! composition of the Upper Triassic -
Liassic sediments of the Krížna Nappe from the Vel'ká 
Fatra Mts . Short reports resulted from geological mapping 
ofthis area of Polák et al. (1996). 

The CWC were part ofthe Tethyan Realm. In spite of 
this, the Adnet Lms. in the Frčkov quarry contain a fre
quent ammonites of boreal fauna . Paleobiogeography of 
the Tethyan - Boreal realms has been evaluated by Enay 
(1980) and Enay & Mangold ( 1982). Early Jurassic fauna 
with Tethyan and Boreal ammonites has been described 
by Dommergues et al. (1983), Dommergues & Meister 
(1987, 1991), Blau & Meister ( 1991), Géczy & Meister 
(1994, 1998), Alkaya & Meister ( 1995) and Blau (1998) . 

Similar distribution of ammonite fauna in the Northem 
Calcareous Alps has been recorded by Meister & Bohm 
( 1993) and Dommergues et al. (1995). Ammonite co llec
tion obtained from the Frčkov and Rovné loca lities com
prises 54 specimens with very different degree of preser
vation (suture lines are possible to study on ly in rare 
cases). 

Lithological description 

The Frčkov and Rovné localities are situated in SW part 
ofthe Veľká Fatra Mts., between the Krížna hill (1574 m) 
and Ostredok hill (1592 m). First locality occurs on the 
right slope of the Rovné Valley and second one in higher 
part ofthe valley. The localities were studied by Rakús (in 
Mišík & Rakús, 1964) and Peržel (1967), acquiring the 
Liassic - Cretaceous fauna of ammonites. The thickness of 
whole sequence in outcrops is about 570 m, comprising of 
Upper Triassic to Early Cretaceous sediments. 

The lower part of the Frčkov section is formed by the 
Keuper Formation with red, grey and green marls inter
calated by yellow sandstones. Upper part of the Keuper 
Fm. consists of white - grey dolomites. This formation 
reaches a thickness of about 130 m. 

The sequence grades up to the Rhaetian sediments of 
the Fatra Formation. This formation comprises massive 
beds of organogenic, organodetritic, brachiopod-rich and 
crinoidal limestones with layers of do lomites. This sec
tion has been described for the first tíme by Michalík 
(1974, 1976). 

Higher up in the section, the Sinemurian - Middle 
Hettangian sediments ofthe Kopienec Formation follows . 
They comprise brown, grey and red marls with intercala
tions ofyel low sandstones (3 - 5 cm) and massive crinoi
dal limestones (up to 5 m). In the top of this format ion, 
gray - green and pink oncoidal massive limestones with 
chlorite occur. New information about deep-water chlo
rite oncoides from the Toarcian sediments has been given 
by Mišík & Šucha ( 1997). 

The Adnet Formation is developed in thickness of 
about 14 m (Fíg. l). The study ofthis formation allows to 
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distinguish two lithological parts. The lower part con
sists of pink or reddish thin-bedded limestones (1 O - 30 
cm) with intercalations of dark red marls . This part is 
characterized by the frequent appearance of nodules. 
The upper part of the formation comprises of dark red 
marly limestones and marls with layers of green - light 
red nodular limestones. Nodules have a pink - light red 
colours and size between 3 - 15 cm. They disappear in 
the uppermost part of the Adnet Fm. Nodules frequently 
contain a autoclasts and rock cores of ammonites. The 
rostra of belemnites are frequent as well , showing a 
chaotic distribution due to semiplastic deformation of 
unlitified sediments on submarine slopes. In the lower 
part of section, the belemnites form a relatively large 
rostra (10 - 13 cm long and 0,8 - 1,5 cm in diameter), 
and higher up their size decreases (5 - 7 cm). Ammonite 
fauna have been collected by bed by bed study (Bendík, 
1999, Fíg. 1) and using of Peržeľ s collection 
(unstratified and publicated). 

General microfacial character of the Adnet limestones 
and marls corresponds to biomicrite (Folk 1959, l 962), in 
lower part observed as wackstone and in upper part as 
wackstone - packstone and packstone. 

Limestones in upper part of the Adnet Fm. are grey, 
thin-bedded and rich in crinoidal detritus. They are sup
posed to be calciturbidite. 

Successive sediments are red, grey or green and thin
bedded radiolarite limestones and radiolarites. The green 
colour indicates diagenetic fluid alteration in redox con
ditions. Radiolarites consists of numerous green or red 
cherts. The thickness ofradiolarite section is about 70 m. 

The uppermost part of sequence is composed of grey 
marly limestones with aptychi, light-grey thin-bedded 
marly limestones and marls with deformyted rock cores 
of ammonites . The thickness of this section is about 
300 m. 

Biostratigraphical framework 

17 ammonite subzones, which have been recognized 
in the Frčkov section, are correlable with two standard 
zonations known from the NW Europe (Dean et al., 1961) 
and for the Tethyan realm (Ferretti, 1990). 

Late Sinemurian 
Raricostatum Zone 
Raricostatum Subzone 

From this zone following ammonites were found : 
Echioceras raricostatum, Echioceras raricostatoides, 
Paltechioceras favrei and Paltechioceras cf boehmi. 
They belong to the Boehmi Horizon of Raricostatum 
Subzone in NW Europe (Meister, 1991, Dommergues, 
Meister & Bohm, 1995, Blau, 1998). 

Macdonnelli Subzone 

This subzone is defined by occurrence of Paltechio
ceras cf charpentieri (Blau, 1998) and leptechioceras cf 
meigeni, representing a typical ammonites of Macdonnelli 
Subzone. 
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Early Pliensbachian (Carixian) 
Jamesoni Zone 
Jamesoni Subzone 

Characteric ammonites of this horizon are represented 
by following species: Uptonia jamesoni, Coeloceras sp. 
(cf C. pettos). Phylloceras sp., Audaxlytoceras sp. and 
Lytoceras sp„ 

lbex Zone 
Masseanum Subzone 

Horizon is associated by Juraphyllites sp., Lytoceras 
sp., Tropidoceras sp . and Tropidoceras cf. masseanum. 
Last mentioned species is characteristic for lowermost 
part of lbex Zone - Masseanum Subzone 

Valdani Subzone 

This horizon contains a poor arnmonite fauna. In frag
ments there was observed these speciec: Acanthopleuro
ceras sp. (cf A. valdani) , Acanthopleuroceras binotatum, 
Lytoceras sp. Vicininodiceras sp. 

Davoei Zone 
Maculatum Subzone 

Ammonite fauna from this subzone is very well pre
served, representing by Androgynoceras maculatum. 

Capricornus Subzone 

From this zone, only one ammonite species of Andro
gynoceras capricornus has been found. 

Capricornus - Figulinum Subzones 

The boundary of Capricomus and Figulinum subzones 
is presented by Prodactylioceras davoei. This horizon is 
represented by Calliphyloceras nilsoni, Zetoceras sp. (cf 
Z. zetes) and Lytoceras sp. Upper part of the Davoei 
Zone, which corresponds to Angulatum Horizon in NW 
Europe, is indicated by Angulaticeras cf angulatum. 

Late Pliensbachian (Domerian) 
Margaritatus Zone 

Amaltheus margaritatus known from Peržeľs collec
tion and Arieticeras algovianum is typical ammonite of 
this zone. 

Stokesi Subzone 

This subzone represented Protogrammoceras cf nor
manianum and belongs to NW European Celebratum Ho
rizon (Blau & Meister, 1991). 

Fuciniceras compressum, Fuciniceras sp. and Arie
ticeras sp. belong in widely extent to 
Zone. 

Spinatum Zone ~- 0 ;s· 
Apyrenum Subzone ~~ 

Pleuroceras cf so/are is only one of a i 
cies, finding in this subzone. 

Hawskerense Subzone 

This subzone is represented by Pleuroceras cf 
hawskerense and Pleuroceras cf spinatum. 
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Fíg. 2 Ammonite fauna/ composilion and paleobiogeographical affinites. 

Lower Toarcian 
Tenuicostatum Zone 

This zone is presented by Dacty/iceras sp. and lyto
ceras cf postflmbriatum. 

Tenuicostatum Subzone 

Diagnostic species of this zone are represented by 
Dactilioceras sp. (cf D. tenuicostatum) and lytoceras cf 
cornucopia, which defined the Tenuicostatum Zone. 

Falcifer Zone 
Falcifer Subzone 

For this subzone, there is characteristic ammonites of 
Harpoceras falcifer and Harpoceras sp. (Dean, Donovan 
& Howarth , 196 1). 

Bifrons Zone 
Commune Subzone 

On ly one ammonite Dactyliceras commune ind icates 
th is subzone, which is considered to be a characteristic 
species for NW European province. Hildoceras bifrons 
corresponds to the complete Bifrons Zone. 

Upper Toarcian 

Variabilis Zone 

Variabilis Subzone 

This subzone is limited by characteristic ammonites, 
belonging to Haugia sp. (cf H. ilustris) ex situ, and 
Haugia cf variabilis .. 
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This zone comprises of Pseudogrammoceras sp., 
Phylloceras sp. and Grammoceras thouarsense. The lat
ter of these ammonites is typical for the Striatulum Sub
zone which is correlated with the Thouarsense Subzone. 

Levesquei Zone 
Dispansum Subzone 

Hammatoceras sp. is onJy one ammonite, that belongs 
to the Dispansum Subzone sensu tato. 

Aalensis Subzone 
This zone is reliable for Pleydellia sp. (ej P. aalensis), 

known for Toarcian sediments of NW Europe and Hel
vetic Alps (Meister, 1991 ). 

This biostratigraphical study is based on both Tethyan 
and Euroboreal fauna. From this point of view, the correla
tion between two different realms in CWC remain prob
lematic. 

Faunal composition and paleogeographical remarks 

Fauna) composition of the Adnet Lms., as has been 
recognized in successive horizons (Fig. 2), allows a fol
lowing paleobiogeographic comparisons. 

Carixian fauna of Adnet Lms. dominate in Lytocerat
ina and Phy lloceratina. In upper part these ammonites are 
rare. Echioceratidae occur in raricostatum horizon, con
taining of Echioceras raricostatum, Echioceras raricosta
toides, Paltechioceras cf. boehmi, Paltechioceras charpen
tieri and Paltechioceras favrei . In rare case they are ac
companied by Acanthopleuroceratinae. Reachest ammon
ite fauna is represented by Polymorphytidae (Uptonia 
jamesoni) . The boundary between Carixian - Domerian is 
well defined by Carixian fauna of Dactilioceratidae with 
Prodactylioceras davoei and Amaltheidae (Amaltheus 
margaritatus, Pleuroceras cf. spinatum, Pleuroceras cf. 
solare, Pleuroceras cf. hawskerense), Liparoceratidae and 
Domerian fauna of Grammoceratinae with Protogram
moceras cf. normanianum. Hildoceratinae became more 
rich during the Domerian and Upper Toarcian, where the 
Harpoceratinae are also present. Upper Toarcian ammon
ite fauna is represented by some subfamilies, where the 
Hammatoceratinaea are rare, Dumortierinae more fre
quent and Grammoceratinae common. 

From paleobiogeographic point of view, the Tethyan 
ammonite fauna became dominant during the Toarcian
stage. On the contrary, the Pliensbachian fauna comprise 
of rich boreal specimens. Tethyan affinity shows follow
ing ammonites: Juraphyllítes sp. , Lytoceratina, Phyllocer
atina, Tropidoceras sp., Dactylioceratidae. Boreal affinity 
represent: Echioceratidae, Uptonia jamesoni, Acan
thopleuroceras sp. (cf. A. valdani), Acanthopleuroceras 
binotatum, Prodactylioceras davoei, L. (Liparoceras) 
bechei, Amaltheidae, Protogrammoceras cf. normania
num. The ammonites with ubiquitous Tethyan-Boreal 
affinity are represented by Paltechioceras cf. boehmi, 
Paltechioceras favrei, Paltechioceras cf. charpentieri, 
Tropidoceras cf. masseanum, Yicininodiceras sp., Andro
gynoceras cf. angulatum, Fuciniceras compressum, 
Harpoceratinae, Hildoceratinae, Hammatoceratinae and 
Dumortierinae. 
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Conclusion 

The paper provides a detail biostratigraphy of the 
Adnet Fm from Frčkov and Rovné Valley localities in the 
Veľká Fatra Mts., the Upper Sinemurian to the Upper 
Toarcian comprising strata. Adnet Fm. of this area be
longs to the Zliechov Sucession, which represents a deep
water sediments of the Tethyan region, but its fauna! 
composition indicates an intermediate position in some 
stratigraphical horizons. Main diffrences between Teth
yan and Boreal fauna have been identified during the 
Upper Sinemurian - Upper Pliensbachian within the Rari
costatum, Jamesoni, Davoei and Spinatum ammonite 
zones, which recorded maxima! intluence of Boreal sea. 
In these zones we are able to identify an invasion of the 
Boreal ammonite fauna to the nothem parts ofthe Paleot
ethys. The Boreal incursions could be forced by paleo
climatic changes, tectonic activity, eustatic sea-level 
tluctuations and other effects. 

These results appear to be important for correlation 
between Tethyan and Boreal provinces in the Alpian -
Carpathian region during the Liassic period. 
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Cenomanian- turonian boundary event (CTBE) in the Pieniny Klippen Belt 
(Carpathians, Poland) 
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Abstract. The Pieniny Klippen Belt (PKB) situated at the boundary between Inner and Outer Carpathians.The 
studied samples were collected from the Magierowa Marls Member (Mb) of the type locality (Magierowa 
klippe, Pieniny succesion) dated as Cenomanian-Turonian. The dark brown-black and green shales have been 
studied. The presence of organic matter and pyrite point to that mentioned above material was deposited 
under deficit oxygen conditions. 

Key woNis: Pieniny Klippen Belt, Magierowa Mar) Member, black and green shales. 

Geological Setting 

The Pieniny Klippen Belt situated between Inner and 
Outer Carpathians composed nearly 600 km in lenght and 
a few kilometres in width, arch-structure (fig. 1 ). 

Figure 1 Sketch of part of the geological map of Po/and c. 
1:700 OOO (after Ed. Wyd. Geol., 1977, compiled after 
Gasinski, 1988). 1 - lnner Carpathians, 2 - Podhale Flysch, 
3 - Pieniny Klippen Bell, 4 - Flysch of Magura Unit, 5 - Outer 
Carpathians 

Cretaceous sediments are dominated by marls, shales, 
limestones and turbidites. Biostratigraphy of these sedi
ments have been established on the basis of foraminifera 
(Alexandrowicz et.al, 1968, Birkenmajer & Jednorowska, 
1987, Gas in ski, 1988, Bak, 1998, and others ). 

1n the late Mesozoic tíme the Pieniny basin belonged 
to the Eastem branch ofthe Tethys. ln the cross section of 
the belt several facial zones, coresponding to different 
conditions of deposition, have been distinguished 
(Birkenmajer, 1986; fig. 2). 

The studied samples were collected from the Magie
rowa Marls Member (Mb) of the type locality (Ma
gierowa klippe; Pieniny succession), pre liminary dated on 
the basis of foraminifers and Radiolaria event as Ceno
manian-Turonian (Bak, M. 1996 a, b). 

This section is exposed on the household way from 
Sromowce Nizne via Magierowa Skalka to Nowa Góra. 
Along this way the mottled marls of the Macelowa Mern
ber and the thick-bedded sandstones of the Gróbka Mem
ber which contact with the strongly deformed thin-bedded 
tlysch of the Snieznica Member can be observed. The 
Snieznica and Magierowa members are in tectonic con
tact. The Magierowa Mb consists of grey to green and 
black shales, marls and thin-bedded marly lirnestones, 
altogether 8- 14 m thick. 

The black and green shales part corresponds to the 
Upper Altana Shale Bed (Birkenmajer & Jednorowska, 
1984) and corellates with mid-Cretaceous black shales 
facies in the South Alps and Apennines ( especially to the 
,,Bonarelli level", OAE 2; cf Gasinski, 1988, 1997; fig 3). 

' ' Mg cicz: N B p 

li:B1 - 2 mI)l III]4 C:)~ 

Figure 2. Palinspastic reconstruction of the sedimentarary 
basin of the Pieniny Klippen Be/t during the Cenomanian 
(compiled after Birkenmajer, 1986). Mg. Magura basin. Suc
cession of the PKB: C. Czorsztyn; Cz. Czertezik; N. Niedzica; 
B. Branisko; P. Pieniny; H. Haligowice. 1 - Continental crust, 
2 - Oceanic crust, 3 - Carbonates and radiolarian cherts, 4 -
Mantle, 5 - F/ysch 

To the North of the Magierowa Skalka, the Magie
rowa Mb. overlies the Snieznica Member. To the South 
the Magierowa Mb. disappears. It confirmed the palaeo
bathymetry of Pieniny Basin paleoslope during the mid -
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Epoch Stage Magnetostratigraphy EVENTS 

Field polarity 
• Nonnal 
0Reversed 

Labrador sea opens 
Tasman sea opens 

Canadian basinis open 
Subhercynian orogenic phase Ma 

CONIACIAN 

TURONIAN 
90-

CENOMANIAN 

Cenomanian/furonían 
Boundary Event (CTBE) 

Oceanic Anoxic 
Event 2 (OAE 2) 

Austrian (Oregonian) increased nutrient supply 

100-

110-

orogenic phase greenhouse effect 

S Tibetjoins Eurasia 

Bay of Biscay opens 

extreme global werming 
increased tectonic activity 
intenaive vulcanism 

increased COz 

ALBIAN FA of angiosperms 

Oceanic Anoxic 
Event 1 (OAE 1) 

APTIAN 120- Onset ofLabrador sea rifting 

Parts of Indian and Southern oceans open 

South Atlantic open 

Figure 3 Mid-Crelaceous global events (mainly based on Harland el al., /982, 1989, and Reymen/ & Bengston, 1986; compi/ed 
after Gasinski, /988) 

Cretaceous ( deposition of shales and marls northward and 
the distal tlysch southward; cf. Birkenmajer & Jedno
rowska, 1987; Birkenmajer & Gasinski , 1992). 

Studied Samples 

The studied samples represent dark brown and green 
shales. Laminated brown-black shales consist of smalt 
grains of quartz and clay minerals, which are parallely 
arranged. The dominating dark material is the wispy 
amorphous organic matter. Differential compaction and 
bending of laminae around piryte cubes and blebs were 
also noticed. 

The green shales are not laminated but consist of 
pyrite blebs and numerous dark smudges and wisps which 
could be interpretated as burrow traces. In thin-sections 
single ghosts of unidentified tests were also found . 

Conclusions 

The presence of organ ie matter, the fine lamination in 
the sediment, the lack of burrowing and the apparent 
absence of benthic organisms suggest that anoxic condi
tions existed at or above the sea tloor. Certainly anoxic 
conditions within sediment have been confirmed by the 
presence of pyrite. 

The green mudstone beds were probably deposited 
under mildly oxygenated conditions because of occurence 
ofbioturbation. However reducing conditions were estab
lished shortly after deposition as indicated by pyrite. 

The further investigations will allow to explain origin of 
organic matter and will establish the deposition paleo
environment ofthe mid-Cretaceous shales. 
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Abstract: The analysis of the Koňhora Fonnation in the Rochovica section illustrates correlation abi lities of 
the C-stratigraphy in the Tethyan sections. The correlation was stated between positive 613C -event and global 
climatic perturbations, lasting 2 to 2.4 millions of years. Black shales with locally raised T0C (0,5 to 3 %) 
are inserted in a pale pelagic limestone sequence. Large part of organic matter has decayed and only slightly 
disequilibrated the 6 13C ratio of the C oceanic reservoir. The 613C value decreased due to overproduction of 
organic matter and the redox conditions moved towards the anoxia. 

Key words: Isotope stratigraphy, organic geochemistry, black shales, illite/smectite, lower Aptian, Selli 
Event, Pieniny Klippen Belt, Western Carpathians 

lntroduction 

Besides oftheir economic importance, oil-prone black 
shales in Jurassic-Cretaceous pelagic carbonate fonna
tions yield informations on global paleoceanic and/or pa
leoecological changes at that time. Lower Aptian black
shale type Koňhora Formation in the Rochovica section 
(Pieniny Klippen Belt) records a worldwide oceanic an
oxic event ( 1 a OAE), an equivalent of the Selli Event in 
the Western Carpathians (Lintnerová et al. 1997, Lint
nerová 1999, Michalík et al. 1999). Precise correlation of 
this type fonnations is enabled by high-resolution 6 13C 
stratigraphic method (Menegatti et al. 1998, Weissert et 
al. 1998, Hochuli et al. 1999). A combination of further 
chemostratigraphic parameters (chemical composition, 
microelement distribution, TOC, kerogene type, vitrinite 
reflectance and mineralogical analysis of clay minerals) 
promoted to document sedimentary environment of the 
Koňhora Formation. Several questions like the relation
ships between 6 13C curve and local organic matter accu
mulation, or reliability of correlation between carbon 
isotope ratio shift and anoxia record in the sedimentary 
environment remain open, stil l. 

Methods 

In addition to former sample set ( 17 specimens), 
taken during last several years from Barremian-Aptian 
part of the Rochovica section (Michalík et. al. 1995, 
1999) for high-resolution o 13C stratigraphy purposes, new 
sample set from the Koňhora Formation has been se
lected. 48 samples have been taken in 25 cm sampling 
intervals. Geochemical and clay mineralogical composi
tion has been ananalysed. Isotope C and O analyses were 
perforrned in laboratories of ETH Zilrich and of Czech 
Geological lnstitute, Prague (Michalík et al. 1999). 

X-ray-fluorescence and spectrochemical methods 
were used in the whole rock and microelement analysis 
(SAS Geological lnstitute) . 

Clay minerals were characterised by X-ray diffraction 
analysis using separated tine-grained fraction of samples. 
Semiquantitative proportions of clay minerals were esti
mated by simple norrnalization of most intensive basa! 
reflections of indivídua! constituents to the 1 00%. The 
content of expandable layers in mixed-layer illite/ smec
tite (1/S) as well as the type of interstratification were de
termined using techniques of Šrodon (1984). 

Leitz microscope (incident white and fluorescence light) 
with the MPV-Compact microphotometer were used to 
analyse the quality and quantity of sedimentary organic 
matter in polished sections. Microscopically determined 
oxidized to non-oxidized phytoclasts derived from dry-land 
(O/N parameter) was tested to indicate progradational
retrogradational and proximal-distal trends (Bombardiére & 
Gorin 2000). Total organic and inorganic carbon contents 
(TOC, TIC) were measured on the C-MA T 550 equipment. 
Rock-Eval pyrolysis was used to deterrnine the concentra
tions of free and fixed hydrocarbons (SI, S2), maximum 
pyrolysis temperature (Tmax) and hydrogen index (HI). 

Lithofacies 

The Koňhora Formation represents an intercalation of 
shaly sediments in a pelagic majolica - type carbonate 
complex (see Michalík et al. 1999). Three more-or-less 
complete cycles are recognizable in cca 6-7 meters thick 
sequence of dark limy shales, marls and limestones 
(Fig. l .). Every one of them starts with dark brown-grey 
silty claystone with amount of terrestrial plant fragments 
and polien grains. Limy (10-50 % CaCO3), organic matter 
and pyrite content increase upwards. Black marly shales 
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in the uppermost part of cycles terminate by radiolarian 
limestone to radiolarite layer. The upper cycles with oc
casional intercalations of marly limestone are typical with 
increase of planktonic foraminifers, calcareous dino

tlagelates and nannoplankton. 

Notes to sequence stratigraphy 

Twelve sequence stratigraphic systems, each cca 0.8 my 
in duration, are distinguishable in Aptian part of the section 
studied (Fig.l.). Thick biomicrite Jayer with fine carbonate 

debris and occasional chert nodules represents the typical 
lowstand system tract in a pelagic limestone sequence. 
Transgressive stand sediments are well bedded, frequently 
containing fluxoturbiditic intercalations. Highstand system 
tract record is indicated by thin bedding and more distinct 
marly interlayers. Brown-grey clayey shales with rich ad
mixture of clastic quartz, mica and terrestrial phytodetrite 
denotes the lowstand part in the Koňhora Formation. Dis
seminated organic matter, fish scales and pyrite content 
become abundant upwards . Upper part of claystone beds 

passes into sapropelic black shale. The highstand is repre
sented by radiolarian limestone (radiolarian- sponge pack
stone ), in upper cycles of the formation by pelagic 
limestone containing accumulations of planktonic fora
minifer and nannoplankton tests. 

The sedimentation rate of pelagic limestones of both 
the Pieniny Limestone Fm. and Brodno Fm. was roughly 
equal, reaching approximately l .2 to 1.5 mm/ka. On the 
other hand, the Koňhora Formation was accumulated 
more rapidly, with twice higher rate (2 to 2.5 mm/ka). 
The Koňhora terrigene event in a pelagic carbonate depo
sition lasted about 2.5 million of years (including the part 

equivalent to the Selli Event, which was Iaid down during 
about I million ofyears) . 

Organic matter 

Carbonate content depends on stabilisation of marine 
conditions, environmental temperature rise and produc
tion of microplankton with calcareous tests. Organic car
bon contents (TOC) reached 0 .05 to 3.23 wt % values in 
the profile studied. Two principal types of organic matter 
were distinguished by microscopic investigation of clay
stone to limestone rocks, they differ by preservation 
(oxidisation) and diagenetic transformation. However, 
both Tmax (434 - 438 °C) and the mean vitrinite retlec
tance value (Rr = 0,55%) indicate only Iow thermal alte
ration of organic matter during burial. 

The lowest value of the hydrogen index (HI) has been 
found in brown-grey shales (only 44 mg HC/g Corg). 
It means that a terrestrial type of organic matter is present 
here. This result is in agreement with an optical study: we 
could registrate only fusinite and oxidized vitrinite particles 
in polished sections. The O/N ratio is high (sample Roch 
417,45) in sea level highstand part ofthe second cycle. 

Maxima! values of HI were recorded in black or dark
grey shales and in sapropelic shales (243 - 336 mg HC/g 
Corg. - in samples Roch 416.65, 418.4 and 418.65), con
taining marine and terrestrially derived organic matter. Mi-
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croscopic study evidences the same results. Frequent 
marine algae with continental plant debris were observed in 
polished sections. Terrestrial materi al comprises of fusinite, 
semifusinite, sperinite, vitrinite and liptinite. O/N ratio is 
very low due to presence of fresh (non-oxidized) vitrinite. lt 
probably indicates prograding transgression in the second 
and third cycles. Enhanced influx of nutrients to the marine 
environment stimulated high algal productivity and the ter
restrially-derived organic material provided an additional 
sink of oxygen resulting in promoted anoxia (Wenger & 
Barker 1986). According to microscopical fluorescence 
study, numerous fish remnants and rests of marine algae 
seem to support our results. 

Mineralogical and chemical characteristics of silici
clastic material 

Carbonate content changes due to terrigene siliciclastic 
input, which decrease upwards: from 52 to 84 % in the first 
and second cycle to 14 až 43 % in the third one. The quan
titative evaluation showed that the main part of si liciclastics 
consists of quartz, plagioclase, micas and clay minerals. 
Quartz share forms 30 to 40 % of siliciclastic material. 

Within the sequence studied, no systematic variations 
in contents of clay minerals have been observed. The clay 

fractions consist of discrete illite + 1/ S, corrensite-Iike 
mixed-Iayered chlorite/smectite or chlorite/ vermiculite 
and chlorite with average ratio of 7:2: 1. The more expres
sive change of smectite content in VS was recorded in bed 
409: an abrupt increase from 20-25 %S to 40-50 %S, 
which persists up to bed 437 (with one exception re
corded in the sample 418.6 where expandability of the I/S 
reaches 75 %S).This is also accompanied by a decrease of 

degree of ordering in the 1/S from R 1 to RO or R0.5. As 
the burial effect is not considered here, sudden change of 
1/S properties might be related to the change of prove
nance of siliciclastic material and/or change of climatic 
conditions during sedimentation/early diagenesis (e.g. 
Hartmann et al. 1999). 

Geochemical characteristics 

Silt quartz share, but also the presence of radiolarian 
silic ites are indicated by raised SiO2 content in rock analy
ses, or in Si/Al ratios variation, respectively. Remaining 
elements ratios with Al or Ti, respectively, show stability of 
the siliciclastic material source. The variegate calcium 
content is intluenced by a presence of carbonates. The 
change of redox conditions in lime shales or early diage
netic processes in the sediment can be indicated either by 
changes in Ca/Mn or Ca/Fe ratio. Relatively low Mn eon
tent (25 - 139 ppm) and its correlation with the siliciclas
tics, indicates anoxic conditions, too (Quinsby-Hunt & 
Wilde 1996, Calvert & Pedersen 1996). Raised Mn content 
in some samples (478 - 629 ppm) from brown claystones is 
accompanied by reduced (relict) content of organics, indi
rectly indicating the presence of oxidants (sulphates, ni
trates) in bottom water, or in sediment. They resulted in 
mentioned oxidation to decay of organics and the pyrite 
formation in sediment. V values of 50 to 150 ppm indicate 
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changing ratio of marine algal kerogene and/or relative de
crease of TOC consumed by reduction in comparison with 
the original content. Similarly to Mn, there is no clear cor
relation between the V and TOC contents. The highest V 
(and partially also Ni) values were recorded in samples with 
marine kerogene. High Ba value has been recorded in sev
eral samples. As the barium can serve as a bioproduction 
indicator, the Ba/V correlation observed practically ex
cludes any barium diagenetic remobilisation (Belanca et al. 
1999). 

lsotope record 

The presence of the "Selli Event" (the first la OAE 
in the lower Aptian sequence, cf. Managetti et al. 1998, 
Weissert et al. 1998) is documented by an expressive 
positive excursion of values (approximately in the range 
of 3 %o) on the high resolution o13C curve (Fig. l). o13C 
values in the range of2,2 to 2,4 %o (Cl) are characteris
tic for the upper Barremian to lower Aptian pelagic 
limestone sequence. They decrease gradually towards 
the base of the Koňhora Formation (C2: 2 .2 -1.7 %o). 
Expressive siliciclastic and terrigene organic input was 
accompanied by changes in nutrient regime and by suc
cessive microorganism bioevents (disappearance of 
nannoconids, Halásová 1999, Michalík et al., 1999). It 
was connected by decrease in o13C value (C3: 1-1, 5 
%o). The first sharper decrease was recorded on the 
boundary of two cycles, on the top of radiolarite bed. 
TOC content is low, with strongly oxidised terrestrial 
organic matter relics . Expressive pyritization appears at 
the same tíme. More expressive jump-like increase in 
8 13C values (above 3 %o) in upper part ofthe second and 
in the third cycle (Fig. l: C4, C5) denotes the Selli 
Event. Due to high production of organic matter and 
relative sediment anoxia, original high TOC content was 
preserved. Des pite of the TOC values in dark and brown 
grey layers are fluctuating (2.26--0.44-2. 71 % TOC), the 
general character of the isotope excursion is continu
ously rising. Expressive growth of the 8 13C excursion in 
the third, limestone rich cycle (C6: 3.3 to 3.9 %o) and 
mainly in the overlying limestone sequence (C7, C8), 
where 8 13C values attain 4 to 4.6 %o, is noteworthy. This 
positive increase of 8 13C is not accompanied by any 
more significant accumulation of organic matter (TOC 
0.3 to 3%). Detail comparison of lithofacies, geochemi
cal and mineralogical sediment characteristics indicates 
possible correlation between the positive o13C - excur
sion and a global C-regime disturbance. Raised organics 
contents resulted from overproduction and from the de
cay of organics caused rather negative shift in 8 13C val
ues and anoxic environment formed only in some cases. 

Lack of correlation between ô13C changes and those of 
8 180 document no significant diagenetic alteration of 
isotopic ratios. The excursion of 8 180 is shifted towards 
low values especially in C3 (Fíg. 1), signalising composi
tional (salinity), or carbonate producing water tempera
ture change. This change can be related to a climatic 
tumover (Michalík et al. 1999). 
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Conclusion 

Comparison of lithofacies, geochemical and mineralo
gical sedimentary development shows correlation between 
positive C-event and variations in the C-cycle, evoked by 
global climatic fluctuations. These changes lasted 2 to 2.4 
millions ofyears. The analysis ofthe Koňhora Formation in 
the Rochovica section illustrates the abilities of the C
stratigraphy in the correlation ofTethyan sections. 

The Koňhora Forrnation „anoxia,, was evoked subse
quently after change of nutrient regime and overproduction 
indicated by black shale formation in pale pelagic limestone 
sequences with locally raised TOC (0.5 to 3 %). Geoche
mical parameters indicate, that a large part of organic mat
ter has decayed and only slightly disequilibrated the 8 13C 
ratio of the C oceanic reservoir. The 8 13C value decreased 
due to overproduction of organic matter and the redox con
ditions were moved towards the anoxia. However, just the 
TOC content and the thickness of anoxic beds are relatively 
small, and expressive increase of 8 13C in the Selli Level can 
be interpreted as the result of a global climatic change. 
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(Subsilesian Unit, Polish Outer Carpathians) 
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Abstract: A local zonation based on planktonic foraminifera has been established (from Dicarinella asymet

rica to Abathomphalus mayaroensis zones) and calibrated with the local zonation based on agglutinated fo

raminifera (Goesella rugosa to Hormosína gígantea zone). 
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lntroduction 

Variegated sediments (shales and marls) are well
known from all units of the Polish Outer Carpathians. In 
the Subsilesian Unit variegated deposits have the greatest 
range i.e. from the Turonian to the Eocene (Koszrski, 
1985, Olszewska, 1997) The Upper Senonian variegated 
sediments in the Subsilesian Unit in Weglowka are known 
as the Weglowka Marls. The Subsilesian Unit has been a 
subject of many geological investigations since the early 

50s. 
During the Senonian, on the submarine ridge of the 

Subsilesian basin pelagic sedirnents were deposited (cf. 
Koszarski, 1985). This sedimentation took place above 
the Iocal CCD level and outside of influence of turbiditic 
currents. According to Huss (1957, 1966) and Gasiŕlski el 

al() 999), abundant planktonic as well as benthic calcare

ous and agglutinated foraminifera characterize the 
Weglowka Marls. 

The standard foraminiferal zonation of the Polish 
Flysch Carpathians, proposed by Geroch and Nowak 
(1984) is based on agglutinated foraminifera . The cali
bration of Geroch and Nowak zonation with planktonic 
zonation has great importance. The deposits from the 
Weglowka stratotype sections, give sucha possibility. 

The presented analysis is an attempt to correlate the 
planktonic zonation according to Caron ( 1985) with the 
zonation by Geroch & Nowak (1984). 

The problem of the KIT boundary in the Weglowka 
unit will be the subject of a separate study. 

Biostratigraphy 

The following planktonic zones seneu Caron ( 1985) 
have been recognized in the Weglowka section. 

Dicarinella asymetrica Zone (Late Santonian) 
Index taxon absent, Iower boundary - the beginning of 

a section, upper boundary - the last appearance (LAD) of 

Heterohelix reussi, whose LAD is similar as D. Asymet
riea. G. area, G. lapparenti is also present (sample WS2). 

Globotruncana elevata Zone (Early Campanian) 
Index species not found, lower boundary LAD of H. 

reussi, upper boundary F AD of Sehaekoina multispinata. 
Numerous planktonic foraminifera such as: G. area, G. 
lapparenti, G. linneiana, Areheoglobigerina cretaeea are 
also characteristic in this zone (samples WS3-WS8). 

Globotruncana ventricosa Zone (higher part of Early 
Campanian and Middle Campanian) 

Lower boundary: F AD of the index species, upper 
boundary F AD of G. ealearata. Index taxon is accompa
nied by numerous specimens of G. area and G. linneiana 
(WW27). 

Globotruncanita calcarata Zone (upper part of Late 
Campanian) 

Total range zone of G. calcarata (WW30. Abundant 

G. area accompanying by G. stuartiformis, G. falsostuarti 
are characteristic for this zone. 

Globotruncanella havanensis Zone (Early Maas
trichtian) 

Lower boundary LAD: of G. ealearata, upper bound
ary: F AD of G. aegyptiaea. Interval with G. havanensis -
index takson in (WS 15, WS 18, WS22). G. area occurs in 
great number in WS22, WS23 . In samples WSl9, WS22 
an occurrence of G. stuartiformis has been also observed. 

Globotruncana aegyptiaca Zone (upper part of Early 
Maastrichtian) 

Index species found in sample WW25. G. area, G. 
linneiana, G. bulloides. G. stiuartiformis are also present. 

Gansserina gansseri Zone (Late Maastrichtian) 
Index species appeared in sample WS26 together with 

G. area. In sample WS27 Raeemiguembelina fruetieosa 
has been found whose F AD: is indicated within Gans
serina gansseri zone 
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Abathompbalus mayaroensis Zone (latest Maas
trichtian). 

In the studied samples A. mayaroensis has not been 
found so far. However, this index species has been noted 
in samples from the Weglowka section (Gasiŕlski et al. 
I 999).' 

Zonation based on agglutinated foraminifera accord
ing to Geroch & Nowak (1984). 

Goessella rugosa zone (1ower Campanian) 
The lower limit of the zone - the beginning of the in

vestigated section, upper limit - the first appearance of 
Hormosina (Caudammina} gigantea. Single specimen of 
the index taxon occur in samples WS2, WS3, WS8. H. 
ovulum, Ammodiscus cretaceus, Ammosphaeroidina pseu
dopaucíloloculata, Gerochammina conversa, Saccammina 
placenta are also common element ofthe assamblages. 

Age: from the highest part of the Dicarinella asymet
rica Zone (highest part Late Santonian) 

Hormosina gigantea Zone (Campanian-Early Maas
trichtian) 

The 1ower limit - first appearance off{. gigantea, upper 
limit - F AD of Rzehakina fissistomata. Index takson occur 
in samples WS 15, WS22, WS 23, DW4, together with H. 
ovulum, H. excelsa, A. cretaceus, Gerochammina tenis. 

Age: from the Globotruncanella havanensis Zone 
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Abstract: The age of the studied sections is the Turonian-Campanian (Krzyworzeka, Wisniowa tectonic win
dow) and the Campanian-Maastrichtian (Nowe Rybie, Zegocina tektonic window). Morphogroup analysis 
have indicated the organic flux on the sea bottom, during Turonian-Campanian. Turonian assemblages are 
dominated by agglutinated species (Krzyworzeki section). Within the Late Coniacian-Early Campanian as
semblages the number of calcareous benthic foraminifera increase. In the Campanian assemblages, more 
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Maastrichtian calcareous benthic and planktonic foraminifera are dominant in the Nowe Rybie section. 
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Studied foraminiferids were collected from Krzy
worzeka (Wisniowa tectonic window) and from the Nowe 
Rybie sections (Zegocina tectonic window). In general, the 
studied foraminiferal associations resemble assemblages 
described by Huss ( 1966; agglutinated foraminiferids pre
dominate), but differ qualitatively and quantitatively from 
those previously decribed from the type locality of 
Weglowka (Gasinski, et al. , 1999 a) as well as those from 
the Zegocína window sections (Gasinski et. al, 1999 b). 
The Weglowka type facies which extend westward from the 
Weglowka area are most probably, deposíted under differ
ent palaeoenvironmental conditíons. 

The presented analysis indicated that the so called 
"Weglowka - type facies", established mainly on litho
logical features , contain quite diverse foraminiferal as
semblages within the whole ofthe Subsilesian basin. Most 
samples from Wisniowa the section contain only aggluti
nated foraminiferids. The biostratigraphy has been estab
lished on agglutinated as well as on planktonic taxa. 

The oldest recognized associations are in the Krzy
worzeka section which were dated on the basis of pres
ence of Uvigerinammina jankoi (Majzon) and the 
presence of Goese/la rugosa (Hanzlikova) which belong 
to the Uvigerinammina jankoí and Goesella rugosa zones 
sensu Geroch & Nowak (l 984; i.e. Turonian-early Cam
panian). Very rare planktonic taxa, mainly Globotrun
cana area (Cushman) and G. ex. gr. fapparenti Brotzen, 
have confirmed the Campanian age in the upper part of 
the sectíons (Robaszynski & Caron, 1995). In the Nowe 
Rybie sectíons the presence of bentonic calcareous fo
raminifera Stensioeina cf dictyon Pokomy, Stensioeina 
pommerana Brotzen, Gaudryina frankei Brotzen, Cribre
be/la ovata Gawor-Biedowa were dated as Campanian to 

early Maastrichtian (Gawor - Biedowa, 1992). The sam
ples from Nowe Rybie contain more planktonic forms, 
Globotruncana area (Cushman), Globotruncana gr. lap
parenti . 

Quantitative analysis indicate that agglutinated taxa 
are predominant in the samples of the Turonian
Campanian age. Among them, agglutinated tubular forms 
(main ly Rahabdammina - Dendrophrya sp. sp.), which 
constitute an ecologically significant group. These tubular 
forms belong to the „suspension feeders" morphogroup 
(Jones & Chamock, 1985). Their abundance probably 
indicate the íncrease of organic flux (OF) on the sea bot
tom. The observed sequence marks a regression episode 
intluenced by global eustatic and / or local tectonic events 
(see Nagy, 1992; Gasinski , 1997). The relationship be
tween the amount of „suspension feeders" taxa and the 
abundance of calcareous benthic assemblages (mainly 
Globorotalites, Pleurostomella, lenticulina, Cibicides, 
Osangularia) is significant for the estimation of sea-level 
and organic flux fluctuations . An increasing number of 
suspension feeders and a decreasing amount of calcareous 
/agglutínated benthic denotes the intensity of organic tlux 
episodes in the studied basin. 

Nodosariids are relatively abundant within the benthic 
calcareous foraminiferal. Planktonic foraminiferal assem
blages are very scarce and non - keeled epipelagic taxa 
are predominated among them in the Krzyworzeki sec
tion. Jn the Nowe Rybie section the number of planktonic 
foraminifera (keeled species are dominated) clearly in
crease. The abundance of Radiolaria within some assem
blages, dated as the Turonian, is probably related to 
Tethyan Oceanic Radiolarian flourishing, during the 
CTBE (Cenomanian/Turonian Boundary Event; see: cf. 
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Tethyan Oceanic Radiolarian flourishing, during the 
CTBE (Cenomanian/Turonian Boundary Event; see: cf. 
Gasinski, 1997). The blooming of Radiolaria is connected 
with the upwelling and indicates an increase of nutrients 
in the surface waters. Such an event occurred after oxygen 
deficiency episodes on the sea bottom. 
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Early Oxfordian radiolaria from Kraków Upland, Carpathian Foreland, 
South Poland - palaeoecological remarks 
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Abstract. Abundant radiolarian fauna have been found in the Upper Jurassic deposits of the Kraków Upland 
(South Poland) at Zalas quarry. The assemblage comprises twenty-five species of Radiolaria. The species 
belong to the orders Nassellaria ( 16 species) and Spumellaria (9 species). The assemblage has been correlated 
with cordatum ammonitic subzone (Early Oxfordian). The radiolarians show features of Boreal faunas, influ
enced by Tethyan realm. 

Key words: Radiolaria, Early Oxfordian, Kraków Upland, palaeoecology 

Geological setting 

During the Late Jurassic tíme, the area investigated 
was a part of northem Tethyan shelf, with diverse carbon
ate sedimentation. 

The section investigated is located at Zalas quarry, 
situated about six kilometres south fi-om Krzeszowice 
town (southem Poland) (Fíg. 1 ). The Middle and Upper 
Jurassic deposits overlay porphyry, which are explored 
there. Stratigraphically, lower part of this section is repre
sented by stromatolite (Fíg. 2). There follows calcareous
marly complex (Matyja & Tarkowski, 1981). The lower
most bed of these deposits consists of marly limestone 
yellow-coloured at the base, and red at the top, with in
frequent siliceous sponges and ammonites indicating bu
kowskii and costicardia ammonitic subzones (Early Ox
fordian age - see Maty ja & Tarkowski, 1981 ). It is over
lain by grey marly limestones interbedded by green to 
grey marls with siliceous sponges, ammonites, belemnites 
and brachiopods, which are followed by grey marls and 
marly limestones. These strata belong to the cordatum 
and tenuicostatum ammonitic subzones (early to middle 
Oxfordian age - see Matyja & Tarkowski, 1981 ). 

The radiolarian fauna has been found within the layer 
of green-grey marls, which belong to the cordatum am
monitic subzone (Matyja & Tarkowski, 1981 ). The Ra
diolaria occur with common sponge's spicules 
(Criccorhabd and Rhax), and abundant foraminifers of 
species Spirillina gracillis Terquem. 

Characteristic of the radiolarian assenblage 

Radiolaria are common in the sample investigated, but they 
are generally poorly preserved. The association comprises 
nine taxa belonging to order Spumellaria and sixteen taxa 
of Nassellaria. Spumellarians belong to four families and 
seven genera as: Cavaspongidae (genus Cavaspongia), 

Fig. l . Location oj the area investigated in the vie iní ty oj 
Kraków (geologica/ map after Zytko el al. (1988), simplified); 
Fore-Carpathian p/atform elements: I - pre-Jurassic strata; 
2 - Jurassic; 3 - Cretaceous; 4 - undivided Carpathian Fore
deep deposits; 5 - undivided Carpathians unils. Black arrows 
mark /ocation o/Za/as quarry 

Patulibracchidae (genera Paronaella, Angulobracchia), 
Xiphostylidae (genera Xiphostylus, Triactoma), and Orbi
culiformidae (genera Crucella, Orbiculiforma). Nassellaria 
are represented by nine famílies and fourteen genera: Syrin
gocapsidae (Parapodocapsa), Theoperidae (genera Arto
capsa, Cyrtocapsa and Dictyomitrella), Spongocapsulidae 
(genus Obesacapsula), Sethocapsidae (genus Stylocapsa), 
Williriedellidae (genus Zhamoidellum), Archaeodictyo
mitridae (genera Hsuum, Stichomitra), Pseudodictyomitri
dae (genus Parahsuum), Xithidae (genus Crolanium), and 
Amphipyndacidae (genera Dibolachras, Podocapsa and 
Syringocapsa). 

Geologícal Survey o/Slovak Republic, Dionýz Štúr Publishers, Bratíslava 2000 ISSN 1335-96X 
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Fig. 3. Frequency of the radiolarian genera in the sample in
vestigated 

The following semi-quantitative features pennit char
acterisation ofthe assemb lage investigated (Fíg. 3): 

1. dominance of spumellarians in number of speci
mens (62 percent ofall specimens found) ; 

2. abundance and high diversity of spongy spumellari
ans as Crucella, Cavaspongia,0 Orbiculiforma, Paro
naella, and Angulobracchia; 

3. scarcity of Williriedellidae, Xitidae and Spongo
capsulidae; 

4. absence of Parvicingula, Praeparvicingula and 
Mirifusus. 
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Palaeoecological remarks 

The radiolarian fauna exhibit features, which are re
lated to the particular palaeoceanographical setting of the 
area investigated during the Early Oxfordian. One ofthem 
is abundance of spongy spumellarians, which dominate in 
number of specimens. This fact was interpreted by previ
ous authors as indicating cold water influence (cf. Qua
temary assemblage: Alperin , 1993) and a shallow- water 
depositional environment (cf. Late Cretaceous assem
blage: Empson-Morin, 1984). Spongy spumellarians are 
also interpreted to be cosmopolitan in the recent oceans, 
but they are mostly abundant under unstable oceanic con
ditions (Blueford & King, 1983; Anderson et al. , 1989). 
Abundant spongy spumellarian assemblage were recorded 
in the Late Jurassic deposits from the Antarctic Peninsula 
(Kiessling, 1999). According to this author, Jow salinity 
and salinity fluctuations were the major reasons for the 
great abundance ofthis group. 

Distribution of some Late Jurassic and Early Creta
ceous radiolarian taxa were controlled also by palaeo
ceanographic factors recorded by climatic belts (Pessagno 
& Blome, 1986; Baumgartner, 1992, 1993; Kiessling, 
1999). One of the important markers were presence or 
absence of Pantanellidae and Parvicingulidae. (Pessagno 
& Blome, 1986; Baumgartner, 1992, 1993 ; Hull, 1995; 
Kiessling, 1999). In the Northem Hemisphere, four ra
diolarian provinces were distinguished based on these 
taxa content: Centra! Tethyan Province, Northem Tethyan 
Province (Tethyan Realm), Southem Boreal Province, 
and Northem Boreal Province (Boreal Realm).Total 
absence of pantanellids and „Ristola-type" parvicingulids 
as well as common occurrence of orbiculifonnids were 
characteristic to higher palaeolatitudes (Northem Boreal 
Radiolarian Province) (Pessagno & Blome, 1986; Yish
nevskaya, 1997; Kiessling, 1999). 

The absence of pantanellids and „Ristola-type" parv
icingulids in our assemblage confirm that, it represent the 
Boreal radiolarian fauna . 

Tethyan taxa as Williriedellidae, Xithidae, Syringo
capsidae and Spongocapsulidae are also present within 
the radiolarian assemblage investigated. This fact sug
gests Tethyan influences on the southem part of the Euro
pean Platform (Kraków area) during the early Oxfordian. 

However the assemblage does not include the Tethyan 
fonns such as Mirifusus and Ristola, which were sug
gested to be nrther deep-dwelling (Steiger, 1992) and are 
expected to be absent in shallow environments. 

In summary, the radiolarian investigated shows fea
tures of Boreal faunas, influenced by Tethyan realm. 
Assemblage includes mixed cold and wann water taxa, 
which prefered shallow- water depositional environment. 
It confinn the investigations of ammonites fauna carried 
out by Garlicka and Tarkowski ( 1980). Th ese autors sug
gested, that in the Oxfordian, the area investigated was 
situated in the zone of mixing influences of Submediter
ranean and Boreal provinces. 



Í
------------------------------~S!:.lo~va~k~G~e~o~l.:..!_M.~a~gl·•~6~, !._2::::-3~(2~0~0~0))_:_, !_2!_:38~2~40 

240 

References 

Alperín, M.I. 1993: Radíolarios de un testigo cuatemario del talud con
tincntal arentino, interpretacíón paleoclimática Rev. Asoc. Geol. 
Argentína, 48, 85-91 . 

Anderson, O.R., Bennett, P. & Bryan, M . 1989: Experímental and ob
servational studies of radiolarian physiological ecology: 3. Effects 
o'. temperature, salinity and light intensity on the growth and sur
v1val of Spongaster tetras tetras maintaíned in laboratory culture. 
Mar. Micropal. 14, 275-282. 

Baurngart~er, P.O. 1992: Lower Cretaceous radiolarían biostratígraphy 
and b1ogeography off Northwestern Australia (ODP Sites 765 and 
766 and DSDP Site 261), Argo Abyssal Plain and Lower Exmouth 
Plateau. Eds. Gradstein, F. M., Ludden, J. N., et al. , Proc. Ocean 
Drill. Progr., Sci . Res., 123, pp. 299-342. 

Baurngartner, P.O. 1993 : Early Cretaceous radiolarians ofthe Northeast 
lndian Ocean (Leg 123: Sites 765 , 766 and DSDP Síre 261): The 
Antarctic-Tethys connection. Mar. Micropal. 21 , 329-352. 

Blueford, J.R. & King, C. 1983: Dístribution of Spongodiscid-type ra
d1olar1ans m modem sediments. Amer. Assoc. Petrol. Geol. Suli 
67, 425. ., 

Empson-Morin, K.M. 1984: Depth and latitude distribution of Radio
laria in Campanian (Late Cretaceous) tropical and subtropical 
oceans. Micropal., 30, 87-115. 

Garlicka, I. & Tarkowski, R. 1980: Biostratigraphy and mícrofacics 
development of the Lower and Middle Oxfordian at Zalas near 
Kraków. Suli. Acad. Polon. Sci., Sér. sci., Sci . Ter., 28, 59-68. 

Hull, D.M. 1995: Morphologíc diversity and paleogeographic significanee 
ofthe family Parvicingulidae (Radiolaria). Mícropal. , 41 , 1-48. 

Kiessling, W. 1999: Late Jurassic Radiolarians from the Antarctic 
Peninsula. Micropal. , 45 (suplement J), 1-96. 

Matyja, BA & Tarkowski, R. 1981 : Lower and Middle Oxfordian 
ammonite biostratigraphy at Zalas in the Kraków Upland. Acta 
Geol. Polon., 31, J-14. 

Pessagno, E.A. & Blome, C.D. 1986: Fauna! affinities and tectonogene
sis of Mesozoic rocks in the Blue Mountain Province of eastern 
Oregon and western Idaho. Eds. Vallier, T. L. & Brooks, H. C. , 
Geology of the Blue Mountain region of Oregon, Idaho and Wash
ington: Biostratigraphy and Paleontology. U. S. Geological Survey 
Professional Papers, 1435, 65-78. 

Steiger'. T. 1992: Systematik, stratigraphie und Palôkologie der Radio
lar1en des Oberjura-Unterkreiden-Grenzbereiches im Osterhorn
Tirolikum {Nôrdliche kalkalpen, Salzburg und Bayern). Zittel., 19, 
3-188. 

Vishnevskaya,_ V. 1997: New Mesozoic Boreal radiolarian finding 
from Russia. Abstract Book of Eight meeting of the lnternational 
Association of Radiolarian Paleontologists (lnterrad VJII), Paris, 
p. 130. 



Slovak Geol. Mag. , 6, 2-3(2000), 241- 249 

Rhaetian / Hettangian passage beds in the carbonate development in the 
Krížna Nappe (centra) Western Carpathians, Slovakia) 
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Abstract. A record of Rhaetian-Hettangian gradual passage unusual of central Western Carpathians, is deve
loped in a carbonate succession in the Jakub quarry near Banská Bystrica. Lower part of the section formed 
by ?Rhaetian Svätý Jakub Formation, is represented by thick becjded light-grey peloidal limestones with pel
let microfacies, deposited in a restrícted lagoonal environment. Hettangian Nový Svet Formation (new name) 
is formed by a rhythmic succesion of well-bedded dark-grey biopelmicrites altemating with thin yellowish 
less calcareous interbeds slightly enriched in clay and quartz si lt. The scarcity of clastic terrigenous admixture 
is characteristic. Spicule-pseudopeloid-ostracod, brachiopod-bivalve-spicule, oyster-spicule and condensed 
microfacies were recognized. Fossi l benthic assemblages dominated by brachiopods and bivalves in the upper 
part ofthis formation represented deeper subtidal environment with good oxygenation and norma! salinity. 

Key words: Rhaetian/Hettangian passage beds, Western Carpathians, microfacies, palaeogeography, brachio
pod assemblages. 

Introduction 
'1 

.... ..., ., ...... '\ 

' ' At the beginning of Jurass ic, fossiliferous Fatra Fm 
was replaced by clastic deposits of the Kopienec Fm in 
the West Carpathian Fatric Domain . Carbonate succes
sion with gradual Triassic/Jurassic passage beds without 
any significant terrigenous influence was studied in the 
vicinity ofboth the Jakub and the Nový Svet villages by 
Banská Bystrica (Fig. I ). Horák (1960) described Cop
rolithus salevensis Paréjas, I 948 (cylinder shaped cop
rolites of probably crustacean origin), with diameter of 
about 5 mm and with regular gutter structure from light 
grey massive „pseudoolithic„ limestones from the Jakub 
quarry near Banská Bystrica. Recently, they were de
terrnined by Gazdzicki et al. (in press) as Parafavreina 
thoronetensis Bronn, Caron et Zaninetti . Čepek (1970) 
designated the mentioned rocks occurring in two paral
lel stripes north and south from Banská Bystrica as the 
Svätý Jakub Limestones. He characterised them as fos
siliferous pelmicrites with intraclasts, which are usually 
heavy bedded to massive, due to absence or very small 
amount of bitumen light grey to white, formed mainly 
by „pseudooids,, (coprolites and peloids with no interna) 
structure) and wirh irregularly recrystall ized micrital 
matrix. According to him, these limestones „are strik
ingly closely spatially connected with the Liassic 
coarse-grained crinoid limestone development. ,, In view 
of new facts (see below), this opinion is doubtfull. 

Pan·s ký dílt 

The authors are indebted to Prof. M. Mišík, Dr. M. 
Sýkora and Dr. A. Gazdzicki for inspiring discussions. 

2km 
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1100,2 

1 
1 

' ' \ 
1 

Fíg. 1 The geographic position of the Jakub quarry near 
Banská Bystrica. 

We thank also to Dr. M. Rakús fo r kind ammonite 
deterrn.ination. The photographs have been made by L. 
Osvald . The paper contributes to the VEGA research 
projects No. 6169 and 7215 . 
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Lithology and biostratigraphy: 
The Svätý Jakub Formation 

The lower massive part is followed by heavy bedded 
light-grey compact peloid limestones (Fig. 2) with pale 
weathered surface. Two blocks in the quarry wall, sepa
rated by norma! faults contain both limestone types con
sisting of pelsparite (grainstones), rarely pelmicrosparite 
and pelmicrite (packstones). They were assigned to the 
MF 1 (pellet) microfacies, characterised by abundant 
pellets, less common intraclasts, ooids and redeposited 
and poorly preserved organic remnants and matrix with 
locally unwinnowed mierite. The bitumen is present in 
very small amount, macrofossils are absent. Gradual 
sedimentary change is indicated by onset of rather mi
crolithoclatic-bioclastic packstone microfacies with pseu
dopeloids prevailing in the uppermost beds. At present, 
the Rhaetian age of the Svätý Jakub Fm is only indirectly 
indicated by occurence of Parafavreina thoronetensis, 
and by Rhaetian foraminifers which has been deterrnined 
from similar limestones in the Lučatín Unit (Soták & 
Plašienka, 1996). The Liassic age of the Svätý Jakub Fm 
was misinterpreted due to incorrect sampling and deter
mination of Liassic brachiopods and bivalves in the Jakub 
quarry (Maheľ et al., 1964). 

The Nový Svet Formation (new name) 

Type locality: A quarry situated in the slope above the 
Banská Bystrica - Donovaly road, between Jakub and 
Nový Svet villages (Fíg. 1 ) . 

Thickness: More than 20 m in the type section. 
Lithology: Rhythmic succession of regularly altemating 

dark grey- brown well-bedded (5 to 25 cm) fine-grained 
biopelmicritic and pelbiomicritic (wackestones and pack
stones, floatstones) limestones (MF 2, 3 and 4) and thin 
(0.5 to 1 cm) yellowish and yellow-grey interbeds (MF 5) 
containing sligth admixture of quartz silt grains and clay 
(Figs. 2). Black oval cherts form stratiform lenses in several 
beds. Sedimentary texture is bioturbated and peloidized. 
Upwards thinning cycles were observed in the lower part of 
the formation, while the bed thickness in upper parts is 
more or less uniform. Amalgamation of some limestone 
beds (probably owing to bioturbation) was recorded. lrre
gular waving of some bedding planes was probably caused 
by postsedimentary diagenetic compaction. Sponge spi
cules, ostracods and pseudopeloids are abundant in some 
beds, rarely fecal pellets or bacterially induced precipita
tions occur. Fecal pellets are smaller in size than in under
lying formation. Biopelmicritic and pelbiomicritic pack
stones and wackestones in the lower part of sequence be
long to the MF 2 (spicules-pseudopeloid-ostracod microfa
cies). In addition to frequent sponge spicules and ostracods, 
echinoderm, juvenile gastropod, bivalve and brachiopod 
shell fragments, foraminiferal tests sometimes occur. A 
condensed reddish ferrolitic crust occurs in thin bed no. 59. 
Brachiopod and bivalve coquinal biopelmicritic and 
biomicritic tloatstones in the upper part of the section con
tain scarce regular echinoids. Brachiopod-, or brachiopod-

Slovak Geol. Mag. , 6, 2-3(2000), 241- 249 

and bivalve rich (MF 3: brachiopod-bivalve-spicule micro
facies) limestone beds altemate with oyster beds (MF 4: 
oyster-spicule microfacies) and also with barren beds with 
well sorted biodetritic and pseudopeloid (microintraclastic) 
material. 

Boundaries: The lower boundary with the Svätý Jakub 
Fm is transitional, being indicated by gradual thinning of 
limestone beds and by gradual microfacies change from 
the MF 1 to the MF 2a above the bed no. 36 (Fíg. 2, Pl. 1, 
fig. 2). This biopelmicritic and biopelmicrosparitic pack
stone bed with dominant pseudopeloids and intraclasts 
contains poor benthic assemblage of ostracods and fo
raminifers (Earlandia). Fecal pellets characteristic of the 
MF 1 disappear, but spicules are scarce. The upper 
boundary is not known due to lack of exposure. 

Age: The first representatives of Chlamys (Chlamy~) 
textoria (Schlotheim) (bed no. 62) are known from the early 
Hettangian Planorbis Zone (Johnson, 1984). Dr. Rakús de
termined Kammerkarites haploptychum (Wähner) from the 
upper part of the forrnation (bed no 168), the index am
monite ofthe Middle Hettangian Megastoma Zone (Fíg. 3). 

Distribution: The formation is hitherto known from 
the vicinity ofthe Nový Svet village only. 

Macrofauna: While macrofossils are rather poor in 
the Svätý Jakub Fm, pectinid bivalves (Chlamys (Ch.) 
textoria (Schlotheim)) and oysters (Gryphaea sp.) occur 
in thin yellowish and brownish interbeds (LMF 5) in the 
whole Nový Svet Fm. Although regular echinoids are 
rare, other benthics are very abundant in several lime
stone beds and interbeds in the upper part of the forma
tion. In the Bed no. 141 , benthic assemblages with 
brachiopods fi.rstly appear. Together with oysters, they 
often form a dominant group. From taphonomic view, 
limestone beds yielded primary biogenic shell concentra
tions (sensu Ftirsich & Oschmann, 1993), representing 
"within-habitat time-averaged" autochthonous fossil as
semblages (sensu Kidwell & Bosence, 1991 ). The char
acter of the interbed assemblages was similar, but time
averaging was discontinuous and more significant due to 
an extremely very reduced sedimentation rate (slight win
nowing and long exposure on sea tloor). Therefore, 
skeletal accumulations in the interbeds belong to the con
densed or hiatal shell concentrations (sensu Kidwell, 
1991). Relative zeilleriid-, lobothyrid- and rhynchonellid 
abundance varied in tíme. Three basic benthic assem
blages (lobothyrid-, zeilleriid/rhynchonellid/oyster and 
oyster dominated) were recognized. Other groups of 
organisms, namely regu lar echinoids, gastropods and 
ammonites occur rarely. Noteworthy, benthic macrofauna 
is quite missing in the bed no. 168, where the only ammo
nite specimen has been found. 

Microfacies (MF) 
A restricted lagoonal environment (above wave base): 
MF 1 - pellet microfacies 

Description of microfacies. Pelsparitic, pelmicro
sparitic and pelmicritic grainstones and packstones (Pl. 1, 
fig. 1) with unhomogenous (sometimes secondarily recry-
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Fig. 3 Kammerkarites haploptychum (Wähner), sca/e: I cm 

stallized) fabric formed by orthosparite and locally also 
uncompletely winnowed microsparite and mierite contain 
high proportion of allochems (about 60%). Intensive bi
oturbation probably destroyed any former sedimentary 
textures. In the Wilson 's (1975) microfacies classifica
tion, this type belongs to the SMF 16. Peloids are domi
nating (50%), ooids (5%) and bioclasts (5 %) are less 
abundant. They are moderately size-sorted peloids (150 to 
720 µm) are of variable shapes. Regular oval fecal pellets, 
sometimes with interna] structure prevail, while strongly 
micritized bioclasts and ooids (pelletoids), micritic intra
clasts, mostly irregular (pseudopeloids) are frequent. 
Parafavreina thoronetensis coprolites were derived just 
from this microfacies type. Abraded and micritized bi
valve and echinoderm fragments are rarely represented in 
bioclastic debris. Nodosariid foraminifers, spicules and 
echinoíd spines are very rare. Agglutinated foraminifers 
(Trochammina alpína Krístan-Tollmann, Endothyra sp.) 
represent the only autochthonous body fossils . Size of 

bioclasts reaches 400 µm to 2 mm. Ellipse-shaped ooids 
are well size sorted ( 190 to 530 µm). Superficial ooid 
types with one cryptocrystallic, originally probably radial 
layer (thickness IO to 15 µm) prevail. The layer men
tioned is sometimes coated by one regular mierite layer of 
the same thíckness. The nucleus is formed mainly by pe
loid, less often by bivalve fragment, gastropod, crinoid 
ossícle or unídentífiable recrystallized bíoclast. Broken 
and compound ooids are rarely present. Clastíc quartz silt 
admíxture is very rare. 

The sedimentary environment: Poor and low diversí
fied benthic assemblage represents a míxed indigenous
exotic type (sensu Kidwell & Bosence, 1991) consisting 
mainly from redeposited fragments. Complete absence of 
autochtonous benthic and planktonic body fossíls (with 
the exception of agglutínated foraminifers) , but the pres
ence of fecal pellets producíng crustaceans índicate a spe
cíal composítíon of bíocoenosis. The absence of 
autochthonous stenohalíne organisms suggests a deviated 
water salínity. Hígher energy of environment ís indicated 
by prevailing sparite structure and by reworking of bio-
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clasts. Micritísation of bioclasts indicate their long expo
sure on the bottom connected with slow sedímentation 
rate. Incompletely wínnowed mierite can be explained by 
temporarily increased water energy due to wave action. 
The Svätý Jakub Fm was deposited in warm subtidal 
restricted lagoonal environment with unstable hydrody
namic regime inc!uding salinity and temperature tluctua
tions. The bottom was probably situated above the norma] 
wave base, the substrate being flat, soft and muddy. 
Similar lithofacies occur on the recent Great Bahama 
Bank margín sheltered from trade winds and strong tidal 
activity (Bathurst, 1971). The proportion of polychaete 
fecal pellets of Armandia maculata reaches 17 to 3 8%. 
Fauna is rare, both in density and diversity, due to high
stress hypersaline environment. The environment of pe
loidal wackestone to packstone (e.g. Favreina-type cop
rolites) from the Hauptdolomit and the Dachstein Fm 
from the Transdanubian Centra) Range posessed similar 
features (the subtidal C member of Lofer cycles in Haas 
& Balog, 1995). Modem and ancient restricted subtidal 
environment are characterised by a small number of alo
chem types: carbonate or terrigenous mud, fecal pellets, 
peloids, grapestones, intraclasts and limited share of 
skeletal components (Enos, 1983). On the basis of Wil
son 's (1975) classification, the environment belongs to 
the 8th facies zone: the shelf with restricted circulation. 

Calm open deeper subtidal environment (below storm 
wave base) 

Four microfacies characterize this environment - MF 2 
(spicule-peloid-ostracod microfacies), MF 3 (brachiopod
bivalve-spicule microfacies), MF 4 (oyster-spicule micro
facies) and MF 5 (condensed microfacies). The Nový 
Svet Fm consists of well bedded fine-grained biopelmic
rites (MF 2, 3 and 4) regularly alternating with thin less 
calcareous interbeds slightly enriched in clay and si lt 
quartz grains with MF 5. 

MF 2 - Spicule-pseudopeloid-ostracod microfacies 

Description of microfacies: Biopelmicritic and pel
biomicritic wackestones and packstones contain variable 
content (35 to 65 %) of allochems (Pl. 1, Figs. 3-6, Pl. 2, 
Fíg. 1, 3). The matrix is unhomogenous, commonly bio
turbated, with pseudopeloids and fine well-sorted calcis
iltic bioclastic debris . As the content of often poorly 
distinguishable (clotted structure) pseudopeloids and spi
cules is very variable and often contrasting, two subtypes 
were recognized: the MF 2a with pseudopeloids domi
nating and the MF 2b one with spicules prevailing. These 
two subtypes alternate in the section in several cycles. 
The first microfacies is more abundant in the lower part 
of the section (until the bed no. 100), while the second 
one is more frequent higher up. Calcified, mainly monax
one and triaxone sponge spicules, sometimes parallell 
oriented (proportion varies from 5 to 25%), disarticulated 
valves and recrystallized ostracod shells (2 to 4.5%) are 
represented in fossil assemblages. In some beds, juvenile 
gastropod shells (Pl. 1, fig. 3), involutinid foraminifers 
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(Pl. 1, fig. 6), Earlandia dunningtoni (Elliot), and E. in
costans (Radoičic) are frequent {Pl. 2, figs . 5-9). Oyster 
and pectenid shell fragments are less common. Locally, 
poorly preserved calcareous and aglutinaceous, glomos
pirellid and nodosariid foraminifers, or lnvolutina liassica 
(Jones) are present in the bioclastic debris. Echinoid 
spines, fragments of holothurian sclerites (Theelia sp.), 
recrystallized Globochaete alpína Lombard, calcisphae
res Didemnoides moreti (Durand Delga) and halicoryne 
algae fragments are rare. Abraded, sometimes also micri
tized and bored bivalve valves and relicts of corroded 
echinoderm ossicle fragments form scarce redeposited 
bioclasts. Proportion of variable shaped pseudopeloids is 
between 15 and 60%, their sorting is always good 
(average size 20 -100 µm). Larger irregular moderately 
sorted micritic intraclasts are rare, angular quartz silt 
grains and authigenous quartz crystals are very scarce. 
The sediment contains low admixture of organic matter. 
Carbonized floral remnants are also present.The pyrite 
forms globular aggregates and it impregnates small bio
clasts. Larger bioclasts are partly affected by selective 
silicification. 

MF 3 - Brachiopod-bivalve-spicule microfacies 

Description oj microjacies: Biomicritic and bio
pelmicritic floatstones with abundant silt-sized bioclasts 
(derived mainly from spicules) and also with larger 
brachiopod and bivalve shells (several cm, Pl. 2, fig. 2). 
The matrix is homogenous, containing approximately 35 
to 50% of allochems. The sediment is slightly biotur
bated. Fragments of well-preserved punctate and im
punctate bracbiopod valves and recrystallized calcified 
siliceous monaxone, triaxone and tetraxone sponge spi
cules (IO to 15%) occur in bioclastic debris. Locally, 
fragments and complete valves of pectenid and ostreid 
bivalves dominate over ostracod valves (1.5 to 3.5%), 
juvenile gastropod fragments and crinoid ossicles. Cal
cisphaeres, globochaetes and ophiuroid fragments are 
scarce. Pseudopeloids (30 to 100 µm) are of variable 
shapes, their proportion is mostly low. Fecal pellets are 
scattered, slightly recrystallized, forming clotted struc
ture. As in the MF 2, clastic quartz grains of silt size are 
very scarce. Badly preserved and redeposited fragments 
of bivalves are affected by micritization, boring traces 
were observed rarely. The proportion of bioclasts varies 
from 25 to 30%. They are mostly autochthonous. 
Brachiopod and oyster valves are partly selectively silici
fied (chalcedony spherulites). 

MF 4 - Oyster-spicule microfacies 

Description oj microjacies: Biopelmicritic floatstones 
of the SMF 8 (Wilson, 1975), sometimes recrystallized to 
biopelmicrosparites. The matrix is homogenous, sligthly 
bioturbated (relict parallel orientation of some monaxones 
preserved locally), with scattered silt-sized bioclastic de
bris ( 1 O to 60 µm) and indistinctly bounded peloids 
(clotted structure), allochem content reaches 65%. In a 
benthic assemblage, well preserved non-abraded frag-
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ments and complete valves of oysters with foliated struc
ture (25%), calcified monaxone sponge spicules (20%) 
and recrystallized ostracodshells and valves are abundant. 
In other features, this microfacies is similar to MF 3. 

MF 5 - Condeosed microfacies 

Description oj microjacies: lt occurs in thin less cal
careous interbeds (0,5 to 1 cm), slightly enriched in clas
tic silt quartz grains and clay admixture (5%). The 
calcareous constituent consists of bioclasts and pseu
dopeloids only, the proportion of mierite is low. In the 
fossiliferous part of the Nový Svet Fm, this microfacies 
also contains condensed or hiatal shell concentrations 
with bivalves, brachiopods, and crinoid ossicles. Shells 
are frequently corroded, disarticulated or fragmented and 
encrustation is sometimes present on oysters. The valves 
are mostly oriented concordantly with bedding planes. 
Locally, red ferrigenous crusts occur on the bedding 
planes of interbeds. Sedimentary rate was extremely re
duced. 

Sedimentary environments: Open shelf (middle shelf 
of Wilson & Jordan, 1983), norma] salinity and good 
oxygenation zone, with depths about 30 to 100 m is in
ferred. Locally, parallelly oriented sponge spicules indi
cate weak current regime. In some periods, micritic 
pseudopeloid material was redeposited. Alternation of 
biomicrite (MF 2, 3 and 4) with thin less calcareous aleu
ritic interbeds (MF 5) indicates regularly alternating con
ditions related to changes in rate of sedimentation. The 
sedimentary rate was relatively higher during deposition 
of MF 2, 3 and 4 than this of MF 5 . The absence of auto
chthonous ooids, oncoids, cortoids and aggregate grains 
and the presence of siliceous sponges points to deeper 
subtidal conditions. Moreover, this assumption can be 
supported by the scarcity of photosynthetic organisms and 
boring and encrusting organisms. The bottom was soft 
and muddy. This environment should belong to the FZ 2 -
open shelf zone (Wilson, 1975). 

Discussion 

During the Triassic, centra! Western Carpathians were 
situated at the NW margin of the North European shelf 
(Michalik, 1994). The opening of the Penninic Ocean and 
the simultaneous closure of the Paleotethys as well, influ
enced climatic, eustatic and tectonic processes in this re
gion during the Triassic/Jurassic boundary. 

Tatricum: uppermost Triassic sediments are often 
missing due to emersion, with the only exception of the 
continental Tomanová Fm (Michalfk et al., 1976, 1988) 
an the rest of marine beds in the Strážovské vrchy Mts 
(Štrbkovci locality, Michalík, 1980). 

Fatricum and northern Veporicum: Rhaetian sedi
ments are represented by the Fatra Fm: shallow-water 
limestone beds with mar) and dolomite intercalations with 
repeating shallowing upward cycles deposited in a par
tially isolated basin, inhabited by rich but little diversified 
benthic communities (Michalík & Jendrejáková, 1978). 
Soták and Plašienka ( 1996) described massive biomicritic 
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Plate 1 
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Plate 2 

limestones with Rhaetian foraminifers and cavity fillings 
build of layered-fibrous calcite from the Farbište Subunit 
(the Lučatin Unit) of the Veporicum. They probably be
longed to a bioherrnal complex along the northem side of 
the Veporic Unit. Hettangian terrigenous influx strongly 
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influenced northem part ofthe Fatric Basin. Surprisingly, 
the Nový Svet Fm is characterised by the rareness of ter
rigenous clastics (very slightly increased content of clay 
and probably eolian silt quartz). Biomicrite with calcified 
spicules, ostracods, juvenile gastropods, thin-shelled bi-
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valves and foraminifers, rare crinoidal debris and with 
only silt quartz grains were also found in intraclasts sur
rounded by coarse-grained sandy crinoidal matrix without 
spicules and ostracods in the Sinemurian - ?Lotharingian 
Trlenská Fm and in the overlying Liassic crinoidal lime
stones complex (the Vývrat and the Prístodolok Fms) in 
the Vysoká Unit (Pl. 2, fig. 4) (Koša, 1998). 

Hronicum: Rhaetian Norovica Fm formed by pale 
grey biodetritic, oolitic and oncolitic fossiliferous 
biomicrite, pelmicrite, pelsparite, oopelsparite and pel
biooosparite with Parafavreina thoronetensís, by sole 
beds of loferitic dolomites and marls was deposited in 
neritic environment, with intermittent influence of open 
sea (Gazdzicki & Michalík, 1980, Gazdzicki et al., in 
press). Light brown massive and heavy bedded onco
sparitic limestones, with rests of foraminifers and 
Parafavreína thoronetensis coprolites were found in the 
Nedze Nappe of the Malé Karpaty Mts (Hanáček, 

1987). The Hybe Fm is formed by rhythmic alternation 
of dark-grey marls with organodetrital limestone beds 
deposited in shallow sea, with abundant benthic assem
blages (Michalík, 1973). This formation overlies pale 
grey oolitic limestones of the Dachstein type . Similarly 
as in the Norovica Fm and in all Silicic sequences, Lias
sic crinoidal limestones overlie the Hybe Fm with an 
erosional contact. 

Silicicum: Rhaetian sequence on the uppermost Trias
sic Dachstein and Furmanec carbonate platforms is repre
sented by both fore-reef Bleskový prameň- and the 
Goštanová limestones, and the shallow lagoonal Skalka 
Limestone (Michalík, 1977). In the deeper parts of the 
basin, the Zlambach Fm was deposited, which passes up
ward into Liassic Allgäu Fm. 

The Triassic/Jurassic boundary in Southern Trans
danubicum (Vôrôs & Galácz, 1998) and in the Csävár 
ba.sin east of the Danube (Haas et al., 1997): is charac
terised by a gradual passage of Dachstein Lst with Lofer 
cycles into Hettangian ooidal-oncoidal brachiopod
bearing Kardosrét Lst (Dulai, 1993), or their basinal 
equivalents. However, in NE Transdanubian Centra! 
Range, Middle Hettangian Pisznice Lst follows the 
Dachstein Lst with unconformity. 

Northern Calcareous Alps: The microlithoclastic 
(pseudopeloid) packstone microfacies with abundant 
pseudopeloids (30%), fine biodetritus, crinoid, brachio
pod and mollusc fragments, common ostracods and rare 
ooids of the Kendlbach Fm (Tiefenbach Mb) over] ies the 
Rhaetian Kôssen Fm (Bôhm, 1992) sponge spicules are 
scarce, glauconite is very abundant and there is an expres
sive mar! admixture. The upper, Breitenberg Mb of the 
Kendlbach Fm is almost identical with the upper part of 
the Nový Svet Fm (bioturbated bioclastic wackestones 
with lower marly admixture, with glauconite and abun
dant sponge spicules and brachiopods, Golebiowski, 
1990). The microfacies of the Scheibelberg Limestone is 
similar to the LMF 2 ofthe Nový Svet Fm, too (packstone 
with spicule-fine biodetritus-ostracod microfacies: the MF 
4b in Bôhm, 1992). 
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Summary 

1. Biostratigraphic and microfacies evaluation of the 
Jakub section near Banská Bystrica documented Rhaetian 
/Hettangian gradual passage in carbonate sedimentary 
sequence. 

2. The Rhaetian (?) Svätý Jakub Fm represents a 
product of carbonate sedimentation in protected lagoonal 
environment with restricted and immature organism 
communities. 

3. Newly defined Hettangian Nový Svet Fm was depo
sited in a deeper subtidal calm environment, below storm 
wave base. The sedimentation was temporarily influenced 
with input of microlithoclastic material. Later, during 
Middle Hettangian, marine bottom was locally stabilized 
and colonized by benthic brachiopod and bivalve assem
blages. 

4. The area studied was situated in southem part ofthe 
Fatric Basin, with affinity to the Veporicum. During 
Rhaetian, similar facies conditions existed also in the 
Hronicum. During Hettangian, sedimentary environment 
of the Nový Svet Fm indicates some resemblances to that 
ofthe Kendlbach Fm in the Northem Calcareous Alps. 
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Plate I: The Svätý Jakub Fm. MF I - pellet microfacies: Fig. 1: pelsparitic grainstone (bed 32), locally with unwínnowed mierite. 
Scale: 1 mm. Fig. 2: transition between the Svätý Jak.ub Fm and the Nový Svet Fm: biopelsparitic and biopelmicrosparitic packstone 
(bed 36), with domínant pseudopeloíds and scarce spicules, scale: I mm. The Nový Svet Fm. MF 2: spicule-pseudopeloid-ostracod 
microfacies: Fig. 3: biopelmicritic wackstone (bed 85), abundantjuvenile gastropods, scale: 1 mm. Fig. 4: pelbiomicritíc packstone 
(bed 100), scale: 1 mm. Fig. 5: pelbíomícritíc wackestone (bed 122), scale: I mm. Fig. 6: pelbiomicritic wackestone (bed 130), with 
abundant Jnvo/utina liassica (Jones, 1853), scale: I mm. 

Plate 2: The Nový Svet Fm. MF 2 : spicule-pseudopeloid-ostracod microfacies: Fíg. 1: biopelmicritic wackestone (bed 85), scale : 
1 mm. MF 3: brachiopod-biva/ve-spicule microfacies: Fig. 2: bíomicritíc floatstone (bed 167) with terebratulids and pectenids, scale: 
1 mm. MF 2: spicule-pseudopeloid-ostracod microfacies: Fig. 3: biopelmicrítíc wackestone and packstone (bed 112), with abundant 
spicules, peloids and ostracods, scale: 1 mm. Fig. 4: biomicritic intraclast wíth abundant spicules and ostracods in the sandy
crinoidal Liassic limestone of the Vysoká Unit, similar to the spícule-pseudopeloid-ostracod mícrofacíes, scale: I mm. Figs. 5-7: 
Earlandia dunningtoni (Elliot, 1958), 5: bed 43, 6, 7: bed 36. Figs. 8-9: Earlandia incostans (Radoičic, 1967), 8: Bed 501ll, 9: Bed 
36. Scale for figs. 5-9: I 0µm . 
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Major Jurassic and Lower Cretaceous planktonic bio-events 
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A bslracl : A series of diversification (population blooms, rapid radiations, colonization and immigration) bio
events and diversity reduction (population depletion, emigration, ecosystem shocks, mass mortality, extinc
tion) bio-events recorded in the frame of calpionellid and calcareous dinoflagellate e: olution lineagues show 
that these planktonic elements have sensitively recorded the whole complex of envtronmental changes ltke 
cl imate perturbations, sea-level fluctuations, nutrient distribution, etc. 
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Introduction 

Plankton has an important role in ecology of the world 
oceans. Besides calpionellids, there were also calcareous 
dinoflagellates, saccocomids, nannoconids, radiolarians and 
foraminifers which represented substantional planktonic 
element during Late Jurassic and Early Cretaceous. Due to 
very favourable conditions for the development of plank
tonic associations, a rich and structured ecosystems could 
originate in the photic zone of the Tethyan Realm during 
that tíme. Calpionellids formed loricas and certain dino
tlagellate taxa formed a resistant calcareous/or sporopol
lenin cyst which were the only potentionally fossilisable 
stage of their life cycle. Better understanding of comple
xities of global and regional bio-events through very high
resolution stratigraphic analyses (HIRES) can serve as the 
base for better defi.nition oftheir causes and their effects on 
Earth and life history. There were several Late Oxfordian to 
Upper Albian bio-events evoked by eustatic pulses. It 
seems, that the sea-level transgressive stages supported the 
development of calpionellid associations and the acme con
centrations of cyst taxa were controlled by a sea-level high
stand phases. On the other hand, during the sea-level 
regressive stages several distinct diversity reduction events 
were recorded in the frame ofboth groups. 

Event Stratigraphy 

late Oxfordian 

The first widespread (covering shallow coastal and 
basinal areas) dinocyst diversificatíon event appears in the 
frame of mass accumulations of dysaerobic bivalve frag
ments forming a persistent, substantional part of the Late 
Oxfordian black-shale facies . It coincided with the onset of 
a sea-Ievel rise (Reháková, 2000). At the end ofthe Oxfor
dian a well-oxygenated settings became prevai ling in which 
rapid radiatíon of planktonic foraminifers started 
(Mutterlose & Bockel, 1998). The global scale blooms of 
holoplanktonic (fully planktonic) Favusellacea provided 
that these organisms becarne the major rock-forming factor 

at this tíme. Their sudden appearance may have been re
lated to rising eustatic sea-level which opened up new 
niches (Simmons et al. , 1997). 

Kimmeridgian 

The second dinocyst rapid radiation started at the begin
ning of the Kimmeridgian. Planktonic foraminifers domi
nating in microfacies were substituted by mass abundance 
of globochaetes proving favourable environmental condi
tions for development of green algae. Shortly after, plank
tonic crinoids - saccocomids became rock-forming 
organisms. Saccocomids are abundant in facies which pro
graded on the epicontinental platforms of the passive north
em Tethyan shelf during the Late Oxfordian/?Earliest 
Kirnmeridgian and Late Kimmeridgian/ Early Tithonian 
respectively and they marks the late transgressive systems 
tract as well as the presumed high stand deposits Keupp & 
Matyszkiewicz (1997). Pelagic conditions were also suit
able for radiation of calcareous dinoflagellates leading to 
the evolution of diversified orthopithonelloid associations. 

Tithonian 

The development of high diversified calcareous dino
cyst associations persisted also during the Early Tithonian. 
Their two further acme accumulation intervals coincide 
with an elevated eustatic sea-level. During the Middle 
Tithonian, the first smalt chitinoidellids fo llowed by the in
terval with more advanced and diversified ones appeared. 
On the other hand, coeval dinotlagellate association was 
poor in both, abundance and diversity. An abrupt ecoevent 
in calpionellid association: chitinoidellid exctinction trig
gered their substitution by hyaline calpionellid forms. 
Shortly before the first occurrence of hyaline calpionellids, 
marks of distinct erosion and redeposition with sedimentary 
breccia layers appeared. Breccia layers from the Chitinoi
de/la and Praetintinnopsella transition beds are known 
from larger part of the Tethyan area. The overlying strata 
usually contain no chitinoidellids, but the first transitional 
calpionellids having an inner hyaline and an outer micro
granular wall layer. 
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Correlating with the position of the global eustatic 
curves (Haq et al., 1988) it seems, that the global third-or
der sea-level fall (called as the Hlboč Event, Reháková, 
2000) was also associated with a rapid tumover in cal
pionelid evolution. Among qualitatively new hyaline asso
ciations, several radiations, stagnant and extinction phases 
occured. As the first, more diversified calpíonellid asso
ciation with radiation of crassicollarian forms of larger size 
coinciding with the third-order sea-Ievel rise appeared. 
Shortly afterwards, it was changed by interval of abundant 
small crassicollarian forms (r-strategists). This stagnant 
calpionellid phase coincides with the third-order sea-level 
fall . A new radiation phase in which diversified calpionellid 
association was dominated corresponds with the interval of 
huge dinocysts accumulation. Both, calpionellid maximum 
diversity and dinocyst radiation phase can be correlated 
with the sea-level transgression phase (Reháková, 2000). 

Calcareous dinoflagellates decrease in abundance dur
ing the Late Tithonian. There was also extinction of high 
diversified crassicollarians which happened across the 
Tithonian - Berriasian boundary. Comparing with the inter
val of chitinoidellid disappearance, the same scenario ofthe 
environmental behaviour was also documented during the 
interval of crassicollarian retreat - marks of erosion accom
panied by siliclastic input and several metres thick breccia 
bodies can serve as suitable example of environmental 
tumover. This abrupt change of the sedimentary conditions 
in the Western Carpathian area is defined as the Zliechov 
Event (Michalík et al. , 1995). lt coincides with a global 
third order sea-level fall interpreted as so called „Purbec
kian regression". Abundant „aberrant,, crassicollarian forms 
occurred in environments influenced by a distinct siliclastic 
input. More turbiditic water masses and enhanced produc
tivity could lead to diminishing penetration of sunlight into 
the photic zone. These conditions have not been optima! for 
neither calcareous dinoflagellates nor calpionellíds. 

On a global scale, the Jurassic Cretaceous Boundary 
Bio-Event is characterized as a second-order mass extinc
tion interval Bames et al. (1996). lt was spread through 
three short-term extinction events, or steps, at the base, 
middle and the end of the Tithonian Stage. Three distinct 
extinction steps were also documented among the plankto
nic associations of this tíme: sacoccomid extinction during 
the Early Tithonian, chitinoidellid extinction during the 
Middle Tithonian and crassicollarian extinction during the · 
Late Tithonian. 

Berriasian - Valanginian 

Development of the calcareous dinotlagellates endu
rated in its stagnant phase since the Middle Berriasian. Free 
niches opened by the crassicollarian extinction were occu
pied by expanding nannoconids and smalt sphaerical cal
pionellids (r-strategists). Calpionella alpína LoRENZ created 
a nearly monospecific calpionellid association, which per
sisted since the appearence of the first remaniellids. After a 
certain tíme following the innovation, strong calpionellid 
diversification started. Abundant dinocysts with obliqui
pithonelloid structure of the calcite crystals building a dou
ble-layered wall appeared in the interval of increasing 
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calpionellid diversity. Their abundance varies from 35- 50 
% on pelagic elevations to 6-10 % of the planktonic rem
nants in basinal bottom sediments. After a Ionger break 
lasting since the end of Early Kimmeridgian, planktonic 
foraminifers appeared in the planktonic assemblage too. 
Enhanced calcareous dinoflagellate and calpionellid pro
duction, as well as sudden onset of non-keeled, globular 
foraminifers, organisms typical for the Boreal bioprovince 
(Gasmski, 1997), well coincide with a second-order eustatic 
rise (Reháková, 1998). It seems that a símilar short commu
nication between the biota of adjacent provinces as was 
documented during the Late Oxfordian, repeatedly renewed 
during the Late Berriasian sea-level highstand. An onset of 
more pelagic facies were accompanied by both, distinct 
change in micro- and macrofaunal composition. Sea-level 
rise influenced atmospheric and consequently also the hy
drodynamic oceanic regíme. Frequent intercalations rich in 
radiolaria appearing in the hitherto rather monotonous cal
pionellid wackestones indicate more intensive aeration of 
deeper Iayers of oceanic water influenced by upwelling 
activity (Reháková, 1998). 

At the end of Late Berriasian distinct breccia bodies (in 
the W. Carpathians called the Nozdrovíce Event ) were ac
cumulated in many places of Tethyan area. Third-order 
eustatic curve shows a rapid fall of the sea-level. Shortly 
afterwards, sudden siliclastic input disturbed previous mo
notonous basinal carbonate sedímentation. This broadly 
identified environmental change (símilar to those shown in 
Late Tithonian) negatively influenced the amount ofmicro
plankton components. Calcareous dinotlagellates decreased 
in abundance. Previously high diversified calpionellid 
associations rapidly decreased in diversity and abundance, 
too. Abundant „aberrant,, calpionellid forms were observed 
in a global scale (Reháková, 2000). This regressive pre
phase, leading later to calpionellid extinction, ultímately 
caused an increase in evolutionary rate of nannoplankton 
associations. 

Short intervals with dinocyst acme accumulation are 
known from the topmost part of the Lower Valanginian 
deposits. Calpionellids did not survive among a nannoconid 
blooming. Only several large forms successfully asserted in 
a strong selection stress. For a very short tíme lasting a new 
radiation calpionellid phase appeared. It coincides with a 
small third-order sea-level rise on a broad second-order 
sea-level fall (Reháková, 2000). 

A new, stronger siliclastic input (Oravice Event) reflec
ting the rapid third-order sea-level fall presents an abrupt 
change in environmental conditions leading to total calpio
nellid decimation almost in the whole Tethyan region. It 
seems that it was the reason why calpionellids have never 
been observed in the Boreal reatm. On the other hand, rapid 
evolution and spreading of nannoconid communities is 
documented as coeval event to „calpionellid crisis". Only 
rare Tintinnopsella carpathica (Murgeanu and Filipescu) 
and less abundant dinocysts survived in the huge nanno
conid blooms until the Late Valanginian, where marly 
límestones show a short interval of nannoconid depletion. 
Since that point, overlying thin turbiditic intercalations 
contain rich accumulations of bivalve fragments recording 
coeval low oxygenate conditions in the adjacent areas. The 
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marks of widespread-level of the Late Valanginian trans
gression (Mutterlose, 1992) controlled by further environ
mental factors were recorded from many Tethyan areas 
(Michalík, et al. , 1995). According to these interpretations, 

a positive excursion of the 8 13C corresponded with a short 
warrn and humid clirnate interval preceding the mid-Creta
ceous greenhouse state. Locally graded intercalations, rich 
in radiolaria and sponges could have been linked with the 
periodically active contour currents persisting until the 
Early Hauterivian. 

Hauterivian - Barremian 

The interval of low abundance but a highly diversified 
dinocyst associations were documented in both, the Teth
yan and Boreal areas since the Hauterivian to the Late Bar
remian (Keupp, 1981, Reháková, 2000). Maximum diver

sity of calcareous dinoflagellates coincides with the 
trangressive phase recorded by the second-order eustatic 
curve. An ongoing transgression influenced a turbiditic 
regirne documented practically through the whole Tethyan 
area. The factor responsible for its accumulation was re

garded as the Strážovce Event. The evident depletion in 
dinoflagellate diversification is observed in Lower Barre
mian deposits. Nevertheless, the nannofloral speciation and 
development have still continued. 

Aptian 

At the beginning ofthe Early Aptian cadosinids became 
prevailing. Only minute forrns of orthopithonelloid dino
forrns survived. The Early Aptian global clirnatic change is 
mirrored in a basinal environments, too. The onset of the 
black shale deposition started. The most spectacular occur
rence from the Kysuca Basin is known as the Koňhora 
Event (Michalík et al. , 1999) which was correlated with the 
,,Seili Evenť of Erba ( 1994). Dramatic decrease in abun
dance of the Nannoconus was parallelized with the event 
called as „nannoconid crisis". Planktonic foraminifers be
came dominant components of planktonic communities. 
Marly lirnestone with rich accumulations of radiolarians 
and sponges, periodically intercalated by black shale se
quence, point to a renewed contourite current activity. 

At the beginning of the Middle Aptian new forms of 
microgranular praecolomiellids appeared in foraminifera l 
wackestones to packstones. The vertical span of the speci
fied calpionellid is short, rnicrogranular loricas are less fre
quent, but, on the other hand, their are twice or several 
times larger than those of Middle Tithonian chitinoidellids. 
Nomismogenesis of planktonic foraminifers lowered the 
selectional stress among calpionellids and such cornpetitive 
environment led to a growth expansion oftheir loricas. The 
revival of microgranular calpionellids at this tíme level al
lows to speculate about a sirnilar clirnatic and paleoceano
graphic conditions as were described previously in the 
Middle Tithonian (Reháková, 2000). 

Albian 

A restriction phase of calcareous dinocyst production is 
traceable at the beginning ofthe Albian, where, on the other 
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hand, a new explosive phase of nannoconid evolution was 
recorded. Microgranular calpionellid forms disappeared. 
They were substituted by a new group of hyaline colomiel
lids. lt seems that microgranular calpionellid forms gave 
rise to hyaline ones several times independently (Reháková 
& Michalík, 1997). The change of the lorica composition 
was synchronous with the Early Albian peak in nannoconid 
abundance (Erba & Quadrio, 1987), sirnilarly as during 
previously described Late Tithonian change of a chiti
noidellid microgranular structure. The development of last 
two mentioned calpionellid associations coincided with the 
elevated rate of the third-order sea-level rise (Reháková, 
2000). Since the Middle until the Late Albian, favourable 
environmental conditions for calcareous dinoflagellate 
development originated in the Tethyan area. Their inno
vation and radiation phases may also be correlated with 
a broad second-order eustatic rise. 
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Origin of silicate minerals in Triassic carbonate rocks from 
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Abstract. Carbonate rocks (57 samples) from the profile of Triassic of the Krížna unit in the Tatra Mts. as 
well as their separated non-carbonate components were analysed. 
The content of silicates and chlorite and chlorite/smectite minerals is higher in the rocks described, as they 
were formed in more marginal parts ofKrížna basin. This indicates that the content (and composition) of sili
cates in the Triassic carbonate rocks ofthe Krížna unit was controlled by paleogeography. Most ofthe silicate 
minerals (clay minerals, quartz, feldspars) from the examined rocks seem to be of detrital origin. The compo
sition of clay mineral assemblages from limestones and dolomites is similar. This implies that the influence of 
diagenetic dolomitization on clay minerals was negligible. No diversity was found in the mineralogical com
position of silicate assemblages within carbonate-marl altemations. Marls seem to be more micas and feld
spars rich in proportion to quartz. The differences in clay mineral content and clays/quartz ratio in carbonate
marl altemations are probably connected with changes in the rate of supply of detrital material from source 
areas. Detrital clay minerals identified in the examined rocks could be eroded from a crust of chemical weath
ering or from bed-rocks. Absence of kaolinite and presence of chlorite and/or chlorite/smectite minerals could 
indicate the low intensity of chemical weathering in the source area. 
Some quartz and feldspars, as well as small amount of fibrous illite, appear to be authigenic. Euhedral or 
subhedral quartz crystals found in pseudomorphs after evaporitic minerals (gypsum?) are evidently of authi
genic (diagenetic) origin. The common presence of quartz crystals and aggregates with numerous voids after 
dissolved carbonate minerals indicates wide-spread quartz crystallization during diagenesis. Euhedral mor
phology and high purity of chemical composition of K-feldspars strongly suggest their authigenic origin. A 
relatively late diagenetic growth of K-feldspars is probable (without contact with Na rich brines of marine 
origin). 

Key words: Triassic carbonate rocks, Tatra Mts., detrital silicate minerals, diagenetic silicate minerals 

lntroduction 

The purpose of this study is to determine the distri
bution of silicate minerals in the profile of Triassic car
bonate rocks of the Krížna unit and to present an · 
interpretation of their origin in terms of Triassic source 
areas distribution, sedimentation and diagenesis). Results 
of preliminary studies of non-carbonate minerals from the 
Krížna unit carbonate rocks were published by Skiba and 
Michal ik ( 1999). 

Krumm ( 1969) presented the distribution of clay min
erals in the Triassic basin in Europe. In his interpretation 
the distribution is governed by the distance from conti
nental source areas and by transformation and neomor
phism in the sedimentary environment. This interpretation 
is supported by another author ( e.g Baud, 1987), but also 
the diagenetic overprint is suggested (Baud, 1987). Clay 
minerals in the Triassic carbonate rocks from the Upper 
Silesia (Poland) are mainly of detrital origin (Latkiewicz 
et al., 1995). Some non-carbonate minerals from Triassic 

carbonate rocks may have originated from diagenetic al
terations of pyroclastic material (e.g. Masaryk et al., 
1995, Koszowska et al., 1998, Viczián et al., 1998). Dia
genetic growth of authigenic quartz and feldspars was 
described in Triassic carbonate rocks from different loca
lities (Filchtbauer 1950, Baud, 1987, Michalik, 1991, 
Viczián, 1992, Mišík, 1994, 1995). 

Material and analytical methods 

Samples were collected from the profile of the Krížna 
unit in the Jaworzynka Valley and on the SE slopes ofthe 
Skupniów Uplaz in the Tatra Mts. Studied rocks represent 
the most complete profile of Krížna unit outcropped in 
the Tatra Mts. 

Carbonate rocks (57 samples) as well as their sepa
rated non-carbonate components were analysed. Non-car
bonate components of limestones, marls and dolomites 
were separated by dissolution of calcite and dolomite in 
acetic buffer. Organic matter was oxidised using hydro-
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gen peroxide. Iron oxídes removal was performed ac
cording to the Mehra & Jackson (1963) method. Pelitic 
fractions (<2mm) from selected samples were separated 
by centrifugation. XRD, JR, optical microscopy, and 
SEM-EDS methods were used to determine mineral com
position, morphology and chemistry of carbonates and 
non-carbonate components. 

Results 

In the Ladinian section of the studied profile, dolo
mites and dolomitic marls are present whereas in the 
Lower Triassic section (seis, kampil) dolomites, lime
stones, marls, and siliciclastics occur. Mica, quartz, and 
feldspars (mainly K-feldspars) are the main silicate min
erals in the examined rocks (present in most of samples) . 
Sporadically, chlorite (in residue from four samples) and 
chlorite/smectite regular mixed layer minerals (in one 
sample) were found . Analysis of X-ray diffraction pat
tems and Jr values suggest that illitic material is domi
nated by illite/smectite mixed layer minerals with a high 
íllite content (JSII) or a mixture of illite and 1/S minerals 
(e .g .: I + !SIi) (Šrodon & Eberl, 1984). Intensíties of ba
sa! chlorite reflections implíes the presence of Fe-chlo
rites rather than Mg-ones. The chloríte/smectite mineral 
seems to be similar to the mínera! described by Morrison 
and Parry ( 1986) from the Permian red beds deposits. The 
shape of clay mínera! flakes is usually irregular. Small 
amounts of authigenic fibrous illíte overgrowing on de
trital micas can be noticed in some samples . 

SEM observations of residues separated from samples 
rich in K-feldspars (determined by XRD) suggest that part 
of K-feldspars is present in the form of small (<5mm) 
rhombohedral crystals of pure chemical composition. Eu
hedral or subhedral quartz crystals (from microns to a few 
millimetres in size), both in clusters and dispersed, were 
noted during the examination of thin sections. Highly po
rous euhedral, subhedral, and concretíonal forms of 
quartz can be seen in SEM. In one sample, apatite con
cretíons of a few millimetres were found . 

In Lower Triassic (seis, kampil) and Upper Ladinían 
carbonate rocks, insoluble residue constitute from 1 O to 
90 wt. %. In Anisian and Lower Ladinían rocks, content 
ofresidue is lower (usually below IO wt. %). 

Discussion of results 

The content of silicates and chlorite and chlorite/ 
smectite minerals is higher in the rocks described, as they 
were forrned in more marginal parts of Krížna basin 
(Kotanski 1965, lwanow 1965, Lang 1997). This indi
cates that the content (and composition) of silicates in the 
Triassic carbonate rocks of the Krížna unit was controlled 
by paleogeography. 

Irregular shape and tattered edges of clay minerals 
flakes and other silicates grains suggest that most of the 
silicate minerals (clay minerals, quartz, feldspars) from 
the examined rocks seem to be of detrital origin. 

The composition of clay mínera! assemblages from 
limestones and dolomites is similar. This implies that the 
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influence of diagenetic dolomitízation on clay minerals 
was negligible. This conclusion is not in agreement with 
those presented by other authors (e .g. Krumm 1969, Baud 
1987), who suggest the important role of Mg-rich solu
tions in the forrnation of corrensite and/or chlorite. 

No diversity was found in the mineralogical compo
sition of silicate assemblages within carbonate-marl alter
nations . Marls seem to be more micas and feldspars rich 
in proportíon to quartz. The differences in clay mínera! 
content and clays/quartz ratio in carbonate-marl alterna
tions are probably connected with changes in the rate of 
supply of detrital material from source areas (and possibly 
in changes of intensity of erosion). Similar diversity was 
observed in Muschelkalk from Upper Silesia (Latkiewicz 
et al. , 1995). 

Detrital clay minerals identified in the examined rocks 
could be eroded from a crust of chemical weathering or 
from bed-rocks. Absence of kaolinite and presence of 
chlorite and/or chlorite/smectite minerals could be explain
ed by the low intensity of chemical weathering in the source 
area and/or by longer dístance from the source area (cf 
Krumm (1969). Sedimentological studies ofTriassic profile 
of the Krížna unit (Kotanski 1963, lwanow 1965, Lang 
1997) exclude the second hypothesis. Chlorite and chlorite/ 
smectíte originated rather from erosion of source area rocks 
(slightly weathered) rich in these minerals. 

Some quartz and feldspars appear to be authigenic . 
Euhedral or subhedral quartz crystals found in structures 
described by Lang ( 1997) as pseudomorphs after evapo
ritic minerals (gypsum?) are evidently of authigenic 
(diagenetic) origin. In Mišík's (1995a) opinion, similar 
megaquartz can precipitate from highly diluted solutions 
during late diagenesis. Substrates could be delivered from 
partly dissolved detrítal silicates in the surrounding sedi
ment. Transport of silica solutions was controlled by the 
permeability of the rock (cf Mišík 1995b). In the studied 
rocks, porosity connected with dissolution of evaporitic 
minerals silica solutions could facilitate silica migration. 
The common presence of quartz crystals and aggregates 
with numerous voids after dissolved carbonate minerals 
(during laboratory treatment) indicates wide-spread 
quartz crystallization during diagenesis. Basing on 
Chafetz and Zhang (1998) conclusions related to early 
diagenetic growth of quartz in sebkha environment it is 
possible to accept also early diagenetic growth of quartz 
in studíed Triassic rocks. 

Euhedral morphology and high purity of chemical 
composition of K-feldspars strongly suggest their authi
genic origin (cf Kastner & Siever, 1979). Presence of 
authigenic feldspars (mostly K-feldspars but also albite) is 
common in Triassic carbonate rocks ( e.g. Baud 1987, 
Michalik 1991, Míšík 1994 ). A relatívely late diagenetic 
growth of K-feldspars ís probable (without contact with 
Na rich brines ofmarine orígin). 

Authigenic chlorite/smectite mineral was not found, but 
its presence cannot be excluded. According to the stability 
diagram presented by Morrison and Parry (1986) the field 
of stability of K-feldspars ís adjacent to the field of stability 
of chlorite/smectíte minerals. Presence of small amounts of 
authígenic illite indicates low actívity ofMg ion. 
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Conclusion 

1. Content of silicates and partly their composition is 
controlled by paleogeography. 

2. Most of non-carbonate minerals are of detrital ori
gin and were transported from source areas characterised 
by the low degree of chemical weathering. 

3. Diagenetic quartz is relatively comrnon. 
4. Authigenic K-feldspar, illite, and probably chlorite/ 
5. smectite are related to late diagenesis 
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Lagoonal-peritidal sequences in the Fatra Formation (Rhaetian): an example 
from the Veľká Fatra Mountains (W esteru Carpathians) 

ADAM TOMAŠOVÝCH 

Department ofGeology and Paleontology, Comenius University, Mlynskä dolina G, 842 15 Bratislava, Slovakia, 
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Abstract. Meter-scale lagoonal-peritídal sequences occur in the Fatra Formatíon (Rhaetían) on the Bystrô lo
calíty (Veťkä Fatra Mountaíns, Western Carpathíans). The lowermost part of sequences ís formed mostly by 
well-sorted calcarenític grainstones. The míddle part ís represented by subtidal facies - fossíliferous marly 
floatstones, biopelmícritic wackestones or biointramícritíc packstones. In the uppermost part íntertidal and 
supratídal dolomitízed facies wíth laminites and fenestra! pores are maínly preserved, usually with an uncon
formíty on the upper beddíng plane. 

Key words: Upper Tríassíc, Western Carpathíans, lagoonal-perítídal sequences, carbonate mícrofacies 

Introduction 

The Rhaetian Fatra Formation represents a product of 
shallow-water carbonate sedimentation in the Fatric Unit, 
in the Central West Carpathians (Michalík 1973, 1974, 
1977). lt overlies the Carpathian Keuper Formation of 
Norian age. On the Triassic/Jurassic boundary, the sedi
mentary regime has significantly changed and the Fatra 
Formation was replaced by clastic sediments ofthe Kopi
enec Formation. In the Upper Triassic, centra! Western 
Carpathians belonged to the NW margin of the North 
European shelf. 

In order to obtain data about facies development of 
the Fatra Formation several sections in the Veľká Fatra 
Mountains have been studied. Michalík ( 1974) described 
6 basic facies cycles from biostromatic-lagoonal devel
opment of the Turiec facies zone of the Fatra Formation, 
based on correlation of several lithological sections. 

This paper gives short description of sequences from 
the Bystrô locality near Ružomberok. The sequences were 
provisionally designated by numbers (they do not corre
spond to 6 basic cycles of the Fatra Formation). The lo
cality was reported by Stur (1859) for the first tíme. 
Michalík (1985) described lithological section from this 
locality and pointed to characteristic cyclic development 
with dolomites and fossiliferous marls. 

Descriptíon of cycles 

1. cycle. Underlying bed of the 1. cycle is formed by 
dolobiomicritic mudstone to wackestone (bed no. 2) with 
abundant ostracods. Fenestra! texture with shrinkage 
pores is preserved, in upper part passing into irregular 
sheet crack.s. This bed was probably deposited in inter
tidal to supratidal environment (tidal tlats or tidal is
lands ). Uneven upper surface of this bed is overlained by 
the 1. cycle. 

The basal facies is represented by low-energy re
stricted lagoonal deposits. They are formed by light-grey 
fine-grained biopelrnicritic and biomicritic wackestones 
with dispersed fragrnented and moderately to well-sorted 
bioclastic debris (0.1 - 2 mm) and with scarce micritic 
intraclasts (bed no. 3). The main components are repre
sented by recrystallized, commonly micritized and bored 
bivalve fragments (5 - 30%) and echinoderm ossicles 
(5 - 7.5%). Locally, involutinid and glomospirellid fora
minifers are abundant (5%). Algae (Acicularia) and 
brachiopod valve fragrnents are less frequent. Oval and 
circular well-sorted peloids (0.3 - 0.5 mm) are common 
(IO - 25%). Bioclasts are commonly bioeroded and mic
ritized, locally also impregnated with Mn-Fe oxides. 

This facies is horizontally and vertically replaced by 
relatively well-sorted packstones and partly also by 
grainstones with micritized, rounded and fragmented 
bioclasts (echinoderms, gastropods, bivalves) and intra
clasts. They were deposited in relatively higher-energy 
environment. 

In the overlie, biopeloomicritic and biointramicritic 
wackestones occur (bed no.4 in Bystrô 1). They indicate 
transition again toward relatively more restricted lagoonal 
environment. Locally textural inversion is observable -
redeposited abraded, micritized and bored bioclasts rep
resented by well-sorted crinoid (2.5 - 5%) and bivalve 
(5%) fragments and small intraclasts and pseudopeloids 
are present. Autochthonous macrofauna is not frequent -
only brachiopod valves and shells with geopetal sparite 
infillings occur in some places. Algal rests, ophiuroids 
and sessile and glomospirellid foraminifers are also pres
ent. Up-section, the bed no. 5 is represented by dark-grey 
biomicrites with fine very well-sorted bioclastic debris, 
locally passing into coquinal biornicrites (tloatstones) 
with micritized and rounded fragments of bivalves and 
brachiopods . This part of cycle represent a subtidal envi
ronment. 

Geological Survey oj Slovak Repub/ic, Dionýz S,·rúr Publishers, Bratislava 2000 JSSN 1335-96X 
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Fig. 1. The upper part oj the 1. cycle jormed by intertida/ to 
supratida/ dolomíte (bed no. 6) bounded by disconformity. Next 
2. cyc/e stari wíth calcarenitic bed at the base, jol/ows wíth 
bíoclastic limes/one and ends wíth bíooosparitic grainstone in 
the uppermost part (bed no. 9). 

Locally, thin microlaminated fine-grained limestone, 
representing probably deposit of intertidal environment, 
overlies the bed no. 5. Capping facies (Fíg. 1) ofthis cy
cle is formed by intertidal and supratidal dolomicritic 
mudstone (bed no. 6), in the basa] part with wavy stro
matolitic (algal mat) Iamination. In the upper part of this 
bed fenestra) loferitic texture is developed with shrinkage 
pores with partia) intemal sediment infilling. Local relicts 
of lamination were observed. Upper boundary of the bed 
No.6 formed by irregular bedding plane can represents 
erosive disconformity. 

2. cycle. This cycle (Fíg. I) is characterized by sedi
ments deposited in more exposed shallow subtidal envi
ronment with more dominant wave and current activity. It 
begins with IO cm thick residual calcarenitic bed with 
clast-supported structure and very well-sorted abraded 
and encrusted redeposited echinoderm and bivalve frag
ments and other &llochems. Local cross-stratification is 
observable. Up-section, 150 cm thick complex of well
bedded dark-grey bioclastic limestones (beds no.6.3 to 9) 
occur, indicating shallowing upward trend in their upper 
part (from low-energy to high-energy setting). In the east
em part of the section, calciruditic beds consist of poorly 
sorted bioclasts in different degree of preservation, 
with abundant fragrnents of megalodonts, corals, sponges, 
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Fig. 2. Coquína/ calcareous mar/s and marlstones wíth 
abundant brachiopods and biva/ves in the middle part oj the 
3. cycle. 

brachiopods, gastropods, echinoderrns and recrystallized 
bivalves. Bioclasts are commonly micritised, encrusted, 
bored and abraded and have no preffered orientation. The 
mud and fine bioclastic debris is mostly winnowed. 

1n the western part ofthe section, micritic mud occurs in 
hjgher proportions and bioclasts are loosely-packed and 
relatively better preserved that in eastem part of section. 1n 
the basa! part (bed no. 6.3) calciruditic coquinal limestone 
bed is preserved with concentrations of well-sorted frag
mented coated bioclasts (mainly bivalves) and winnowed 
micritic mud. Up-section (beds no. 7-8), biopelintramicrites 
and biopelmicrites (floatstones, in lower part matrix
supported, in upper part clast-supported) occur, with abun
dant brachiopod fragrnents and shells with partia! micritic 
infilling (10-15%), echinoderrn ossicles (10-30%), rounded, 
micritised and encrusted bivalve fragments (10-25%)(with 
encrusting Thaumatoporella), algal remnants (10%), ostra
cods and foraminifers and well-sorted pseudopeloids and 
small intraclasts (0.05-0.25 mm). Shallowing upward trend 
is indicated by upward increasing of significance of clast
supported structure, mud-winnowing, high-energy compo
nents and allochem sorting. 

The uppennost part of this cycle is represented by 
biooointrasparitic grainstones and rudstones (Fig. 1) 
withrelatively well-sorted ( 1 - 5 mm) packed washover bio-
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Fíg. 3. Lagoonal-peritidal sequences in the Fatra Formation - Bystró locality near Ružomberok (part of lithological section). 

clastic debris (bivalves, crinoids), locally with cross-stratifi
cation. They were deposited on calcareous sand bars. 

3. cycle. This cycle starts with crinoidal well-sorted 
calcarenitic crinoidal limestone at the base. In the over
lie, this bed passes into the fine-grained muddy lime
stone beds with dispersed crinoid and bivalve 
fragments . About 120 cm thick complex consisting of 
bioclastic and coquinal marly limestones and marls over
lies these beds and represents shallow subtidal low-energy 
environment with nonnal marine salinity and good oxy-

genation . In the lower part, benthic assemblage is rela
tively more diversified and consists mainly of brachio
pods (Rhaetina gregaria, Rh. pyriformis, Zugmayere//a 
uncinata, Discinisca suessi, Austrirhynchia cornigera), 
bivalves (Atreta intusstriata, Lopha haidingeriana, Mo
diolus sp.) and crinoids (Fig. 2). 

The diversity decreases and Rhaetina gregaria is 
dominant in the higher part, corresponding probably to a 
start of the shallowing upward trend. In the uppennost 
part, biomicritic wackestones occur (bed no. 1 O) with up-

7 
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per uneven bedding plane. Preservation and abundance of 
bioclasts significantly decreases. This complex is sharply 
overlained by basa) grainstone ofthe next cycle. 

Higher cycles 

Up-section, the complex consisting predominantly of 
intertidal to supratidal capping deposits is preserved. They 
represent probably several stacked cycles. Cycles nonnally 
begin with well-sorted calcarenitic or calciruditic coquinal 
limestone bed with redeposited crinoid and bivalve frag
ments, with winnowed mud and clast-supported biofabric. 
Locally, dark-grey and light-brown calcareous claystones 
underlie intertidal larninated facies. They were deposited in 
low-energy shallow subtidal Iagoonal environment with 
norma) salinity. Rhaetina gregaria is dominant in the ben
thic assemblage. Fauna) association with brachiopods and 
echinodenns then pass upward into more restricted ostracod 
associations. 

The overlie is fonned by intertidal dolomitized biotur
bated biomicritic mudstones and wackestones with fine 
dispersed bioclastic debris, in the upper part with horizontal 
wavy lamination. Upwards, they pass into supratidal dolo
mitized biopelmicritic mudstones and wackestones with 
strongly bioturbated and pelletized matrix, with local lami
nation relicts. Fenestra) texture with shrinkage pores is typi
cal. Ostracods are dominant in very restricted fossi I 
assemblage. The complex of well-bedded oolitic limestones 
is in the overlie, with poor cyclicity indications. 

From microfacies analysis and sedimentologic and pa
leoecologic knowledges, it is possible to infer that sequen
ces on the Bystrô locality belong to lagoonal-peritidal cycles. 

Comparison 

Meter-scale lagoonal-peritidal sequences are well
known from the Upper Triassic carbonatic sediments of 
Northem Calcareous Alps, Southem Alps or Transdanu
bian Centra) Range. Lofer cycles forming extremely thick 
complexes were deposited on wide carbonate platforms, 
where carbonate accumulation was able to keep pace with 
intensive subsidence (Haas 1991). In the Western Car
pathians, Lofer cycles were described from the Dachstein 
Fonnation in the Silicic Unit (Borza 1977). 

An idealized symmetrical sequence bounded by discon
formities consists of reworked paleosol (member A), trans-_ 
gressive tidal-flat laminite (B), subtidal carbonate (C), 
regressive tidal fiat dolomite (B') and in situ paleosol (A'). 
The architecture of sequences is cornmonly assymmetric 
becauses Iack of several members. Balog et al. (1997) con
cluded that these sequences were forrned as a response to 
precessional sea-level fluctuations of roughly 20 k .. y. dura
tion. Howewer, there exist also different interpretations of 
these cycles (tectonic cycles, autocycles, cf. Goldhammer et 
al. 1990, Strasser 1991, Satterley 1995). 

The Fatra Forrnation sequences from the Bystrô locality 
differ from a typical Lofer cycle. The thickness of this for
mation is relatively small in comparison with forrnations 
with Lofer cycles, attaining only about 20 to 50 m. From 
the point of view of facies composition (Fíg. 3), the basa! 
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facies of sequences on the Bystrô locality is usually formed 
by residual calcarenitic bed. Paleosol horizons were not 
observed on this locality. The middle part of sequences is 
represented by biopelmicritic and biomicritic wackestones 
with restricted fossil assemblages, biopelintramicritic pack
stones and floatstones with partially redeposited bioclasts 
or biomicritic coquinal floatstones with abundant brachio
pods, bivalves and crinoids. They correspond to subtidal 
facies forrned in an environment with changeable influence 
of open sea (tluctuations in salinity, water-energy, rate of 
sedimentation etc.). The capping facies of sequences is 
mainly formed by intertidal and supratidal facies with lami
nation and fenestra) pores, usually with an unconformity on 
the upper bedding plane. In some cases this facies type does 
not occur and the uppermost part of cycle is formed by 
subtidal facies. 

The cycles always end with shallowing upward trend 
on the Bystrô locality. 

Lagoonal-peritidal sequences in the Fatra Formation 
were deposited in different sedimentary and geotectonic 
regime than sequences belonging to Lofer cycles. The 
sedimentation took place in an intraplatform shallow ba
sin with restricted connection to open sea. 

In order to recognize controls and causes of cyclicity 
in the Fatra Formation, lateral cycle continuity have to be 
studied and detail comparison and correlation of litho
logic section have to be done. 
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Polyphase evolution of the structure of the Aggtelek-Rudabánya Mountains 
(NE Hungary), the southernmost element of the Inner 

Western Carpathians - a review 
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Abstract: The Aggtelek-Rudabánya Mts. is the southernmost element of the Inner Western Carpathians. Its 
Mesozoic sequences can be grouped into three series groups. Ofthese, the Silica series group (represented by 
deeper facies in the Rudabánya than in the Aggtelek Mts.) is non-metamorphosed, deposi ted on continental 
crust and forms the uppermost tectonic unit of the primary nappe structure, the Silica nappe system. The 
anchimetamorphic Meliata series group deposited on oceanic or intermediate crust. lt can be found partly in 
the evaporitic basement of the Si lica nappe system, partly between it and the underlying Torna seri es that is 
epimetamorphosed and deposited on continental crust. This series with its probable Paleozoic basement, the 
Hídvégardó and Uppony series, is the lowermost known element of the primary nappe structure. The struc
tural evolution of the territory started in the Middle Anisian with rifting and then opening of the Meliata 
ocean between the Silicic and Tornaic depositional areas. The ocean subducted northward during the Jurassic 
and simultaneously obducted southward on top of the Tornaic crust. The Silica nappe system was formed 
after the collision by gravitational gliding to the S, having detached from its Paleozoic basement along thick 
plastic Upper Permian evaporites. In a later phase folding and imbrication were terminated in forming secon
dary klipps in about the Middle Cretaceous. The last main phase in the Oligo-Miocene was induced by the 
Biikk and Szendrô Mts. having approached far from SW. As a resu lt, the Rudabánya Mts. were moved in 
three main segments from the southern vicinity of the Aggtelek Mts. to their eastern neighbourhood along 
sin istral strike-slips of the Darnó zone. Overthrusting of new secondary klipps and mo vements along com
plementary strike-sli ps of E-W direction (e.g. the Rožňava line) are also associated with this phase. 

Key-words: Inner Western Carpathians, Aggtelek-Rudabánya Mts., nappe structure, structural evolution 

Introduction 

After the intensive geological mapping in the first half 
of the 80-s supported by several boreholes, a new map of 
the Aggtelek-Rudabánya Mts. were issued (Less et al., 
1988). New results are published in several papers (Árkai 
& Kovács, 1986; Gri l!, 1988, 1989; Grill et al. , 1984; 
Hips, 1996; Kovács, 1984, 1986; Kovács et al. 1989; 
Less, 1998; Márton et al., 1989; Réti, 1985; Szentpétery, 
1988, 1998). However, a general summary of these re
sults on the structure and its evolution of this region m 
English is still missing. This paper tries to fi ll this gap. 

Structural overview 

Despite of its small dimension, the Aggtelek
Rudabánya Mts. is geologically one of the most complex 
regions in Hungary. It can be subdivided into two parts, to 
the Aggtelek and to the Rudabánya Mts. The first one is 
clearly the continuation of the Slovak Karst Mts. How
ever, their structures are cut along the Ragály-Szôlôsardó
Perkupa-Bódvarákó-Hídvégardó-Žamov line, from the S 
and E of which one can find the Rudabánya Mts. The two 
units are separated by a complicated, generally sinistral 
strike-slip structure (see in detail later) of Oligo-Miocene 

age (Szentpétery, 1988). This means that untíl the Late 
Oligocene the Rudabánya Mts. were located some tenth 
of km-s to the S of the Aggtelek Mts. that was relatively 
intact to the sinistral movements along the Damó zone. In 
fact, the Rudabánya Mts. (whose rocks are still related to 
the Inner West Carpathians) are incorporated into this 
zone because SE of it already the Uppony and Szendrô 
Mts. follows whose Paleozoic rocks show already a 
Southem Alpine and Dinaric affinity, together with the 
Paleo-Mesozoic of the BUkk Mts. So, the SE margin of 
the Rudabánya Mts. is once again a sinistral strike-slip 
(its complicated structure see in Fig. 1) delimiting the 
entire lnner West Carpathians towards SE from the units 
of South Alpine and Dinaric origin. 

In re-establishing the pre-Miocene structures (see in 
detail later), i.e. in pulling back the Rudabánya Mts. vir
tual ly to the SW into the southem continuation of the 
Aggtelek Mts. and the Slovak Karst, the obtained 
structure is still very complicated. It consists of (in order 
of superposition from upwards): 1) the neo-al lochtonuous 
klipps of Alsó-hegy (Dolny Vrch), Éles-tetô and Derenk, 
covering 2) the folded and imbricated structures (of 
southem vergency in Hungary) of the mountains that are 
superpositioning 3) the primary nappe structure. 

Geological Survey ofS/ovak Republic. Dionýz Štúr Publishers, Bratislava 2000 ISSN 1335-96X 
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Paleo-mesozoic sequences and their primary tectonic 
position 

This reconstructed primary nappe structure is composed 
of three main tectonic units that are characterized by three 
different groups of rocks whose metarnorphic degrees are 
also distinctively different (Árkai & Kovács, 1986). These 
units are called here as Silica, Meliata and Torna (Turňa) 
Units despite the enormous confusions accumulated into 
these names. The origin of these confusions is that the 
meaning . of these terms is not unambiguously defined, 
therefore they are used in terms of both rock sequences 
(and also of their depositional areas) and tectonical units. 
However, they are recently so widely used and so deeply 
imprinted, that the inroduction of each new name would 
create even more confusions. At the same tíme we feel that 
harnmerable rock sequences are much more concrete than 
tectonical or paleogeographical units reconstructed on their 
basis, therefore, these three main units are characterized 
below on the basis of their rock sequences and their 
metamorphic degrees. 

1. Non-metamorphosed Uppermost Permian, Triassic 
and Jurassic rocks deposited on continental crust are 
joined in the Silica series group. They form the upper 
tectonical unit of the primary nappe structure of the 
Aggtelek-Rudabánya Mts. , the Silica nappe system, origi
nally defined by Korur & Mock (1973). This nappe 
system is mostly detached from its Paleozoic basement 
along the plastic Uppermost Permian/Lowermost Triassic 
Perkupa Evaporites. We interpret the older Carbonifer
ous-Pennian sequence of the Brusník brachianticline in 
Slovakia as the older Paleozoic basement of the Silica 
series group in agreement with Mello & Vozárová (1983) 
despite that they are later grouped by Vozárová & Vozár 
(1992) into the Torna (Turňa) series group and the Car
boniferous (Turiec Formation) is correlated by them with 
the Szendrô and Bilkk Paleozoic in Hungary (see also 
Vozárová, 1998). However, rhyodacitic volcanoclastic 
materi al ( characteristic for the Turiec Formation) has 
never been found in the Carboniferous ofthe Szendrô and 
Bilkk Mountains, therefore the palinspastic link of the 
Brusník development to the Southem Gemeric one 
(Vozárová, 1998) is more acceptable for us. In this case 
the Paleozoic basement oftbe Silica series group could be 
an extemal Southem Gemeric one that is mostly incorpo
rated into a later collisional zone whose exhumed rem
nants (Jasov and Bučina formations) are recently exposed 
in the lower slice of the secondary Bôrka nappe (Mello et 
al. , 1998). Due to the thick Uppermost Permian-Lower
most Triassic evaporitic layer, the Mesozoic cover (the 
Silica series group) could be detached from the Paleozoic 
basement and overthrust the collisional zone and could 
form in this way the later Silica nappe system. At the 
same time, some parts ofthe Paleozoic basement - locally 
not having had too thick evaporitic cover (like the ones 
represented in the Brusník anticline) - could join to the 
overthrust of the Silica series group and become part of 
the Silica nappe system. 

The sequences of the Silica series group are partly dif
ferent in the Aggtelek and Rudabánya Mts. In the first it is 
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called Aggtelek series whereas in the Rudabánya Mts. its 
name is Bódva series. Both they start uniformly with 
Permo-Triassic evaporitic to sandstone beds (= the 
"Haselgebirge" in the Eastem Alps), followed by shallow 
marine, terrigenous but ever more limy Lower Triassic 
(correlatable with the Werfen beds), then by shallow ma
rine, Anisian platform carbonates (Gutenstein and Ste
inalm beds) . After or without an intraplatform basinal 
event (Reifling and Schreyeralm Limestones) tbis carbon
ate platform survived in the Aggtelek series up to the Late 
Camian (Wetterstein Limestone in the Aggtelek facies) or 
even up to the Norian (Dachstein Limestone in Drnava, 
Slovakia). However, some intraplatform basins could also 
survive the Late Ladinian to Camian interval within the 
Wetterstein platform (Derenk Limestone in the Derenk 
facies) . 

Meanwhile, in the Bódva series no platform carbon
ates can be found starting from the Middle Anisian. This 
series is also a composite one: The Szôlôsardó facies is 
characterized by the slope deposits of the Nádaska Lime
stone and by the relatively thick, terrigenous Szôlôsardó 
Mar) marking the Middle Camian Raibl event. The Upper 
Anisian to Camian of the Bódva facies s.s. is character
ized mainly by basinal limestones (Bódvalenke Lime
stone) interfingering with under-CCD radiolarites 
(Szárhegy Radiolarite). After the very diverse Upper Ani
sian - Middle Camian, the Upper Camian and Norian of 
the Aggtelek and Bódva series became almost uniforrn: 
this interval is represented in both series by the same pe
lagic Hallstatt and/or Pôtschen Limestones. 

The Jurassic in Hungary is known only in the Bódva 
series (in the Aggtelek series it is supposed to be similar 
to the Jurassic of Bleskový prameň near Drnava): It has 
two developments (Grill, 1988): The Telekesoldal Com
plex lying upon the Triassic of the Bódva facies s.s. is 
built up by monotonous black shales then by rhyolitic 
wildflysch. However, the Triassic basement of the other 
development, the Telekesvôlgy Complex is rather uncer
tain (partly because this complex can be found only in the 
Early Miocene shear zone between the Aggtelek and 
Rudabánya Mts.). In Fig. 2 . an atypical, marginal Bódva 
type sequence without Hallstatt Limestone is shown 
(found in the vicinity ofthe cemetary ofHídvégardó) that 
can be reconstructed also from the olistoliths of the lower, 
variegated marly part of the Jurassic Telekesvolgy Com
plex. Its upper part is composed of crinoideal marls and 
manganese shales. 

The facial distribution of the Upper Anisian-Middle 
Camian within the Silica series group (taking also into 
account that the Rudabánya Mts. together with the Bódva 
series lying on its top must be pulled back far to the S 
before the Miocene) indicates a general southward deep
ening in recent coordinates thus it could be much more 
easily the northem margin of an ocean (the "Meliata-Hall
statt ocean") than the southem one. 

2 . Anchimetamorphic (in average) Triassic and Juras
sic rocks deposited on oceanic or thinned continental 
crust are grouped into the Meliata series group. Most of 
its sequences are tectonically dismembered and secondar
ily incorporated into the evaporitic basement ofthe Silica 
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nappe system as it is shown by several boreholes both in 
Hungary (boreholes Bódvarákó 4, Komjáti 11, Szogliget 
4, Szín 1, the upper part of Tomakápolna 3) and in Slo
vakia (DRŽ- ! in Držkovce, VŠ-1 in Šankovce). At the 
same time some remnants could stay in their original po
sition, just below the Silica nappe system (the Bódvarákó 
series in the Rudabánya Mts., the lower part of borehole 
Tornakápolna 3 and of Brusník BRU-1). This twofold 
superpositional character of the Meliata series group indi
cates that primarily, before the overthusting of the Silica 
nappe system, the Meliata series group was in uppermost 
tectonic position. Due to its dismembered (and also olis
tolithic - see later) character and also due to its partly 
true, newly formed oceanic nature, practically nothing is 
known about its Paleozoic basement and very little about 
the Lower Triassic that is representing only in the Meliata 
MEL--1 borehole and resembling the Werfen facies. 

Because of its outcropping, the Meliata series group is 
much less known than the Silica one. Three series can be 
distinguished. The Meliata series s.s. (which is under
stood here in its strictest sense, i.e. only the occurrences 
at the vicinity of Meliata, Držkovce and Čoltovo) is not 
known from Hungary. Recently it is thought to be an Up
per Jurassic olistostrome with both Middle-Upper Trias
sic and Jurassic olistoliths (Mock et al., 1998). In the 
Tríassic sequence that can be reconstructed from these 
olistoliths, basic magmatic rocks are subordinate, there
fore this sequense is believed to be of intermediate crust. 
The newly formed, true oceanic crust of mostly Ladinian 
age is represented by the Tornakápolna series from whose 
dismembered serpentinites, gabbros, basalts and radio
larites a real MORB-type ophiolite (Bódva Valley 
Ophiolite) can be reconstructed (Réti, 1985). Red Ladin
ian radiolarites (Čoltovo Radiolarite) characteristic for the 
Meliata (s.s.) series and basalts belonging to the Tor
nakápolna series are interfingering in Čoltovo (Mello & 
Gaál, 1984), Jaklovce (Mock et al., 1998) and in the 
Damó Hill in Hungary (Dosztály & Józsa, 1992), so the 
close relationship ofthese two series is unambiguous. The 
Bódvarákó series is the third among those ranged into the 
Meliata series group. lt is outcropped in the core of an 
antiform in the northern part of the Rudabánya Mts. and 
located clearly under the Silica nappe system represented 
here by the Bódva series (Fíg. 1 ). lts peculiarity ís the 
complete lack of the Middle Anisian Steinalm Limestone 
between the shallow water Gutenstein Dolomite (the low
ermost known member of the series) and the deepwater 
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(formed around the actual CCD) Bódvarákó Formation of 
Upper Anisian-Ladinian age. No evidence for the Upper 
Triassic in this sequence, the overlyíng Nyúlkertlápa beds 
are blck shales with some olistoliths of unknown age. 
These beds are thought to be of Middle-Upper Jurassic 
age by their similarity to the Telekesoldal Complex and 
the Upper Jurassic Meliata shales. However, the Bód
varákó series is not a Jurassic olistostrome (like the Me
liata s.s. seríes) because its Gutenstein Dolomite reserves 
a huge quantity of water as it is shown by the Bódvarákó 
4. borehole. 

3. Anchi- to epimetamorphic (bearing sometimes, 
however relatively high pressure - see Árkai & Kovács, 
1986) Triassic rocks deposited on continental crust are 
grouped into the Torna (Turňa) series. Primarily it can be 
found always under the Silica seríes group (the Esztramos 
Hill NE of Bódvarákó, Zádielské Dvorníky in Slovakia), 
in the core of huge antiforms. Moreover, in our interpre
tation in the vicinity of Honce in Slovakia, on the north
ern slope of the Plešivec plateau, the original Toma
Meliata-Silica tectonic superpositional arrangement is 
preserved as well (see also geological profile 5-6 in Mello 
et al., 1996). Unlike the Meliata series group, the Torna 
series can never be found as tectonically dismembered 
blocks in the basal evaporitic layer of the Silica nappe 
system. This means for us that primarily the Torna series 
forms the lowest known tectonic unit of the Aggtelek
Rudabánya Mts. and also of the Slovak Karst to the S of 
the Rožňava line. However, most of the Slovak authors 
indicate the Torna series tectonically above the Meliata 
series. Their main argument is the borehole BRU-1 at 
Brusník (Voz.árová & Voz.ár, 1992) where they range the 
upper complex into the Torna series superpositioning the 
lower complex belonging undoubtedly to the Meliata se
ries. Based on this, they speak very often about Turňa 
nappe. However, the upper complex of this borehole is 
overlain by an Uppermost Perrnian to Anisian sequence 
ídentical with that of the Silica series group. The closest 
rocks, really belonging to the Torna series can only be 
found in Gemerské Teplice, 12 km to the NE of the bore
hole, but the continuity of the sequence in this distance 
cannot be judged at all (see Mello et al., 1996). As it was 
expressed earlier, in this borehole we see rather the su
perposition of the Silica nappe system on the Meliata se
ries. Therefore, there are no evidences for the primary 
nappe position of Torna (Turňa) series thus the term of 
Torna nappe cannot be justified. However, as it is shown 

Fig. 1. - Tectonic scheme of the Aggtelek-Rudabánya Mts. (after Less, /998 with s/ight modifications) 
/ . Pannonian; 2. marine 0/igocene/Miocene; 3. continental Lower Miocene. 4-5. Younger (Early Miocene) secondary nappes: 4. the 
Martonyi klipp built up by Torna series; 5. the Lászi klipp built up by Bódva series. 6-8. O/der (Cretaceous) secondary nappes: 6. 
the Alsó-hegy klipp (Aggtelek and Derenkfacies), 7. the Derenk k/ipp (Derenkfacies); 8. the Éles-tetó klipp (Aggtelekfacies). 9-18. 
Rock sequences in the primary nappe structure: 9-13. Silica series group: 9. Aggtelek series. /0-13 : Bódva series: 10. Szólósardó 
facies, 11. Bódvafacies, 12. Telekesvälgy series, 13. the Rudabánya-Martonyi ore complex (Lower Triassic to Lower Anisian ofthe 
Te/ekesvälgy facies?) . I 4-15. Meliata series group: 14. Bódvarákó series, 15. Tornakápolna series. 16. Torna series, 17. Hídvé
gardó series, 18. Uppony series. Other signs: /9. primary nappe boundaries, 20. o/der secondary nappe boundaries, 21. younger 
secondary nappe boundaries, 22. tectonica/ly reworked ophiolitic blocks, 23. o/der imbrications, outcropped and covered, 24. 
younger imbrications, outcropped and covered, 25. axis of antiforms/antic/ines, 26. axis of synclines, 27. sinistral strike-slips, 
outcropped and covered, 28. dextra/ strike-slips, 29. faults in general, 30. non-tectonized geological boundaries, 3 I. number of 
strike-slips mentioned in the text. 
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in Fíg. 1, this series secondarily can be overthrusted but 
always onto less metamorphosed units. Of these, the 
Martonyi klipp (thought to be Lower Miocene) will be 
discussed later. However, the age of superpositioning of 
the Torna series onto the less metamorphosed Hídvégardó 
Complex (deep diagenetic ?Carboniferous black shales 
and Permian evaporitic beds associated with grey marls, 
drilled in Hungary by the Hídvégardó 3 and in Slovakia 
by the Žarnov ŽAM-1 boreholes) cannot be judged. 
Maybe this complex forms the Carboniferous-Permian 
overlier of the anchimetamorphic Uppony type Paleozoic 
that can be followed along the SE margin of the 
Rudabánya Mts. and they together can be supposed as the 
most probable Paleozioic basement ofthe Torna series. 

The series itself contains only Triassic rocks, its Ju
rassic is eroded. The Lower Triassic is not known from 
Hungary and the Slovakian data are also rather uncertain: 
by judging from the description of Mello et al. ( 1997), the 
Paklan and Jelšava beds can be correlated with the Szin 
Marl of the Silica series group. The Middle-Upper Trias
sic is well known and rather unifonn: its standard ele
ments are the Middle Anisian Steinalm (Honce) 
formation, the Middle Carnian Tornaszentandrás Shale 
marking the Raibl event and the Upper Carnian to Middle 
Norian Pôtschen Limestone. The Upper Anisian to Lower 
Carnian is more diverse: in Hungary a marginal and a 
"seamount" development can be distinguished: the former 
with distinctive terrigenous input (represented in the sec
ondary Martonyi klipp) and the latter with moderately 
deep basinal limestones in the Esztramos near Bódvarákó 
and at the vicinity ofHídvégardó and Becskeháza. 

The sequence of the Torna series is very similar to 
that of the Szôlôsardó facies of the Bódva series belong
ing to the Silica series group, and therefore (despite their 
strong metamorphic difference) they are united by Kozur 
( 1991) into the South Rudabányaikum that was subdi
vided by the Meliata Ocean from the North Rudabán
yaikum represented by the Bódva facies of the Bódva 
series. However, the Bódva and Szôlôsardó facies are 
clearly interfingering in the borehole of Rudabánya 690 
(Szentpétery, 1998) and, therefore they could not be sepa
rated by an ocean. However, the similarity of the 
Szôlôsardó facies and the Torna series can be explained 
by their simmetrical position related to the axis of an ex
isting ocean as well. At the same time the different meta
morphic history can be explained by their opposite 
position at the tíme of oceanic closure: the Szôlôsardó 
facies remained unmetamorphosed because it occupied an 
upper plate position at the active margin while the Torna 
series as part of the passive margin came into a lower 
plate position and, therefore became metamorphosed. 

Structural evolution 

Formation ofthe primary nappe structure 

The Middle Triassic to Middle Cretaceous structural 
evolution of the territory is reconstructed on six 
palinspastic profiles in Fíg. 3A-F. Depositional areas on 
them refer to the aforedescribed series and their partia! 
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facies . As it can be seen from the profiles the structural 
development is described as having started with a rifting 
in the Late Anisian then with fonning of the oceanic crust 
of the Meliata Ocean that started subducting and simulta
neously obducting in the Jurassic. This means that an ad
dítional depositional area within the Meliata Ocean has to 
be distinguisehed that later completely subducted. The 
arrangement of particular depositional areas has been al
ready more or less explained before. Its two crucial points 
are the Iocation of the Meliata Ocean in the southem 
neighbourhood ofthe depositional area ofthe Silica series 
group (further northem continental margin) having pos
sessed an external southem Gemeric continental crust on 
the one hand and the location of the Torna depositional 
area (with a supposed Uppony type continental crust) to 
the south of the ocean on the other. 

This arrangement can quite well explain the completely 
different degree of metamorphism of the Silica and Torna 
series groups because during the subduction of the Meliatic 
oceanic and thinned continental crust the first of them 
located in an upper plate position (thus did not metamor
phose) while the other came into a lower plate position and 
metamorphosed. This arrangement induces also the north
ward subduction of the Meliatic crust and simultaneously 
its southward obduction (forming in this way the Meliata 
nappe - Fíg. 3C-D - that was later mostly eroded or tectoni
cally reworked into the basement of the later Silica nappe 
system) as well as the primarily southward overthrusting of 
the Silica nappe system. The recently observable northver
gent character of the exhumed suture zone of the Bôrka 
nappe has been caused by secondary processes (Mello et 
al., 1998) and also the occurrence of the Silica nappe sys
tem N of the Rožňava line on the Gemericum and 
Veporikum (Stratená and Muráň nappes) can be explained 
by later processes (Plašienka, 1997). As it is written by 
Mello et al. (1998, p. 271): "An idea about the southem dip 
of the suture ... is generally accepted [mostly by Slovak 
authors], though without unambiguous evidence". Thus the 
alternatíve model shown in Fig. 3 with northward dipping 
suture can be a subject of discussion, too. 

The third crucial point in our reconstruction is the 
connection of some Gemerid granites with a Juras
sic/Cretaceous cooling age (Kovách et al., 1986) with the 
Middle/Upper Jurassic rhyolites of the Telekesoldal 
Complex in the Bódva series and with the Late Jurassic to 
Early Cretaceous ore mineralization in both the northern 
Gemeric domain (Rojkovič et al. 1993) and the Ruda
bánya ore complex (Baksa, 1986) containing sanidin of 
volcanic origin (Nagy, 1982). They are all located in 
rocks belonging to the northem continental margín. 
Rhyolítes in the Telekesoldal complex bear an island-are 
character (Máthé & Szakmány, 1990) and all this acidic 
magmatism can be connected with partia! melting of the 
Gemerid crust caused by the northward subduction of the 
"Meliata ocean". The accumulation of Gemerid granites 
might lead to the thickeníng of continental crust then to its 
isostatic emersion with formíng an embryonal anticline 
with a dip of 2-3°-s on íts wings that was enough to initi
ate the detachment of the Uppermost Permian to Jurassic 
rocks from the older Paleozoic basement along the thick, 
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Fig. 3. - The process of /orming o/the primary nappe structure ofthe Aggtelek-Rudabánya Mts. and Slovak Karst during the Middle 
Triassic to Middle Cretaceous interval in a series of principal palinspastic profile s with no scale. 
A: The last moment of the pre-rift stage in the Middle Anisian. 
B: The oceanic stage in the Ladinian. 
C: The process of subduction and simultaneous obduction in the Middle Jurassic. 
D: The change of subductionlobduction to collision al the end of the Jurassic. 
E: The beginning of overthrusling of the Silica nappe system in the Early Cretaceous. 
F: The primary nappe !>ystem before starting thefolding phase in the Midd/e Cretaceous. 
Abbreviationsfor depositional areas (see a/so Fíg. 2): Drnv: Drnava; Drk: Derenk; Aggl: Aggte/ek; Szrd: Szó/ósardó; Bdv: Bódva; Tv: 
Telekesvälgy; Brk: Bódvarákó; Mel: Meliata (s.s.); Tk: Tornakápolna; Subd: Subducted; Tom: Torna, margin; Tos: Torna, seamount. 
/ . Exlreme Southern Gemeric crusl, 2. Torna-Hídvégardó-Uppony type continenta/ crust, 3. Meliatic oceanic crust, 4. glaucophan
ites, 5. the evaporitic basement of the Silica nappe system with tectonica//y reworked blocks of the Meliata series group, 6. Mesozoic 
granitoids, 7. ree/al carbonates, 8. /agoonal carbonates, 9. red pelagic limestones, IO. grey cherty limeslones, // . limestones oj 
slope facies, 12. mar/s, marly /imestones, 13. radio/arites, 14. black shales, 15. sandy shales, 16. olistostromes, 17. basalts. 
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plastic evaporites (Fig. 3E). As a result, the detached Sil
ica nappe system overthrusted southward through the 
remnants of the Meliata nappe (mostly having reworked 
it) onto the Torna series and its Paleozoic basement, 
having formed in this way the primary nappe structure of 
the Aggtelek-Rudabánya Mts. (and also ofthe Inner West 
Carpathians). The different forms of acidic m~gmatism 
are also detached from each other: those located tn Meso
zoic rocks became overthrusted while the others remained 
in the relative autochton. 

The folding phase 

Already the whole primary nappe structure was af
fected by the next main event of the structural evolution 
manifested in folding, imbrication and secondary nappe 
forming. The compression was ofN-S direction (in recent 
co-ordinates, however an about 90° counter-clockwise 
rotation is detected by Márton et al. , 1988) and first re
sulted probably in simple folds of great amplitude. These 
folds can be observed mainly in the Silica nappe system, 
however in the core of some antiforms (the Turňa valley 
window in Slovakia, the Esztramos and Bódvarákó win
dows in Hungary - the first in the Aggtelek while the sec
ond in the Rudabánya Mts.) deeper units of the primary 
nappe structure crop out, too. Southward from the axis ~f 
the Horný vrch (Felsô-hegy) the vergency ofthese folds 1s 
ever more southem. Later, the continuing compression 
could be decompressed only in reverse faults of southem 
vergency (e.g. N of Szogliget, between Bódvaszilas and 
Silická Brezová or N of the Jósva valley, as well as sev
eral slices in the Rudabánya Mts.). 

The formation of secondary nappes (klipps) of 
Derenk, the Alsó-hegy (Dolný vrch) and Éles-tetô can be 
explained as the termína! movement of this folding event. 
These klipps are built up by wings and cores of synclines 
(of rocks belonging to the Aggtelek series) lying upon a 
huge anticline (Ménes valley anticline) in which thick 
evaporites of the same series crop out. In the course of 
forming this anticline, plastic evaporites could start to 
flow towards its core and then to form a huge diapyric 
dome that could thrust the neighbouring synclines aside, 
on top of each other. In the next stage the evaporitic dome 
could crop out in the surface and became free for rapid 
erosion. This latter could result in a deep depression onto . 
which the blocks thrusted away could slide back forming 
klipps in such a way. 

During the Late Cretaceous to Middle Oligocene the 
territory was mostly a dry-land that was interrupted by a 
marine interval only in the Senonian as it is shown in 
Slovak territory (Mello & Salaj, 1982). This continental 
period is proven by resedimented bauxitic materi~) foun_d 
in some karstic holes near Aggtelek. Otherw1se, th1s 
period is very poorly documented by rocks. 

The phase of lateral movements 

The last main event ofthe structural evolution is linked 
with lateral displacements along the Damó zone - as part of 
the movement ofthe whole ALCAPA terrane - beginning at 
the end of the Oligocene and spanning until about the end 

of the Early Miocene. In this time the approaching Btikk 
and Szendrô Mts. - having started far from SW - mobilized 
those territories having lied that time still in the southern 
continuation of the Aggtelek Mountains. As a result these 
territories were dragged to north-eastem direction, to the 
eastem vicinity of the Aggtelek Mts., forming in this way 
the recent Rudabánya Mts. that are intemally further 
subdivided by strike-slips of SSW-NNE direction of the 
Damó zone. Three main segments can be distinguished 
from W to E, called Szôlôsardó, Rudabánya-Tomaszent
andrás (further centra!) and Szuhogy-Becskeháza (furhter 
eastem) segments subdivided by strike-slips marked by 1 
and 2 in Fig. 1. Before the lateral displacements these three 
segments followed each other from N to ~ th~t is sh?~ 
also by the distribution of their Bódvaic facies m the S1hca 
nappe system: the Szôlôsardó segment bears the Szôlôsardó 
facies, the Bódva facies can be found in the centra! segment 
while the Telekesvolgy facies (at the cemetary of Hídvé-
garó and in Žarnov) in the eastem segment. . 

However, their syntectonic Uppermost Ohgocene to 
Lower Miocene facies are also different: two main depo
sitional areas can be distinguished. Marine deposits with 
their coastal facies can be found in the southem margin of 
the Aggtelek Mts. and in the Szôlôsardó and centra! seg
ments of the Rudabánya Mts. (Bretka Limestone and 
Szécsény Schlier representing the Hungarian Paleogene 
Basin - see Báldi & Báldi-Beke, 1985), whereas in the 
eastem segment this time-span is represented by conti
nental deposits (Szuhogy Conglomerate). Oligo-Miocene 
sedirnents with the configuration of their basins and their 
movements are described in detail by Szentpétery (1988). 

According to the pre-Miocene distribution of the seg
ments, the originally northemmost Szôlôsardó segment 
arrived first at its recent place and hit against the Ag
gtelek Mts. on the line between Szôlôsardó ~nd S ~f 
Trizs. The stress caused by this (rather superfic1al) col11-
sion was decompressed in the Aggtelek Mts. by some N 
and NW vergent thrusts, one of which is shown in Fig. 1. 
to the NW of Tornakápolna. 

At that time the centra! segment of the Rudabánya 
Mts. might have been still active and followed to have 
dragged towards NNE beside the Aggtelek Mts. along 
line 1 (in fact a shear zone) in Fig. 1. Simultaneously, 
some huge blocks were thrusted aside, onto the neigh~ 
bouring Aggtelek Mts., forming in this way the Lás~1 
klipp (built up by Bódva facies) E of Szôlôsardó. Th1s 
centra! segment could hit against the Aggtelek Mts. in the 
vicinity of Bódvalenke (this zone is recently covered by 
Pannonian deposits). The energy ofthis collision could be 
worked off by plastic deformations in evaporitic rocks in 
the core of the joined Jósva- and Ménesvolgy anticlines 
between Bódvaszilas and Hídvégardó. 

At the time of the consolidation of the centra! segment, 
the eastem segment of the Rudabánya Mts. (starting far 
from S and carrying already a continental Lower Miocene) 
was still active and followed to have dragged towards NE 
beside the centra! segment along line 2 in Fíg. 1 that is in 
fact a shear zone from Rudabánya to N of Martonyi con
taining several subsegments. Huge blocks were thrusted 
aside from this segment, too, onto the neighbouring centra! 
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segment, fonning in this way the Martonyi klipp (built up 
by Torna series) between Martonyi and Tomaszentandrás. 
The emplacement of allochtonous bodies of the Torna se
ries onto the Hídvégardó series in the Becskeháza area can 
also be related to these movements, however its mechanism 
cannot be explained in detail. The neighbouring territories 
of the eastern segment were also activized by its kinetic 
energy. A sinistral strike-slip of small amplitude between 
Martonyi and Bódvarákó can be observed in the centra! 
segment as well as NW vergent thrusts to the E of Bód
varákó. The eastern segment could hit against the Slovak 
Karst/Aggtelek Mts. in Slovak territory, between Tumian
ské Podhradie and Moldava nad Bodvou and was slowed 
down by ?Eocene to ?Oligocene deposits of the Šomodi 
Fonnation (Mello et al. , 1997) and by evaporites in the core 
of the Turňa Valley anticline. An other effect of this slow
ing down was the westward movement of the northern part 
of the Aggtelek Mts./Slovak Karst mainly along two lines. 
One ofthem, the Ménes-vôlgy line is marked by 3 in Fíg. 1. 
whereas the other one, the Rožňava line runs in Slovakia 
and in the Miglinc Valley contains Drienovec conglomerate 
of Miocene age in tectonically jammed position (persona) 
observation ). 

The sinistral strike-slip in the Ménes-vôlgy was accom
panied by complementary transtensive dextral movements 
(shown in Fíg. 1) along which the already complicated 
structure of this territory (see at the description of secon
dary klipps in this zone) were split and the plastic evaporite 
ofthe tectonical foot-wall could be injected into the opened 
fissures . 

However, in these movements along the Darnó zone, 
the Blikk and the Szendrô Mts. in its northern continua
tion (bordered from the Rudabánya Mts. by an other sin
istral strike-slip covered by Pannonian) played the really 
active role. Unfortunately, the tectonical effects caused by 
their movements cannot be traced in detail because the 
crucial zones are covered by younger sediments. 

At the tíme of consolidation of the territory in the Mid
dle Miocene it became once again a dry-land. This period 
spanned until the Late Miocene when the Pannonian Lake 
ingressed into morphological depressions caused by erosion 
and brittle faults . These latter have also a younger genera
tion that affected already the Pannonian deposits as well. 
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Chloritoid schists from the Uppony and Szendro Paleozoic (NE Hungary): 
implications f or Alpine structural and metamorphic evolution 
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Abstract. Two new chloritoid schist occurrences from the low-grade Uppony and Szendrô Paleozoic (NE 
Hungary) will be described from mineralogical-petrological and structural points of view. 

Both occcurrences consist of idiomorphic, lath-shaped, often twinned, posttectonic chloritoid porphyro
blasts of 0.2- 2 mm in high modal content (20-30%). Chloritoid is especially frequent in the originally more 
pelitic rocks, while quartz-rich lithologies contain no or much less chloritoid demonstrating the crucial im
portance ofbulk chemistry during the formation of metamorphic minerals. 

XRD investigations show that chloritoid from the Uppony Paleozoic belongs to the triclinic structure 
polytype. Microprobe investigations display Fe-rich composition with slightly increasing Mg/(Mg+Fe) zon
ing from the core towards the ríms suggesting prograde metamorphic conditions during the growth of chlori
toid. 

Outcrop-scale and microstructural observations reveal two foliation generations in these rocks: the first 
one is parallel to bedding (S0• 1) ; the second foliation cuts it at high angle and forms axial plane foliation (S2) 

of F2 folds. The post-tectonic character of chloritoid with respect to S2 foliation indicates that it was formed 
after the major Alpine (Cretaceous ?) folding ofthese Lower Paleozoic sequences. 

Keywords: Chloritoid, Alpine metamorphism, deformation, Uppony and Szendrô Paleozoic, NE Hungary. 

lntroduction 

Low-grade Paleozoic and Mesozoic sequences in NE 
Hungary generally lack characteristic metamorphic index 
minerals. Two new chloritoid schist occurrences from the 
Uppony resp. Szendrô Paleozoic represent exceptions that 
allow us to put constraints on the tectonometamorphic 
evolution in these units. 

From the Uppony Paleozoic sequence, chloritoid was 
first reported by Noske-Fazekas (1973) in the Rágyincs
valley Sandstone (Ordovician-Silurian?). She argued for 
its detrital origin, while Árkai et al. ( 1981 ) and Ivancsics 
& Kisházi (1983) regarded it as newly formed, metamor
phic mínera!. During recent field work a new chloritoid 
schist occurrence was found in the classical outcrop 
(Rágyincs-valley) of this chloritoid-bearing metasand
stone. 

Chloritoid has never been described from the Szendrô 
Paleozoic, although previous investigations suggested even 
higher metamorphic conditions than in the Uppony Mts. 
(Árkai, 1983). Dark phyllite with light, thin metasandstone 
intercalations (mm-scaled) was exposed below Tertiary 
sediments by a water prospecting borehole at 
Kazincbarcika in 1999. This rock - that lithologically can 
be correlated with the Szendrô Phyllite Fm. (Middle Car-

boniferous) or eventually the !rota Fm. (Lower Devonian?) 
- consists of idiomorphic chloritoid also in surprisingly 
large quantity. Therefore, this work is a first report of 
chloritoid from the Szendrô Mts., at the same time. 

In this contribution we will briefly characterize these 
two new chloritoid schist occurrences from petrographi
cal-petrological and (micro )structural points of view. 

Geological setting 

The Szendrô and Uppony Mountains in NE Hungary 
form two smaller, pre-Tertiary basement exposures in the 
so-called Gemer-Btikk region which comprises the in
nermost tectonic units in the Western Carpathians. The 
known stratigraphic range of these Early Paleozoic 
sequences extends from the Middle Devonian to the Mid
dle Carboniferous inc luding mostly platform and pelagic 
carbonates and a flysch-like sequence (Szendrô Mts.), 
furthermore clastic rocks of unknown age (Ord-Sil?) and 
strongly altered, basic volcanics and volcano-sediments. 
(For a more detailed stratigraphical and lithological 
description see Kovács, 1992.) 

Both units suffered low-grade metamorphism (Árkai, 
1983) and intensive folding. K-Ar ages on illite-musco
vite are mostly in the range of 130-110 Ma indicating 
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Eoalpine metamorphism (Árkai et al., 1995). Until now 
there is no isotope geochronological evidence of a pre
Alpine metamorphic event. 

The Uppony Paleozoic sequence is covered by Upper 
Cretaceous, Gosau-type conglomerates in the south 
(Clifton et al., 1985) that contains low-grade metamor
phic pebbles of the Uppony Paleozoic proving its uplift 
and exhumation during the Late Cretaceous. 

Results 

Structural features 

Both field observations and microstructural investiga
tions indicate that two foliations were formed in the chlo
ritoid schists and the surrounding rocks: the first one is 
parallel to bedding (S0- 1) developed due to deep burial 
(sedimentary and/or tectonic). The second foliation (S2) 

cuts it at high angle (Figs. 1, 2b) resulting many ti mes in 
characteristic wedge-shaped splitting ofthe rocks. 

In the Uppony Mts. chloritoid schist forms blackish, 
dm-scale blocks or lenses (Fíg. 1) that are strongly trans
posed into the anastoming S2 foliation of the surrounding 
light-grey metasandstone. The first, subhorizontal to gen
tly dipping foliation in the metasandstone is widely
spaced (in the range of c. 2-6 cm) and regarded to be 
paralle l to the original bedding (S0• 1). The closely-spaced 
(mm-scale), steeply SE-dipping S2 foliation is considered 
as axial plane foliation of gently NE (resp. SW) plunging 
folds . Constructed fold axis orientation agrees we ll with 
the observed and calculated intersection lineations (Fíg. 
1) assuming cylindrical fold geometry. This result is in 
very good accordance with the structural data of many out
crops in the Uppony Mts. (Fíg. 1). 

ln the Szendrô Mts., the dip directions of these folia
tion generations could not be determined in the investi
gated drill core, but their presence (Fíg. 2b) is also very 
pronounced, suggesting basically very similar deforma
tion history. S2 foliation is also regarded here as axial 
plane foliation of fold structures. This feature is very 
well-documented in many surface outcrops, especially in 
those of the Szendrô Phyllite Fm., where the relationship 
between the original sedimentary bedding and S2 foliation 
is well-preserved despite of heavy ductile deformation. 

Petrography and mínera/ chemistry 

In microscopic scale, ch loritoid forms random ly orien
tated porhyroblasts (0 .2-2 mm) overgrowing the S2 
fo liation recording its posttectonic character in both 
occurrences. lt occurs both as single idiomorphic, lath
shaped, frequently polysynthetically twinned crystals or 
as rosettes (Figs. 2, 3) in a fine-grained matrix . lt reaches 
surprisingly high modal content (approx. 20-30 %). The 
fine-grained matrix contains white mica, quartz and 
opaque minerals (pyrite, hematite), furthermore accessory 
zircone and tourmaline could be optically determined. 

The rocks exhibit porphyro-lepidoblastic texture. On 
microscopic scale, the foliation is defined by the shape 
preferred orientation of white micas and occasionally 
quartz. 
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Fig. 2 Microfabrics of the chloritoid schists [rom the a) 
Uppony Mts. showing posttectonic chloritoid rosettes and 
sing/e, /ath-shaped graíns in afine-grained matrix. +N. 
b) Szendró Mts. with marking of the two fo/iation generations. 
Smal/, black nedd/es are chloritoid grains. Note the alternation 
of chloritoid-rich - originally pelitic (dark) - and chloritoid
poor - oroginally sandy (light) - layers, indicating importance 
of bu/k chemístry duríng growth o/ chloritoid. IN. 

Semi-quantitative phase analysis of the XRD investi
gations (Uppony Mts.) suggests that the sample consists 
ofquartz (c. 40-45 wt %), chloritoid (c. 20-35 wt %), IO 
L phyllosilicate (sericite-muscovite, c. 10-15 wt%) and 
minor quantity of plagioclase (max. 5 wť>/o) . Chloritoid 
belongs mainly to the triclinic polytype, however, the ap
pearance of the peaks at 2.59A, 2.49A indicates that the 
monoclinic polytype can be present in subordinate quan
tity, too. Plagioclase retlects acidic composition. Consid
ering the metamorphic grade of the studied rock, its 
composition most probably refers to albite. The subordi
nate presence of rutile is probable, as well. 

Based on the 2 .99A retlection, white mica probably 
belongs to the 2M 1 polytype which is a very characteristic 
and frequent structure type of the higher temperature 
sericites (Velde, 1965). lt is noteworthy that chlorite is 
not present in the assemblage although it appears in many 
ofthe surrounding rocks in both units. 
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Microprobe investigations reveal that analysed chlo
ritoids are Fe-rich, with slightly increasing Mg/(Mg+FéJ 
ratio from the core to the rím ofthe grains (Fíg. 3a, b). 

... ::: 

i 1oo•MKf(Mg+fe) 

18 

16 

14 

12 

10 
rim core core rim 

Fig. 3 a) BSE image of pene/rating chloritoid (Ctd) twins 
(Uppony Mts.). (Qtz = quartz: M = mica; tiny, bright grains = 

opaque mínera/s) b) Zoning profile of a chloritoid grain with 
increasing Mgl(Mg+Fe2

· ) ratio/rom the core towards the ríms. 

Conclusions 

·l . Outcrope-scale and microstructural observations 
record that the investigated rocks experienced essentially 
the sarne ductile defonnation sequence: fonnation of bed
ding-parallel, first foliation (Sa- 1) was followed by intense 
folding associated with a closely-spaced, axial plane fo
liation (S2). The age of folding and accompanying low
grade metamorphisrn is inferred to be Cretaceous on the 
basis of geoc.hronological data (Árkai et al., 1995) and 
rnicrofabric studies. 

2. Since post-tectonic growth (with respect to S2 fo
liation) of chloritoid is probably roughly synchronous 
with the thennal climax of the Alpine (Cretaceous) meta
morphism, it means that the major folding of the Szendrô 
and Uppony Paleozoic sequences must have occurred 
before peak metamorphic conditions were reached. 

3. XRD investigation shows that chloritoid belongs to 
the triclinic polytype. This agrees well with the general 
observation that this structure polytype occurs predomi
nantly in (very) low-grade metamorphic rocks. Zoning 

---- - -------------
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profiles with increasing Mg/(Mg+Fe2J ratio from core to 
ríms of chloritoid crystals suggest prograde metamorphic 
conditions during its growth. 

4. Crucial importance of bulk chemistry on metamor
phic mineral growth is also emphasized by this study: 
originally sandy, quartz-rich lithologies contain no or 
only very few, generally badly-developed, skeletal chlo
ritoid crystals retlecting its relatively Al-poor bulk chem
istry, while Al-rich bulk chemistry of the more pelitic 
precursor made possible the fonnation of idiomorphic 
grains in large quantity. 

5. The detailed petrographic-petrological investiga
tions on the chloritoid schists from the Uppony and Szen
drô Paleozoic clearly prove the metamorphic origin of 
chloritoid in accordance with the conclusions of Árkai et 
al. (1981) and lvancsics & Kisházi (1983), but contradict 
to the former idea ofNoske-Fazekas (1973). 
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Abstract: The Early Paleozoic flysch complex of the Southern Gemeric Unit (the Gelnica Group) were dc
scribed in terms of seven Jithofacies, vhich they labeled A through G. They represent various part of turbidite 
slope/rise complex interfingering with hemipelagic facies in its disthal part, that graded into deep seafloor. A 
wedge or thick !ens ofsiliciclastic sediments associated with redeposi ted acid to intermediate pyroclastics and 
brecciated volcanites were accumulated in fore-deep basin, along acti ve continental margin . 

Key words: Inner Western Carpathians, Southern Gemericum, deep-sea turbidites, facies analysis 

Introduction 

The essential part of surficial occurrences of Early 
Palaeozoic complexes in the Alpine Southern Gemeric 
Unit is formed by volcanic-sedimentary formations, 
which underwent regional metamorphism under pressure
temperature conditions of the lower part of greenschist 
facies. The complex of these formations, designed under 
the name Gelnica Group was defined firstly and delimited 
regionally in the geological map of the Slovenské rudo
horie Mts. , l :50 OOO - eastem part (Bajaník et al. 1984). 
The Gelnica Group is a megasequence of tlysch sedi
ments that associates with the rhyolite-dacite volcano
clastic rocks (Snopko, 1967; Snopko & Ivanička, 1978). 
Acid to intermediate volcanism was highly explosive, 
which resulted in the redeposition of a vast amount of 
volcanoclastic material into the original sedímentary 
basin through a system of gravity currents. Within the 
Gelnica Group, the marginal and <lista! tlysch facies were 
distinguished. In the distal zones, thin layers of dark 
Iydites developed besides the fine grained siliciclastic 
sediments. On the basis of lithofacial analysis, three for
mations were defined within the Gelnica Group from the 
bottom upwards: the Vlachovo Formation, the Bystrý 
potok Forrnation and the Drnava Formation. 

The palynological analysis has proved an Early Pa
laeozoic age of the Gelnica Group (Snopková 1964; 
Čorná I 972; Čomá & Kamenický 1976; Snopková & 
Snopko 1979; !vanička et al. 1989), the problem, how
ever, has remained its relatively wide stratigraphical age, 
ranging from the Late Cambrian-Ordovician to Early 
Devonian. The new biostratigraphical data, based mainly 
on foraminifers of the family Psammosphaeridae and 
Saccamminidae, proved the Ordovician - Early Silurian 
age of the Vlachovo Formation and the Bystrý potok 
Formation sedimentary sequences (Vozárová et al. 1998). 

Regional metamorphism of the Gelnica Group rock 
assemblages did not exceed low pressure conditíons of 
the lower part ofthe greenschist facies (Sassi & Yozárová 
1987; Faryad 1991; Vozárová 1993; Molák & Buchardt 
1995). The age of thís metamorphísm has not been radi
ometrically determined so far, but on the basis of geologic 
data (the occurrence of rock fragments from the Gelnica 
Group in Permían conglomerates of the Gočaltovo 

Group) it is pre-Permian and the most probably Yariscan. 

Diagnostic features of flysch seq uence 

A Iithofacíal analysis of the Early Paleozoic flysch 
complex of the Southem Gemeric Unit was based on the 
model defined by Mutti & Ricci-Lucchi (1972). In spite 
of the low-grade metamorphism of sediments the majority 
of diagnostic sedimentary features of this complex are 
remained, as a consequence of Iow-pressure type of re
gional metamorphism . Based on the mentioned sedimen
tary model the Early Paleozoic turbidites were described 
in terms of seven lithofacies. 

Facies A: The gravity transported deposits: debris 
flow full of a chaotic assemblage of brecciated blocks, 
derived from slídíng or mass tlow and sandy/pyroclastíc 
turbidites. Dominant are massive, thick and poorly-sorted 
coarse-grained metasandstones and metapyroclastícs . In 
addition to gravity-displaced deposits, this continental 
slope assemblage a ll laterally prograde to thinner turbíd
ites, represented by relative fine-grained metasandstones 
and metasiltstones and rare metapelites. 

Facies B: Thick to massive medium- to coarse
grained metasandstones, loca lly with parallel to undulat
ing laminae. The most diagnostic structure is erosional 
bases. Facies B is closely associated with facies A and 
intergrades with it. Both facies A and B appear to be pro-
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duced by rapidly moving turbidity currents that fill the 
feeder channels along the slope and the upper fan . 

Facies C: It consists of classic turbidites. This facies 
is mostly medium- to fine-grained metasandstones with 
well developed Bouma sequence (Bouma intervals A-8, 
seldom A-8-C). The metasandstone beds are generally 
planar and laterally continuous. The beds are typically 30-
70 cm thick and may be separated by thin metapelites 
partings. These sequence were deposited by the classical 
turbidity current mechanism and is the dominant facies on 
the middle and outer fan . 

Facies D: It consists of couplets of parallel-bedded, 
laterally continuous fine-grained metasandstones and 
metasiltstones and thicker metapelites. The most diagnos
tic feature is the planar nature of the beds, which are typi
cally 3-20 cm thick and show more lateral continuity than 
facies C. Facies D appears to represent the lower velocity 
portion of the Bouma cycle (Bouma intervals 8-E). It is 
results from low-energy turbidity currents that left their 
coarse material behind. This facies is interpreted as de
posits of lower fan. 

Facies E: Thinner, irregular and discontinuous beds 
of metasandstones and metasiltstones, which altemated 
with metapelites. The most diagnostic feature of thid se
quence is higher sandstone-to-shale ratios and metasand
stones with basa! graded and structurless interval with 
sharp upper contacts. 

Facies F: It is represented by thick intervals of defor
med chaotic deposits derived from sliding and mass flow. 

Facies G: Thick massive metapelites, rarely with 
obscure continuous parallel bedding. These sediments are 
associated with horizon of thin-bedded lydites and scarce 
small lenses of alodapic limestones (with preserved par
allel or ripple lamination). 

Interpretation and conclusion 

The thick Early Paleozoic tlysch sequence was depos
ited in deep-marine basin. A wedge or thick !ens of silici
clastic sediments associated with a huge mass of 
redeposited acid to intermediate pyroclastics and brecciated 
volcanites, which were accumulated along the active 
continental margin [referred to a chemical composition of 
vol.canites - Voz.árová & !vanička (1996)] , as well as ac
cording to detrital mode of metasandstones and typology of 
detrital zircons - Voz.árová 1993). The spectacular asso
ciation of facies represent various parts of the marine 
slope/rise complex graded to deep-sea plain. The slope and 
upper fan are composed of thick sequences of Facies G 
hemipelagic metapelites that have been cut by slumps 
(facies F) and thick channels filled with facies A and B 
metasandstones, metaconglomerates and metapyroclastics. 
The middle fan is characterised by smaller disthal fan 
channels filled with facies A and B, which are carved into 
planar laminated turbidites of facies C, D and E. In the 
lower fan, the fan channels become very thin or have 
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disappeared, so the sequence composed mostly of facies C 
and D turbidites. Deep-sea plain assocition is dominated by 
thin, fine-grained facies D turbidites altemating with facies 
G hemipelagites. 

Bouma sequences display a series of sedimentary 
structures reflecting decreasing tlow velocities, from graded 
beds to higher flow velocity plane beds to lower flow 
velocity ripples and to finely laminated metasiltstones and 
metapelites. Slump deposits and mass tlow debris are also 
characteristic of this system, as are preserved certain types 
of sole marks. Pelagic organism, particularly benthic 
foraminifers, are diagnostic, but they are very scarce. 
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Abstract: In the metamorphic series of the Gemericum, in the Vlachovo and Bystrý potok Formations of the 
Gelnica Group, fossil remnants of foraminifers, were described for the lirst tíme. The foraminifers occur as a 
numerous spherical tests attributing to the several species of psammosphaerids and saccamminids. They show 
a primitive variability ofthe Early Paleozoic associations wíthout younger foramíniferal truca. 

Key words: lnner Western Carpathians, Gemericum, Early Paleozoic, arenaceous foraminifers 

Early Paleozoic lydites from the Gelnica group con
tain a rich association ofmicrofossils (Fíg. 1), which have 
been obtained here for the first time. Of the microfossils 
most numerous are the spherical siliceous tests. In some 
extractions they form even monoassociations ( e.g. at the 
Kojšov - Jedlinka locality comprising of 70 indivídua! 
tests), in thin sections they are practically rock-forming 
fossils (e.g. Henclová locality). Similar spherical forms 
were already described from the locality Betliar. Ondre
jíčková & Snopko (1986) consider them as a radiolarians 
close to the genus Pylentonema DEFLANDRE. Betliar's 
specimens, which exhibit a meshwork wall structure, 
presence of „pylum„ and tiny dimensions (80 - 100 µ), are 
not identical with spherical fossils described herein (Dr. 
A. Ondrejíčková also refused them to be radiolarians). 
These organisms are more likely a single-cell foraminifers 
of the family Psammosphaeridae or Saccamminidae, 
sometimes erroneously identified with spores (e.g. Cal
cisphaera WILLIAMSON). An evidence of their appur
tenance to forminifers is, however, the agglutinated 
character of siliceous tests, oversized dimensions (up to 1 
mm) and mainly the presence of flat or also neck-like 
shaped aperture. Similar forms offoraminifers are already · 
mentioned from the Early Cambrian under the generic 
designation Palaeospheroidina KOROUUK. Alike the fo
raminifers of the genus Palaeospheroidina KOROUUK, 
the microfossils from lydites have a siliceous test, spheri
cal shape, the presence of aperture, dimensions in the 
limits of0.4-1 mm and mass occurrence. Formaninifers of 
the genus Palaeospheroidina KOROUUK may be consid
ered as predecessors of simple agglutinated species as 
Psammosphaera SCHULTZE, Saccammina CARPENTER, 
Sorosphaera BRADY, Thurammina BRADY or Hemi
sphaerammina LEOBLICH & TAPPAN, which are fre
quently described from the Ordovician, but mainly from 
the Silurian and Devonian formations. Foraminifers with 
identical marks were described, e.g. from the Ordovician 
of the Baltic region (Eisenack 1967) and Silurian of the 

Grauwackenzone in Austria (Kristan -Tollmann 1971 ) . 
Some forms from Gemeric lydites may be ranged directly, 
as species, to them. 

In foraminiferal association, there is a predominance 
of two psammosphaerid species, which substantially dif
fer in size and structure of agglutination (Fíg. 2). Larger 
forms correspond to the species Psammosphaera cava 
MOREMAN having the thicker and coarsely agglutinated 
walls with spongy-like exterior surface. Smaller forms of 
psammosphaerids, which tests are finely agglutinated up 
to subgranular, smoothly-walled and misty trancul~nt, 
belong to the species Psammosphaera micrograna 
EISENACK. The psammoshaerid tests have no definite 
aperture (on ly interstitial pores that serve as aperture). 
The foraminifers with recognizable aperture respond to 
the genus Saccammina CARPENTER, and that to the fol
lowing two taxa: Saccammina glenisteri CRESPIN (forms 
with simple rounded aperture) and Saccammina silurica 
EISENACK (forms with raised apertural neck). Some sac
camminid forms show an indication of symmetrical spiny
like protuberances, which are typical for the species 
Amphitremoida tubulosa EISENACK. Beside of single-cell 
forms there is also a small bilocular tests, which recall a 
some thuramminid species (e.g. Tubeporina umbilicata 
PORONINA). 

The occurrence of arenaceous foraminifers in the Gel
nica Group allows us to make some stratigraphic consid
erations. The foraminifers Psammosphaeridae are known 
since Cambrian period, but particularly rich association 
they formed during the Ordovician and Silurian (cf. 
Moreman 1930, Plummer 1945, Poronina, 1969, etc.). 
The Silurian associations of psammosphaerids and sac
camminids are, however, also completed by younger fo
raminiferal taxa (Ammodiscidae, Trochamminidae, 
Tolypamminidae) , which are missing in lydites of the 
Gemericum. This age limitation (Ordovician to Early 
Silurian) corresponds essentially with the results of for
mer biostratigraphical investigations in the Gelnica 
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F,g. 1 Numerous association oj sherical microfossils obtained /rom the Gemeric lydites. Microfossils are considered to be an arenaceous 

foraminifera (Psammospheridae) , having a single-ce/1 shape, coarsely agglutinated siliceous walls, interstitial pores or simple rounded aperture 

and oversized dimens ions (0.3 - O. 7 mm). loc. Kojšov - Jedlinka, magnif. 48x. 

Fig. 2 Two different psammosphaerid species in foraminiferal association oj the Gemer ie lydítes. One oj them show s a thícker agglutinated walls 

with spongy-like exterior surface (Psammosphaera cava M0REMAN), and second one a finely agglutinated up to subgranular walls with smooth 

exterior surface (Psammosphaera micrograna E!SENACK). loc. Kojšov - Jedlinka, magnif. 64x. 
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Group, based upon the study of palynomorphs and kero
gene (Snopková & Snopko 1979, Čorná 1972, etc.). The 
abundance of psammosphaerids and saccamminids, i.e. 
flysch-type assemblage of agglutinated foraminifers 
(sensu Kuhnt et al. 1989), indicates a deep-water charac
ter ofthe Gelnica Group forrnations. 
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The role of silicic magmatism in the Western Carpathians: 
from Variscan collision to Early-Alpine extension 
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Abstract: Silicic (mainly granitic and rhyolitic) magmati sm played an important role during whole Variscan 

to Early-Alpine tíme from Devonian early-orogenic to Triassic post-orogenic evolution. The oldest magmatic 

collisional transpression stages produced (1) Early-Variscan (- 410-380 Ma) S-type orthogneisses, followed 
by (2) Meso-Variscan (-370-340 Ma) S- to 1-type granites to tonalites and pegmatites. (3) Late-Variscan 

(-31 0-290 Ma) 1-type tonali tes to granodiori tes represent a !inal Variscan stage. The colli sional orogenic 

regime gradually changed to transtensional - extensional post-orogenic conditions with production of (4) 

Post-Vari scan (-280-250 Ma) mainly A-type granites, granite porphyries and rhyolites-rhyodacites, and rare

element S-type leucogranites to granite porphyries up to tinal (5) Early-Alpine (- 250-235 Ma) A-type leu

cogranites and rhyolites. 

Key words: Western Carpathians, granites, rhyolites, Variscan orogeny, Alpine orogeny. 

Introduction 

After first summarizing of a Variscan granite know
ledge in the Western Carpathians (e. g. Cambel 1980, 
Hovorka, 1980), a plenty of data were gathered during the 
past 20 years which shed a new light on their origin. The 
recent data conceming Upper Paleozoic to Triassic acid 
volcanic rocks are still scarce (e. g. Broska et al. , 1993, 
Vozár, 1997). Although genetic subdivision, mineralogy, 
geochemistry, protolith and petrogenetic aspects ofVaris
can granitic rocks were investigated in numerous papers 
(e. g. Cambel & Walzel , 1982; Petrík et al. , 1994; Uher & 
Broska, 1996; Petrík & Kohút, 1997; Petrík, 2000), the 
tectonic aspects of these processes were' t fully appreci
ated, and only possible granite position in Variscan nap
pes was examined (e . g. Bezák et al. , 1997). The aim of 
this review is a first attempt to categorize the West-Car
pathian silicic magmatism (including volcanic rocks) into 
frame of Variscan to Early Alpine tectonic development 
stages and to show the main changes of their evolution on 
the basis of recent knowledge. 

Evolutionary stages of silicic magmatism 

(1) Early-Variscan (Devonian, -410-380 Ma) 
S-type metagranites (orthogneisses) occur in the Nízke 
Tatry Mts. (e. g. Struhár orthogneiss - Bezák & Klinec, 
1980), Západné Tatry Mts., Veľká Fatra Mts. and Považský 
Inovec Mts. (the Tatric Superunit), as well as in the 
Veporic Superunit, mainly Ľubietová (Kamenický, 1982) 
and Muráň orthogneisses (Hovorka et al. , 1987). The rocks 
are represented by muscovite-biotite metagranites, locally 
with K-fe ldspar phenocrysts, they often show a distinct 
schistosity and a presence of sillimanite, locally al so gamet 
and kyanite due to Meso-Variscan medium- to high-grade 
metamorphic overprint. The orthogneisses, especially with 

banded metamorphic texture, were partly interpreted as 
migmatites and paragneisses (e. g. Zoubek, 1951 ; Krist et 
al. , 1992), however Ba distribution in K-feldspar and zircon 
morphology indicate magmatic origin of the rocks (Nízke 
Tatry Mts., Petrík & Kohút, 1997). Geochemistry of the 
rocks, Al-Fe-rich biotite composition, zircon typology (I. 
T<300) and monazite-(Ce) indicate their peraluminous 
calc-alkaline S-type character (Petrík & Kohút, 1997). 
Recent U-Pb single zircon dating of the West-Tatra 
orthogenisses yielded -405 Ma age for EarlyNariscan 
magmatic crystallization and - 360 Ma for Meso-Variscan 
metamorphic overprint (Poller et al. , 2000). 

(2) Meso-Variscan (Late Devonian to Lower Car
boniferous, -370-340 Ma) S- to 1-type granites to 
(leuco)tonalites represent a main Variscan magmatic 
stage with producing large volume of orogenic granitic 
rocks. Two basic petrogenetic group could be distin
guished (e. g. Broska & Uher, 1991 ; Hovorka & Petrík, 
1992; Petrík & Broska, 1994; Petrík et al., 1994; Uher & 
Broska, 1995): (i) S-type monazite-ilmenite-bearing two
mica granites, rarely leucotonalites to granodiorites and 
(ii) I-type al lanite-magnetite-bearing biotite tonalites to 
granodiorites. Formerly, the (ii) group was understanding 
more broadly for al! Variscan I-type allanite-magnetite
bearing granitic rocks (Sihla type sensu lato, Broska & 
Petrík, 1993a) related to Upper Carboniferous subduction 
( e. g. Petrík et al. , 1994 ). Based on isotope dating, now 
we recognize two distinct generations of I-type granitic 
rocks: older, Meso-Variscan and younger, Late-Variscan 
(= Silila s. s.) ones. 

(i) Meso-Variscan monazi te-i lmenite granites occur 
mainly in mountains of Tatric Superunit: Malé Karpaty 
(Bratis lava Massit), Považský Inovec, Suchý & Malá 
Magura, Žiar, Veľká Fatra, partly in the Tribeč, Malá 
Fatra, Branisko, Nízke and Vysoké Tatry; rarely in the 
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Veporic Superunit: Rimavica pluton. The (i) group is 
characterized by S-type peraluminous calc-alkaline com
positions depleted in Mg, Ca, Sr, Ba, Zr, REE's and Cr. 
Monazite-(Ce), ilmenite, zircon (1. T<350), <lusky apatite, 
almandine and xenotime-(Y) belong to typical accessory 
phases; they indicate Iower-temperature and reducing 
conditions during magma solidification (e. g. Petrík et al., 
1994). Granitic pegmatites, locally with beryl and Ti-poor 
Nb-Ta minerals (columbite group, ferrotapiolite) , are 
widespread (Uher et al., 1994; Uher & Broska, 1995). U
Pb zircon isotope dating gave - 370- 350 Ma ages 
(Bibikova et al., 1988; Kohút et al., 1997; Kráľ et al., 
1997; Bezák et al. 1999, Poller et al., 1999, 2000). 

(ii) Meso-Variscan allanite-magnetite-bearing granites 
occur in Tatric Superunit (Modra Massif of Malé Karpaty 
Mts., Malá Fatra Mts. , Nízke and Vysoké Tatry Mts.) and 
also in the Veporic Superunit (the Kráľova Hoľa Com
plex). The (ii) granites show !-type metaluminous to per
aluminous calc-alkaline chemistry elevated in Ca, Mg, Ti, 
Sr, Ba, Zr, REE's and Cr in comparison to the (i) group. 
Allanite-(Ce), magnetite, zircon (1. T>350), apatite, titan
ite and epidote documented higher-temperature, water
rich and high oxygen fugacity (fO2) regime during magma 
crystallization (Petrík et al., 1994, Petrík & Kohút, 1997). 
Mafie fine-grained dioritic enclaves are locally wide
spread (Broska & Petrík, 1993 b ). Granitic pegmatites are 
rare, locally with beryl and Ti-rich Nb-Ta-phases (Uher & 
Broska, 1995, Uher et al. , 1998). U-Pb isotope zircon and 
EMPA monazite dating yie lded ~360-340 Ma (Michalko 
et al. , 1998; our unpubl. data). 

(3) Late-Variscan (Upper Carboniferous, ~310-290 
Ma) calc-alkaline 1-type tonalites to granodiorites occur 
as equigranular Sihla s.s. and porphyric Vepor types in the 
Veporic Superunit (Vepor and Čierna Hora Mts.) as well as 
in S-E part of the Tatric Superunit (Tribeč Mts.). 
A composition and mineral assemblage of (3) are analo
gous to the Meso-Variscan allanite-magnetite granites, the 
mafie magmatic enclaves are also widespread (Broska & 
Petrík, 1993a, b ). Nevertheless, the zircon U-Pb ages are 
distinctly younger, -300 Ma (Broska et al., 1990; Bibikova 
et al., 1990; Michalko et al., 1998). 

(4) Post-Variscan (Permian, ~280-250 Ma) .mainly 
A-type granites, granite porphyries and rhyolites-rhyo
dacites and rare-element S-type leucogranites and 
granite porphyries represent small intrusions, dykes and 
Java flows which occur through whole West-Carpathian 
area (Tatric, Veporic, Gemeric and Zemplinic Superunits). 

(i) A-type magmatites appear as peraluminous biotite 
(annite-rich) leucogranites to granite porphyries enriched 
in Si , K, Rb, Ga, Zr, REE's and Nb; they are hypersolvus
transsolvus (Turčok, Upohlav) to subsolvus (Velence); 
allanite-(Ce) or monazite-(Ce), magnetite and/or ilmenite 
and zircon (I . T = 800-400) show a broad temperature 
and ./02 variability of the group (Uher & Broska, 1996). 
Volcanic members reveal transitional calc-alkaline (Har
nobis rhyodacites) to alkaline trend (e. g. Malé Karpaty 
and Gemeric rhyolites) documented by zircon typology 
(Broska et al., 1993). Lower Permian age (-280 Ma) of 
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the Upohlav granite is documented by U-Pb zircon iso
tope dating (Uher & Pushkarev, 1994). 

(ii) Rare-element Sn-bearing specialized leucogranites 
to granite porphyries of the Spiš-Gemer type show per
aluminous trend with elevated Si, Al, K, Na, P, Rb, Cs, 8 , 
Sn, Nb, Ta, F and strongly depleted in Ca, Mg, REE' s 
and Zr (Uher & Broska, 1996). These tourmaline-bearing 
granites with cassiterite, topaz and Nb-Ta-W-phases in 
greisen- and albitite-bearing cupolas (Dlhá Valley, 
Hnilec) originated from matured crustal protolith (1., < 
0.71 O) by evolved fractional crystallization at low tem
perature and./02 conditions. U-Th-Pb EMPA monazite as 
well as U-Pb single zircon dating clearly evidence their 
Permian age (~275 to 250 Ma, Finger & Broska, 1999; 
Poller et al. , 2000). 

(5) Early-Alpine (Early to Middle Triassic, ~250-
235 Ma) A-type Jeucogranites and K-rich rhyolites were 
recognised only recently (Putiš et al., 2000; Uher et al., in 
prep.), however small occurrences of"quartz porphyries" in 
Triassic carbonate sequences were known before (e. g. 
Zorkovský, 1959; Slavkay, 1965). The group represents 
Hrončok granite in the Veporic Superunit (suggested 
formerly as Permian intrusion, Petrík et al., 1995) and 
rhyolites in the Silicic Superunit (Drienka, Telgárt, Veľká 
Složka). Composition and accessory phases (monazite
(Ce), zircon: I. A~700, 1. T < 300) indicate alkaline, lower 
temperature conditions for the Hrončok granite (Petrík et 
al. , 1995; Uher & Broska, 1996), whereas K-rich rhyolites 
solidified from hot and dry alkaline magma (zircon: I. 
A- 700, 1. T=700-800). Middle Triassic age ofthe Hrončok 
granite was detected by V-Pb zircon isotope dating (~240 
Ma, Putiš et al., 2000). 

Concluding remarks 

The character of silicic magmatism during the Early
and Meso-Variscan stages indicate origin in the relatively 
close system when the granite batholiths were emplaced in 
the depths under - 12- 15 km and the numerous pegmatite 
differentiates are formed. Such conditions are resulted by 
the continental collision, whereas the problem of the 
batholith space could be understanding by feeding of the 
magma chamber by dykes under transpression regime 
(Clemens & Mawer, 1992). Transpression regime is sug
gested also for emplacement of Late-Variscan 1-type 
granites (cf. Schalteger & Corfu, 1995, Schermaier et al., 
1997). On the contrary, A-type granites and rhyolites and 
probably also rare-element S-type Spiš-Gemer granites 
originated on the strike-slipe lineaments under transten
sional or extensional regime (Petrík et al., 1995) during 
Post-Variscan (Permian to Triassic) stages, connected with 
the devolatization of granites without pegmatite production 
as well as the formation of the hypoabyssal granite por
phyries. Consequently, the compositional changes of West
Carpathian silicic magmatism through Variscan orogeny to 
Early-Alpine platform stages, from orogenic S- and 1-type 
to post-orogenic mainly A-type magmatites, impressively 
reflected tectonic evolution of the region from Devonian to 
Carboniferous transpression period followed by Permian to 
Triassic transtension to extension regime. 
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New interpretation of the tectonic position of the Late Paleozoic - Mesozoic rock 
sequence in the Nízke Tatry Mts. - eastern part (Western Carpathians) 
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Abstract: The complex of the Late Paleozoic - Mesozoic rocks occurs at the eastem slopes of Kráľova hoľa 
Mt. in the Nízke Tatry Mts. and they are interpreted as a cover unit of the Southern Veporic crystalline base
ment. Cover sediments underwent the Alpine low-grade regional metamorphism. Rock complex forms a 
brachyanticlinal structure with fold axis dipping to the NE. It comprises the Permian to the Mesozoic meta
sediments in autochthonous position and the Upper Carboniferous to the Upper Triassic volcaniclastic rocks 
and metasediments as allochthonous partia) tectonic slice. 

Key words: Western Carpathians, Veporicum Unit, Late Paleozoic, Mesozoic, Alpine tectonics, mesostruc
tures. 

lntroduction 

The sequence of low-grade metamorphosed sedimen
tary and volcaniclastic rocks until now has been known as 
the Predná hoľa Complex (Bajaník et al., 1979). This 
complex occurs at the north-eastem and eastem slopes of 
Kráľova hoľa Mt. at the eastem part of the Nízke Tatry 
Mts. The occurrence of the Predná hoľa Complex is not 
large (10 km2

) and its position among different tectonic 
units indicates, that comprehension its geological struc
ture is very important for clarify of surrounding tectonics. 

The aim of the contribution is to present a new view
point at the stratigraphic and tectonic position of the rock 
sequence described and its position in the framewo rk of 
the Veporic Zone based on a new research and published 
works about age ofthe complex. 

Metasedimentary and volcaniclastic rocks at the east
em slopes of the Kráľova hoľa Mt. has been considered 
mainly ofthe Late Paleozoic age (the Carboniferous - the 
Permian) by older authors (cf. Kettner, 1937, Kubíny, 
1959, Klinec, 1976). 

Bajaník et al. (1979) named this sedimentary and vol
caniclastic sequence as the Predná hoľa Complex in the 
form of lithostratigraphic unit and described the complex 
the Devonian age based on the of results of the paly
nological research (Planderová in Bajaník et al., 1979). 

Plašienka (1980, 1984) respected the Devonian age of 
the Predná hoľa Complex and included it into the Markuška 
Nappe, which is a transitional and simultaneously unifying 
element between the Veporic and the Gemeric Zone. This 
nappe has some common structural, metamorphic and 
lithological features of both the Veporicum and the 
Gemericum. Vozárová & Vozár ( 1988) left only the Early 
Paleozoic sequence in the Predná hoľa Complex, they 
included the Permian rocks into the Northem Veporicum 
(the Predajná Formation) and affiliated the Scythian 

metaquartzites and carbonates to the Veľký Bok Unit and 
the zone between the Pálenica hill and Vernár village into 
the Choč Nappe (the Hronicum). 

This conception was presented also in the regional 
geological map of the Nízke Tatry Mts. in the scale 
1 :50,000 (Biely et al. , 1992). According to Putiš (1989; in 
Krist et al. , 1992) the mentioned complex except arcosed 
metasandstones, belongs to the partia! Predná hoľa Nappe 
ofthe Rimavica Nappe system. 

Plašienka et al. ( 1989) dealt with metamorphism in the 
Predná hoľa area, and Korikovsky et al. ( 1992) at the 
northem slopes of the Kráľova hoľa Mt. The rock com
plexes were Alpine metamorphosed in the temperatures 
about 250-350 °C in both areas. This fact has been con
tirmed also by the grade of preservation of the palyno
morphs in the studied area (P landerová, 1991 ). Mazzoli 
& Vozárová (1989) ascertained low-pressure character of 
the Hercynian metamorphosis on account of results of b0 

values of muscovites from phyllites in the Predná hoľa 
Complex. 

Geological setting and lithological composition of the 
rock complexes 

New conception of stratigraphíc and tectoníc positíon 
of rock complexes on the eastem slopes of the Kráľova 
hoľa Mt. rely on the geological research, which is pre
sented in the regional geo logical map of the Slovenský 
Raj Mts., the Galmus Mts. and the Hornádska kotlina 
valley (Mello et al., 2000). There is no need to distinguish 
the Predná hoľa complex, because its lithological compo
sitíon and probably also age is compatible with the Slat
viná and the Rimava Formations of the Revúca Group 
(Fig. 1 a,b ). 
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Crystalline basement 

The crystalline basement at the eastem and southem 
slopes of the Kráľova hoľa Mt. is predominantly created 
by granitoids (biotite granodiorites and medium-grained 
tonalites). The granitoids liest on phyllonites of mica 
schist and on metagranites of the Kráľova hoľa massif in 
a slice form with maxima! thickness about several hun
dred meters (partia! nappe of the Veľká Vápenica - cf. 
Putiš, 1987, 1989, Krist et al., 1992). Their cover is 
mainly formed by the Permian metaarcoses and the Lower 
Scythian metaquartzites. 

Tlte Revúca Group 

The Revúca Group as a part of the Veporicum has 
been defined by Vozárová & Vozár (1982) in the 
Revúcka vrchovina highland. The group consists of the 
Slatviná and the Rimava Formations (Vozárová & Vozár, 
l.c.). It is a sequence of terrigenous sediments with rare 
occurrences of volcaniclastic rocks. The Scythian quartz
ites and the Middle Triassic carbonates of the Foederata 
cover Unit lie on the sediments of the Revúca Group. The 
Veľký Bok cover sequence is overthrust on the Revúca 
Group with the general dip to the south. The Hronicum 
Unit (the Nižná Boca Formation) is overthrust on the 
Revúca Group with the general dip to the north. The 
thickness of sediments of the Revúca Group is variable 
and maximum thickness is 600-800 meters. 

The Slatviná Formation (Carboniferous) 

The Slatviná Formation builds lower part ofthe Revúca 
Group. At the typical locality in the Southem Veporicum 
this formation has been put by Planderová & Vozárová 
(1978) into the Upper Carboniferous (the Stephanian C-D -
Autunian), on account of the lithostratigraphic research 
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and spore biostratigraphy. The Slatviná Formation is repre
sented by sediments of sandy-phyllitic character and 
basic-acid volcanic rocks. These rocks are Alpine metamor
phosed in the lower part ofthe greenschist facies. 

The Rimava Formation (Permian) 

The Rimava Formation forms the upper part of the 
Revúca Group (Vozárová & Vozár, 1982, 1988). Its under
lies is formed by the Slatviná Formation. The boundary 
between the Rimava and the Slatviná Formations is 
lithologically gradual and locally tectonized emphasized 
(The Úplaz area). The Scythian quartzites of the Foederata 
Unit formed overlying ofthe Rimava Formation. Sediments 
of this forrnation have not features of the cyclic sedimenta
tion. The formation consists of clastic sediments predomi
nantly, coarse-grained metagreywackes, metaarcoses and 
metasandstones. These rocks contain layers of metacon
glomerates, which create only incoherent beds. Concomi
tant components are formed by originally fine-grained 
sediments (sandy phyllites and fine-grained metasand
stones), small bodies of rhyolites and rhyolite volcaniclastic 
rocks. 

The Foederata cover Unit 

Cover sediments of the Southem Veporicum crystal
line basement have been distinguished and defined mainly 
in the Dobšinský potok area and the tectonic contact area 
between the Veporicum and the Gemericum. By the 
problem of the Foederata Unit was discussed mainly by 
Vozár (in Bajanik et al., 1983) and Plašienka (1980, 
1993). This sequence pro longs also to studied area, but 
only locally. The relicts of the Foederata Unit, which are 
formed by metaquartzites, rauhwackes, metadolomites, 
metalimestones and black schists occur at the eastem 
and southem slopes ofthe Kráľova hoľa Mt. Stratigraphic 

Fíg. la. Geological map o/ Jhe easlern part ofthe Nízke Tatry Mts. in lhe Predná hoľa Mt. area. Compiled by: J. Madarás & J 
/vanička, 2000. Compi/ed on the basis and using /he maps: Madarás, 1998; 1999; !vanička & Polák. I 999. 
I - Quaternary sediments undivided, 2 - Mesozoic sediments and volcanics undivided (Silicicum Unit, Silica Nappe), 3 - late Paleozoic 
sediments and volcanics undivided (Hronicum Unit, Choč Nappe) , 4 - variegatedly co/oured conglomerates, sandstones and shales 
(Permian - Malužiná Formation), 5 - vein diorite bodies (Permian) , 6 - basic volcanoclastics rocks (Upper Carboniferous- Nižná Boca 
Formation), 7 - conglomerales (Upper Carboniferous- Nižná Boca Formation), 8 - dark gray shales and sandstones (Upper Carbonif 
erous- Nižná Boca Forma/ion), 4-8 Hronicum Unit (Choč nappe - lpoltica Group), 9- gray, dark gray, marly limeslones, mar/s and 
marly shales (Lower Cretaceous - Tithonian - Hauterivian), IO - dark. black, crinoidal laminaled /imestones, parity wilh cherty /ime
stones, black c/ayey - marly shales (lower Lias); greenish, rose and white metamorphosed and marmorised /imestones, marmors, partly 
with radiolarites (Dogger- Malm), 11 - rauhwackes, Ramsau Dolomites (Ladinian), lunz beds (Carnian}, Hauptdolomites (Carnian -
Norian), grey dolomites (Míddle - Upper Triassic), Carpathian Keuper (Norian), 9 - 11 North Veporicum Unit (Veľký bok Unit), 12 -
grey to dark gray do/omiles (Carnian - Norian), 13- siaty limestones with cherty and dark grey marly shale beds (Ladinian - Carnian), 
/4 - dark to black laminaled crystalline limestones (Anisian - Ladinian), I 5 - rauhwackes and rauhwackized limeslones (Anisian}, 16 -
metaquartzites (Scythian) , 12 - 16 - South Veporicum Unit (Foederala Unit}, 17 - metamorphosed arkoses and grauwackes, partly wilh 
vo/canogenic materials, rale/y conglomerates and phyllitic shales beds (Permian - Rimava Forma/ion), /8 - grey to black phyl/itic 
shales, fine - grained metamorphosed sandstones, locally with metabasaltic volcanoc/aslics beds, /9 - metabasaltic Jujfs to Juffites, epi
dote-chlorite phyllites, 20 - quartz keralophyres and their volcanoc/astics, 2 I - quartz - sericile and chlorite - sericite phyllites with 
metasandstone and metaarkase beds, 18 - 21 Upper Carboniferous - Slatviná Forma/ion, 17 - 21 South Veporicum Unit - Revúca 
Group, 22 - crystalline basement - biotitic granodiorites and medium grained lonaliles - Kráľova hoľa Complex, 23 - geological 
boundaries, 24 - faults and leclonics boundaries genera/ly: observed, approximated, covered, 25 - overthrusts /inies, thrusts, 26 - pri
mary bedding, metamorphic and mylonitic foliations; slrike and dip, 27 - mi nera/ lineations, fold b-axes; slrike and dip, 28 - geological 
section line. 
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division of some members of the Foederata Unit was 
defined on account of lithology and correlation with the 
similar Tríassic facies of neighbouring units and on 
account of superposition. Local occurrence of Conodonts 
in the upper part of members of this unit (Straka, 1981) 
enables to determine their age as the Camian. 

Discussion about the age of the Predná hoľa Complex 

The age of the Predná hoľa Complex was determined 
by research of the palynomorphs and sporomorphs 
(Planderová in Bajaník et al., 1979). Observed assem
blages of the palynomorphs have been determined as the 
Middle-Upper Devonian, but some from their were till the 
Carboniferous age. Planderová ( 1991) age of the Predná 
hoľa Complex advanced up to the Upper Devonian, 
eventually at the start of the Lower Carboniferous (the 
Tournaisian), however, at the Košarisko-Svätá voda loca
lity presents other assemblage of the palynomorphs, 
which occurs in the last work. There are identified the 
palynomorphs by Planderová ( 1991 ): Densoisporites sp., 
lycospora imeperialis JANS., Taeniaesporites sp. , 
Cirratridatites sp. The palynomorphs are expanded to the 
Upper Paleozoic (the Carboniferous) age. Planderová 
& Vozárová ( 1978) quoted the same assemblage of 
the palynomorphs from the Turčok locality (the Slatviná 
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Fig. 1 b Geo/ogical map o/ the 
SE part o/ the Nízke Tatry Mts. 
in the Telgárt village area. 
Compiled by: J. Madarás, 
2000. Compiled on the basis 
and using the maps: Plašienka, 
1981; Madarás, 1998; 1999. 
Explanations see Fig. la. 

Formation), which were explicitly identified as the Upper 
Carboniferous (the Stephanian C-D) age. Two íloras are 
mixed, the first is older (the Westphalian) and the second 
is younger (the Stephanian C-D age). This is explained by 
resedimentation of older microflora into the younger for
mation. lt is probably also the case of the Predná hoľa 
Complex and the occurrence of resedimented the Devo
nian and the Lower Carboniferous sporomorphs is possi
ble also here. 

Tectonic position of the rock complex 

Studied area is built up ofthree basic tectonic un its: 
The Veporicum is built by granitoids of the Kráľova 

hoľa massif of the Hercynian age, the Revúca Group, the 
Foederata Unit and the Veľký Bok Unit. Granitoíds of the 
Veľká Vápenica partial Nappe have almost exclusively 
features of the Alpine overprinting and the Hercynían 
structures at upper part of crystalline have not been reliable 
proved. Sedimentary and volcaniclastic rocks ofthe Revúca 
Group and the Triassic Foederata Unit were Alpine 
metamorphosed in the middle part of the greenschist facies 
P-T conditions. These rocks have been overprint by strong 
tectonodeformation processes at the transpression phase of 
the Alpine orogen. Rocks are deformed in a shear regíme 
with mínera! líneatíons and folded. 
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The Mesozoic complexes of the 
Veľký Bok Unit are present mainly in a 
tectonic overlies of the Revúca Group 
and in underlies of the Choč Nappe. 
Tectonic contact between the Revúca 
Group and the Veľký Bok Unit is 
characterized by a reverse fault with 
70°-80° dip-slip toward the north or 
north-west. The Veľký Bok Unit has 
been overthrust on the Revúca Group as 
a back thrust (Fíg. 2). This line follows 
the contact zone between the Northem 
and Southem Veporicum cover Units, 
which is correlated with the eastem part 
of the Pohorelá tectonic line according 
to Madarás et al. ( 1994). 

+ + + + + + + + + + + + + 
o~-+~+~~~~+~-+~+ __ +_+_+ __ +~+~-+~+ __ +_+_+ __ +~~o 

O 250 500 750 1000m 

Fig. 2 Geological cross section 1-2. Compíled by: J. Madarás & J. /vanička, 2000. 
Explanations see Fíg. Ia. 

The Revúca Group and the Foederata Unit are folded 
in the form of brachyanticline fold with fold axis dipping 
toward north-east. The cover sequence fonns an auto
chthon to the extensive partia! tectonic slice, which can be 
correlated with the Markuška Nappe (Plašienka, 1984) or 
the Predná hoľa partia( Nappe (Putiš, 1989), respectively. 
Autochthonous to paraautochthonous cover is created by 
the Scythian quartzites and the Middle Triassic 
carbonates and rauhwackes. Partia( tectonic s lice consists 
of the Slatviná Formation (Carboniferous), the Rimava 
Formation (Permian) and locally also the Foederata Unit 
(Triassic ). 

Succession of the Alpine deformation 

The Alpine tectonic development is characterized by 
the low-temperature Alpine metamorphosis of the Ve
poricum „en block" (crystalline and cover sequences), 
tectonic structuralization of crystalline basement and 
cover sequences in the compressional regime (reverse 
faults, thrusted slices). The compresional regime is con
nected with reverse faults ofthe Pohorelá type (cf. Hók & 
Hraško, 1990, Madarás et al., 1994) and thrusts north
eastem vergency (in the present coordin.š}(es) changed due 
to the transpressional regime, which is characterized by 
stretching lineations in the crystalline basement, but also 
in the cover sequences (Madarás et al. , 1996). Variously 
metamorphosed types of crystalline and different facial 
types of covers (the Foederata and the Veľký Bok cover 
sequences) came into contact along these tectonic lines. 
While in the extemal zone of the Northem Veporicum 
transpression finished , the tectonic regime began to 
change to extensional or transtensional regime in the 
centra( part. Similar ages of transpression at the northern 
part and extension at the centra( part of the southern 
Veporicum are identified by similar radiometric ages of 
rocks - 90-80 Ma (cf. Cambel et al., 1990, Maluski et al. , 
1993, Dallmeyer et al. , 1993, Kováč et al., 1994). The 
unroofing with eastem vergency is obvious mainly at the 
eastem margin of the Veporic Zone, at the contact with 
the Gemericum Unit and the superficial nappes. 
Extension is expressed by subhorizontal mylonite (shear) 

zones (for example: the Kráľova hoľa massif), by change 
of originally overthrusted lines into the norma! listric 
faults (for example: the Pohorelá tectonic zone) and by an 
origin of mineral lineation. Extensional regime staied 
main tectonic phenomenon also along fini sh main phases 
of the Alpine folding in the area during the Upper 
Cretaceous. The last phases of deformation continued to 
the brittle conditions (Hók et al. 1993). At last effect of 
unroofing is uplift of whole massif of the Kráľova hoľa 
Mt. and stripping of crystalline in the upper part, erosion 
of rests of sedimentary cover and slipping the superficial 
nappes and nappe duplexes into depressions (the Choč 
Nappe toward north, the Stratená Nappe of the Silicicum 
tectonic Unit toward east and the Muráň Nappe of the 
Silicicum toward south-east). 

Conclusion 

The main aim of this contribution is to clarify the tec
tonic position of metasedimentary and metavolcaniclastic 
rock sequences at the eastem slopes of the Kráľova hoľa 
Mt. Improved carthographic map enables to correct of 
existing researches, revalueing of the complex age and 
present new conception its stratigraphic-tectonic including. 

Our conception is supported by the research of the 
contact zone between the Veporicum and the Gemericum 
Units in the Dobšinský potok valley (Hók et al. 1993, 
Madarás et al. 1995), where it was expressed imagination 
about lithological, stratigraphic and tectonic relations of 
the Southem Veporic cover sequence and the Predná hoľa 
Complex. These authors only follow up older ideas 
presented mainly by Plašienka ( 1980, 1984, 1993). 
Stratigraphically the lowermost part of cover sequence is 
correlated with the Upper Carboniferous Slatviná Forma
tion, the Permian sediments with the Rimava Formation 
and the Triassic sediments with the Foederata Unit. 
Minima( two partia( slices of cover successions have been 
identified also in the Predná hoľa area. The lower part in 
the autochthonous position on the crystalline basement 
contains mainly Scythian rocks, predominantly quartzites 
and less Middle Triassic carbonates. The upper part ofthe 
sequence (in a form of one or more small partial tectonic 
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slices) contains mainly rocks of the Slatviná Formation 
(phyllites, metasandstones, metaconglomerates, acid and 
basic volcaniclastics, metatuffites and metagreywackes), 
the Rimava Formation (metaarcoses and layers of acid 
and basic volcaniclastics and tuffites ), the Scythian 
metamorphosed quartzites and the Middle Triassic meta
morphosed and recrystallized carbonates. 

The carbonates have an affinity to the Foederata cover 
Unit. This fact solves also the problem of continuing of 
the Pohorelá overthrust line directly to the east. Including 
of sedimentary and volcaniclastic rocks of the Predná 
hoľa complex into cover units ofthe Southem Yeporicum 
indicates that it follows the contact between the Foederata 
and the Veľký Bok Units. 
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Abstract: Area of the Southern Veporicum is built up by superposed tectonic units and tectonic duplexes, 
which have a sandvich-like character. The compression stage was connected with closing of the Meliata oce
anic domain. The compression and overthrusting, generally from SE to NW, took place during the Late 
Kimmerian stage of the Alpine orogeny. Extensional unroofing was presumably connected with the uplift of 
the crystaline basement. During the Late Cretaceous and the Paleogene, deformation along the sinistral SW
NE and dextral SE-NW brittle fault zones occurred. The youngest brittle deformation structures are NNE
SSW oriented faults, which controlled distribution ofthe Neogene volcanic rocks. 

Key words: Centra! Western Carpathians, Southern Veporicum, nappe tectonics, extension tectonics, brittle 
tectonic regime. 

Geologica l fra mework 

Area of the Southern Veporicum is built up by super
posed tectonic units and tectonic duplexes, which have a 
sandvich-like character (Fíg. l) . The tectonic history was 
different in individual tectonic subunits with typical 
structural features, metamorphism, character of deforma
tion , age and lithological composition. In the Southern 
Veporicum realm, two different areas have been investi
gated which contain a complete tectonic set (detailed sub
division see in Fig.2 and Fig. 3). 

The Southem Veporic Unit comprise a crystalline 
basement represented predominantly of granitic rocks and 
the Foderata unit. The Foederata unit is a subauto
chtonous sedimentary sequence with stratigraphic range 
from the Carboniferous to the Late Triassic. The sub
stratum of the Foederata unit and the Foederata duplex 
was the crystalline basement of the Southem Veporicum 
(Plašienka, 1993, Madarás et al. , 1995). Substratum ofthe 
Markuška duplex (Fig.4) is unknown. 

The Gemericum is represented mainly by the Early 
and Late Paleozoic metasediments tectonicaly overlying 
the Southem Veporic Units. 

The Meliaticum s. 1. consists of a tectonic melange of 
sedimentary rocks (Permian - Jurassic). Age of the tec
tonic melange is most probably Late Jurassic. The Me
liaticum s. 1. forms lenses and slices betwen the Gemeric 
and the Tumaic tectonic units. These tectonic units un
derwent low· - grade metamorphisrn, recrystalization and 
ductile deformation. 

The highest tectonic unit is the Silicicum (the Muráň 
nappe) containing mainly carbonatic rocks (Middle Trias
sic - Middle Jurassic) (Vojtko, 1999, 2000). 

The nappe units were covered by post-nappe Paleo
gene sedimentary formations and the Neogene volcano
plutonic complexes (Bacsó, 1964). The post nappe forma
tions were deformed only under the brittle conditions 
(Kováč & Hók, 1993). 

Tectono-defo rmational evolution 

Compression 

The compression stage is connected with closing of 
the Meliata oceanic domain and successive displacement 
ofthe Gemericurn, Meliaticum, Turnaicum and Silicicum 
nappes (Hók et al., 1995, Marko et al. , 1995). The stack
ing of the nappes has wedge shaped form with thickness 
decreasing northward (Fig.5). The compression and 
overthrusting, generally from SE to NW, took place dur
ing the Late Kimerian stage of the Alpine orogeny (Late 
Jurassic - Early Cretaceous). The duplex structures are 
presented main ly at the contact zone of the Southern Ve
poricum and the Gemericum (Hók et al., 1993, Madarás 
et al., 1995). 

Extension 

After the compression stage and the crustal thicke
ning, an inversion tectonic regime took place and exhu
mation of the crystalline basement followed (Fíg. 6). An 
uplift of the crystalline basement occurred which resulted 
to an extensional unroofing ofthe overlying tectonic units 
(Foederata, Markuška, Gemericum, Meliaticum etc.) and 
emplacement of the Rochovce granitic body (Hók et al. , 
1993, Madarás et al. , 1996). The Middle Cretaceous age 
ofthe extension was evidenced by Ar- Ar, K-Ar and FT 
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Fíg. 1 Simplified tectonic map (Vojtko, origina/ figure): 1- North Veporic crysta/line basement, 2 - North Veporic subauto
chthonous unit (Veľký Bok unit), 3 - South Veporic crysta/line basement, 4 - South Veporic subautochthonous unit (Foederata unit), 
5 - Cemericum, 6 - Me/iaticum, 7 - Turnaicum, 8- Hronicum, 9 - Si/icicum, 10 - Sub-Tatra Group (the Centra/ Carpathian Paleo
gene), 11 - Neogene volcanites 

datings (c. F. Kráľ, 1977; Burchart et al. , 1987; Maluski 
et al. , 1993; Kováč et al., 1994; Hraško et al., 1995). 

Brittle deformation 

During the Late Cretaceous period in higher structural 
levels, a dextral movement along the NW-SE oriented 
dislocations started (Plašienka, 1993). The N- S com
pression during the Late Cretaceous and the Paleogene 

caused deformation within the sinistral SW-NE (Muráň 
fault; Marko, 1993A) and dextral SE- NW (Mýto-Tisovec 
fault zone; Marko, l 993B) brittle fault zones. 

The youngest brittle defonnation structures are NNE
SSW oriented faults. The faults controlled also distribution 
of the Neogene volcanic rocks (Vojtko, 1999, 2000). Prob
able Badenian- Sarmathian age of volcanic rocks and nor
mal character of the NNE- SSW faults correspond with the 
WNW- ESE orientation ofprincipal extension. 
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Fig. 2 Simp/ified tectonic map and geological cross-section (verlical scale is exaggerated) oj the Tisovec Kars/ and the Kučelach 

Massif (after Vojtko, 1999, 2000): I - South Veporic crysta/line basement 2 - Foederala unit (Permian - Middle Triassic), 3 - Ge

mericum (Carboniferous), 4 - Turnaicum (Early Triassic - Middle Triassic), 5 - Silicicum (Middle Triassic - Early Jurassic}, 
6 - Paleogene sediments, 7 - Neogene volcano-plutonic complex 
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Fíg. 3 Símplified tectoníc map and geologícal cross-section (vertical scale is exaggera1ed) o/ the contacl area between the South 
Veporicum and the Gemericum (after Madarás, J. , Hók, J., Kováč, P., Lexa, O. & /vanička, J. 1995) 1 - Quaternary and Tertíary, 
2 - Gemeric Unit - undivided (Early IO Late Paleozoic rocks), 3 - Markuška duplex (Carboniferous - Early Triassic), 4 - Foederata 
duplex (Carboniferous - Early Triassic) , 5 - Foederata unit (Permian - Late Tríassic), 6 - South Veporic basemenl, 7 - Faults a) 
observed, b) inferred, 8 - Line o/ geologica/ cross-section 
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Fig. 5 Simplified model o/ thrusts (Late Jurassic - Early Cretaceous situation). (Hók & Kováč, original jigure) 
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Exhumation and cooling rates of the Variscan basement metamorphic 
complex inferred from petrological data (Malé Karpaty Mts.) 
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Abstract. Orogenic block transport and tectonic structuring occurred in Variscan era and later during Alpine 
movements which destroyed and displaced the polymetamorphic Tatric crystalline basement into new struc
tural positions. Uplift stages were not unified within the studied crystalline basement units. Data confirm 
slower cooling during exhumation, probably controlled by erosion, for some sampies, but for the others, the 
tectonically controlled rapid uplift trajectories. 

The calculated petrological cooling rates and exhumation <lata thus verify different uplift conditions of 
indivídua! tectonic blocks during final stages of the Variscan orogen events. The data obtained form the fur
ther arguments for the Tatricum crystalline basement di sturbance and its allochthonity in the Malé Karpaty 
Mts. 

Key words: Cooling rates, exhumation , geothermobarometry, crystal size distribution, tectonics. 

The pre-Alpine basement of the Western Carpathians 
is represented mainly by medium to high-grade paragneis
ses, orthogneisses, amphibolites and other metamorphíc 
rock complexes whích were later intruded by granitoídíc 
rocks of Variscan age. The spatíal relationship and meta
morphic zonality exists in some areas only as a rudimen
tary remnants. In other places the complete metamorphic 
zonality was preserved. 

Complex structures of the mountaíns reflect their 
complicated development, which started hundreds of 
kílometers southwards, and the remnants of Variscan 
mountains were overrídden by Paleo-Alpine nappe piles. 
Theír structures were modified by back-thrusts and trans
pressíonal tectonics ( Plašíenka et al., 1991 ). 

The sedimentary overburden was metamorphosed be
fore granitoid rocks intruded and periplutonic processes 
became dominant in the area. The metamorphic process 
took place duríng the Variscan era. The biotíte pairs 
Rb/Sr ísochron gives age of 344 ± 3 m. y. (Cambel et al., 
1990b ). Thís age determínation is considered to be the 
age ofBratislava granitoid massif intrusion. 

Earlíer tectonic concepts (Cambel, 1954) were not in 
favour of any Alpídic orogeníc activity in the crystalline 
basement complexes, and only Alpídic fault retrograde 
processes development were consídered. However, recent 
petro logícal research índícates complex tectonic and struc
tura l development of thís core mountaín mass (Dyda, 
1980, 1994; Cambel et al. , 1981; Korikovskij et al. , 1984; 
Miklóš, 1987). This requires the assumption of several 
superímposed nappe uníts consistíng of pre-Alpine crys
tall íne basement with its Mesozoic cover (Putiš, 1991; 
Plašienka et al., 199 1 ). 

The present petrologic study is focused on petrolo
gícal heating and cooling rate of basement paragneisses. 
Thís is based on garnet chemical zonality evaluatíon, gar-

net nucleation and growth and metapelític rocks uplift 
trajectories . The aim ís to describe some distínctíve de
tails of metamorphíc features that bring some new aspects 
of metamorphic development of thís ímportant geological 
area. 

Calculated approximative P-T trajectories, in the 
range of 570-650 °C and 3.5-ó. l Kbar, express the first 
order tectonic motíon and represent specific uplift con
ditions of the particular tectonic blocks (Fig. 1 ) . Some of 
the samples express uplíft trajectoríes determíned domi
nantly by decompressíon duríng coolíng whíle the others 
may present more isothermal, probably rapid decompres
síon during tectonicaly driven uplift períod. The thermo
dynamic data are in accordance with index mineral 
appearances and mínera! equilíbrium domains. The occur
rence of retrograde mínera! domains, the microscopíc 
appearance of gamets and theír crystal size dístributíon 
all confirm the individuality of these basement tectonic 
blocks. 

The composítional zoning of studied gamets at the 
bíotíte-gamet couple interface was the primary data 
source for petro logical coolíng rate approximation. Geo
thermobarometric determínation of the culmination P-T 
conditions was considered as the attained mineral equilib
rium, when compositíonal Fe-Mg dístribution is uníform 
wíthin mineral assemblage. As the post-culmínat ion meta
morphic cooling starts, the chemical affinity of the ex
change reaction changes with temperature and diffusíon 
drives the mobi le components at the grain interface boun
daries. The díffusion proceeds till the closure temperature 
froze-in the compositional profile in gamet. The chemical 
profiles obtained were averaged and normalized (Fíg. 2). 
The further elaboration of the profiles with Lasaga·s 
( 1983) díffusion equations thus províde the methodical 
tool for cooling rate estimation of studíed basement 
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Fíg. /. Metamorphic culmination and c/osing retrograde P-T 
characteristics o/ o/ Malé Karpaty Mts. paragneísses meta
morphic recrystallization, calculated from Grt-Bt-Ms-Plg-Sil
Qtz mínera/ equilibria. Temperature data were obtained on the 
basis o/ Grt-Bt calibrated equilibria (Ferry & Spear, 1978; 
Thompson, 1976; Newton & Haselton, 198 1; Ganguly & 
Saxena, /984; Hodges & Crowley, 1985). Pressure was 
calculated from calibrated equilibria Grt-Plg-Sil-Qtz {Ghent, 
1976; Powe/l & Holland, /988; Newton & Haselton, 1981) and 
equilibria including Grt-Bt-Ms-Plg-Qtz ( Hoisch, 1990). 

Tab. 1. Cooling rates of paragneisses from Malé Karpaty Mts. 
Tatric basement. 

Sample 17. KB-2. KB-3. KB-S. 

T l0CI 592±17 657± 25 623±21 601±19 

PI Kbarf 4.66± 0.45 5.90± o.os 5.70±0.41 5.82± 0.41 

rfmmf 0.604 0.366 0.384 0.359 

Diffusion coefficient [cm2/s] * 

Dr(Ch&G) 9.99*10-21 1.48* 10- 19 3.87* 10-20 1.55•10-20 

Dr(F) 1.00•10-20 2.84* 10-19 5.24* 10-20 l.64*10-20 

Dr(E) 2.30* 10- 19 2.04*10- 18 6.78*10- 19 3.18*10-19 

D-r(L) 5.49* 10-20 9.48* 10-19 2.55* 10- 19 8.35*10-20 

Cooling rate [°C/Ma] 

S (Ch&G)** 4.07 1.86 2.66 0.22 

s (F) 4.01 3.56 3.61 0.24 

S (E) 94.03 25 .62 46.71 4.69 

S (L) 22.39 11 .89 15.48 1.23 

*calculated for metamorphic culminalion P-T condilions using pre
exponen/ial faclor Do and activation energy for diffusion Ll E* 
according to **Ch&G - Chakraborty & Ganguly (/992), F - Freer 
(1981), E - Elphic el al., (1985), L - lasaga (/977) 

metamorphic complexes (Tab. 1 ). However, a Jot of gar
net profiles have to be studied to obtain consistent petro
logical rate parameters and for accurate cooling rate 
determinations more data on diffusion are needed. 

erystal size distribution (CSD) of a garnet population 
determines garnet nucleation and growth rates, garnet 
producing reaction overstepping and average residence 
tíme of a gamet population. These data provide a numeri
cal comparison of metamorphic recrystallization condi-
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tions based on a detailed textural study of the meta
morphic rock sample. 

Nucleation rate depends significantly on the type of 
metamorphic regime. High nucleatíon rates occur during 
contact metamorphic conditíons whereas hígh-grade re
gíonal metamorphism ís represented by slow rate of nu
cleation. Thus the calculated gamet nucleation rates 2.9 * 
I0-8/cm3/s to 1.0 * 10-7/cm3/s indícate the regíonal me
tamorphic regime for analysed paragneissíc rock samples. 

The strict numerícal relationship among related reac
tion parameters 6. T and 6.Srcaction límits the calculated gar
net growth resídence times (Fig. 3). The comparison of 
gamet residence growth tíme estimates shows schemati
cally that characterístic tíme estimates based on eso of 
gamets match well with metamorphic reactíon conditions 
of 6. T = 0.15 °C and 6.Srcaction = 25 cal/mol/deg. The reac
tion temperature overstep of ca. 0.15 °e is consistent wíth 
the regional therrnal event and the modelled heating rate 
trends obtained (4' 10-5 0e / year) are in good agreement 
with the thermal regional metamorphic regíme. 

The regional recrystallizatíon products are usually 
subjected to prolonged cooling after therrnal culmination 
and eso hístograms are mostly signíficantly modified. 
This process ís represented by the change of shape of the 
crystal size histograms as small unstable garnet crystals 
dissolve and the material is precipitated on larger crystals. 
The annealing mass transfer is temperature and time de
pendent textural modification process where the large 
crystals retain the original crystal size frequency distri
bution. The numerical values of the gamet mass fraction 
transferred in particular studied samples are significantly 
different. The calculated annealing estimates indicate that 
in rock samples approximately 0.10--0.53 garnet mass 
fraction was transferred during the annealing process that 
lasted after the peak metamorphic conditíons were com
pleted (Fíg. 4). 

Some retrograde gamet diffusion ríms are narrow and 
with the morphological appearance of idíoblastic gamets 
clearly testify at least a rapid cooling during uplift period. 
This numerical estimate may be a good cooling rate indi
cator. Thus, the apparently quenched mineral assemblage 
of a particular tectonic block differs from other periplu
tonic assemblages which exhibit significantly higher gar
net mass transfer estimates. Such numerical values testify 
more about the regional metamorphic environment than 
the contact recrystallization conditions. The extent of gar
net mass transfer during the post-peak annealing indícates 
the prolonged cooling from the peak temperatures, re
tlecting presumably, the regional metamorphic therrnal 
histories of the rock samples which now have the pe
ríplutonic tectoníc position (Fíg. 5). 

In the absence of precise geochronological data the 
relíable geotherrnobarometrical metamorphic trajectory 
determination offer, in first numerica l approximation, a 
useful basis for petrological subduction and exhumation 
estimates. The calculated temperature, depth and heating 
rate data ( 41 o-s °C/year) may thus prov ide corresponding 
average burial rate value 1-2 km/Ma for the studied 
basement paragneisses. Accepting similar numerical 
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Fig. 2. Normalized Mg (CMr) concentrations as a 
funeli on of normalized distance (Xr J from Bt-Grt edge 
in garnets /rom Malé Karpaty Mts. Tatric basement c.., 
paragneisses used as a too/ for cooling rate ca/cu/a-
tions. 1.0 
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Fíg. 3. Garnet growth residence tíme estimates ca/cu/ated for 
the garnet popu/ations in paragneissic samp/es. The 
calculation is based on the re/ation among equilibrium 
temperature (ľ,q11u), equilibrium temperature overstep (/JT), 
dehydration reaction entropy {/JS„ac,;0 ,J and garnet crysta/ size 
distribution characteristics (CSD). 

approach, the cooling rate data obtained on the basis of 
diffusional zonality development in garnets may asses the 
approximated exhumation rate 0.2-3 .8 km/Ma for tatric 
bas~ment rocks (Fíg. 6). 

These petro logical observations clearly indicate that 
the studied rocks did not stay the same period of tíme 
under metamorphic culmination conditions which woud 
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Fig. 4. The relation between ca/cu/ated coo/ing rate (.',, °C/Ma) 
of Malé Karpaty Mts. basement paragneisses and the extent of 
the garnet mass transfer (., X ") in these mínera/ assemb/ages 
expresses the mutua/ connection between these characteristics, 
when rapid cooling enab/es only limited mass transfer. 

probably cause the similar diffusion zonality and close 
postculmination cooling rate estimates. The dala obtained 
form the first numerical comparison basis for petrological 
heating and cooling rates evaluation in the Western Car
pathian region. 

However, for other metamorphic terranes higher bur
ial and cooling rates are reported. From Spanish Betics, 
minimum cooling rates of 200 °C/Ma and uplift rates of 
2-5 km/Ma have been given (Zeck et al. , I 989). But for 
the same geological area Monié et al. , ( 1994) report 
cooling rates of 100- 350 °C/Ma and exhumation rate of 
3 km/Ma. Zeck et al. (1992) further suggest for Betics 
Cordilereas cooling rates of I 50- 350 °C/Ma and corre
sponding exhumation rates of 5-10 km/Ma. For Tauem 
Window the exhumation rate varied with metamorphic 
evaluation from >5 km/Ma to < 1 km/Ma (Cliff et al. , 
1985). Exhumation and cooling rate of Dora Maira UHP 
terrane are 22 km/Ma and - 90 °C/Ma respectively 
(Gebauer et al., 1997). 

The crystalline basement experienced two dominant 
distinct progressive metamorphic events. The earlier, be
fore Variscan granitoid magma intrusions, is regionally 
presented by medium to high pressure and medium to high 
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Fig. 5. The Malé Karpaty Mts. Tatric basement paragneísses present differences in the calculated petrological cooling rates S 

fC!Ma]. These diflerences are conflrmed by P-T data and post-culmínation mass transfer. They manifest the individuality of post
culmination development and tectonic fragm entatíon o/ the tatric basement. The diflusional parameters Do, E* have the crucíal 
importance in coolíng rates determination. Thus /or comparíson purposes the S values of Elphíc et al. (1 985) are shown. 
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Fíg. 6. Approxímatíve tíme characteristícs /or Malé 
Karpaty Mts. Tatríc basement metamorphic trajectoríes 
inferred from petrologícal data. Average heating rate 
ofthe regional metamorphic complex (4*J(T5 °Cla) was 
determíned on the basis of garnet crystal síze 
distríbutíon and consistent muscovíte dehydratíon tíme. 
in linear approxímation, after anchímetamorphíc zone 
crossíng (c. 150-200 °C) tíme o/ 11 Ma ís needed /or 
metamorphíc complex to reach thermal culmínation -
600 °C in depth of - 24 km. In thís numerícal appro
xímation, average burial rate - l - 2 km may be 
consídered. Cooling rates calculated on the basís of 
diflusional zoníng in garnets and Elphic et al. (1985) 
experímental dat a are in range of 4. 7-94 °C/Ma. The 
exhumation rate o/ the Tatríc basement complex is then 
consequently c. 0.2- 3.8 km/Ma. 
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temperature mínera! assemblages, which passed the 
kyanite stability field , as the unreacted rare kyanite rests 
are present in some samples (Dyda, 1999b). The later 
metamorphic event is connected with tectonothermal 
evolution of granitoidic intrusions producing zonal peri
plutonic recrysta l I ization processes at depth. The peak 
progressive conditions were different for samples with 
different geological positions. 
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Abstracts 

• Geophysical methods of analysis sliding leases of Carpathien region 

YAKYMCHUCK, M. A., LEVASHOV, S.P. & TATARINOVA, 0.0. 

Institute of Applied Problems of Ecology, Geophysics and Geochemistry I Laboratomy lane, O 1133 Kiev, Ukraine 

Problems of analysis of sliding leases are most con
siderable for regions assaying neotectonic of move. Re
cently locale the activating sliding and collapsing activity 
is supervised in Carpathien region. The special hazard is 
introduced by progressing landslides and dips in densely 
occupied regions of Carpathians. The problems of geo
physical analysis of sliding processes in limits of urban 
and industria! constructions are complicated by a consid
erable extent of hums, which one handicap recording 
physical fields. 

For analysis of collapsing -sliding processes the ln
stitute of Applied Problems of Ecology, Geophysics and 
Geochemistry designs hardware - methodical geophysical 
complex permitting to conduct operations in urban and 
industria! bands. The proposed complex includes methods 
of geoelectric and seismoacoustic sondage. 

The complex bases on usage of portative multifunc
tion geophysical station. The station realizes acquisition 

of impulsive electrical exploration, natural electromag
netic field ofthe Earth, and seismoacoustic datas. 

At analysis of sliding leases the bands of maxima) 
humidifying of soils are mapped. The radiants of under
ground water-courses reshaping a sliding band are insti
tuted. 

At analysis of collapses apart from bands of height
ened humidifying the underground vacuities of a natural 
or synthetic genesis are mapped. The bands of intersec
tion of underground vacuities with natural or man-caused 
water-courses, as a rule, results dips fonnation. 

Depth ofstudy ofbands ofpotential hazard about 100 m. 
The hardware complex is small-sized, is unjammable 

and not power-intensive. Is handled by one operatíve. The 
instrumentation is mated with GPS and field computer. It 
allows to effect constructing maps and vertical geoelectric 
and seismoacoustic sections simultaneously with meas
uring of geophysical datas. 

Connection of the eastern Periadriatic and Mid-Hungarian zones and its 
implication to Paleogene paleogeography, Miocene extrusion tectonics 

(for poster) 
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The Periadriatic zone dipslays a very important 
tectonic feature crosscutting the southem part of the 
Alpine orogenic wedge. The zone facilitated the ascent of 
Paleogene magmatic rocks and accomodated strike-slip 
motion between the Eastem and Southem Alps. In that 
way, the zone fonned the southem boundary of the 
eastward mooving Alcapa unit. The connection of this 
important zone toward the interna! Pannonian area 
represents a key point in the late Paleogene-Miocene 
tectonic reconstruction of the region and, in particular, in 

extrusion models . In our presentation we summarize 
stratigraphic, structural and paleomagnetic data in order 
to emphasize connection and fonner continuation of 
Periadriatic and Mid-Hungarian zones and the 
consequences for tectonic models. 

Premru (1981) and Báldi ( 1986) were among the first 
to delineate the stratigraphical similaritites between the 
Slovenian and Hungarian-South Slovakian basins. The 
unique nature of the sucsession within the Pannonian
Carpathian area suggest that it was deposited in a single 
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basin. New data give further evidences for correlation of 
the sequences of the two parts of the basin (Jelen et al. , 
1998). Subsidence started in the latest Eocene and 
continued up to early Miocene, when the basin was filled. 
Source of magmatic clasts found in Eocene and 
Oligocene rocks of the Hungarian basin could be located 
in the Slovenian part, undelying their forrner closer 
position. 

Physical continuation of the Slovenian Periadriatic 
line and the Mid-Hungarian zone is suggested by gravity 
and borehole data and analysis of seismic sections 
(Csontos and Nagymarosy, 1998). Haas et al. (in press) 
demonstrated that all Permo-Meosozoic units of northem 
Slovenia can be traced in narrow belts along the northem 
branches of the Mid-Hungarian zone. Also in this belt, 
isolated occurrence of Paleogene rocks are known 
(Kôrossy, 1990). Using the surface analogy, we suggest 
that both the Paleogene and the Mesozoic rocks occur in a 
series of strike-slip duplexes (Fodor et al., 1998). The age 
of formation is pre-Karpatian, because such sediments 
cover strike-slip structures. 

Paleomegnetic data also demonstrate that the two 
parts of the basin separated during or before the first 
rotation of the Hungarian part, between 18 and 17 Ma. 
The ca. 45~ counterclockwise rotation was not affected 
the Slovenian basin part. On the other hand, the first 
dextral faulting at the northern tectonic boundary of the 
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Slovenian basin part occured at the same tíme, between 
22(?) and 17,5 Ma. 

The continuity of the Hungarian and Slovenian basin 
parts up to the Eggenburgian or Ottnangian has major 
implication in extrusion tectonics. This shows that the 
northem Alcapa unit was not in connection with the 
Tisza-Dacia unit and their juxtaposition happened only 
later, within the late Early Miocene. The extruding East 
Alpine block did not imply the southern Tisza-Dacia only 
tbe Alcapa unit (Fodor et al. , 1998). 

Further separation of the two basin parts was realised 
by Karpatian-Middle Miocene synrift extension of the 
Pannonian basin. This extension was much larger north of 
the Periadriatic zone where metamorphic core complexes 
occurred (Tari, 1996). During this period, the Mid
Hungarian zone was already bended, thus it was not the 
structural continuation ofthe Periadriatic line. In addition, 
fault kinematics was different along the forrnerly unique 
fault zones, dextral and sinistral along the Periadriatic and 
Mid-Hungarian zones, respectively. Minor eastward 
displacement ofthe arnalgamated Alcapa and Tisza-Dacia 
units was possible during this interval. 

Due to continuous push of the Adriatic indenter, 
dextral separation of the Periadriatic zone renewed in late 
Miocene to Quatemary. The displacement was probably 
accommodated by folding and thrust faulting in Slovenia 
and Croatia. 
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Combination of Paleomagnetic and Paleostress data in the Alpine
Carpathian-Pannonian region 

LÁSZLÓ FODOR AND EMÔ MÁRTON 

During the last decade, a great number of paleo
magnetic and paleostress data were obtained for the 
Pannonian basin and surrounding mountain chains 
(Márton, 1993; Fodor et al. , 1999). As it is well known, 
both methods are very important in the tectonic 
reconstructions. It is less widely recognised however, that 
the combination ofthe two types of data sets can lead to a 
more correct interpretation. In our paper, we give a basin
wide comparison of paleomagnetic and paleostress data 
and try to integrate these data to a gedynamic model. 

The Pannonian-Carpathian area can be divided into two 
larger microplates during the Paleogene-early Miocene time 
period. This subdivision is based on paleogeographical and 
paleomagnetic data (Márton, 1993) and kinematic analysis 
(Balia, 1984). Since Márton (1997) demonstrated a compli
cated rotational motion ofthe two microplates, further subdi
vision of these two units into several subunits is needed when 
comparing the independent paleostress and paleomagnetic 
data sets. This subunit-scale combination was performed fol
lowing the method of Márton and F odor ( 1995). 
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Paleomagnetic data clearly show that the Alcapa unit 
suffered moderate to large counterclockwise rotation 
during the Early to early Middle Miocene. When time 
constraints are good (in the central-eastem Pannonian 
basin), two steps of rotation can be differentiated, one 
between 18-17 Ma and one between 16,5-14,5 Ma. 

The large counterclockwise rotation is reflected by an 
apparent clockwise change in the paleostress axes. 
Similarly to the rotation of rocks, two steps in change of 
stress axes can be differentiated. In general, the duration 
of rotation steps and stress field changes is the same, 
although small !oca! discrepancies may occur. Consi
dering the equal amount of block rotation, the (apparent) 
change in stress axes and the opposite sense of change of 
the two data sets we infer that rotation and brittle 
defonnation of rocks happened in a stable stress field (N
S compression). Only a slight real change in maxima! 
horizontal stress axes can be detected in clockwise sense, 
at the end ofthe second rotation step. 

The steps of rotation and apparent changes of stress 
field can be connected to the eastward rotational 
extrusion of the Alcapa unit and its final emplacement 
onto the European foreland. 

In addition to this microplate-like rotation, two other 
types of rotations can be demonstrated. One type of 
rotation is connected to large shear zones, a phenomenon 
we demonstrated for the Periadriatic fault zone in 
Slovenia. Within the shear zone, a !oca!, apparent change 
in stress axes is due to the rotation. The other local 
defonnation is a 30-40( CCW rotation, which affected the 
northeastem part of the Alcapa unit, from the Tokaj
Slanec, hills to the Gutii Mts. (Márton and Pécskay, 
1995). This late Middle Miocene motion post-dates the 
microplate-like rotation of the Alcapa. The rotation can 
be connected to the final thrusting of the Northeastem 
Carpathians and back-are opening of the Transcarpathian 
basin, due to the roll-back ofthe subducting slab. 

A similar ("post-microplate") counterclockwise rotation 
affected the Mura basin and surroundings after Badenian. 
Post Middle Miocene clockwise and counterclockwise 
rotation occurred in eastem Slovenia and Croatia, 
respectively (Márton et al., in press). This deforrnation can 
be connected to renewed compression and inversion in the 
southem Pannonian basin and Southem Alps. 

From the southem Tisza-Dacia unit we compared new 
paleomagnetic and stress data from the Mecsek hills and 
published data from the northem Apuseni Mts. and 
Transylvanian basin (Patrascu et al., 1990; Gyôrfi and 
Csontos, 1994). In this latter area the general trend of 
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change in the paleostress field corresponds to the CW 
rotation of the southem microplate. Although the exact 
timing is not clear, both the rotation and the change in 
paleostress axes occurred during the late Early to early 
Middle Miocene. In the southem Mecsek Mts. older 
paleomagnetic data suggested Early Miocene rotation 
(Márton, 1993) while new data would agree with late 
Miocene timing (Márton and Márton, in press). However, 
stress field does not reflect clearly this deformation. 

Further complication is added by new observations on 
Ottnangian ( 18,5-17,5 ma) CCW rotation of the northem 
part of the Mecsek (Márton and Márton, in press). This 
rotation is also reflected by paleostress data and shows 
that the microplate rotation of the southem Tisza-Dacia 
unit was probably combined (or "overwrite") with other 
local defonnations. 

The research was supported by the Hungarian 
National Science Fundation (OTK.A) project numbers T 
OJ 7008 and F 014186. 
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Insoluble dispersive organics characteristics of various facies 
in the Lviv Foredeep 

A.V. IVANINA 

Ukrainian State Geological Research lnstitute, 79000, Mitskevich Sq., 8, Lviv, Ukraine 

Facial-palynological research Lviv paleozoic foredeep 
Carboniferous deposits points at complicated and natural 
character of complex distribution of microphytoorganics 
both in lateral and vertical sections. This phenomenon 
resulted from paleogeographic, paleotectonic, paleocli
matic and biological factors of environment. lntricate 
process of palynooryctocenoses formation in sedimentary 
rocks has 4 periods: preparing of the out coming material, 
its transference, burying and fossilization . During each 
period, vegetable organics is influenced by certain factors 
which save dispersivé remnants and either let them con
tinue transfering or destroy them. 

Palynooryctocenoses forming under different facial 
conditions has its particulars. In the continental deposits 
microfossil composition is determined by processes of 
outcoming material mobilization and its character of 
burying and fossilization . Continental facies are greatly 
saturated with dispersive organics, among which the ele
ments of humus group prevail - large fragments of iner
tinite and vitrinite. Snatches of cuticles, tracheids, 
megaspores are constantly present, sometimes in great 
amounts. Miospores are of satisfactory preservation, fre
quently containing chemical biotical damages, coloured 
according to L.V. Rovnina (1984) scale with the index of 
3,4,5. In the continental deposits the amount and variety 
of palynoorictocenoses are the highest. However, their 
distribution in some facies is not regular. The facies of 
clayey and aleurite sediments of swamped low-lying near
sea lands are the strongest organics concentrate. One half 
of continental palynoorictocenoses is gathered here. The 
subtype with a small number of spores (M 1) is the most 
widespread (it makes 35% of palynoorictocynoses of this 
facies). Sporic palynoorictocynoses are of approximately 
equal quantity. The smallest amount of dispersive organ
ics is characteristic of sandy and aleurite sediments of 
river mouthes and lower reaches facies. Palynoorictocy
noses distribution is the following: a type of low organics 
concentration - 34%, the subtype with a small number of 
spores (M 1) - 51 %, a mixed type - 15%. 

Under the continental conditions microphytoorganics 
distribution is controlled by climatic and biological fac
tors. For this reason, continental palynoorictocynoses 
more realistically reflect the composition and correlation 
of parent vegetable groups. Outcoming organic material 
may undergo significant changes at stage diagenetic 
sediment transference. Under continental conditions 
chemical-bio logical decomposition of the vegetable mate
rial is likely to be more active then in other facies. Low 

miosporic apportionment, chemical-biotic demage domi
nance and darker color of palynomorphes prove this. 

Another major microphytoorganics concentration 
maximum was marked in the facies of clayey, aleurite 
sediments of the near-sea lakes, freshened lagoons and 
gulfs (transitional from continental to marine sediments 
facies group). Miosporic content increases, concentration 
and size of c-arbonaceous remnants and fragments of 
vegetable fabrics decreases. Futheron humus substance 
type prevails . However, other correlations components 
with miosporic predominace or equal humus liptonite 
group elements' content are also found . Palynocomplexes 
are multicomponental (- 60 taxons). Miospores are of 
satisfactory preservation. Mechanical damages and rup
tures with traces of pyritisation among damages prevail. 
Casings' colour is 3, 4 . Often small numbers of acrytarchs 
are present. Palynoorictocynoses are various, represented 
by all types. Densosporic type prevails significantly - 50 
%. Others: lycosporic and mixed (subtype 2) - at 20 %, a 
type with a small number of spores (subtype 2) - at 1 O%. 

When microorganic complexes are formed, under the 
transitional from contental to marine conditions, me
chanical differentiation occupies the first place. lt consid
erably distorts initial data ofthe plant organics composition 
and leads to palynoorictocynoses enrichment with lighter 
elements under physical factors: among carbonaceous 
remains - with inertinit, and among miospores - spores of 
lycopodium and fems . Transport conditions influence the 
particles' size, and the bigger tums the quantity of 
mechanical deformations. Palynoorictocynoses do not 
reflect the composition of ground vegetation and provide 
only vague ideas. Palynocomplexes of transitional facies 
should be viewed as a changed and integrated, during 
transportation and fossilization, reflection of the vegetation 
of the paleobotanic region . Significant concentration and 
taxonomic variability of miospores, high content of 
palynoorictocynoses are connected with this. 

Concentration of dispersive organics in marine facies 
decreases. Often mechanically damaged lightcoloured 
(index 2 , 3) miospores, domineering over other compo
nents, create sapropel-liptinite type of organic material. 
Carbonaceous remnants (inertinit) are present in the form 
of tiny fragments . Sometimes hightened content compari
son with transitional facies of acrytarchs is marked (up to 
30 %). Palynoorictocynoses include three types: lyco
spores (subtype 3), the type with a small number spores 
(subtype 2), and a type with low organics concentration 
which quantity is approximately equal. 
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Decrease in concentration of dispersive organics in 
marine facies is explaned by the distance increase in 
demolition region and shortage of outcoming vegetable 
material, as well as by hydrodynamic basin regime of 
sedimentation. Subtype 3 is unique among sporive paly
noorictocynoses presents in marine deposits, saturated 
with tiny floating miospores, with structural elements 
such as round or triangular body shape, avai labi lity of 
perispore, sculpture of egsine, characterized by small 
thoms and small hills and grains, etc. which faci litates 
distant transportation. 

Slovak Geol. Mag., 6, 2-3(2000) 

Research proves that there is close genetic connection 
between palynoorictocynoses components, as well as 
between organics complexes and containing rocks. This 
connection reflects interaction and tíme variation of the 
environmental processes. Indices of palynoorictocynoses 
show the activity ofthe factors of environment and can be 
used to detect paleosedimentation, to study cycl ic recur
rence, to reconstruct vegetation, and to carry out different 
biostratigrafic surveys. 

Tectonosedimentary formations of the Pieniny Klippen Belt 
(Orava, Slovakia): structural styles of melanges and olistostromes 

LENKA BA.KOVÁ & JÁN SOTÁK 

Geological Institute, Slovak Academy of Science Bratislava, Severná 5, 974 O I Banská Bystrica, Slovak Republic 

The term olistostroma and melange has been used to 
designate the chaotic units with block-in-matrix fabric . 
The chaotic units originate in responce of synsedimentary 
deformation (olistostromes) and tectonic defonnation 
(melanges), or in influence of both processes 
(tektonosomes). Recognition of olistostromes from 
melanges is based on structures induced tectonically. In 
the Western Carpathians, the chaotic units occur mostly in 
the Pieniny Klippen Belt, which was designated as 
a melange already by Andrusov (193 8). Lithosome- and 
melange-like units of the Pieniny Klippen Belt are well 
exposed in outcrops near Záskalie and Krivá, where they 
have been studied from structural point ofview. 

In the Klippen belt near Záskalie the Upper Creta
ceous sediments of the Kysuca Serie are exposed. They 
consist of breccias (so-called Záskalie Breccias) belong
ing to the Gbelany Formation. Záskalíe breccias are com
posed of sharply angular blocks of marly limestones, 
which are embeded in shaly matrix with oriented fabric . 
The blocks are separated to form a boudinages, which are 
flatened and prolongated in matrix flow direction. Boudi
nage is developed through necking and swelling of beds 
(pinch-and swell structures), which reflects a strain effi
ciency and shear movement in inhomogenous units. Shear 
concentration in the ductile claystones was compensated 
by fracturation and strike-parallel extension of rigid 
blocks along the Riedi (R1) shears, observed as a domino
like structures. Systems of Riedi (R1) fractures are filled 
up by calcite. Orientation ofprolongated blocks and Riedi 
(R1) elements indicates top to the SSW shear movement. 
Original S0 bedding is identifiable in pressure shadows 
along the necked parts of blocks. Mudstone matrix shows 
a secondary schistosity, developed as S 1 and S2 foliations . 
Their combination originates an expressive SIC fabric . S 1 

and S2 planes bear a slickenslides, offsets and stretching 
lineations. This planes are marked by paralell sets of fi
brous calcite veins, which were formed through detache-

ment and buckling of dilatation fissures under shear 
deformation and fluid overpressure (Capuano 1994, 
Stoneley 1983). Secondary schistosity S2 is observed as 
a planes with sigmoidal deflection corresponding with 
shear sense. Observed SIC structures indicate the simple 
shear with top-to-the SSW translation. Sequence in the 
middle part ofprofile is deformed into tight and isoclinal 
subhorizontal folds with SSW vergency. Mudstones from 
around the folds are intensively sheared, exhibiting the 
SIC fabric and boudinage of marly limestones. Záskalie 
Breccias are superimposed by the Gbelany Fm., which 
provides a less intensity of tectonic defonnation. Se
quence of the Gbelany Fm. is overturned in position, 
which is documented by the appearance of hieroglyphs on 
the upper bed surfaces. Tectonic slices with overturned 
position occur together with those in the norma! position 
(Jablonský 1994). Schistosity in claystones is developed 
non-systematicaly. The sandstones are synsedimentary 
folded, while the surroundings of folds lacks the tectonic 
deformation. Overlain beds fill a bulk deficit after the 
generation of folds, and that without tectonic deformation 
of footwall beds. The structures described above from the 
Záskalie Breccias are indicative of tectonic melange. 

Chaotic formations of different type are exposed in 
the Klippen belt near Krivá. They belong to Nižná Succe
sion of Upper Cretaceous sediments, which occur in 
norma! position (hieroglyphs on the lower bed surfaces). 
The cross section is oriented in the SW - NE di rection. 
The formation consists of various sediments of submarine 
fans, like turbidite and conglomeratic deposits and bock 
accummulations. Turbidite sequences are deformed via 
slíding in form a large-scale drag folds with axes 23419° 
Drag folds occur within the gravitational slumps, where 
the sandstones show a pinch-and-swell structures and pass 
progressively to broken formations . The contact with un
derlying undeformed beds is overprinted by bedding par
allel slip, as is indicated by smooth surfaces and 
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slickenslides. The breakage of the formation was acco
mapanied by the development of small-scale normal 
faults. The formation changes the dip and inclination of 
beds towards the NE. In this part of cross section the for
matíon contaíns a coarse grained and boulder conglomer
ates, which form a channel infills. Structures observed ín 
Krivá section are not indicative of tectonic melange. 
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They resulted rather from the deforrnation of unlítífied 
sediments, which were folded and broken due to gravíta
tíonal instabílity. ln this sense, the chaotic units in Krivá 
section are considered to be a tectonosedimentary forma
tion, i.e. olistostroma (endoolistostroma sensu Okamura 
1990). 

To a problem on a structure of the buried Oparian Barrier reef in 
Carpathian Foredeep 

ANIKEYEVA OLENA 1, B0NDARENK0 OLEH 1
, MACHALSKY DMYTR0 2• 

1) Ukrainian State Geological Research Institute, 79000, Mitskevich Sq., 8, Lviv, Ukraine 
2) State geological enterprise Zakhídukrgeologia, 79000, Mitskevich Sq., 8, Lvív, Ukraine 

The Títhonian-Berriasian barrier reef is of great inter
est for oíl and gas prospecting. lt does not leave anywhere 
on a day time surface, ís distinguished first of all by the 
geophysical data and stripped by numerous wells. The 
100-km band of Oparían reef of 5 - 1 1 km width and up 
to 600 e thickness extends along the Krakowetsky re
gional fault from the north - northwest to the south
southeast. 

By genezis the Oparian barrier reef ís closely con
nected with underlying sediments. They are usually the 
deposits of sponge-mícrite domes, which served a base
ment for the barríer reef, or hidrozoan-sponge layers, 
which altemate with stromatolítes and have tracks of pe
ríodíc drainage. 

In lithologícal relation it is possible to speak about in
homogeneous carbonate series (named the Oparian suite), 
composed by numerous varieties of límestones closely 
connected among themselves and chamged each other. 
They are mainly various biogenic límestones: biomorphic 
coral, algal, organogenous-detrital etc., largely recrystal
lized, with characterístíc for reef formations shadow and 
incrustate structures, "reef-tufa", 11 by a dot image 11

, etc. 
Rocks are mainly pure, less often with a minor admixture 
of terrigenous material líterally overfilled by fossils bur
íed in situ. 

The reef - framework was buílt successívely by asso
cíations of sponges and bryozoans, corals and stro
matoporoideas, corals and sponges, corals and bryozoans. 
In all succession envelopíng structures of cyanophytes, 
remnants of red and green algae, reef-lovers, such as sea
urchíns, attached crinoids, brachíopods, mollusks, fo
raminíferas are widespread. 

The absence of precise vertícal zonatíon in the reef 
testifies that the growth rate approximately corresponded 
to the speed of subsídense. Arising on the slope of the 
shelf, the reef grew in relativtly shallow and quíet waters, 
what the association of corals and bryozoans speaks 
about. 

Other picture is given by a reef with the shallow basis, 
in section ofwhich, the Títhonian transgression is marked 

by occurrence of coral calcirudites and frame assocíation 
of corals with red algae. Probably, it ís a facies of the al
gal barrier-breakwater. Up the section it passes to a facies 
of a back-reef clastical train, at the top of which the hori
zons of micrites are fixed . Biosparites contaín much 
"flocks" of coral mucus - indication of an actíve reef. AII 
this speaks about migration of the reef in conditions of the 
limited vertical growth towards the open sea at constant 
wave stress. 

Lagoon micrites with the nurnerous remnants of echino
dermates, mollusks, cyanophytes, foraminiferas is usually 
complete the section of the reef. Maybe, they correspond to 
stage "of a dying reef ". But in other cases it is possible to 
speak about algal reefs occurrence of frame Bacinella in 
assocíation with sponges and Dasycladacea algae. Proba
bly, such lagoon was rather deep. So zonation attests to 
different conditions of origin and growth of the reef and 
means stability of its position or migration towards the open 
sea. Hawewer the cases of retum motion, and also occur
rence of deep-water facies in the band of reef structures are 
fixed. Jt witnesees the difficult mechanísm of forrnation of 
the Oparian reef and necessity of further researches of thfa 
very interesting object. 

The top of a reef-core, by the geophysical data, was 
karstified on depth to 50 e, what is of interest not only 
theoretical, but also practícal. 

Exploring the karst is associated with certain difficul
ties, since it is very hard and/or connected with significant 
expenses to extract the core from cavemous and fractured 
intervals of a borehole. So, we can get only fragmental 
information about this part of sequence. Because of that 
lithologic-petrographic studies of such carbonate rocks 
should be supplemented with the data of well-logging 
interpretation. 

Thus, our studies of the Oparian suite are based also 
on the information that gives all complex of well-logging 
that ís connected through petrophysical dependencies to 
the core-data. 

In the sequence of the Oparian suite, by the data of 
complex well-logging studies, three types of limestone are 
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found out. The first is homogeneous high resistive 

(PLL=IO00 Ohmm), low radioactive (ly~3 y) and compact 

(#=150 µs /m) limestone. They are referred to such for
mations of reef core that have not experienced karstifying. 

The second type is the karstified limestone. On the 
well-log charts they differ by the heightened curve differ

entiation of all kinds (except of fl and ly) that is condi
tioned by a differential in formation composition. Values 

are observed of low, not exceeding 200 µs/m, interval

time (,JV) and of high intensity of a sec gamma-ray (l11y)
The curve of a microlateral Jogging (MLL) is strongly 
differentiated: electric resistance is varied from 5 to 30 

Ohmm in a near (from a borehole wall) zone of the bed. 
The curve of a lateral Jogging (LL) demonstrates resis
tance from 5 up to 60 Ohmm in a distant zone of the bed. 
As the natural radioactivity of the formation remains al

most constant (=2y), that is generally inherent to ree-
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fogenic limestone, the vanat1ons of other parameters 
characterize the composition ofthese limestone. Declined 
values of an electric resistance and a sec gamma-ray (i .e. 
Neutron Gamma Logging or NGL) point the best collec
tors - cavernous limestone; in the intervals of their occur
rence the anomalies of SP - spontaneous polarization 
(relative declining) and interval tíme (increasing) are ob
served. 

The third type of limestone that happens in the se
quence ofthe Oparian suite is determined on well-logging 
complex as fragmental one. Limestone has a composition 
from pelitic to sandy (psammitic) and spacefill the karst 
cavitations. Its formation is connected with exposing of a 
reef core and its subsequent erosion. Even bigger differ
entiation ofMLL, LL, and NGL curves is featured to such 
limestone. 

The conditions of the forming the Upper Jurassic deposits 
in Ukrainian Precarpatian 

DULUB V.G. & ZHABINA N.N. 

Ukrainian State Geological Research lnstitute, 79000, Mitskevich Sq., 8, Lviv, Ukraine 

Upper Jurassic deposits in Ukrainian Precarpatian 
were formed on the periphery of Tethys North border
land. Biogerm building processes characterized their 
sedimentation from the Oxfordian until the forereef ti mes. 
The development of reef constructions was bound with 
tectonic dislocations and their morphology conditioned by 
the tectonic activity on territory in considerable degree. 
During the Upper Jurassic tíme the evolution of nature 
and alteration of the location of the organogenous con
structions, increase of thickness, narrowing of biogenic 
solids line and their displacement in tíme to the South
West in inner basin's district took place. The general pa
leogeographic environments in the Tethys basin were 
controlled by the transgression in Lower Oxfordian and 
the regression in Kimmerigian and Tithonian. 

In Precarpation region Lower Oxfordian transgression 
retlected on the sedimentation of marine deposits - arena
ceous limestones, sandstones, aleurolites. After that in the 
Middle Oxfordian the formation of biogerms in region 
began in Gorodok fault zone. Oxfordian biogermic 
building reflected on forming the line of separate spongea 
biostromes (approximately 100 m thicness) in shallow 
water marine regime. North-East of that line mainly col
carenite and oolitic transreef shoaly limestones (Rudky 
suite) were formed and replaced by near-shore lacustrine
marshy argillo-terrigenous deposits (Soka) suite) in the 
autlying districts. Toward the open basin biogermic lime
stones were replaced by interbedding clayey organic
detrital limestones and argillites, aleurolites that were 
formed in forereef zone of marine shelf. In the top of the 

all Oxfordian deposits the horisont of the clayey
terrigenous mainly variegated rocks was deposited in 
outward basin's zone as a result of the stopping the en
trance of marine water and setting in hot aride climate in 
Upper Oxfordian time. 

In Kimmerigian the shallow water marine regime was 
settled at the background of s lowly submersion of the sea 
bottom. The spongea biogermic hills (~ 400 m thicness) 
were formed in Sudova-Vyshnja fault zone (Morantsy 
suite, I type). Beyond them toward the periphery of the 
basin shoaly dolomites and limestones were precipitated 
and replaced by succession of dolomites, anhydrites and 
gypsums - the deposits of lagoons, isolated on shoaliness 
as a result of arid climate (R.ava-Russky suite). The fore
reef strata of interbedding organogenic-detrital and brec
cia limestones and argillites (Morantsy suite, II type) were 
settled in the inner zone in front ofthe biogerme line. Pe
riodical tectonic destructions with downwarping the sea 
bottom took place. As a result of that Kimmerigian de
posits include the limestone-clay breccia in sections in the 
peripheral parts of the bas in. 

The regression and intensive downwarping the sea 
bottom took place in Tithonian and Lower Berriassian, 
and the sedimentation area of Jurassic carbonates was 
diminished. 

This rock masses (~ 800 m) ofalgae-coral barrier reef 
were formed in zone of Krakovetsky fault (Oparsky 
suite). Shallow oolitic and organic-calcarenite limestones 
were precipitated and single biogerms were formed irr 
transreefzone (Nizhnevsky suite). 
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The forereef interbedding limestones and argillites 
were deposited in front of the barrier reef (Karolinskaja 
suite) in Tithonian-Lower Berriassian. 

Foreshore shallow forrnations of this age are not 
opened by wells . 

Building up the reefogenic structures was stopped at 
the beginning of Lower Cretaceous by intensive trans-
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gressive processes; and Upper Jurassic deposits partially 
were washed out and reprecipitated over the layers of 
argillites, somewhere with sandstones, in Upper Berrias
sian and Valanginian. Neocomian shoaly carbonates there 
consist of redeposited rounded fragments of Tithonian
Berriassian limestones (Stavchansky suite). 

Lower Badenian sediments and fossils from some boreholes in the 
Carpathian Foredeep southwards of Brno (Czech Republic) - paleoecological 

and paleogeographic implications 

ŠÁRKA HLADILOVÁ 
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, SLAVOMÍR NEHYBA 

1 & JANA HLADÍKOVÁ 
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1 Department of Geology and Paleontology, Faculty of Science, Masaryk University, Kotlál'ská 2, 611 37 Brno, Czech Republic 
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In the past, many boreholes were drilled in the Car
pathian Foredeep soutwards of Brno (Czech Republic). 
Authors had the possibility to study samples from three of 
them, namely HJ-1 Chrlice, HJ-2 Otmarov and HJ-103 
Opatovice, their importance consisting in their position on 
the slopes of the Bohemian Massif in the continuation of 
the Nesvačilka trough. In the profiles of the studied bore
holes sedimehts of various ages (Lower Badenian, Karpa
tian, ?Lower Miocene, ?Oligocene) belonging to the 
Tertiary filling of the Carpathian Foredeep were found. For 
the time being, only Lower Badenian sediments, represent
ing the majority of samples, were studied in detail because 
oftheir uncommon sedimentary development. 

The investigation of the Lower Badenian sediments 
from the HJ-1, HJ-2 and HJ-103 boreholes was made with 
the maximum possible complexity, therefore it included the 
sedimentological, paleontological (molluscs, fossil polien 
and spores) and isotopic analyses (C and O ofthe carbonate 
molluscan shells). The results were used for paleoecologi
cal and paleogeographic interpretations. 

The study confinned that no significant lithological 
change can be observed between the sediments of Karpa
tian and Lower Badenian ages. This fact could be probably 
the evidence of an unbroken sedimentation. The uncornmon 
absence of basa) clastic sediments and of greater thick
nesses of calcareous clays ("tegels") as wel l as of rhytrnical 
interlarninatings of sandy and clayey layers are the typical 
characteristics of the Lower Badenian sediments in the 
studied boreholes. In the top direction the amount of coarse 
grained sediments increases gradually, in the upper parts of 
the HJ-2 and HJ- 103 boreholes highly damaged shells of 
macrofossils were observed, moreover, in the upper parts of 
the HJ-2 borehole the amount of spores of Pteridophyta 
increases and the amount of marine microflora and fo
raminifers decreases. These facts document the global trend 
of a growing water dynamics and a shallowing of the sedi
mentary area. 

The paleontological analyses confinn that the sedimen
tation took place in the marine environment with a norma) 

salinity (corals, bryozoans, echinoids, molluscs - Chlamys 
cf. malvinae, Anadara sp., Conus sp. etc., red algae, accu
mulation of the polien grains of the fami ly Pinaceae, dino
flagellates with the branched projections and tapeta of 
foraminifers). The environmnet on the sea shore was 
probably rather wet (spores of Fungi, polien of the genera 
Alnus and Ulmus) up to swampy (polien of the families 
Taxodiaceae, Myricaceae and Cyrillaceae ). 

The clima was warrn (presence of therrnophile mol
luscs, for example Conus sp., Anadara sp., Chlamys cf 
malvinae, polien grains ofthe families Sapotaceae, Palmae, 
genera and species Engelhardtia, Platycarya, Quercoidites 
henrici, Quercoidites microhenrici, Castaneoideaepolis 
pusillus, Castaneoideaepolis oviformis, Tricolporopolle
nites liblarensis a Tricolporopollenites marcodurensis), 
but probably not extremely with regard to the relative rep
resentation of the therrnophile and arctotertiary elements 
(Carya, Pterocarya, Celtis, Ulmus, Alnus, Liquidambar, 
Poaceae, Sciadopitys). The depth of the sedimentary area 
was probably in the range of littoral, the dynamics of the 
sedimentary environment being evidently generally rela
tively high or fluctuating. These conclusions are supported 
not only by the character of sediments, but also by the 
molluscan fauna - for example by the presence of the spe
cies Terebra sp., Conus sp., Ostrea sp. etc.). The isotopic 
analyses of C and O of the molluscan shells proved that the 
ä13C values vary between -1.4 a 2.1%0 (POB), the ä180 val
ues between -3.0 a 1.6 %o (POB). 

lt appears that the Lower Badenian sedimentation in the 
studied area was primarily intluenced by the existence of 
the Nesvačilka trough, e.g. that this structure manifested 
itself very conspicuously not only within the Lower Mio
cene, but also at the beginning of the Upper Miocene, 
namely in the Lower Badenian. Therefore, the local sedi
mentation in this part of the Carpathian Foredeep differed 
from the typical Lower Badenian developments with the 
presence of the basa) clastic sediments and a considerable 
predominance of calcareous clays ("tegels"). 
Acknowledgement: This study was supported by the grant 205/00/0550 
(Grant Agency ofthe Czech Republic) . 
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Middle Miocene lignoflora in the Southern Apuseni (Romania), 
and its paleogeographical significance 

STÁNILÁ IAMANDEI & EUGENIA IAMANDEI 

E-mail: iamandei@igr.ro 

The geological history of the Apuseni Mountains during 
Neogene is rather complex, marked by the formation of 
some large gulfs in the western part and some small intra
montane basins, and also by the triggering of a volcanic 
activity with a dominant calc-alkaline andesitic composi
tion, in their southern part. Newer studies on the Tertiary 
volcanic evolution in Apuseni Mountains, revealed in 
Zarand area (Southern Apuseni), absolute ages of 12.4(+/-
0.7) to 13.4(+/-0.6) m.y. (Rosu et al., 1995, 1997). The 
tested enrooted eruptive rocks from here, were preceded 
and accompanied by volcano-sedimentary and dominant 
pyrrhoclastic rocks with lava tlows intercalated, gradually 
passing into volcano-sedimentary and sedimentary rocks, to 
the eastern, northem and western part, with paleontologi
cally established age, attributed to the Middle Miocene, up 
to Pannonian tíme. Paleogeographically, these formations 
deposited in a marginal-insular and/or insular area repre
sent, a strato-volcanic structure in which a basa! volcano
sedimentary complex is followed by a big pyrrhoclastic 
stack with lava tlows intercalated, that buried the remains 
of a rich arboreal tlora. In Zarand area, the pre- and post
volcanic sediments in lake facies, were attributed by the 
previous quoted authors to the Lower Badenian and, re
spectively, to the Upper Sarmatian (Lower Bassarabian), 
probably discontinuous, with respect with the pyrrhoclastic 
formation attributed grosso modo to the Badenian
Sarmatian(?) interval by Berbeleac et al. (1984), and re
stricted to Upper Kossovian - Lower Volhinian interval by 
Rosu et al. (1995, 1997). 

The fossil wood identified up to now, provenant from 
this rich in plant-remains formation, in Präväleni-Ociu area, 
outlíne an association of trees, some of them with tropical
subtropical extant correspondents. We talk about species of 
some genera, here described by Iamandei (2000a, b, c, in 
press), Jamandei & lamandei (1998, 1999, 2000a, b, in 
press): Magnolioxylon, Carapoxylon, Platanoxylon, liqui
dambaroxylon, Ternstroemioxylon, Paraphyilanthoxylon, 
Piranheoxylon, Tetraclinoxyion, Chamaecyparixylon, Se
quoioxylon and Pinuxylon, added to some previous identi
fication made by Nagy & Märza (1969), Petrescu & Nutu 
( 1969a, b, 1970, 1972), as species of Magnolioxylon, 
Jcacinoxylon, Laurinoxylon, Perseoxylon, Juglandoxylon, 
Alnoxylon, Taxodioxylon, and Sequoioxylon. 

The average temperatures díagrams given by Ticleanu 
( 1995) and Givulescu (1997) for the continetal realm, 
based on the Neogene associations of Tracheophytae in 
Romania (from leaves imprints and palynological studies), 
confirm that the pyrrhoclastic fossiliferous formation from 
Präväleni-Ociu area can be only Badenian, as Rosu et al. 
( 1995, 1997) suggested. However it is very probable that 
the uppermost part of the Kossovian is absent, because at 

the boundary Badenían-Sarmatian there was a drastic 
cooling ofthe climate, that determíned the disparition ofthe 
termophilic tlora, which included some typical tropical
subtropical arboreal species of Icacinaceae, Lauraceae, 
Meliaceae, Theaceae, Euphorbiaceae identified here, in 
the eastem part ofthe Zarand basin. 
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Coralline algal limestones and rhodoliths from olisthostromes of the Krosno 
Beds (Oligocene, Polish Flysch Carpathians) - preliminary results 
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Within olisthostromes ofthe Krosno Beds (Oligocene) 
in Skawinki near Lanckorona exotic pebbles/boulders of 
coralline algal limestones and rhodoliths were found. 
Skawinki are localised in Zegocina - Lanckorona Zone, at 
southern part of the Silesian nappe, Polish Flysch Car
pathians. The presence of olisthostromes in the Krosno 
Beds (shaly-sandstones turbidites) is connected with ac
tivity of the Silesian Cordillera and suggest existence of 
acretionary prism in the nearest vicinity (cf Cieszkowski 
& Polak, 1998). 

Exotics of coralline algal limestones from Skawinki 
reach diameters up to 30 cm. Generally these limestones 
represent rhodolith facies . Packstone/grainstone lime
stones bearing rhodoliths and coralline algal crust debris 
contain also fragments of macrofossils: molluscs, bryozo
ans, echinoderms, polychaetes and rare fragments of co
lonial corals (Au/opora sp, Actínacís sp., Astreopora sp, 
Polytremacis sp). In some pebbles quartz grains are also 
present. Among large foraminifera occurring within the 
matrix, orthophragminids such as Díscocyclína varians, 
Discocyclína sp. Asterocyclina sp. were identified. Num
mulitidae are represented by small size forms and 
?Assilína alpína. Preliminary studies on larger foraminif
era suggest a Middle-Upper Eocene age. Small benthic 
foraminifera are represented by Biloculina, Triloculina, 
Quinqueloculina (Milioidae) and Textularia sp. 

Coralline red algae are the main components of the 
studied limestones. Species identification is difficult since 
)atest studies of fossil corallines indicate that fossil taxa 
need a systematic revision and neophylocological ap
proach ( e.g. Bassi, 1998). Corallinaceae (Rhodophyta, 
Corallinales) are represented by the subfamilies Melobe
sioideae (Mesophyllum, Líthothamnion) and Mastophor
oídeae (Lithoporella, Spongites, Neogoniolithon) . The 
family Sporolithaceae is represented by Sporolithon. 
Rhodoliths are main ly ellipsoidal and spheroidal in shape 

and show up to 7 cm in diameter. Within the rhodoliths 
encrusting foraminifera and bryozoans are also present. 
Coralline specimens show high bioerosion and abrasion 
suggesting long residence tíme on the sediment-water 
interface and possible low sedimentation rates. 

The presence of coralline red algae is known from 
Paleocene - Eocene tlysch deposits of the Polish Flysch 
Carpathians. Usually the corallines occur as biodetritical 
material within sandstones (Golonka, 1974) or as cal
carenite and calcuridite algal limestones (Rajchel & 
Myszkowska, 1998). Much less commonly rhodoliths and 
coralline pebbles with better preserved coralline crusts 
occur (Leszczyóski, 1978). 

Paleogene coral-algal reefs are know from Slovakia 
(Samuel et al. , 1972). The coralline algal limestones of 
the Polísh Carpathians do not show evidences of possible 
genetic relationships with reef development. 
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Microfloristic assemblages from the vicinity of Slovenské Ďarmoty 
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Sediments containing sporomorphs come partly from 
the former clay pit near the road fi:om Slovenské Ďarmoty 
to Jliašov, and partly from the outcrop under the Biely 
Hill above Slovenské Ďarrnoty village. 

The sediments from the former clay pít have been re
lated to the Opatová beds - lithostratigraphic unit 
(V ASS et al., 1983), which was originally named the ter

minal Egerian layers (V ASS et al., 1979). 
Po llenspectrum, obtained from the sediment of the 

former clay pit, has been conversely extremely rich and 
well diversified. Species of Pinuspollenites genus have 

noticed an absolute dominance, which is marked out by 
an extremely high polien production - P. latisaccatus, P. 
cedroides, P. hap/oxy/on type, P. sylvestris type. The 
portion of Abiespollenites - Cedripites - Piceapollis -
Tsugaepollenites association, which represents a moun
tain vegetation type is interesting. These taxons have a 
great spread distance and from the climatic point of view 
they are characterized as the arctotertiary elements. The 
mentioned taxons preferred the temperate climatic condi
tions. Paleotropical elements of geoflora predominantly 
from the P2 group are significantly represented here, 
which according to MAJ (1981,1991) corresponds to the 
subtropical climate representatives. They are particularly 
the representatives of Schizaceae family, mainly leio
triletes maxoides maxoides, L. adriensis, L. maxoides 
minoris, Polypodiaceae family - especially Verrucatis
porites alienus, V. favus and the polien re lated probably 
to Palmae Monocolpopollenites sp. Among the thermo
philous conifers species of Podocarpidites genus - Podo
carpidites cf. nageiaformís, Podocarpídítes libellus have 
been commonly present. 

The Eggenburgian shallow water transgressive sedi
ments from the Biely Hill south slope area have been 
named the Ďarmoty beds. In the Ipeľská valley they 
have been preserved only in the denudation relicts in the 
south part of the valley, in the vicinity of Slovenské Ďar
moty (V ASS et al. 1983). The Ďarmoty beds contain a 
poor fauna, which do not make possible uncompromising 
biostratigraphic correlation (Seneš, 1952 b ). Their age is 
supported only by the superposition relationship evi
dence. 

In the palynological slides from the Biely Hill sample, 
only rare bisaccate polien Pinuspolleniles occurred. They 
have been considerably mechanically broken, but the spo
romorphs exine has been corroded also under the oxida
tion influence. 

On the detailed pollenanalytical study of the sedi
ments from two neighboring localities - Biely Hill and the 
former clay pít near Slovenské Ďarmoty a noticeable dif

ference has been found in the pollenspectra. 
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of the Magura basin (a part of the Outer Carpathian basin) 
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The authors have proposed the reconstruction of pa
laeogeography for the Magura subbasin (a part of the 
Outer Carpathian basin) during the Late Albian-Early 
Cenomanian . The early sedimentation history of this area 
is poorly documented, because the Magura Nappe was 
almost completely uprooted from its substratum during 

the overthrust movements, mostly along the ductile Upper 
Cretaceous rocks. In this reason, the Lower Cretaceous 
deposits are very scarce and uncomplete. Exposures with 
Lower Cretaceous deposits in this nappe have been de
scribed from the southem Moravia (e.g., Švabenicka et 
al., 1997) and from a few localities of Poland. 
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most tectonic-facies zone of the Magura Nappe 
(Birkenmajer, 1986). Albian and Cenomanian? rocks in
clude argillaceous, marly, siliceous, bituminous, black or 
dark-green shales with pyrite, siderite and ferruginous 
dolomite concretions (Wronine Fm.), and radiolaria 
cherts (Hulina Fm.). 

In the Krynica Subunit, the oldest (Cenomanian) de
posits (green spotty shales) have been described from the 
Obidowa IG-1 borehole (Cieszkowski & Sikora, 1976). 

The oldest deposits of the Grybów Subunit and the 
Koninki thrust-slice are represented by dark and green 
spotty shales with manganesíferous concretions (? Albian
Cenomanian), and dark shales with siliceous sandstones 
and benthonites (? Albian-Cenomanian) (e.g., Burtan el 
al., 1976). Assemblage of small foraminifers, described 
from the green spotted shales at Konínki village, con
sisted of exclusively agglutinated taxa, corresponded to 
the Pleclorecurvoides allernans Zone (late Albian
middle Cenomanian) (Oszczypko el al. , submitted to 
print). 

During micropalaeontological studies of the Cam
panian-Eocene deposits of the Rača subunit (Beskid 
Wyspowy Mts area) the assemblages of redeposited Late 
Albian and Cenomanian assemblages have been found. 

Thin chert layer (silicified mudstone), which occurs 
within the Campanian Kanina beds (Pólrzeczki section; 
Lososina valley), includes well-preserved rich assemblage 
of planktic and benthic (calcareous and agglutinated) fo
raminifera. The assemblage belongs to the Planomalina 
buxlorfi-Rotalipora appenninica Zone, corresponding to 
Vraconian. In the author's opinion the microfauna was 
redeposited in a clay clast from the shallower part of the 
basin, which represented the pelagic type of environment. 
Hieroglyphs from this mudstone layer show west and 
southwest direction of transport, probaly from the margin 
ofthe Silesian cordillera or from other submarine plateau. 

The lower Palaeocene deposits of the studied sections 
at the Beskid Wyspowy Mts, included to the Ropianka 
beds, contain single redeposited Cenomanian planktic 
foraminifers (e.g, Rolalipora cushmani, Praeglobotrun
cana gibba, P. delrioensis). They could be indicator of 
pelagic sedirnentation, but on the southern margin of the 
Magura basin (transport direction from SEE). 

Taking into account all published <lata from the Ma
gura Unit and the present results of palaeontological 
studies of the Late Albian and Cenomanian redeposited 
foraminifera, the reconstruction of palaeogeography dur
ing the Late Albian-Early Cenomanian is presented. 

The Magura basin was restricted to the south by the 
Czorsztyn submerged ridge, where the calcareous oozes, 
partly silicified have been deposited, under neritic and 
upper bathyal depths (e.g., Birkenmajer, 1977; Birken
majer & Gasiŕlski, 1992; Vialov et al., 1988). 

309 

On the lower slope of the Czorsztyn ridge, non
calcareous, mostly siliceous black and dark shales with 
siliceous mudstones (partly radiolarites) have been domi
nant deposits . Their sedimentation took place under deep
water conditions, near CCD. To the east (Bile Karpaty 
subunit), these deposits were replaced by carbonate flysch 
with black and grey-green claystones, whitish marls and 
limestones (upper part of Hluk Fm.), sedimented below 
the CCD (Švabenicka et al., 1997). The deepest part of 
the Magura subbasin was probably occupied by pelagic, 
green shales and spotty shales, deposited also below the 
CCD. 

To the north, the Magura subbasin was restricted by 
the Silesian cordillera. lts southem slopes were covered 
by calcareous pelagic oozes, which were sedirnented un
der lower neritic-upper bathyal depths. On the lower 
slope of cordillera, black-grey, calcareous, thin- to me
dium-bedded turbidites were deposited (Gault Flysch; 
Švabenicka et al. , 1997). 

In the eastem part of the Magura basin - Poiana 
Botizeii section (East Carpathians, Romania) - there are 
lack of the Aptian-Lower Cenomanian deposits (Bombita 
et al., 1992). 

Detailed description of the redeposited foraminiferal 
assemblages, their palaeoecological interpretation and 
detailed interpretation of palaeogeography of the Magura 
subbasin was presented by the authors in other paper (Bctk 
& Oszczypko, submitted to print). 
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The Jurassic of the Andrychów Klippes (Western Outer Carpathians) 
- new paleontological studies and palaeogeographical remarks 

BARBARA OLSZEWSKA* & JÓZEF W!ECZOREK** 

*Polish Geological Institute Carpathian Branch, ul. Skrzatów 1, 31-560 Kraków,Poland 
** Smoluchowskiego 4/1 , 30-069 Kraków, Poland 

The Andrychów (Extemal) Klippes (Roczyny, Tar
ganiczanka N, Targaniczanka S, Panska Góra N, Panska 
Góra S., lnwald W, Inwald E) occur in the western part of 
the Polish Flysch Carpathians between localities Roczyny 
and lnwald in a 6 km long zone directed NEE - SWW. The 
lithological and sedirnentological character of Andrychów 
Klippes, ( igneous rocks, shallow-water carbonates, pelagic 
sedirnents) as well as age of their sedirnentary sequence 
(Middle Jurassic - Eocene) differ essentially from those of 
the surrounding tlysch. The klippes also differ between 
themselves in age and lithological development. 

In Jurassic palaeogeography they represented a mar
ginal part of the European platform whose morphology 
was characterised by the presence of high standing 
blocks, separated by basins. During Alpine north-directed 
movements, some blocks were detached from the plat
form and incorporated into flysch sediments, mainly in 
the front of Silesian nappe. The Oxfordian cherty lime
stones show significant similarities to coeval sediments 
deposited on the carbonate ramp fringing southem margin 
of the European platform. The Tithonian shallow-water 
limestones with abundant nerineacean-diceratid-coral 
fauna, numerous algae (dasycladales, codiaceans, sole
noporeaceans), forams (lituolids, miliolids, involutinids) 
and calcareous dinocysts show similarities to the Štram
berk limestones, as well as to the carbonate sediments of 
the European platform which occur as detached blocks 
and exotics in the Outer Carpathians. 

The characteristic foraminiferal assemblage of the 
„Inwald" lirnestones (the lnwald klippe, the Roczyny 

klippe) consists of lituolids : Pseudocyclammina lituus 
(Yokoyama), Valvulina alpína Dragastan, V. lugeoni 
Septfontaine, Protomarssonella cf. dumortieri (Schwager), 
Palaeogaudryina varsoviensis (Bielecka et Pozaryski); 
miliolids: Quinque/oculina mitchurini Dain, Q. ste/lata 
Matsieva et Temirbekova, Jstriloculina fabaria Matsieva et 
Temirbekova, Decussoloculina barbui Neagu, Scythilocu
lina confusa Neagu; involutinids: Trocholina alpína Le
upold, T burlini Gorbatchik, Andersenolina perconigi 
Neagu, A. elongata (Leupold) . The algal assoc iation of the 
lnwald limestone is composed of dasycladales: Actino
porella podolica (Alth), Clypeina jurassica Favre (rare), 
Campbelie/la striata (Carozzi), Salpingoporel/a annulata 
Carozzi, S. pygmaea (Gtimbel), Eoteutloporella socialis 
(Praturlon); encrusting codiaceans: Baccinella irregularis 
Radoicic, Pseudolithocodium carpathicum Mišik, Litho
codium aggregatum Elliot; encrusting solenoporaceans: 
Thaumatoporel/a parvovesiculifera Rainieri and rare cya
nophyceans Rivularia sp. 

The microfossil assemblages ofthe peri-Tethyan shelf 
submerged under the Flysch Carpathians (well Zagórzyce 
6) or incorporated into flysch deposits as olistholites 
(Kruhel) are more environmentally diversified, probably 
due to different position of investigated sites on the plat
form . However, generally they represent the same neritic 
environment. Greater abundance of tintinnids indicates 
that investigated sites were situated closer to currents that 
distributed pelagic elements on the platform. 

Calendar of geological events of Neogene in Eastern Paratethys 

YLADIMIR N. SEMENENK0 

As is known, Paratethys represents itself a chain of 
Neogene basins of Eurasia having been split off from the 
Mediterranean and World ocean in tirnes of Alpine oro
genesis, forming its own bioprovince. 

Biochronological studies irnplemented in Cenozoic de
posits of World ocean enable to establish a series of "waves 
of cooling" related mainly with manifestation of Antarctic 
glaciation and further variations of paleoclimate caused by 
oscillations ofthe Earth 's orbít. As it has been clarified, the 
characteristic cyclicity in the Neogene of Eastem 

Paratethys, which yet N. I. Andrusov was lucky to discover, 
is manifested by altemation of sediments formed in basins 
having salinity close to norma! and sediments deposited in 
basins with salinity strongly deviating from the norma( 
where the representatives of "monomorphic fauna" lived, 
being the extreme cases of endemism, which inhabited 
great spaces from Alps to Trans-Caspian region. For exam
ple, strata with Oncophora (Kotsakhurian regional stage ), 
Karaganian regional stage ("strata with Spaniodontella"), 
upper Sarmatian ("Khersonian") sensu Barbot-de-Mami -
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strata with Mactra, Tamanian strata of Akchagyl (with 
Avímactra and Cardium dombra), etc., are in direct corre
lation with phases of cooling. At the same tíme, in glacio
eustatic rhythmics of sediments of Paratethys the critical 
events of biota which occurred in Mediteranean, such as 
Serravalian and Messinian crises of megafauna, have been 
manifested. lt is worth mentioning that in literature the 
question was debating for a Iong tíme about conditions of 
formation of the abovementioned monomorphic (sensu 
Jato) faunas of Eastem Paratethys: are they the result of 
salinization or of desalination? The data obtained provide 
an evidence that the phases of cooling in World ocean led 
apparently to iso lation and desalination of Neogene basins 
ofEastem Paratethys: 

17 million years - of Kotsakhurian regional stage; 
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15 m.y. - of Karaganian regional stage (sensu N. 1. 
Andrusov - strata with Spaniodontella); 

9.5 m.y. - ofKhersonian regional stage; 
2.6 m.y. - of Tamanian strata of A.kchagyl, etc., coin

ciding with global phases of paleoclímate changes directed 
to its worsening. 

Hence, synthesis of all events passed - from underthrust 
of European and African plates in Neogene (Serravalian 
crisis), glacio-eustatic decrease of the Atlantic level 
(Messinian crisis), manifestation of phases of Alpian oro
genesis, to fixation of global waves of cooling - has led to a 
possibility of creation of peculiar Calendar of geological 
(mainly tectonic-clímatological) events in the Neogene of 
Paratethys. 

The find of Lower Liassic (Hettangian) brachiopods in the Fa trie Unit 
(Central West Carpathians) 

ADAM TOMAŠOVÝCH 

Department ofGeology and Paleontology, Comenius University, Mlynská dolina G, 842 15, Bratislava, Slovak.ia, 
tomasovych@nic.fn s. uniba.sk 

Hettangian brachiopods occur very rarely in the West 
Carpathians. From the Kopienec Formation Gazdzicki et 
al. ( 1979) reported brachiopods of Up per Hettangian age. 
During the research ofthe Jurassic sediments in the Fatric 
Unit in the Veľká Fatra Mountains new brachiopod fauna 
of Middle Hettangian age has been found (Jakub quarry 
near Banská Bystrica). Jn the lithological section, the 
Svätý Jakub Formation (probably of Rhaetian age) is de
veloped in the basal part. In the overlie, about 20 m thick 
succession is present, consisting of rhythmic altemation 
of well-bedded dark-grey biopelmicritic limestones with 
very thin brownish interbeds slightly enriched in clay and 
silt quartz . In the upper part ofthis succesion brachiopod 
fauna occur. 

In beds no. 143-147 the Lobothyris assemblage occur, 
with dominant representatives of Lobothyris. They show 
significant variability in shell outine, convexity, presence 
of anterior median depressions and bilobation, character 
of beak, beak ridges and foramen size. On the basis of 
these characters it is possible to distinguish several mor
photypes. In the meantime it is not known if morphotypes 
of lobothyris belong to one species with strong intras-

pecific variability or to several species. Oysters 
(Gryphaea sp.) are scarce in this assemblage. 

Up-section, límestone beds (no. 148-150) with no 
macrofauna are present. In their overlie (beds no. 151-153) 
monospecific oyster assemblage occur (the Gryphaea as
semblage). lt passes upward into the Zeilleria
Calcirhynchia-Gryphaea assemblage (beds no. 154-158). 

Higher, limestone beds with oyster assemblage are pre
sent (beds no. 159-166), locally with scarce zeilleriids. In 
the bed no. 167 the Zeilleria-Calcirhynchia-Gryphaea as
semblage occur again. In this assemblage zeilleriids are 
prevailing. They show símilarity to Zeilleria mutabilis 
(Oppel) and Z choffati (Haas). Rhynchonellids are exter
nally very simi lar to Calcirhynchia plicatissima 
(Quenstedt) and C. latifrons (Stur in Geyer), but they have 
different interna) structure. The Middle Hettangian age is 
supported by ammonite Kammerkarites haploptychum 
{Wähner) (determined by dr. M. Rakús), which has been 
found in the bed no. 168. 

Gazdzicki , A. , Michalík, J. , Planderová, E. & Sýkora, M., 1979: An 
Upper Triassic - Lower Jurassic sequence in the Krížna nappe 
(West Tatra Mountains, West Carpathians, Czechoslovakia). Záp. 
Karpaty, Geol. , 5, 119-148. 



Slovak Geol. Mag., 6, 2-3(2000) 

3 12 

Evolution of Marine Middle Miocene (Badenian) in the Carpathian foredeep 
(Ukrainian Carpathians) 

N.A. TROFJMOVICH 

Ukrainian State Geo logical Research lnstitute, 79000, Mitskevich Sq., 8, Lviv, Ukraine 

Foramin iferal assemblages of Miocene deposits from 
Carpathian foredeep have been studied. Planktonic compo
nents of Foraminifera clearly indicate the extent of marine 
sedimentation in the region from the Orbulina suturalis 
Zone up to the Ammonia galiciana Zone (Badenian). The 
analisis of the paleoenviroment in the studied basins pro
ceedeed principally from quantitative evaluation of the fo
raminiferal assemblages. Percentage of species, P/B - ratio 
and foraminiferal number (nurnber of forms in 1 g of dry 
weight ofsedirnent, have been quantified. 

Variations in ratio plankton/benthos allowed to distin
guish 6 orictocenoses: 

I - Planktonic one coresponds to the most part of Lower 
Badenian (Orbulina sutural is zone). Planktonic foraminifer 
fonn 75%. Subtropical groups are dominated in it: Orbulina 
suturalis Bronn., Globigerinoides quadrilobatus Banner et 
Blow., G. trilobus (Reuss), Globoquadrina altispira Bolli. 
Wann-loved species Orbulina suturalis maximum in sorne 
samples reach 30% (and sometirnes more than that). The 
part of other "wann" species reaches 56%. Besides the 
above mentioned species, there are Globorotalia scitula, G. 
mayeri, Globigerina nepenthes, G. bulloides. AII the rnen
tioned species preferred the warrnest ( 18-20°) part of the 
basin of nonnal salinity, so this orictocenose can be re
garded as subtropical type. 

Benthic species Cibicides ungerianus, Melonis soldan ii, 
Heterolepa dutemplei, Bulirnina buchiana, Uvigerina aspe
rula in this orictocenose are not nurnerous - 10%. All these 
species are characteristic for the relatively deep-water parts 
ofthe basin (lower part ofthe shelf). 

II - orictocenose - benthic-planktonic - is distinguished 
in the upper part of Lower Badenian (Uvigerina asperula 
zone). Besides the dorninated Uvigerina asperula (to 30-
40%) there are Bulimina buchiana (15-20%), Bolivina he
bes (10%), Cibicides ungerianus (15-~0%). These species 
are present in the paleocenose in relatively equall quanti
ties. Planktonic species Orbulina suturalis and Globigeri
noides trilobus are of subordinate rneaning (15-20%). 
Quantitative maxima of these genera are characteristic for 
boreal area, for the depth below 500 rn. 

III - planktonic orictocenose. Planktonic fonns 85-95% 
at the bottom of the Globigerina decoraperta zone and 
gradually reduces up the sequens. Cold-loved species -Glo
bigerina bulloides, Globigerina quinqueloba are the maxi
mum of developrnent (40-60%). There are several other 
planktonic species of no importance by average content in 
sorne samples: Globigerina concinna - 3%, G. falconensis -
2%, G. fo liata - 10%, Globorotalia mayeri - 5%. These spe
cies are less enduring than Globigerina bulloides because 
they prefer wann waters. 

Up the sequence a nurnber of planktonic foraminifer 
sharply diminishes. The general composition of benthic 

cornplexes is uniform: Bolivinidae - 2%, Bul imidae - 15-
20%, Uvigerinidae - 10%, Cassidulinidae - 10-40%. AII 
these groups are characteristic for relatively deep-water 
areas of sea basins of norma) salinity (lower part of shelf
upper part of bathial zone) . Agglutinated foraminifer ( 1 O 
species from 5 genera) are not significant in the section (2% 
of the whole benthic complex). But in the upper Prutian 
beds their number is 10-30% and even 50% (south-eastem 
Bi lche-Volytsa zone ofthe Carpathian foredeep). 

The next benthic orictocenoses are detennined by the 
relative domination ofthose or other genera shells. 

IV orictocenose is benthic, contains 2 genocenoses: 
Bulimina-Bolivina and Hyperammina-Haplophragmoides. 

Relatively high content of the Bulimina shells charac
terizes borealic tropical, subtropical and natal areas. The 
most percent content of secretional foraminifer shel ls is 
observed in tropical and natal areas at the depths to 4500 m 
by 2-3° temperature and 34.6-34.2% salinity (Saidova, 
1976). 

Hyperammina-Haplophragmoides genocenose is the 
deepest-water of all benthic taxocenoses. If can exist by the 
temperatur ofwaters below 2°. 

V orictocenose - benthic, is represented by Cassidulina
Bulimina genocenose. In this cenose the shells of genus 
Cassidulina fonn nearly 40%, Bulirnína - 20-22%. Besides 
these 2 genera are Bolivinidae - 5%, Rotaliidae - 3%, rare 
agglutinated forms - 2%. These assemblages prefer cold 
water/from the first degrees till 8-10° / and 20-24% salinity. 

Vl orictocenose - benthic - is composed by mixed com
plex of shallow water foraminifer that prefer warrn hypos
aline basins. The shells of Ammonia (30-40%), Elphidium 
(20%), Discorbis (10-15%) are numerous (in the Mediter
ranean Sea the similar cenose is developed at the depths 
lower than 100 min hyposaline waters). 

Palaeoecological interpretation of groups of taxa reveals 
Subdivision of the Badenian basin of environments show
ing steep gradients of physical and chemical parameters. 
The recognized Foraminifera groups represent Habitats 
from brakish nearshore strip of inner shelf. Biostratigraphic 
standard of Parathethys based on planktonic foraminifera 
has been used . P lanktonic fonns are arranged in two depth
controlled assemblage in the studied area. First - core
sponds to the most part of Lower Badenian (Orbulina su
turalis Zone). Second - lower part of Upper Badenian 
(Globigerina decoraperta Zone). 

Lower Badenian (Moravian substage) is well docu
mented by abundant Orbulina suturalis and numerous taxa 
of Globigerinoides at all foredeep. The presence of Globi
gerina decoraperta, G. druryi indicates that marine sedi
mentation in studied region continued throughout the most 
part of Upper Badenian. 
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The mechanism of formation of magmatogenic centrosymmetrical structures 
(ring-structures) in the Ukrainian Transcarpathians 

Reconstruction by methods of mathematic simul ations 

V0LOSHYN O .V. & SHEVCHUK V.V. 

In this paper under Transcarpathian we mean the area 
of ininterior Carpathians containing Pieniny Klippen Belt, 
Transcarpathian neogenic intradeep and a zone of its ar
ticulation with Pannonian basin . To northwest the in
tradeep transfers in an East-Slovak trough and in a 
southeast - in Earamuresh trough. The Transcarpathian is 
parted by submeridional flexure-like ridge of Vihorlat
Guta on western (Chop depression) a trough and east 
(Solotvyno depression). In southwest part Chop depres
sion is located Chop chain of the buried volcanoes. It be
gins in Slovakia and extends to southeast at length of 120 
kms at breadth from 5 up to 15 krns. The volcanic struc
tures of Berehovo hi lis are referred to Chop chain of the 
buried volcanoes and were by object of examinations. 

The Berehovo hills is coincidental with Berehovo 
tectonomagmatic uplift tian acidic volcanicity and good 
safety ofthe formed at this tíme structures. Magmatogene 
of structure Berehovo hi lis are located in places faulted. 
This one is characterized by intensive manifestation of 
Tortonian-Sarmatian acidic volcanicity and good safety of 
the formed at this tíme structures. Magmatogenic struc
ture of Berehovo hills are located in places of faulted 
stress of blocks of Preneogenical basement and in zones 
of increased permeability (faulted zones). These struc
tures ata different periods of magmatic and postmagmatic 
differ among themse lves on a degree and shape of a mani
festation. The col lapse calderas are referred to large 
structures. The blister cones are referred to structures of 
the second order. They are located as in boundaries col
lapse calderas, as apart. In modem relief they are repre
sented as separate uplifts. 

AII these structures are referred to magmatogene ring
ones of a centra) type (MSCT). Their main properties are: 
long-lived centre; round-like contours; cylindrical, cone
like or centrosymmetrical shape; magmatic genesis. 

The fissure paragenesyses of different ranks are 
widely advanced in boundaries of the MSCT Berehovo 
hills. These paragenesyses are parted on two basic types 
with the help paleovolcanic reconstruction. The types of 

fracturing in boundaries MSCT depend on the structure
forming factors. First of them is the factor of realization 
of regional strengths. The disruptions and fractures
creating are caused by these strengts.They have been 
distinquished by deformation analysis. Together with ac
tivity of regional stress fields , the network of radially-ring 
fissure paragenesyses is formed . In the most cases the 
active magmatic cores of MSCT are the cause of rising 
paragenesyses of radially-ring faults. Their activity is the 
second factor. The correlations of gravitational forces , 
thermoelasticity, autonomic regional sign-variable mov
ings of magmatogen structures cores and regional forces 
of compressions - tens ·on were explored by methods of 
mathematical simulations. Calculations, were carried out 
for MSCT Berehovo hills. They illustrate the dependanse 
properties of the total ten s ion fie lds on shape of magmatic 
cores of central-type structures, degree of an anisotropism 
of host rocks and on character of their burial. 

The critical values of the stresses have generated a 
typical radially-ring network of the faults around of cores 
MSCT. These values are amounted by active behaviour of 
the cores. The conical and cylindrical cracks-in-tension, 
differently oriented systems of shear cracks and shtock
work-like zones fissures are arised during sign-variable 
vertical displacements ofthe SCT magmatic of cores. The 
fields of stresses are characterized by the stable subhori
sontal-subvertical orientation of axes of main norma) 
stresses in boundaries of magmatic cores. These local 
fields of stresses and regional ones distinctly differ on 
spatial orientation. The forming of shtockwork-like fis
sures is possible at activity of cores of magmatogene 
structures. At uplifting ofhard cores around ofthemselves 
these conjugated fractures are formed , and at downfalling 
such fractures are formed in interior zones of cores. 

Realizated deformation analysis and applying of 
methods of mathematic simulation of the MSCT devel
opment enable us to make further reconstructions of 
mechanisms of MSCT forming and arising fissure par
agenesyses in their boundaries. 



Slovak Geol. Mag., 6, 2-3(2000) 

314 

N eotectonic structural development of the Polish segment of the Outer 
Carpathians: an overview of structural, geomorphological, break-out and 

palaeomagnetic data 

WITOLD ZUCHIEWICZ
1
, ANTON! K. TOK.ARSKI 2, MAREK JAROSINSKI 

3 & EMO MÁRTON 
4 

1 Jagiellonian University, Institute ofGeological Sciences, Oleandry 2A, PL-30063 Krak.ów, Poland, phone: 0048 12 6332270, 
fax : 0048 12 6332270, E-mail: witold@ing.uj .edu.pl 

2lnstitute of Geological Sciences, Polish Academy of Sciences, Research Centre in Cracow, Senacka 1, PL-31002 Krak.ów, 
Poland, E-mail : ndtokars@cyf-kr.edu.pl 

3 Polish Geological Survey, Rak.owiecka 4, PL-00975 Warszawa, Poland, E-mail : mjar@pgi .waw.pl 
4 Eotvos Lorand Geophysical lnsti tute, Columbus ut. 17-23, H-1145 Budapest, Hungary, E-mail : h 1 lOOOmar@ella.hu 

Different pieces of structural evidence imply that 
during the Late Neogene times structural development of 
the Polish segment of the Outer Carpathians was con
trolled by norma) faulting. This interpretation is corrobo
rated by geomorphic data indicative of en block uplift in 
the western part of the belt. However, there is no une
quivocal evidence to decide whether the faulting was due 
to successive phases of altemating N-S and E-W exten
sion or owing to one or more phases of heteroaxial exten
sion. Moreover, the geomorphic data from the medial and 
eastem parts of the belt suggest the occurrence of com
pressional stress regime during Pliocene times. It follows 
that during the Late Neogene the stress arrangement could 
have been differentiated depending on tíme and the posi
tion in the belt. 

The data available for Quatemary times show an ap
parent contradiction . On one hand, different pieces of 
geomorphic evidence imply compressional stress ar
rangement, with ó I oriented roughly perpendicular to the 
belt. This interpretation is compatible with the present
day orientation of the SHmax inferred from the breakout 

analysis and from focal solutions of the Krynica earth
quakes. On the other hand, Quatemary normal faulting 
within the intramontane basins and in localised narrow 
zones of frontal parts of nappes and larger slices points to 
extensional stress arrangement. This contradiction can be 
explained by a concept of norma) faulting restricted to the 
gradually steepening frontal parts of nappes and large 
slices, whose shortening has been induced by the Recent 
relaxation of remnant horizontal stresses, accumulated 
during the Neogene thrusting. These processes were 
probably not uniform, as shown by differentiated rates of 
erosional dissection of Quatemary straths in indivídua! 
geomorphic units within different Quatemary stages. An
other, although not contradictory explanation, lies in the 
general isostatic post-orogenic uplift, being overprinted 
by coeval relaxation of remnant horizotal motions within 
the flysch cover. 

We conclude that the Quatemary stress pattem within 
the Polish segment of the Outer Carpathians has been dif
ferentiated depending on depth, position in the belt, and 
tíme. 

Ophiolites of the Main Vardar basin: 
the Ophiolitic complex of Ždraljica (Central Serbia) as an example 

KRISTINA RESIMlé -ŠARJé 1, VLADICA CVETKOVIé 1, STEVAN KARAMATA
1 & KADOSA BALOGH2 

1Faculty ofMining and Geology, Dušina 7, 11000 Belgrade, Yugoslavia 
21nstitute ofNuclear Research ofthe Hungarian Academy ofSciences, ATOMKI, Ber ter. 18/C, 

4026 Debrecen, Hungary 

The ophiolitic complex of Ždraljica (OCŽ), covering 
an area of about 30 km2

, is situated in Centra) Serbia, 
around 150 km2 south of Belgrade. lt was emplaced during 
the Middle Jurassic closure ofthe Main Vardar Ocean. At 
present, it belongs to the eastem branch of the Vardar 
Zone Composite Terrane - VZCT (Karamata et al. , 1994), 
directly juxtaposed to the Serbo-Macedonian Massif. 

The Ždraljica ophiolitic complex is predominantly 
built of a NMORB-affinity rock assemblage composed of 

basalts (as pillow-lavas, coherent lava flows and primary 
and redeposited hyaloclastites), diabases (represented by 
indivídua! dykes or dyke swarms as well as occurrences of 
massive diabases or ophitic gabbros), gabbros (massive 
and cumulitic), serpentinized peridotites and rare plagi
ogranites. This assemblage is intruded by dioritoids and 
granitoids ofVA-affinity. 

The tholeiitic basalt-diabase-gabbro complex of Ždral
j ica originated by melting of a depleted mantle source of 
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NMORB characteristics (Pearce, 1983). The HFSE con
tents and ratios in these rocks are close to average 
NMORB (e.g. Zr/Y around 2.3 and Ti/Y around 245 in 
comparison to the recommended values for NMORB of 
2.5 and 240, respectively, Saunders & Tarney, 1984), 
whereas certain scattering of ULE is due to secondary 
alteration and/or metamorphic processes. The most primi
tive rocks have around 150 ppm and 560 ppm of Ni and 
Cr, respectively, with #Mg around 0.6 . Given the rather 
constant ratios of trace elements of slightly different in
compatibility (Y/Nb, Zr/Nb, etc.), it seems probably that 
differing in the degree of partia! melting has probably no 
irnportant role in magma evolution. On the basis of partia! 
melting modelling the most prirnitive samples of the OCŽ 
could be obtained by modal batch melting of25-30 % of a 
MORB-like mantle source. Parental magma was primarily 
modified by processes of fractional crystallization. lt is 
indicated by both petrographical and geochemical evi
dence e.g. glomeroporphyritic texture in mafie and cu
mulitic texture in ultramafic rocks and the presence of 
olivine gabbros in close relation with serpentinized peri
dotites, as well as by compatible behavior of AliO3, CaO, 
Sr, Cr and Ni . Plagioclase and clinopyroxene ± olivine 
likely represented the most irnportant fractionation phases. 
Magnetite was essentially absent from the fractionation 
assemblage in keeping with clear tho leiitic trend of differ
entiation of these rocks. According to available data, the 
origin of plagiogranites could be explained by liquid im
miscibi lity rather than by an advanced fractionation, but 
for confirming the assumption new data are necessary. 

In the OCŽ occur calc-alkaline igneous rocks of V A
affinity, represented by quartzdiorites, quartzmoncodio
rites, granites and granodiorites. These rocks show sirnilar 
values of HFSE as the first group (NMORB, i.e. plagi
ogranites), but they appear to be richer in ULE. Their 
clear V A-character is further interpreted as corresponding 
to precollisional granitoids (Harris et al. , 1986). This as
sumption gives a new point of view for interpretation of 
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geological setting of the whole complex, because the oc
currences of the V A-rocks imply that an intraoceanic sub
duction might have operated, suggesting the existence of 
an immature island are, during the development 
(evolution) ofthe eastem branch ofthe YZCT. So, there is 
a possibility that the OCŽ could represent relicts of the 
oceanic crust/irnmature volcanic-arc related to a back-are 
basin development. 

The emplacement age of the OCŽ is inferred by the 
presence of late Upper Jurassic sediments within the over
step sequence. Available K/ Ar radiometric ages of basaltic 
rocks reveal younger ages (post-emplacement events). 
However, a radiometric age determination on homblende 
from a VA-affinity quartzdiorite gave 168.4±6.7 Ma. lf 
the precollisional character of these rocks is correctly 
defined, it could be taken as the youngest age of the oce
anic crust of the OCŽ. 

Key words: Ophiolitic complex, Ždraljica, MORB
affinity, V A-affinity, depleted source, fractional crystalli
zation 
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Short review of Paleozoic units of the Dinarides and the northwestern 
part of the Vardar zone 

STEV AN KA.RAMA TA 
1 & LAZAR VUJNOVlé2 

1Stevan Karamata, SANU, Knez Mihajlova 35, 11000 Beograd, Yugoslavia 
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Five blocks/terranes built up of Paleozoic rocks are 
exposed in the Dinarides and the Northwestem part of the 
Vardar zone (Figure). These blocks/terranes originated at 
different parts of the Tethys margin, they had different 
evolution, and they were added/docked to the (pre-Upper 
Permian) Dinaridic block or were included into the pres
ent geologic framework at different time. 

THE CENTRAL BOSNIAN MOUNT AINS BLOCK/ 
TERRANE (CBMT). The oldest members are Early 

Paleozoic (probably also Uppermost Proterozoic) schists, 
with rare quartzites originating from psammitic and pe li
tie protolithes. They were deformed and metamorphosed 
before the end of the Silurian. The Uppermost Silurian 
metapsammites and phyllites are followed by a thick se
quence of dolomites and limestones (Devonian and partly 
Tournaisian). Over them were deposited shales and sand
stones of undetermined age. In all these formations occur 
lenses and sills of rhyolites (of undetermined, Devonian 
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Fig. 1 Paleozoic terranes in !he Dinorides and the NW part of the Vardor zone. 
DHCT - Dalmatian-Herczegovinian romposit terrane; CBMT • Centra! Bosnion mountoins block/terrone; 
E BDT - E os t Bosnion-Durmitor unit; S UT - S ono-U no terrone; DOB- Dinaridic ophioliet beli; DIE • Drino
lvonjico element/terrone; VZWB- Wes ern beli of the Vordar Z one; JBT - Jodar block terrone; 
KBR- Kopoonic block and ridge; MVZ- Moin Vordor zone; SMCT- Serbo Mocedonien romposite terrone. 

to Permian age). The CBMT was first a margin of a con
tinental unit, but because of subsidence became a conti
nental shelf, which after a long quiescence (Devonian) 
grades into a continental slope. 

The main characteristics of this unit are the presence 
of large masses of Devonian dolomites and limestones 
(carbonate platform), the break in deposition from Tour
nasian to Upper Permian and the abundance ofrhyolites. 

THE DRINA-IV ANJICA ELEMENT/TERRANE 
(DIE). The oldest units are quartz rich metaclastics 
(Kovilje conglomerates) followed by sedimentary and 
mafie volcanic rocks of Cambrian-Lower Ordovician age, 
metamorphosed under low-grade amphibolite facies con
ditions. After a break in sedimentation follow Toumaisian 
to Bashkirian anchi- to unmetamorphosed pelites and lid
ites, olistostromes, carbonate-clastic sediments and 
flysch. In the olistostromes among olistolithes occur 
Devonian limestones . 

Those units are covered by Triassic continental red 
beds. 

The lower units were during the late Malm to late Be
ríassian, metamorphosed (hT-IP conditions) because the 
northward subduction of the Dinaride oceanic basin's 
young oceanic crust below the DIE. 

The main characteristics of this unit are the presence 
of mafie volcanics in the lowermost unit, high predomi
nance ofterrigenous rocks, and the hT-IP metamorphism, 
as well as the breaks in deposition from the Ordovician to 
Toumaisian and from the Bashkirian to Triassíc. 

THE SOUTHEAST BOSNIAN-DURMITOR UNIT 
(EBDT) is by the late Alpine tectonics divided into slices, 
what makes its reconstruction difficult. The Silurian-De
vonían low-grade schists are covered by a continuous se
ries of Middle Devonían to Middle Permian low to very 
low grade metamorphosed sandstones and shales, with 
interlayered lenses of limestones and conglomerates, and 
very rare occurrences of quartz keratophyres (sodic rhy
olites). Lower and Míddle Carboniferous is developed as 
flysch. The sedimentatíon starts again in the Upper Per
mian with evaporites, shales, sandstones and limestones, 
grading into the Lower Triasssic . 

The main characteristícs of the EBDT unit are an in
terruption in deposition in the Devonian, continuity of 
sedimentation from the Devonian to Míddle Permian, and 
from the Upper Permian to Triassic, as well as the unique 
occurrence of terrigenous sediments with very scarce 
sodic rhyolítes . 

THE SANA-UNA TERRANE (SUT) and THE 
JADAR BLOCK TRERRANE (JBT) are very similar. In 
both terranes the oldest units are represented by Devonían
Lower Carboniferous flysch deposits with intercalated 
olistostromes. The main difference is the occurrence of 
siderite beds in the SUT. From Middle Moskovian to low
ermost Permian shallow water siltstones and limestones 
were deposited. New sedimentation in a shallow sea starts 
in the Middle Permian and contiunues to Triass ic. 

In order to summarize the following conclusions could 
be underlined. The OJE originated ata continental margin, 
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the lower levels probably during an initial rifting, becoming 
later proximal part of a continental slope. The CBMT was 
also a margin of a continental unit, but became later a con
tinental shelf, which after a long quiescence (Devonian) 
grades into a continental slope. The SEBDT represents a 
fonnation originated at a waxing to uniform continental 
slope. The JBT and the SUT are almost identical, both were 
deposited first ata proximal (waxing) continental slope, but 
later they became parts of a shallow continental margin. All 
those units came from different parts of the southem
southwestem margin ofthe Tethys, what made possible that 
the shelfunit (CBMT) was docked to the Dinaride block in 
Permian but before the DIE situated deeper in the conti
nent. Both units docked before the units composed of con
tinental slope sediments: the SEDBT during Jurassic, the 
JBT in the Middle Cretaceous, while for the SUT addi
tional studies are necessary. In addition, it has to be consid
ered that the JBT belongs to the western branch of the 
Vardar zone, the EBDT to the Dinaride ophiolite basin/belt, 
the SUT position is unclear. 

All this indicates that each Paleozoic unit had its own 
indivídua) development. Therefore, for regional consid
eration is necessary to study and consider the develop
ment and history of each unit or group of identical units. 

It is wrong to consider the Paleozoic un its as parts of a 
"superunit", even the identical JBT and SUT can not be 
treated as parts of a large nappe with roots in the Pan
nonian basin, since analogous sediment-sequences are 
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absent in the basement of the basin. Furthermore an 
analogous Paleozoic unit exists at Bukk (N.Hungary), 
making a palinspastic reconstruction of such a nappe 
almost impossible. 
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The facial architecture and sedimentological interpretation of submarine 
canyon fill sediments near Ždiar village (the Subtatras group, 

the Spišska Magura Mts.). 
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Comenius University, Faculty ofNatural Sciences, Mlynská dolina G, 842 15 Bratislava, Slovak Republic 

The coarse - grained deposits, often named as mar
ginal (Marschalko & Radomski, 1970, Janočko & Jacko, 
1998) are integral part of the Centra! Carpathians Paleo
gene. These deposits are represented by sandstones - con
glomerates complex, making submarine canyon fill near 
Ždiar village. We interpreted these deposits as the Pucov 
conglomerates sense Gross et al. (1984) classification . 
Study area is situated on the northem slope of the Tatra 
Mts. and the southem slope of the Spišská Magura Mts., 
near Ždiar vi llage. Area is build by sediments of Centra! 
Carpathians Paleogene (Subtatras Group in sense Gross et 
al. (1984 )), which are represented by the Borové, Huty 
and Zuberec Formations. The age of sedimentary fi ll is 
the Barthonian to the Early Rupe lian (Janočko & Jacko, 
1.c.) . The Šambron beds (the Szaflary beds) and the Pucov 
conglomerates are situated in the Huty Formation 

(S liva, 1999). The canyon fill complex form lenticular, 
around 7 km long body, gradually pinching - out toward 
west to east (Marschalko & Radomski, 1970). Maximum 
thickness sediments is around 170 m in the centra! part of 
canyon. Submarine canyon is cut about 60 m deep into 
underlaying the Mesozoic and the Paleogene deposits. 
Canyon is filled by coarse - grained, unsorted or slightly 
sorted breccias and conglomerates, relatively better sorted 
conglomerates normal ly or inverselly gradded and coarse 
- grained, massive, normally gradded, horizontal and 
cross - bedded sandstones. Fine - grained sediments are 
very rare. Unsorted breccias create sheet - like beds con
centrates in the lower part of canyon, their contact are 
usually nonerosive. Graded - bedded conglomerates and 
sandstones increase toward the upper part of canyon fi l!. 
These conglomerates and sandstones with erosive bases 
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often form relatively shalow channels. A several finning 
and thinning upwards cycles may be observed in canyon 
fill. Source of clastic material was the Mesozoic rocks of 
the Subtatric nappes, the Paleozoic rocks of the Gemeric 
or the Veporic? Units and the Paleogene rocks of intra
basinal origin. Paleotransport direction was toward NNE 
and NE, locally toward NW. 

Unsorted and bad sorted conglomerates and breccias 
we interpreted as sediments of cohesive and cohesionless 
debris tlows (Nemec & Steel, 1984). Sandstone layers on 
top of debris flow beds represent more dilute, upper part 
of this flows with turbulent and laminar flow regime 
(Nemec & Steel, l.c.; Mutti, 1992). Nongradded sand
stones with floating clast we interpreted as sandy debris 
tlow (Shanmugam, 2000). Lowe ( 1982) assigned these 
deposits to high density turbidity currents. Because this 
tlow have plastic reology and laminar tlow regime 
(Shanmugam, l.c.), we did not use Lowe 's (l.c.) defini
tion. Only well - graded bedded, fine - grained conglome
rates and sandstones without floating clast we interpreted 
as high - density turbidity currents. Very rare mud lenses 
are products of sedimentation from suspension clouds. 

A sedimentary architecture of deposits is similar to 
alluvial fan deltas, however, finning - upward cycles, 
presence of marine fauna and relative deep cutting into 
basement suggest to submarine canyon origin. The mass 
of grave! and sand was transported by river from source 
areas to delta on shelf of basin and pass into the canyon 
head. In canyon were these sediments mixed with local 
material from shelf and canyon walls. Development of 
submarine canyon has three stages: stages of erosion, 
filling of canyon and overlapping of canyon by sediments 
(Clark - Pickering, 1996) of the Huty Formation. Eros ion 
of slope and deposition of coarse - grained sediments on 
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lower part of canyon was produced by tectonic activity of 
slope and see level fall (Janočko & Jacko, 1998). Back
filling of canyon was intluenced probably by backwash of 
see level rise and stop of synsedimentary tectonic 
activity. 
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