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Introduction

An extensive Flysch complex of Late Cretaceous to Early Ter-
tiary age outcrops in north-eastern Italy, western Slovenia and Is-
tria (Croatia) (Fig. 1). The rock sequences belong to different dep-
ositional basins and have different ages. Sedimentation in the
basins of the northern part of the complex (Slovenia and Friuli)
occurred from the Maastrichtian to Middle Eocene (Engel 1974;
Tunis & Venturini 1989), while in the southern part (Trieste, SW
Slovenia and Istria) it took place from the Middle to Late Eocene
(Marincic et al. 1996). Source areas can be postulated on the basis
of heavy mineral occurrences.

Methods

The whole rocks were studied in thin section and the mineralog-
ical composition was also determined by means of X-ray powder
diffraction. Heavy minerals are scarce or rare. The following pro-
cedure was therefore used: the fraction =63 pym was separated
from the clays, and the magnetic heavy minerals were concentrat-
ed by means of the Frantz apparatus; grains of hand-picked heavy
minerals from the same fraction were then mounted in epoxy resin
to be chemically analysed. X-ray single-crystal diffraction and
chemical analyses were performed on Cr-spinel, while electron
microprobe analyses on garnet, pyroxene, and amphibole are cur-
rently in progress.

Results

Under the microscope, the rocks are classified as lithic
greywackes. Quartz and calcite are the most abundant minerals in
thin section; plagioclases, microcline, micas (muscovite, chlorite,
prehnite, biotite), opaque minerals also occur, in variable amounts,
in most rocks. Cr-spinels, garnet, zircon, siderite and serpentine
were also identified. In the QFL ternary diagram of Dickinson
(1985) the rocks plot in the field of recycled orogens.

X-ray diffraction analysis established that quartz, calcite, feld-
spars, clay minerals and dolomite are the main phases. In the Flysch
of Claut and Clauzetto (CL) the passage from Lower Eocene to
Middle Eocene sedimentation shows a great increase of carbonates.
In the Julian Basin (JB) the Maastrichtian to Lutetian sedimentation
records a maximum carbonate content during the Paleocene wher-
ever distal turbidites are present; henceforth there is a continuous

increase of siliciclastic sedimentation with the progressive shallow-
ing of the basin from deep-sea to delta facies. In the Vipava Flysch
(VI) carbonates are predominant. In the Flysch of Brkini (BK) the
mineral content is similar to that of the coeval sandstones in the JB.
Dolomite appears only in the molasse samples. In the Istrian Basin
(IB) no clear trend is noticed. In the western part the siliciclastic
material content is higher than in the eastern part (Fig. 2).

As for heavy minerals, Cr-spinel, garnet (pyralspite and gran-
dite series), zircon, tourmaline, rutile, pyrite, chloritoid, pyroxene
(opx and cpx), staurolite and amphibole were identified, but their
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occurrence is variable from basin to basin. Previous mineralogical
studies were performed in the CL (Grandesso & Stefani 1996), in
the northern part of the JB (Kuscer et al. 1974), in the BK (Orehek
1991) and in the IB (Magdalenic 1972); but no work has previous-
ly been done in the VI. This study shows for the first time the oc-
currence of amphibole in the IB and of pyroxene in the JB and the
BK. Moreover, grandite and pyralspite garnets have been discrimi-
nated in JB for the first time.

Discussion

Cr-spinels provide evidence of a significant input of basic mate-
rial in all basins of the SE Alps and Outer Dinarides. However,
this study shows that the Cr-spinels from the northern basins (CL,
JB and BK) are different from those of the southern basin (IB).
Moreover, a supply of acidic material and of medium grade meta-
morphic rocks in CL is indicated by the occurrence of staurolite
and pyrope-rich garnet, and it is suggested that their sources were
north-western areas. Successively, the CL basin underwent infill-
ing, with an increase of carbonates from the Friuli Mesozoic to
Early Tertiary carbonatic platform. In the JB almandine-rich pyral-
spite garnets, different in composition from those of other basins,
occur in most samples, while grandite series garnets are present
only in one Maastrichtian sample. There is evidence of supply
from northern and north-eastern areas, and this inference is sup-
ported by paleocurrent analysis and data obtained from the study
of clasts of Cenozoic conglomerates (Venturini & Tunis 1992).
The mineral assemblage in BK is the same as in the coeval JB
sandstones. While supplies deduced from paleocurrent analysis
are controversial, data obtained in this study indicate that inputs
from the NW prevail. In the IB there are two groups of garnets:
one is pyrope-rich and is held to indicate sources (e.g. amphibo-
litic rocks) from south-eastern areas, and the other is almandine-
rich, similar to that of the JB. The following trend of heavy miner-
al assemblage is recognized: garnet and Cr-spinel are dominant
minerals at the base of the sequences, and thereafter chloritoid and
pyroxene appear in small, but significant amounts; finally, pyrox-
ene occurs as the most abundant mineral at the top of the sequenc-
es. South-eastern areas are the most probable sources.

It can be concluded that a detailed mineralogical characteriza-
tion provides a clue to the location of source areas and hence to
the evolution of basins even in a flysch complex, such as the SE
Alps and Outer Dinarides sequences, spanning a rather restricted
age interval.
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Fossil Chrysophyceae (nannoplankton) and Dinophyceae (di-
nocysts) algae were studied on the stratotype profiles of the north-
ern slopes of the Ukrainian Carpathians and in the stratotype pro-
files and three parastratotype boreholes of the Crimea Bakhchisarai
area. The Upper Oligocene sediments were studied in boreholes in
the Northern part of the Black Sea depression. Dinoflagellata and
nannoplankton enable us to correlate various facies of the Paleo-
gene sediments, since nannoplankton occurs in the calcareous sedi-
ments exclusively and dinoflagellates occur in both types of sedi-
ments — calcareous and noncalcareous. On the basis of these
groups of paleontological remains, it was possible to correlate vari-
ous facial types of the Paleogene sediments of the Carpathians and
Crimea. The nannoplankton scale used here (Fig. 1), based on the
Martini (1971) and Okada-Bukry (1980), was approved by the Pa-
leogene commitee (MSK) of the USSR.

The Lower Paleocene — Danian, Selandian

In the Carpathian Mts. the Lower Paleocene sediments are rep-
resented by the Stryj upper part subFm., where it is possible to de-
termine all Lower Paleocene nannoplankton and dinocyst zones
(Table 1). The Cretaceous/Paleogene boundary is distinct and it is
determined on the basis of total extinction of the Cretaceous nan-
noplankton. The lower boundaries of the zones Biantolithus spar-
sus and Carpatella cornuta coincide. In the Crimea Lower Pale-
ocene sediments are formed by the Belokamen Fm. (massive
sandstones and limestones). There is a stratigraphic hiatus at the
base, which corresponds to the Biantolithus sparsus Zone. The
upper part of the Lower Paleocene is probably eroded. The Fasci-
culithus tympaniformis Zone is not present in the borehole. It
was determined only in Suvlu-Kaya-Bakhchisarai profile (M.
Muzyljov data).

The Upper Paleocene — Thanetian

The Jamna Fm. represents the Upper Paleocene sediments in the
Carpathian Mts. In rare argilite intercallations, the Heliolithus s.l.
Zone is determined. The Discoaster multiradiatus Zone is deter-
mined in the uppermost parts of this formation. On the basis of di-
noflagellata, the Apectodinium homomorphum Zone with the
acme of Deflandrea oebisfeldensis is in the upper part of the zone.

In the Crimea the Upper Paleocene is represented by the Kachen-
ska Fm. (marls). It contains all the Upper Paleocene zones — nan-
noplankton, as well as dinoflagellata. The Discoaster multiradia-
tus Zone occurs only in borehole No. 1. The hiatus between the
Kachenska Fm. (Upper Paleocene) and Bakhchisarai Fm. (Lower
Eocene) corresponds to the upper part of Discoaster multiradiatus
Zone and the whole Tribrachathus contortus Zone. In the Suvlu-
Kaya profile, the above mentioned hiatus corresponds to the Dis-



Table 1: The nannoplankton zonation, correlations and events of the terrigenous and carbonate formations of the Carpathian Mts. and Crimea.
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coaster multiradiatus Zone and lower part of the Tribrachathus
contortus Zone.

Lower Eocene — Ypresian

In the Carpathians mountains the boundary of the Paleocene and
Eocene is visible at the base of a strong facial alteration in the
massive sandstones of the Jamna Fm. Ypresian sediments are also
represented by the noncarbonate nannoplankton absent flysch of
the Manyava and Vitvitsa Fms., except in the Opor river profile,
where the Tribrachathus orthostylus Zone occurs in the carbon-
ate intercallations. According to the data given above, a relative
age cannot be determined on the basis of nannoplankton of the
noncarbonate sediments of the Manyava and Vytvitsa Fms. There
is a poor dinocysts association in the Dracodinium simile and
Charlesdowniea coleothrypta s.l. zones in these deposits too.

In the Crimea, sediments of the Bakhchisarai Fm. (carbonate clays
pass into the limestones in the upper part) and part of the Simferopol
Fm. (nummulitic limestones) belong to the Lower Eocene. In Suvlu-
Kaya profiles all Lower Eocene nannoplanktone zones — from the
Tribrachathus contortus (upper part) to the Discoaster lodoensis
Zone can be distinguished. In bore hole No. 1 the Tribrachathus
contortus Zone is absent and the Lower Eocene sediments start with
the Discoaster binodosus Zone. In these sediments the following di-
noflagellate zones can be distinguished: Wetzeliella meckelfelden-
sis, Dracodinium similie and Charlesdowniea coleothrypta.

Middle Eocene — Lutetian and Barthonian

In the Carpathians Mts. we can include the Vygoda and Paseka
Fms. (massive sandstones and limestones) and the upper part of
the Vytvitsa Fm. (noncarbomnate flysch) among these sediments.
Nannoplankton is absent in these formations, dinocysts occur only
in the Vytvitsa Fm. (Table).

In the Crimea sediments the Simferopol, Novopavlovsk and
Kuma Fms. (limestones, marls) belong into this interval. The nan-
noplankton data of the Simferopol Fm. (outcrops from the Sevas-
topol to Donskoe) show, that the nummulite limestones differ in
time from the Late Ypresian to the Early Lutetian. The following
nannoplankton zones occur — Discoaster sublodoensis and Nan-
notetrina fulgens in the Novopavlovsk Fm. The Reticulofenestra
umbilica Zone in the Kuma Fm. is observed. On a basis of di-
nocyst research the following zones were determined in this inter-
val: Charledowniea coleothrypta s.l., Rhombodinium draco,
Dracodinium intermedium and Rhombodinium porosum.

Upper Eocene — Priabonian

In the Carpathians Mts. into the mentioned interval we range the
Bystritsa Fm. and its age equivalent — the Popelj Fm. (weakly
carbonate clayey flysch). On the basis of the Dinoflagellate and
Nannoplankton associations contained in these sediments we can
determine ages more precisely. In the sediments of the Bystritsa
Fm., the upper part Nannotetrina fulgens Zone, Reticulofenestra
umbilica, Discoaster barbadiensis and Coccolithus subdistichus
zones occur in the Globigerina marls. In the Popelj Fm. the lower
part of Discoaster barbadiensis, Coccolithus subdistichus and
Helicosphaera reticulata zones can be distinguished. Thus
Bystritsa Fm. in the upper Middle Eocene and Upper Eocene sedi-
ments and the upper part of Popelj Fm. sediments Upper Eocene
and of the Lower Oligocene are developed. The Eocene/Oligocene
boundary is situated at the base of the Wetzeliella symmetrica
Zone, which practically agrees with the uppermost part of the Glo-
bigerina horizon. In the Crimea the Upper Eocene is represented

by the Alma Fm. (marls), where the following zones have been
distinguished: Discoaster barbadiensis, Coccolithus subdisti-
chus (lower part) zones and on the dinocyst basis Charlesdown-
iea clathrata angulosa Zone. The Oligocene/Miocene boundary
is situated at the base of the Wetzeliella symmetrica Zone (Ta-
ble).

Lower Oligocene — Rupelian

In the Carpathians Mts. the Rupelian sediments are built up by
Menilite and Krosno subFms. Helicosphaera reticulata and Wet-
zeliella symmetrica zones were distinguished in the undercherts
sediments. The Reticulofenestra ornata association contains acme
Transversopontis pax and Wezeliella gochtii zones (the level of
the Sphenolithus predistenthus Zone) were discovered in the inter-
callations of the cherts in the Lower Menilite subFm. and Verets
Fm. the Nikopol Fm. and Ostracoda beds belong to Lower Oli-
gocene sediments in the Crimea and the northern part of the Black
Sea depression. The upper part of the Coccolithus subdistichus
Zone and Helicosphaera reticulata is observed at base of the Niko-
pol Fm. (Kizil-Dzjar beds). In the Ostracoda beds the associations
of the Reticulofenestra ornata acme, Transversopontis pax asso-
ciation and Wezteliella gochtii zone were distinguished.

Upper Oligocene — Chattian

In the Carpathians Mts. sediments of the Middle Menilite and
Krosno subFms. belong to this interval. The nannoplankton associa-
tion of the Sphenolithus distenthus and Sphenolithus ciperoensis
zones were observed here. On the basis of dinocysts these sedi-
ments belong to the Chiropteridium partispinatum Zone. The Oli-
gocene/Miocene boundary is situated at the base of the nannoplank-
ton sp. Reticulofenestra bisecta, Helicosphaera recta, Zygrhablithus
bijugatus and dibnocyst sp. Chiropteridium partispinatum LAD. In
the northern part of the Black Sea depression Syragoza, the Askanij
and Gornostay Fms. (noncarbonate clays and sands) belong into this
interval. Nannoplankton is absent in these sediments, only one
planktonic group of fossil organism is common — dinocysts. The
Oligocene/Miocene boundary is situated at the base of the upper-
most part of the Chiropteridium partispinatum Zone — which is
in accordance with the uppermost part of the Gornostay Fm.

Conclusions

The study of the dinocyst and nannoplankton associations of the
Paleogene sediments of the Crimea and Carpathians area shows:

1. The Upper Eocene Bystritsa, Popelj and Alma formations
seem to have different ages according to our data.

2. The Simferopolj Fm. is Upper Ypresian to Lower Lutetian in age.

3. The correlation of the Paleogene/Neogene boundary on the ba-
sis of dinocyst data in the Majkop Fm. and Krosno, Menilite Fms. is
given.

References

Andreyeva-Grigorovich A.S., 1994: Zonal scale of the Paleogene sedi-
ments of the South regions USSR on the basis of Dinocysts. Algolo-
gy, Kijiv, 4, 2, 134-144 (Russian).

Zhamoyda V. (Ed.), 1991: Zonal stratigraphy USSR, (Moskva), “Nedra”, 160.

Martini E., 1971: Standard Tertiary and Quaternary calcareous nannoplank-
ton zonation. In:. Farinaci A. (Ed.): Proceedings of the 2" planktonic
conference, Roma 1970. Edizioni Tectonoscienza, Rome, 2, 739-785.

Okada H. & Bukry D., 1980: Supplementary modification and introduction
of code numbers to the low latitude coccolith biostratigraphic zona-
tion, Mar. Micropaleontology, 5, 321-325.



THE POSSIBLE MOLDANUBIC
PROVENANCE OF THE PIENINY KLIPPEN
BELT CRYSTALLINE BASEMENT DEDUCED
FROM DETRITAL GARNETS

R. AUBRECHT' and §. MERES?

Department of Geology and Paleontology, Faculty of Science, Comenius
University, Mlynska dolina, 845 15 Bratislava, Slovak Republic
2Department of Geochemistry, Faculty of Science, Comenius University,
Mlynska dolina, 845 15 Bratislava, Slovak Republic

Key words: Western Carpathians, Pieniny Klippen Belt, Bohemian Massif,
Jurassic paleogeography, granulites, eclogites, garnets.

Introduction

The Pieniny Klippen Belt is the most tectonically complicated
zone in the Western Carpathians. It involves mostly the Oravic
Units, coming from an independent paleogeographical domain be-
longing to the Outer Western Carpathians (Czorsztyn, Pruské,
Niedzica, Czertezik, Kysuca-Pieniny and some other units), as well
as units of unknown origin, for example the Klape, Manin and Drie-
toma units which are frequently attributed to the Central Western
Carpathians. However, the provenance of any unit of the recent Pi-
eniny Klippen Belt has not been reliably proved. Because of the
strong crustal shortening, all the units are incomplete. As a result
reconstruction of the original position of the Pieniny Klippen Belt
units is very difficult. Chemical analyses of detrital garnets from the
Jurassic sediments of the Pieniny Klippen Belt yielded important in-
formation with possible application to paleogeography.

Results

Garnets of the Lower Jurassic sediments were analysed from the
localities of Klape (Klape Unit?), Manin Narrows (Manin Unit),
Sedliacka Dubova, Luty Potok and Krasna Horka (all three locali-
ties are from the Nizna Unit). Along with these samples, Middle Ju-
rassic samples from Hatné (Czorsztyn Unit), Vrsatec (Czorsztyn
Unit) and Horné Stnie-Samasky (Pruské Unit) were also analysed.
According to chemical composition, the studied garnets can be di-
vided into four groups (Fig. 1): A group — garnets with high pyrope
content (more than 30 %), a relatively low content of grossular (less
than 10 %) and a very low content of spessartine (less than 3 %);
B group — garnets with high pyrope content (more than 25 %), a
relatively high ratio of grossular (exceeding 15 %) and very low
content of spessartine (less than 3 %); C group — garnets with con-
tents of pyrope ranging between 20 and 30 %, grossular from 10 to
30 % and spessartine less than 5 %; D group — garnets with less
than 20 % of pyrope component and variable amounts of the other
components (spessartine, grossular, almandine).

Discussion

A characteristic feature of garnets in the fields A and B is the
high content of pyrope in their composition. Such garnets are typi-
cal for high-grade metamorphosed rocks — granulites and eclog-
ites. The difference between the groups A and B is in the content
of the grossular component. The A group garnets, with a relatively
lower grossular content, are typical for granulites, whereas the B
group, with higher content of grossular, represents eclogitic source
rock. Garnets of the C group occur either in the rocks metamor-
phosed in to high-grade amphibolite to granulite metamorphic fa-
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cies (gneisses, amphibolites, granulites, eclogites) or in originally
high-grade metamorphosed rocks (eclogites) later recrystallized
into the amphibolite metamorphic facies (e.g. amphibolitized
eclogites). The D group garnets are typical for rocks of the green-
schist to amphibolite facies, for example phyllites, mica-schists,
gneisses and amphibolites.

The chemical composition of the garnets from pre-Upper Carbon-
iferous metamorphic rocks of the Western Carpathians is in Fig. 1
(field B). However, published chemical analyses of garnets from
these metamorphic rocks possess pyrope components of less than 30
%. Along with some usual almandinic garnets, all the samples from
the Pieniny Klippen Belt contained predominantly garnets with
higher pyrope component (Mg) which reached 30 to 50 % (Fig. 1).
The high content of the pyrope component in these garnets indicates
that their source rocks were granulites and eclogites. The chemical
compositions of garnets from the Moldanubic granulites and eclog-
ites (Fig. 1, field A) correspond well to the composition of most of
the studied detrital garnets from the Jurassic sediments (Fig. 1). The
most important is that rocks such as granulites and eclogites were
not reported from other zones of the Bohemian Massif, except for
two small occurrences in the Western Sudetes (Poland) — Gory
Sowie Block and the Snieznik area complex, or from the Western
Carpathian crystalline complexes. The almandine-pyrope garnets,
similar to those from our studied samples, are also common in the
West Carpathian Flysch Belt (Otava et al. 1997, 1998). Their source
was also identified as the Moldanubian Zone of the Bohemian Mas-
sif. Granulites are frequent among the exotic pebble material in the
Silesian Unit (Wieser 1985), which suggests that the exotic Silesian
Cordillera also represented a crustal segment similar to the Mold-
anubian Zone.

The common presence of the pyrope-almandine garnets also in
the Manin Narrows and Klape localities is striking. Though the orig-
inal paleogeographical position of the Manin and Klape units is un-
certain, they are commonly attributed to the Central Western Car-
pathians. The Manin Unit was considered to be related to the Tatric
domain by Andrusov (1938), then to the Pieniny Klippen Belt s.s.
by Salaj & Samuel (1966) and later to the Fatric by Mahel (1978).
The Klape Unit was considered to represent an acretionary wedge in
front of, or better along, the overriding Central Western Carpathian
plate (e.g. Marschalko 1986; Birkenmajer 1988; Soték 1992). On
the contrary, Plasienka (1995) stated that Klape Unit originated in
the Fatric sedimentary area and it represents the highest part of the
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Fig. 1. Prp-Alm-Grs and Prp-Alm-Sps ternary diagrams of chemical com-
positions of the detrital garnets from the Jurassic sediments from the West-
ern Carpathian localities. The field A represents the chemical composition
of garnets granulites and eclogites from the Moldanubian Zone of the Bo-
hemian Massif, the field B represents the chemical composition of garnets
from the pre-Upper Carboniferous metamorphosed complexes of the West-
ern Carpathians (Aubrecht & Meéres, in press).
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Krizna Nappe, detached and slid to its present position where it was
subsequently tectonically involved into the Pieniny Klippen belt
structure. There is also the problem of the position of Klape Hill it-
self. This single large Jurassic klippe occurs amidst the Cretaceous
flysches which form the main portion of the Klape Unit. It is not
clear whether it represents a block tectonically involved into this
zone (Kysela 1984) or it is a huge olistolith which slid into the fly-
sch basin from the Andrusov Exotic Ridge (Marschalko 1986). In
any case, the data obtained from the Klape Hill are not automatical-
ly valid for the entire Klape Unit. There were some findings of
eclogites among the exotic pebbles in the Klape Unit but with dif-
ferent compositions of their garnets (Simova & Samajova 1981).
They contain only 28 % of pyrope component (interpreted only ac-
cording to RTG analysis) which is depleted with respect to our re-
sults. Moreover, the results of chemical composition of the garnets
presented in this paper are in favour of the theory about the appurte-
nance of the Manin and Klape units to the Oravic paleogeographical
domain. The garnet-dominated heavy mineral spectra in the Pieniny
Klippen Belt are consistent with those from the Gresten Zone of the
Eastern Alps (Faupl 1975) and from the autochthonous Jurassic
cover of the Bohemian Massif below the overthrust Carpathians
(Stelcl et al. 1972, 1977). In our opinion, these domains all repre-
sent a single heavy mineral province, independent from the Central
and Inner Western Carpathians.
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The sandy-clayey sediments of the Pannonian zone E (sensu
Papp 1951) occur at a well known paleontological and paleoeco-
logical locality in the Pezinok clay pit at the eastern margin of the
Danube Basin (Holec et al. 1987; Fordinal 1997; Pipik 1998).

The new sedimentological and paleontological data reveal an
interrelation of different sedimentary paleoenvironments and al-
low to distinguish seven facies associations (FA) within the 35 m
thick outcropping sedimentary record: back-barrier transgressive
FA, transgressive sand sheet FA, shallow offshore FA, beach-ridge
FA, marsh FA, lagoonal FA and alluvial plain FA.

The vertical changes in facies associations mirror the relative
changes of standing water level. In the lower part of the sedimen-
tary record six lacustrine cycles were distinguished. The upper
part of the profile is dominated by alluvial setting, and more data
are needed to recognize cyclicity.

In the lowermost part of the section, medium-grained cross-bed-
ded sands are interpreted to be upper wave-dominated, delta front,
beach-ridge deposits. Their upper surface, acting later as a trans-
gressive surface, is rippled and bioturbated by fossil plant roots.

The overlying composite back-barrier transgressive facies asso-
ciation marks the beginning of the first recognized sedimentary
cycle. The facies consists of grey to green laminated silty clays
and homogeneous clays with one organic-rich black horizon.
Within these clays a sandy washover-related intercalation is also
visible. The upper surface of the back-barrier transgressive sedi-
ments is truncated by a transgressive sand sheet. The truncation
plane is interpreted as ravinement surface covered by a 3-10 cm
thick, shell-rich, sandy layer, representing a transgressive win-
nowed lag and a disconformity due to shoreface retreat.

The molluscan shells consist of a poor gastropod assemblage
represented by Melanopsis sturii Fuchs, Valvata obtusaeformis
Lorenthey and minor bivalves of Psilunio genera. The ostracod as-
semblage is characterized by the genus Cyprideis, with the species
Cyprideis seminulum (Reuss), C. alberti Kollmann, C. heterostig-
ma (Reuss), C. regularis Jiticek, Cypria abbreviata (Reuss), C.
dorsoconcava Krsti¢, Amplocypris recta (Reuss), Hemicytheria



brunnensis (Reuss) and H. reniformis (Reuss). Presumably, the pa-
leoecological environment was oligohaline to miohaline brackish.

The transgressive unit described below consists of silty sands to
very fine sands with regular intercalations of clayey silts, deposit-
ed in the lower shoreface (or delta front) environment. This facies
is gradationally overlain by coarser sands of the upper shoreface
(or delta front) origin, representing the beach-ridge facies associa-
tion with abundant carbonised roots. The presented cycle is
capped by a lignite layer with as much as 1 m thick tree trunks,
that originated in a forested marsh environment.

The second cycle starts by the erosive based, (transgressive sur-
face) greenish-grey, laminated sandy clays, rich in roots, wood
and plant fragments. This facies is interpreted to have originated
in a back-barrier landward position, in fresh-water swamps and
ponds during the initial transgression phase. The upper portion of
these sediments is truncated (ravinement surface) by a fossil-rich
lag layer with sandy matrix which is overlain abruptly by hum-
mocky cross-bedded fine sands of lower shoreface origin, repre-
senting the transgressive facies association.

The faunal assemblage consists dominantly of gastropods, such
as Melanopsis impressa Krauss (M. i. impressa Krauss, M. i. cari-
natissima Sacco, M. i. pseudonarzolina Papp, M. i. posterior
Papp), Melanopsis pygmaea pygmaea Hoernes and M. pygmaea
mucronata Handmann. The bivalves are represented by Congeria
doderleini Brusina, Dreissena bipartita Brusina and Lymnocardi-
um conjugens (Hoernes). The ostracod assemblage is predominat-
ed by the genus Cyprideis. The paleoecological environment can
be interpreted as miohaline to mesohaline brackish.

The upper part of the cycle is missing, probably because of a
subaerial erosion phase, documented by distal root remnants at the
upper surface of the transgressive sand sheet.

The third cycle starts above the erosional flooding surface by a
lag comprising thin sandy clay, rich in molluscan fauna.

The prevailing bivalve assemblage contains Congeria ungula-
caprae Munster, C. subglobosa subglobosa Partsch, while the gas-
tropods are represented by Micromelania loczyi Lorenthey, Mel-
anopsis affinis Handmann and Stenothyrella ovoidea Pavlovic.
The ostracod assemblage is predominated by Candona (Caspiolla)
praebalcanica. The presented fossils suggest that the paleoecolog-
ical conditions were miohaline to mesohaline brackish.

Above the molluscan-lag layer an abrupt onset of shallow off-
shore facies is visible. It consists of grey, laminated, silty clays,
coarsening upwards into silts and sands of beach-ridge facies as-
sociation. The cycle is capped by the lagoonal grey silty clays with
mixed fresh-water and brackish molluscan fauna. The top of this
unit is organic-rich and contains small rootlets.

The fourth cycle starts with a rapid flooding and with sedimen-
tation of shallow offshore greenish-grey, laminated, silty clays that
grade upwards into lower and upper shoreface sands representing
the prograding beach-ridge facies association.

The cycle Nr. 5 starts with a very thin (3-15 cm), back-barrier,
transgressive facies of sandy clays, rich in plant fragments. The
transgression culminated with a thin layer of green clay, which we
interpret as a maximum flooding surface. The overlying laminated
offshore silty clays are slightly coarsening upwards. The sedimen-
tary record continues by a yellow, well-sorted, fine sand with
abundant shelly material. It represents a beach-ridge facies.

The faunal remnants consist of gastropods Theodoxus soceni
Jekelius, T. postkrenulatus Papp, Valvata obtusaeformis Lorenthey
and Melanopsis pygmaea mucronata Handmann, bivalves Conge-
ria neumayri Andrusov and ostracods of Cyprideis genera. The sa-
linity of the paleoenvironment is interpreted as oligohaline to mio-
haline brackish.

The overlying structureless fine sands to silty sands contain
freshwater and continental molluscan fragments, as well as wood
and plant debris. The sedimentary paleoenvironment is interpreted
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as the landward margin of beach ridges, at the margins of the lagu-
nar/paludal areas.

The cycle is covered by a 10-40 cm thick, marsh-related lignite
seam with roots, penetrating the basement more than 3 m deep.

The sixth cycle base displays a distinct flooding surface and an
onset of greenish-grey laminated offshore clays. 18 cm above its
base, there is a thin (4 cm) layer of grey pure clay with nodular
central part. We propose that it settled under a sediment-starving
conditions as a small-scale cycle maximum flooding surface. The
overlying clays are coarsening upward into laminated silty and
sandy clays and through flaser-laminated part they grade pass into
sands, interpreted as a prograding beach-ridge facies association
on the wave-dominated delta front. At the base, the sands are hori-
zontally laminated, grading upwards into hummocky cross-strati-
fied and rippled portions. The sandy facies is covered by lagoonal
silty clays with fresh-water molluscan fragments, interpreted as a
low energy delta plain.

The lacustrine cycles are overlain by a composite alluvial plain
facies association, which includes an alternation of four different
lithofacies:

1. floodplain clays and silty clays with abundant organic-rich
layers and paleosol horizons;

2. rhytmically bedded sandy silts and clayey silts, interpreted as
levee accummulations;

3. fining-upwards successions of well-sorted sands, forming
chanell-fill and point-bar deposits, and

4. coarsening-upwards successions from silts to silt-sand alter-
nations, interpreted as crevasse splay deposits.

The alluvial deposits display a homogeneous paleontological
content, including continental and fresh-water molluscs and fresh-
water ostracods with characteristic species Candona (Candona)
candida Muller, Darwinulina stevensoni (Brady & Robertson), II-
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iocypris gibba Ramdohr, Leptocythere lacunosa (Reuss) and
Paralimnocythere sp.

In the studied sedimentary succession in Pezinok clay pit, the
generalized stacking pattern of the recognized cycles (parase-
quences) display a relatively rising water level from the first cycle
up to the cycle Nr. 5, and a relatively falling water level upwards
in the profile. These results can outline, that most of the studied
sedimentary record belongs to one 3™-order sedimentary se-
quence, in which the upper alluvial-plain facies association may
represent its falling stage systems tract. The presence of at least
3.5 m thick fluvial channel fill in the uppermost part of the section
may indicate a 3™-order sedimentary sequence boundary at its
base. This guess could fit with such sequence boundary, recog-
nized within the upper part of the Pannonian zone E in the seismic
sections (Kovac et al. 1998).
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Introduction

Examples for the development of Eocene marine carbonate se-
quences are given from sedimentary basins of the Polish part of
the Central Western Carpathians (Podhale Basin, Poland) and the
Transdanubian Eocene, Intra-Carpathians (area of Tatabanya/Hun-
gary). Geotectonically, both of them are related to the North-Pan-
nonian unit. Opening and internal subsidence rates were controlled
by subduction-induced collapse structures (Barath et al. 1997,
Sotak & Bebej 1996; Wagreich & Marschalko 1995). Palinspastic
reconstructions suggested for the late Eocene period a paleogeo-
graphical location some hundreds kilometers southwest of its

present position (Csontos et al. 1992). The Eocene transgression
was northeastward directed and used marine connections from the
Buda-Paleogene towards the Central Western Carpathian Paleo-
gene Basin. Sedimentation began in the Lower Lutetian and con-
tinued until the Oligocene.

The Podhale Basin is the northern part of the basin system sur-
rounding the Tatra Mountains. Sections were studied from out-
crops along the southern paleoshelf area. In the Paleogene deposi-
tional system, three sedimentary cycles in terms of composite
sequences (cs) sensu Kerans & Tinker (1997) were distinguished
(Bartholdy & Bellas 1998a,b,c; Bartholdy et al. under review).
They are correlated with the Upper Lutetian/Lower Bartonian (cs
1), the Middle/Upper Bartonian (cs 2) and the Lower /Upper Pria-
bonian (cs 3) stages respectively. The first two cs’s were investi-
gated in detail and determined by larger- and planktonic foramin-
ifera and calcareous nannofossils integrated biostratigraphy,
while, the third one was evaluated on the base of synthesizing pre-
vious literature (Olszewska & Wieczorek 1998). Glacioeustatic
sea-level changes are regarded as controlling factors for the devel-
opment of the stratigraphic architecture of the Podhale Basin dur-
ing the Eocene period (comp. Abreu & Anderson 1998; Bartholdy
et al. under review). Cs 1 and cs 2 are regarded as examples of car-
bonate sequences, developed under several environmental condi-
tions: Generally, oligotrophic/mesotrophic conditions and a long-
term stable environment (background-dominated) are determined
for cs 1. In turn, cs 2 was dominated by oligotrophic/mesotrophic
nutrient-level and short-term changes in the environmental condi-
tions (event-dominated) (Bartholdy et al. under review; Hottinger
1997). In comparision to cs 1, relatively cooler conditions are re-
corded for cs 2 (Bartholdy & Bellas 1997).

The sedimentary succession in cs 1 is characterized by a trans-
gressive character, a typical "turn on” of the carbonate factory and
a distinct larger foraminiferal association with a vertical deepen-
ing-upward trend in shape and morphostructure. Our data are easi-
ly compatible with the models, given by Loucks et al. (1998) for
larger foraminifers bearing carbonate ramps in the tropical realm.
As opposed to this model, the larger foraminiferal association in
the Podhale Basin is characterized by a reduced species-diversity
and scarce miliolids. The cs 1 succession is described as follows
from the bottom to the top: 1*' unit: Pebble-supported conglomer-
ate with components up to 1 m in diameter(1-2 m), transgressively
deposited above Mesozoic strata. 2"! unit: Back bank facies with
bioclastic rudstones and intercalated fine-grained conglomerates
in non-protected, relatively high-energy realm, while in protected
areas Nummulites-rudstones with N. brongniarti/N. puschi and
small, globular Nummaulites with intercalated bioclastic packstones
in the oligotrophic realm and scaphopods-Nummulites-rudstones,
together with shells of molluscs in mesotrophic nutrient-level (12-
14 m). 3" unit bank-facies, consisting of buildups of N. perforatus
(1-2 m). 4™ unit fore-bank facies, with transitions from bioclastic
packstones (allochthonous Orthophragminae-Nummulites-Pack-
stones) at the bottom, followed by bedded autochthonous accumu-
lations of flat formed larger foraminifers (N. cf. dufrenoyi, D.
sella) in typical correlation of shape and paleodepth. At the top,
during reduced accumulation-rates, the content of glauconite is in-
creasing (maximum flooding surface, 0.3 m) (Kulka 1985; Bar-
tholdy 1997; Drobne & Cosovi¢ 1998).

Cs 2 is completely preserved in the investigated sections. It in-
cludes sediments from the LST, TST, HST und SMST’s. The follow-
ing is a generalized description of the succession from the bottom to
the top: 1*' unit a Lowstand Systems Tract: Fine-grained conglomer-
ates and calcareous-marly sandstones with intercalations of sand-
stones with higher land-plants and glauconite-bearing wackestones
(max. 8 m). 2" unit a Transgressive Systems Tract: The rising sea
level caused a "turn on” of the carbonate factory and produced red
algae-packstones and -bindstones (ca. 5-6 m).



3" unit a Highstand Systems Tract: Produced packstones, which
are rich in planktonic foraminifers (max. 3 m). 4™ a Shelf Margin
System Tract, produced under conditions of a slow fall in sea level
and a mesotrophic milieu. Heterosteginids-, echinoderms-, red-al-
gae- and bryozoan-packstones (max. 7 m) were accumulated.

The outcrop of Tatabanya/Hungary includes Eocene sediments
of the Dorog-development from Hungary. In the investigated sec-
tion, the marine sedimentation began in the Upper Lutetian. First,
preliminary studies indicated the presence of two High Frequency
Sequences (HFS 1 and HFS 2), distinguished by differences in the
geometry of the sedimentary bodies and sedimentary/paleontology
features:

1%, HFS 1 is characterized by prograding geometry, shallow ma-
rine sediments of the Csernyei Fm. (ca. 5 m). These accumulations
of the lowstand-phase (LST) consist of limestones and sandy lime-
stones with intercalated marls (wackestones to packstones), partly
intensively bioturbated, rich in bioclasts and often with fine-dis-
perse pyrite.

2™ 'HFS 2 is generally transgressive with a retrograding sym-
metry (Transgressive Systems Tract). Lithologically, we could dis-
tinguish between two units: The lower unit (ca. 8 m) consists of al-
ternations of bioclastic limestones and marls from the shallow to
deeper marine sediments of the Csolnoki-Agyagmdrga Marl Fm.
(possibly with intercalations of brackish to shallow-marine accu-
mulations of the Tokodi Marl Fm). The clearly visible increase in
the thickness of the cycles points to an increase in the accomoda-
tion space and a relative rise in sea-level. The upper part (ca. 7 m)
of the HFS 2 consists of neritic sediments of the Szoci-Mészko
Limestone Fm. (N. perforatus in the lower and N. cf. millecaput in
the upper beds). A deepening upward is indicated by characteristic
changes in the shape of the larger foraminifers.

In contrast to tropical carbonates, carbonate depositional sys-
tems from the non-tropical realm produce depositional sequences
similar to the siliciclastic ones.

This is due to the dominance of hydrodynamic structures by the
development of the accumulation-style. In the subtropical realm,
the development of early-diagenetic cements plays a subordinate
role. The main causes are the absence of widespread reefs, a slow-
er carbonate-production-rate and the dominance of calcitic shells
over the aragonitic material (comp. Betzler et al. 1997; Kerans &
Tinker 1997). In contrast to siliciclastic depositional systems, the
components for the sedimentation come not from an external
source, but from the internal body of the carbonate-factory. These
facts in relation to the switch on of the carbonate-factory effect
during times of rising in sea level (TST), caused increased thick-
ness within the TST in comparison to the siliciclastic systems.
Nummulites and Orthophragminae occurred as strong K-strate-
gists in the transgressive systems tract under oligotrophic condi-
tions. Their shape and the shell-morphology are well correlated
with the water-depth (comp. Hottinger 1997; Drobne & Cosovic¢
1998; Kecskeméti 1989). Heterosteginids could tolerate meso- to
eutrophic conditions (pers. comm. Hallock Muller 1999) and oc-
cur in the Lowstand Systems Tracts.
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Introduction

Within the non-calcareous sediments deposited below the CCD,
the agglutinated foraminifers represent the most common and often
only preserved fossils. Their applicability for the biostratigraphy of
flysch units and oceanic sediments world wide has already been
proved by testing the Geroch & Nowak (1984) zonation. Among ag-
glutinated foraminifers, especially some hormosinids (Caudammi-
na, Pseudonodosinella), rzehakinids, lituolids (Haplophragmoides,
Plectorecurvoides, Recurvoides, Reticulophragmium, and Bulboba-
culites), and “verneuilinids” (Uvigerinammina, Verneuilinoides,
Pseudoreophax) are of higher biostratigraphic potential. Despite the
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Fig. 1. Biometry of Caudammina silesica and C. ovulum. Limit lines of
species after values given by Geroch (1959).

importance of these partial groups for applied micropaleontology
their taxonomy is still unsufficient. As a result:

1. An unclear taxonomic concept of species is a source of per-
manent confusion.

2. The published data on distribution must be treated very critically.

3. Quite often unnamed new species are met (especially among
lituolids and “verneuilinids”).

The biostratigraphic potential of this group cannot be fully ex-
ploited unless the true taxonomic concept of species based on ex-
amination of the type specimens is recognized and variability
based on biometry is delimited. The preliminary results of such re-
search already realized in the framework of grant GACR No. 205/
97/0495: “Revision of Cretaceous to Paleogene Recurvoidinae”

and in the framework of research tasks organized by the Czech
Geological Survey are given below.

Methods

Taxonomic revision was based on the examination of type speci-
mens when this was possible. For the delimitation of variability of
rzehakinids and selected Caudammina species, the biometry was ap-
plied. Measures of types useful as standards were taken mostly from
type figures. Besides the types sets of specimens from the Carpathian
Flysch were measured to provide a statistically reliable group for
study of variability. All measured specimens were drawn using “cam-
era lucida”. Biometric parameters were measured on drawings. For
details on the measurements and ratios used see Figs. 1 and 2.

Revision of Recurvoidinae started with the examination and
documentation (redrawing) of type specimens. The specimens
were observed and drawn in transparency (in drop of water or
glycerine) to learn the details of their coiling mode. The coiling of
Recuvoidinae is often complex and variable. Therefore the six
standard views derived from the position of an aperture were in-
troduced and schemes of coiling mode (“rollograms™) following
Geroch (1962) were constructed.

Revision of selected hormosinids

The synonymy of the genus Rothina and Caudammina was al-
ready recognized earlier on the basis of revision of the Rothina
silesica type series (Bubik 1997). Geroch (1959) was the first who
applied biometry to hormosinids and within Hormosina ovulum
group separate form with thicker necks later described as Hormo-
sina (=Caudammina) ovulum crassa. Relatively thicker necks can
be objectively expressed using the chamber/neck diameter ratio
(b/a) introduced by Geroch (1959). The nearly identical b/a values
of the Rothina silesica and Hormosina ovulum crassa ranging
from 2.3 to 3.9 show that these two taxa are identical (=Caudam-
mina silesica), while Caudammina ovulum clearly differs (see Fig.
1). Transitional forms C. ovulum-silesica are relatively frequent in
the Early Cretaceous.
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type reference original designation current name / status material
Reuss (1863) Haplophragmium nonioninoides Labrospira nonioninoides L
Grzybowski (1896) Cyclammina retrosepta Recurwides retroseptus S
Cyclammina setosa Recurwides setosus M
Cyclammina globulosa nomen dubium none
Grzybowski (1898) Haplophragmium subturbinatum Thalmannammina subturbinata L
Haplophragmium immane Recurwides immane L
Haplophragmium walteri Recurwides walteri L, P
Trochammina nucleolus Bulbobaculites(?) nucleolus L
Friedberg (1901) Trochammina bifaciata nomen dubium none
Noth (1912) Trochammina deflexiformis nomen dubium none
Endothyra barwinekensis nomen dubium none
Hanzlikova (1966) Haplophragmoides imperfectus Recurwides imperfectus H
Hanzlikova (1972) Recurwoides gerochi primary homonym H
Hanzlikova (1973) Recurwides godulensis Thalmannammina godulensis H, P
Recurwides variabilis Recurwides variabilis H, P
Mjatljuk (1970) Recurwoides anormis Recurwides anormis H
Recurwides dissonus Cribrostomoides? dissonus H
Recurwoides nadwornensis Recurwides anormis Mjatl. H
Recurvoides primus Recurwides imperfectus (Hanzl.) H
Recurwides pseudoregularis Recurwides pseudoregularis H
Recurwoides smugarensis Recurwides smugarensis H, P
Recurwides varius Recurwides varius H, P
Cribrostomoides? pocutiensis Recurwides cf. retroseptus (Grz.) H
Geroch (1962) Plectorecurwoides irregularis Plectorecurwides irregularis H
Thalmannammina neocomiensis Thalmannammina neocomiensis
Jednorowska (1968) Recurwides globosus nomen dubium none
Soliman (1972) Recurwides praedeflexiformis Thalmannammina praedeflexiformis H
Recurwoides pracimperfectus Recurwides imperfectus (Hanzl.) H
Thalmannammina mariensis Thalmannammina neocomiensis -H
Plectorecurvoides irregularis trans.
Plectorecurvoides postalternans Plectorecurwoides alternans Noth H
Maslakova (1955) Haplophragmoides enormis nomen dubium none
Noth (1952) Plectorecurvoides alternans Plectorecurwides alternans H
Fuchs (1971) Recurwides exiguus Recurwides exiguus H

Fig. 3. Preliminary results of taxonomic revision of Recurvoidinae. Abbreviations: H — holotype, S — syntype, L — lectotype, P — paratype/paralecto-

type, M — metatype.

Another case of biometry usefulness is determination of the
Caudammina gigantea on the basis of its chamber length exceed-
ing 0.6 mm. Geroch (1959) proved bimodal size distribution with-
in the Late Senonian Caudammina ovulum group with smaller
forms and the larger ones later described as Hormosina ovulum gi-
gantea (=Caudammina gigantea).

Revision of the genus Rzehakina

It is sometimes difficult to distinguish Rzehakina epigona, R.
fissistomata, and R. minima from Carpathian flysch because of
transitional forms. For delimitation of the species variability the
length/breath ratio (L/B) and involution index (Z sensu Hilter-
mann 1974) were plotted to a diagram (Fig. 2). 45 specimens from
the Uzgrun section (Maastrichtian and Paleocene, Raca Unit) were
measured. In contrast to the biometric data of Hiltermann (1974)
the ”Z” values for R. fissistomata and R. epigona overlap with that
of R. minima. The latter species differs by its relatively narrower
test. Each species forms a relatively distinct area in the diagram
(Fig. 2). Surprisingly R. lata considered recently by some authors
synonymous with R. epigona forms a separate group in the dia-
gram and is recognized as a distinct species. R. lata differs from
all other species by its broader test. The set from Uzgrun does not
contain specimens close to R. inclusa and R. spiroloculinoides.
The latter species may represent juveniles of R. epigona. It will
also be helpful to also plot in the diagram the topotype specimens
of all the above mentioned species as the next step in the research.

Revision of the subfamily Recurvoidinae

Within Recurvoidinae the genera Plectorecurvoides, Pokor-
nyammina, and Cribrostomoides are provisionally newly placed.
In the Alpine-Carpathian flysch Recurvoides and Thalmannammi-

na are the most frequent and important genera. Various authors re-
ported about 50 species of the flysch-type Recurvoidinae from the
Cretaceous to Paleogene of the Alpine-Carpathian region. Until
now practically all the species described from Cretaceous-Paleo-
gene flysch on Czech, Polish, Ukrainian and Austrian territory has
been restudied. Unfortunately type material for 6 species is miss-
ing and they should be considered nomina dubia. A further 6
younger synonyms, one primary homonym and 19 valid species
were recognized. Two synonyms were assigned to Recurvoides
imperfectus: Recurvoides primus and Recurvoides praeimperfec-
tus. Thalmannammina meandertornata, T. godulensis, and T. prae-
deflexiformis are further potential synonyms. Mutual relations and
variability of these species could be recognized using biometry
(number of chambers, their growth rate, and angularity of their
outline). The lectotype of Haplophragmium nonioninoides, fre-
quently reported by various authors from the middle Cretaceous of
Carpathians as Haplophragmoides nonioninoides, was examined.
The Carpathian material is not conspecific or congeneric.
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Introduction

The presented studies concern the development of the Mutne and
“Cigzkowice” sandstones in the western segment of the Magura
Nappe in Poland. These deposits were investigated in the four areas
(I-1V, see Fig. 1) which belong to the outermost tectono-facies zone
(northen Raca subunit). Their lithological features, heavy mineral
contents, current directions and where possible foraminiferal assem-
blages were examined in details. The sedimentation of the studied
deposits followed deposition of northern facies of the Inoceramian
beds (Solan beds), Senonian-Paleocene in age. West of the Skawa
River the Paleocene fan of the Mutne Sandstones was formed. Dur-
ing the Late Paleocene-Middle Eocene, hemipelagic sedimentation
of variegated shales of the Labowa Shale Formation (Oszczypko
1992) took place. This slow sedimentation was interrupted once or
twice by high-density sandy flows which formed fans of so-called
“Cigzkowice” Sandstones, well developed east of the Sota River.
The variegated shales are overlain by thin-bedded turbidites of the
Hieroglyphic beds (Middle Eocene) locally developed in the north-
ern Raca Subunit, and by thick- and medium-bedded turbidites of
the Sub-Magura beds or/fand glauconitic Magura Sandstone (Late
Eocene-Oligocene).

Results

Within the Mutne and “Cigzkowice” Sandstones medium,
coarse-grained or conglomeratic sandstones, and occasionally
conglomerates, up to 2.5 m thick are observed. The sandstone
grains consist of quartz, feldspars, clasts of sedimentary, magmat-
ic and metamorphic rocks cemented with clayey and calcareous
material. Though the lithological and sedimentological features of
the Mutne and “Cigzkowice” sandstones are in many cases similar,
their compositions show evident differences. Within the lithoclas-
tic grains of the Mutne Sandstones metamorphic rocks are domi-
nant. The “Cigzkowice” Sandstones are more often glauconitic
than the Mutne Sandstones. Volcanic as well as different sedimen-
tary rocks are also more frequent.

The heavy mineral compositions display important differences be-
tween studied sandstones. The “Cigzkowice” Sandstones contain 27-
54 % of garnet and within the Mutne Sandstones this mineral is domi-
nant (67-84 %). Other heavy minerals in the latter are represented by
zircone (3-8 %), tourmaline (5-8 %), rutile (4-7 %, rarely up to 16
%) and sporadic apatite, epidote and chromite. The “Cigzkowice”
Sandstones show an admixture of zircone (8-17 %), relatively more
frequent tourmaline (16-33 %) as well as rutile (25-31 %), and rare
staurolite and chromite. There are very distinct differences between
the heavy mineral composition of the Cigzkowice Sandstones from
the Silesian Nappe and their equivalents in the Magura Nappe. In
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Fig. 1. Geological setting of the investigated areas of the Magura Nappe in the
western sector of the Polish Carpathians (A, B) and location of the main expo-
sures of ther examined Paleocene-Middle Eocene thick-bedded sandstones.

those sandstones in the Silesian Nappe garnet content is low (2-12 %)
and zircone is dominant (37-48 %). An important admixture consist
of tourmaline (14-18 %) and rutile (29-34 %).

The detritic material of the Mutne and “Cigzkowice” Sandstones
of the Magura Nappe came to the Magura Basin from the north. Its
source area could have been located on a ridge that bordered the
Magura Basin from the north during the Paleogene period (Ciesz-
kowski 1992). The sedimentary area of the Cigzkowice Sandstones
of the Silesian Nappe was connected with the Silesian Ridge situ-
ated north of the Dukla and Magura basins. This ridge supplied
material towards the north and north-east to the Silesian Basin (cf.
Ksigzkiewicz 1962). The paleogeographical setting as well as the
composition of detritic material show that the thick-bedded Lower
Eocene sandstones in the northern Raca Subunit of the Magura
Nappe formed quite different lithosome, completely separated
from the lithosome of those Cigzkowice Sandstones which occur
in the Silesian Nappe. Therefore, in our opinion the name
“Cigzkowice Sandstones” should not be used for the deposits of
the Magura Succession, even though there are some similarities in
sedimentological and lithological features between them.

Shaly intercalations within the Mutne Sandstones are very poor in
foraminifera. In the Mutne and Jaworzynka areas (Figs. 1 and 2),
the underlying Inoceramian beds contain assemblages with domi-
nating agglutinated taxa, with such characteristic species as Hor-
mosina excelsa (Dylazanka), Rzehakina inclusa (Grzybowski) and
Remesella varians (Glaessner). They are common elements of the
Late Senonian assemblages in the Polish Carpathians (Olszewska
1997). In two cases single planktonic forms have been found Rosi-
ta contusa (Cushman) and Abathomphalus cf. mayaroensis (Bolli)
which confirm Maastrichtian age of the examined Inoceramian
beds. At Mutne locality, the Early Eocene agglutinated assemblag-
es with abundant Glomospira have been found, in the red shales
overlying the Mutne Sandstones. Thus the age of the Mutne Sand-
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Fig. 2. Lithostratigraphic logs of the northern Raca sedimentary succession of the Magura Nappe in the investigated areas; Roman numbers correspond to particu-
lar areas in Fig. 1. 1 — variegated shales (Senonian), 2 — thin- and medium-bedded turbidites: Inoceramian beds (Senonian-Early Palaeocene), 3 — thick-bed-
ded Mutne Sandstones (Paleocene), 4 — variegated shales of Labowa Shale Formation (Late Paleocene-Middle Eocene), 5 — thick-bedded “Cigzkowice” Sand-
stone — lower level (Late Paleocene - Early Eocene), 6 — thick-bedded “Cigzkowice” Sandstone — upper level (Early Eocene), 7 — thin-bedded turbidites —
Hieroglyphic beds (Middle Eocene), 8 — medium- and thick-bedded turbidites — Sub-Magura beds (Late Eocene), 9 — thick-bedded glauconitic Magura Sand-

stones (Late Eocene-Oligocene).

stones can be inferred as Paleocene. The foraminiferal content of
the Cigzkowice Sandstones has been examined in the area of
Sucha Beskidzka (Fig. 2). The lower Cigzkowice Sandstone is Pa-
leocene in age on the basis of the presence of agglutinated assem-
blages with Glomospirella grzybowskii (Jurkiewicz). The upper
Ciezkowice Sandstone occurs between the middle variegated
shales of the Labowa Sh. Fm. which contain Early Eocene assem-
blage of the Glomospira acme zone (Olszewska 1997) and upper
variegated shales of Middle Eocene age with the agglutinated as-
semblage of the Reticulophragmium amplectens Zone.
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Introduction

Paleokarsts or fossil karsts are features formed by agents active
in the karst environment in the past under climatic conditions dif-
fering from the present. It is by no means always easy to distin-
guish between active, relic, buried and exhumed components of
karst (Jennings 1985; Bosik et al. 1989).

Cretaceous karst phenomena are mainly developed in the car-
bonate complex of Middle and Upper Triassic age of the Fatric,
Hronic and Silicic cover nappe systems. Carbonate complexes be-
longing mainly to the Fatric and Hronic predominate in the north-
ern part of the Western Carpathians. In the southern part, the Ter-
tiary sequences are underlain by extensive areas of carbonate
complexes of the Silicic. Cretaceous paleokarst is notably devel-
oped on Wetterstein and Gutenstein limestones and dolomites,
Hauptdolomites and Steinalm, Tisovec, and Furmanec limestones.

Cretaceous karst in main paleogeographic zones

Fatric

Albian karst. In the Vysoké Tatry Mts. on the top of the Urgon-
ian limestones of the short living Urgonian carbonate platforms
(northern Fatric-southern Tatric), traces of syngenetic karstifica-
tion are known (Gtazek 1989). Immediately after its deposition,
during the Albian, the Urgonian carbonate platform was drowned
and covered with pelagic sediments.

Hronic

Doline-like depressions. Depressions and different kinds of fis-
sures developed in dolomites and limestones of the Hronic in the
Brezovské Karpaty. They are sometimes filled with red ferrugine-
ous clays. The clay fraction consists of chlorite, kaolinite, illite
and illite/smectite (Cinéura 1997a). The Upper Cretaceous Val-
chov conglomerates represent a more frequent fill of the shallow
depressions. It can be stated that such shallow doline-like depres-
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Fig. 1. Cretaceous karst evolution of the Western Carpathians.

sions are older than the Valchov conglomerates and they originat-
ed prior to the Late Cretaceous.

Canyon-like depressions. Deeper depressions occur mainly in
the Hauptdolomite, less frequently in Dachstein limestones (Bre-
zovské Karpaty Mts.). They are more or less linear, but not strictly
straight. Their width on the surface does not exceed some tens of
meters, exactly like their depth. The fill (red lens-shaped boeh-
mite-kaolinite bauxite is rather rare, red ferrugineous silty clays
and Valchov conglomerates are more frequent; Cin¢ura 1997b) in-
dicates their pre-Late Cretaceous age.

Uvalas. Occurrences of longitudinal bodies of freshwater lime-
stones have been known in the Brezovské Karpaty Mts. (Pusta Ves
Formation, Michalik et al. 1993; Misik & Sotak 1994; Cinc¢ura
1998). Relatively extensive outcrops N of Kocin represent the most
important site consisting of brown to chocolate brown thickly bed-
ded to massive limestones with abundant organic remnants (espe-
cially of algae). They overlay Wetterstein dolomite and can be dat-
ed, most probably to the Middle Cretaceous (Salaj et al. 1987).
Pebbles of such freshwater limestones were found in the Upper Cre-
taceous Valchov conglomerates. We regard the limestones as pale-
okarst sediments deposited in lacustrine basins developed especially
on the surface of karstified carbonate complexes. The bottoms were
flooded during heavy precipitation. Intermittent lakes originated
with the growth of freshwater algae which contributed to the deposi-
tion of limestones. We regard them as remains of sediments of pre-
Upper Cretaceous uvala-like depressions.

Caves and collapse breccias. Carbonate breccias appear uncon-
formably overlying Triassic limestones and dolomites in Malé
Karpaty Mts. and fill various depressions. The thickness of the
breccia complex often exceeds tens of metres and in some places
is over 150 m. The breccia complex is composed of very local ma-
terial which may be derived exclusively from the underlying
rocks. The clasts of the carbonate breccias are characterized above
all by the angularity and irregular arrangement of the material. In
grain size there is a wide range of material, extending from frag-
ments with a size of some centimetres up to megaclasts, which
have a size of some hundreds of cubic metres. Lenticular beds of
laminated marl with weakly rounded gravel in the breccia complex
indicates fluvial transport. The areal and spacial extent of the
breccia complex, indicates that an important cave system existed
in the Malé Karpaty Mts. before the transgression of the Paleogene
sea (Cinc¢ura 1992).

Silicic

Paleokarst plateaux. Plateau paleokarst is a typical feature of
Middle and Upper Triassic carbonate sequences of the Slovak
Karst, Slovensky Raj and Murdnska Planina. While the predomi-
nant occurrence of plateau paleokarst in the Silicic is a result of
paleotectonic development, the position of paleokarst plateaux at
different heights above sea level is a result of neotectonic develop-
ment. Karst depressions filled with — in situ or partly removed —
freshwater chalk rocks, or of banded series of light coloured grad-
ed siltstones and black mudstones are known (Mello & Snopkova
1973; Marschalko & Mello 1992; Cincura 1993; Cilek & Bed-
nafova 1994) in different quarries (Gombasek, Hostovce,
Vc¢elare). According to plant pollen and spores the filling is of Up-
per Cretaceous (Santonian-Campanian) age.

Poljes and mogotes. An extensive karst depression has developed
in a limestone-dolomite complex of Middle and Upper Triassic age
(Slovensky Raj Mts.) near the Dobsind Ice Cave. From the bottom
of this depression rises the Steinalm limestone mogot/hum of Ostra
Skala hill, which is surrounded by remnants of the fill of the depres-
sion: conglomerates of continental origin and freshwater limestones
of Upper Cretaceous age (Misik & Sykora 1980; Hovorka et al.
1990). The karst depression near the Dobsina Ice Cave represents a
subsided block of the paleokarst plateaux system — probably a
Middle Cretaceous polje — which was later, during the Upper Cre-
taceous filled by conglomerates of continental origin. The polje-like
depression and the mogot/hum of Ostra skala hill represent ex-
humed forms. The exhumation of this paleokarst practically fin-
ished in the Lower Miocene and new karst forms of the Miocene
karst period started to develop in changed climatic conditions.

Conclusions

Cretaceous karst forms and sediments are present-more or less
preserved — in the main paleogeograhic zones of the Western
Carpathians with important occurrences of Middle and Upper Tri-
assic carbonate sequences and they are an integral part of the
present-day relief.
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The Carpathian Foredeep in Moravia is situated on the SE mar-
gin of the Bohemian Massif which belongs to the North European
Platform. The subsidence was driven by loading of the approach-
ing Outer West Carpathian orogenic complex. As a result, the mar-
gin of the platform was bent down and a typical foreland basin
was formed. The basement consists of crystalline rocks covered by
Paleozoic and in the southern segment also Jurassic, Cretaceous,
and Paleogene sediments.

The deposition started in the SW with coarser siliciclastic sedi-
ments in the Eggenburgian and Ottnangian. The depocenter moved
towards the NE and marine shales and sandstones were deposited
during the Karpatian. By the end of the Karpatian and during the
Early Badenian, the allochthonous Flysch Belt was thrust over the
Foredeep as much as 30 km in places. The Lower Miocene was part-
ly incorporated in the outermost Flysch units. Badenian sandstones
and shales were deposited after the main phase of overthrusting.
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The present geometry of the Carpathian Foredeep gives an ex-
cellent opportunity to study the diagenesis of the Lower to Middle
Miocene rocks which extend from a shallow depth to 4.7 km be-
low the overthrust. Compaction is manifested as porosity reduc-
tion from 30 to 10 %.

Surface and borehole core samples from Miocene sediments of
borehole Gottwaldov 1, 2, 3 were studied. Vitrinite reflectance
was measured in non-polarized light (R,). Clay minerals were
analysed using X-ray diffraction and expandability of illite-smec-
tite (% S) was evaluated.

Organic matter is especially sensitive to diagenesis and the ear-
ly phases of catagenesis. Vitrinite reflectance increases with depth
from 0.2 to 0.65 %. The T,,,, index of the Rock-Eval pyrolysis
also shows a regular increase from 420 to 435 °C. The fingerprint
of saturated hydrocarbons in the rock extracts bears typical fea-
tures of inherited biogenic distribution.

Clay minerals comprise mixed-layer illite/smectite with rather
high expandability. The illitization proceeds slowly with depth and
can be observed only at greater depths than 3.5 km.

At a depth of 4 km the source rock maturation and hydrocarbon
generation is only at an incipient phase. The diagenetic trends are
fairly similar to those observed in the Vienna Basin and in the Car-
pathian Foredeep in Poland which have similar geothermal gradi-
ents. The absolute values of thermal maturity in the Miocene of the
Foredeep is lower than the shales and siltstones of underlying Paleo-
zoic or overlying Flysch Belt. This suggests that the latter experi-
enced higher temperatures and burial depths than the present ones.
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Introduction

The Variegated Shales Formation is situated in the profile of the
Scole Unit of the External Flysch Carpathians above the Ropia-
niecka Formation and below the Hieroglyphic Formation. It is dat-
ed to the Upper Paleocene-Lower Eocene, and its thickness varies
between 130 and 190 metres.

The formation consists of argillaceous and clay-silty shales with
some isolated sandy bodies; the Boguszowka sandstones at its bot-
tom, lens-shaped lithosoms of the Kosztowa sandstones — in the
middle part of the profile, and the Chmielnik striped sandstones in
the upper part. The Paleocene part of the formation; the Zohatyn
Variegated Shales Member contains lithosoms of the Babica clays,
deposits of submarine cohesial flows, and a layer of the Bircza
lithotamnium limestone (Rajchel & Myszkowska 1998) as well.
The Lower Eocene part of the formation consists of the Trojca Red
Shales Member, underlain and covered by variegated shales, not
distinguished as a member (Rajchel 1990). The Trdjca Red Shales
are also called clinoptilolite-montmorillonite clays, because of
their mineral composition (Wieser 1969, 1994).
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Clay minerals from the aforementioned lithostratigraphical
members of the Variegated Shales Formation, sampled in the cen-
tral part of the Skole Unit, do not exhibit any important diversity
in the profile. They are mostly represented by smectites, very of-
ten with over 80 % of swelling layers. Kaolinite and illite/glauco-
nite are present in minor amounts, sometimes with accessory mus-
covite, biotite and chlorites.

Clinoptilolite — a zeolite mineral from the heulandite group —
has been distinguished only in the Trojca Red Shales, and it most
often occurs as a Ca-rich variety.

Methods

Minerals were identified and examined with transmitted light
and scanning electron microscopy, X-ray diffraction and IR spec-
troscopy. The distinguished clay and zeolite fractions (< 0.2 pm
and < 0.25 mm respectively) were analysed after removing car-
bonates and iron compounds.

X-ray analyses were carried out with the Philips X pert diffrac-
tometer with a graphite monochromator and radiation CuKa
(A=1.540562 A). Diffraction peaks were recorded in the 20 range
4-50° with a scanning speed of 0.02°(20@)/3s. FTIR spectrum was
recorded with the BioRad FTS-165 spectrometer. Samples of clay
minerals were prepared on Mylar foil.

SEM analyses were made with the JEOL 5200 microscope with
Link analytical system and EDS Si-Li detector at 20 kV. The
chemical composition of clinoptilolite was analysed with the
SEMQuant JEOL 733 microprobe at 20kV in the Institute of non-
Ferrous Metals, Gliwice, using the following spectral lines and
standards: SiKa (Si0,), AlIKa (Al,03), KKa (K[AlSi;O4]), NaKa
(Na[AlSi;0g]), CaKa (Ca,SiO4), FeKa, SrKa (SrF,), BaKa
(BaF,), MgKa (MgO).

Results

Clay Minerals

The clay mineral assemblages in the examined samples from
various members of the Variegated Shales of the Scole Unit are
relatively uniform. Typical sequence consists of Ca-smectite,
glauconite/illite, kaolinite/chlorite, muscovite and biotite. Howev-
er, the quantitative relationships between these minerals vary.

In the whole profile of the Variegated Shales Formation predomi-
nating clays are dioctahedral smectite or randomly ordered (RO), il-
lite/smectite, with over 80 % swelling layers (d in ranges 8.67-
8.59 A, and 5.58-5.61 A) (Dudek & Srodon 1996). Values of the
first peak (dgg;) — ca. 15 A for untreated samples and ca. 17 A for
ethylene glycol saturated ones — indicate that Ca*" is the predomi-
nant cation in interlayer positions. Crystallochemical features of the
analysed smectites were determined with the FTIR analysis. In the
range 3000-4000 cm™, absorption bands related to interlayer water
molecules (3400-3425 cm™") and a distinct peak (3621 cm™) related
to vibrations Al-OH, typical for montmorillonite are observed
(Klapyta & Olkiewicz 1996). Asymmetry and broadening of this
peak at lower wavenumbers is an effect of partial replacing of AI**
by Fe®" in octahedral layers, what indicates mixed, montmorillonite-
nontronite composition of the analysed smectites. In the range 600-
950 cm™' vibrations of the groups AIlAIOH, AlFe? “OH, and
AIMgOH (Russell 1987) occur at 914-916, 875-881, and 832-835
em’™!, respectively. The relative intensity ratios of peaks reflecting
vibrations of the groups AIAIOH, AIMgOH vary. The lowest Mg**
content was detected in the clinoptilolite-montmorillonite clays, and
the highest content in the underlying shales. The pattern of Fe** con-
tent in the analysed smectites is similar; the variegated shales being
most distinctly of a mixed, montmorillonite-nontronite character.

Kaolinite and glauconite/illite are present in accessory amounts
in the whole analysed profile. Kaolinite was identified by the X-
ray (peaks 7.20-7.14 A and 3.58-5.53 A) and FTIR (distinct ab-
sorption band with a peak between 3968-3966 cm™') methods. The
Trojca Red Shales are the richest in this mineral. Small aggregates
(0.01-0.1 mm) of grassy-green glauconite were detected micro-
scopically. Some elements of the analysed diffraction patterns
(shape and width of the peak 001, intensity ratio of the peaks 001/
002, as well as the position of the peak 060) indicate the presence
of illite. The Trojca Red Shales contain the lowest amounts of il-
lite/glauconite.

Another accessory mineral is detritical muscovite, of which tiny
flakes very often emphasize parallel microtextures of the exam-
ined rocks. Rarer biotite and chlorite usually occur in the clinop-
tilolite-montmorillonite clays.

Clinoptilolite

Clinoptilolite is present in the analysed profile only in the Troj-
ca Red Shales Member. This mineral fills CT-opal radiolaria shells
or occurs in the form of platy microcrystals (up to 20 pm) dis-
persed in tiny aggregates of montmorillonite. The clinoptilolite
content in the examined shales is up to 30 %.

Discussion

The investigations carried out indicate that the examined clays
from the Variegated Shales Formation from the central part of the
Skole Unit do not exhibit any important variability of mineral com-
position in the profile. The main mineral is Ca-smectite with over 80
% of swelling layers, occurring in its ferrous variety from the mont-
morillonite-nontronite series. It is also characterized by varying izo-
morphic substitution of Al-Mg and Al-Fe in octahedral layers.

Sedimentation of the Variegated Shales Formation, and the Troj-
ca Red Shales in particular, took place during a period of intensive
volcanic activity. Hydrolysis of tiny volcanic ashes and glassy
dust led to the formation of montmorillonite and CT-opal. In a
somewhat basic environment (pH around 8) they reacted to form
clinoptilolite (Wieser 1969).
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Geological setting

The Zegocina window occurs in the inner part of the Silesian
Nappe, in front of the Magura Nappe (Fig. 1). The Late Cretaceous
Subsilesian marls and shales as well as the Early Cretaceous sedi-
ments crop out in this window. The latter are regarded as a part of the
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Fig. 1. A. Position of Polish Carpathians. B. General geological sketch of
Northern Carpathians (Polish sector; after Cieszkowski 1992, simplified).
1 — Pieniny Klippen Belt (PKB); 2 — Magura Nappe; 3 — Grybow unit;
4 — Dukla unit; 5 — Michalczowa zone; 6 — Silesian Nappe; 7 — Sub-
silesian Nappe; 8 — Skole Nappe; 9 — Miocene deposits on the Car-
pathians; 10 — Carpathian Foredeep; 11 — the Carpathians overthrust; 12
— main thrust — zones; 13 — Zegocina window.
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Fig. 2. Location and geological position of the Pluskawka stream (A;
Numbers refer to locations of samples) and Zegocina (B) sections.
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Fig. 3. Zegocina section: quantitative diagram of studied foraminiferids.
Abbrev. keeled- non-keeled (planktonic taxa); calc. others — others calcar-
eous benthic foraminiferids; aggl.tubular — agglutinated tubular foramin-
iferids (suspension feeders morphogroup).

Silesian Unit. All these deposits are strongly folded and faulted, and
most contacts between lithostratigraphic members are tectonic. How-
ever, in some places, interfingering of facies is observable. Neverthe-
less, the relationship between these members is still disputable.

The Late Cretaceous sediments are developed in several lithofacies:

1. variegated clayey shales (Turonian-?Early Senonian) with
abundant agglutinated foraminiferids;

2. whitish-grey, thin- and medium-bedded, hard, often siliceous
Zegocina Marls (Turonian-Coniacian) similar to the Biancone fa-
cies and to the Late Cretaceous siliceous marls of the Silesian and
Skole units;

3. red and green Weglowka Marls (Santonian-Paleogene), gen-
erally abundant in calcareous foraminiferids;

4. black shales which form thin intercalations in grey marls. The
black spotted marly shales occur as clasts in sedimentary breccias
of the Rybie-type facies (Fig. 3).
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5. soft, clayey-sandy, grey Frydek-type Marls (Coniacian-Palaeo-
gene) with sporadic intercalations of thin- and medium bedded, mi-
caceous sandstones and horizons with exotic blocks and boulders.

The Frydek Marls (in Polish sector traditionally named as Fry-
dek-type) are mainly developed westward from the Zegocina in
Moravia (Hanzlikovd & Roth 1965). The Frydek-type Marls grade
upward into a complex of greenish, glauconitic, graded Rybie Sand-
stones intercalated with grey and spotted black shales. Relationship
of these three lithofacies of marls is still not clear. Koszarski (1985)
proposed that the Zegocina and Frydek-type marls represent a west-
ern prolongation of the Skole Unit and do not belong to the Subsile-
sian Unit. However, interfingering of the variegated and grey marls
that crop out in the Pluskawka stream section (Fig. 2) strongly sug-
gests that these marls represent two different facies of the same sed-
imentary basin, the grey Frydek-type Marls a slope facies and the
variegated Weglowka Marls a more distant facies. It is more proba-
ble that this sedimenatry basin that flanked the North European Plat-
form from the South was a part of the Subsilesian Basin and its
northern part, with the slope facies, was situated in the western pro-
longation of the Skole Basin. The occurrence of the white siliceous
Zegocina Marls cannot be a conclusive factor because similar marls
occur in the Silesian Unit.

Micropaleontological analysis

Samples of grey marls have been collected from both, Zegocina
and Pluskawka stream sections (Fig. 2). Almost all samples con-
tain relatively abundant, diversified and well-preserved foramin-
iferal assemblages. The Campanian-Late Maastrichtian foramin-
iferal biozones (sensu Robaszynski & Caron 1995) have been
recognized. Quantitative analyses have shown the differences be-
tween the assemblages, which can be approximately correlated
with the paleobathymetric and paleoecological changes (connect-
ed to the time-span and to lateral distribution). As an example,
quantitative analysis of the foraminiferal assemblages of the
Zegocina section is presented on Fig. 3. Similarly as in the previ-
ous studies of the Weglowka Marls (Gasinski et al. 1999), it is ap-
parent that samples containing relatively abundant keeled plank-
tonic forms (bathypelagic) comprise scarce non-keeled
(epipelagic) plankton and subordinate agglutinated tubular forms
(“suspension-feeders” morphogroup). Their presence can be inter-
preted as an indication of a deeper environment and/or sea level
rise, correlated with lesser amount of organic flux (OF) on the sea
bottom (cf. Gasinski et al. 1999). The samples collected from the
black shales are enriched in Radiolaria and contain very scarce
benthic foraminiferids. Due to the preliminary character of the
presented results the affiliation of the recognized foraminiferal as-
semblages to the above mentioned lithofacies (i.e. Zegocina and
Frydek-type) is not possible.

Conclusions

— Foraminiferal assemblages of the Zegocina and Pluskawka
stream sections are Campanian-Late Maastrichtian in age;

— Based on foraminiferal assemblages, paleobathymetric fluc-
tuations have been estimated similarly, as in the Weglowka Marls;

— Studied assemblages differ from those in the Weglowka
Matrls (type locality) by the absence of Reussella and other calcar-
eous benthic genera which indicate a deeper part of the basin.
Consequently, the Zegocina and Frydek-type marls (in this part of
the Subsilesian Basin) were probably deposited in a shallower en-
vironment than the Weglowka Marls.

This study was sponsored by the State Committee for Scientific
Research (KBN): grants No. 6PO4D 02314 (MAG & AS) and
6PO4D 01715 (JB).
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Introduction

Alpine compressional events within the Eastern Carpathians be-
gan during Early Cretaceous time (Sandulescu 1988) and led to
the formation of the Marmarosh nappes. Influence of these Creta-
ceous tectonic movements on the development of the Carpathian
flysch basins are not clarified yet in the Ukrainian Carpathians.
The aim of the article is to reconstruct the Cretaceous sedimentary
and uplift history of the flysch basins, which were situated out-
wards from the Marmarosh nappes. These paleobasins are called
in the article “Fore-Marmarosh basins”. Now they are represented
by structural-facial units filled by mainly Cretaceous deposits and
are located north of the Marmarosh metamorphic massif.

Geological setting

According to the existing schemes of the stratigraphic and tec-
tonic subdivision of the geological complexes of the Ukrainian
Carpathians north of the Marmarosh massif several structural-fa-
cial units consist of mainly Cretaceous flysch sediments without
Paleogene rocks. From the SW to NE these are the Kamyany Potic
scale, Rachiv and Suchiv-Burcut (Porkulets) nappes, Krasnoshora
(Luzhanka) Unit and interior scales of Chornogora Nappe. They
are overthrust onto each other towards the NE. The upper structur-
al-facial units (Kamyany Potic, Rachiv, Suchiv-Burcut ones) are
partly overthrust by Marmarosh nappes.

The Kamyany Potic scale extends a narrow slice at the front of
the Marmarosh nappes and consists of Jurassic basic effusives up
to 1000 m in thickness, Tithonian-Neocomian “Black Flysch” —
mainly calcareous or siliceous hemipelagites, rarely thin-bedded
turbidites, which pass upward into thick-bedded psammites. The
Rachiv Nappe (to five km wide) prolongs the Ciuc digitation of
the Ceahleu Nappe from Romania. It is formed exclusively of the
Rachiv (Sinaya) flysch formation. The Formation is represented
by Neocomian calcareous hemipelagites, thin-bedded turbidites
and locally Barremian-Aptian thick-bedded turbidites. The coarse-
grained deposits are rich in the detritus of crystalline schists, dolo-
mites, limestones and basic volcanics.



The Suchiv-Burkut (Porkulets) Nappe in the south-eastern sec-
tion of the Ukrainian Carpathians east of the Luzhanka river forms
a belt (up to 20 km wide) of Cretaceous complexes. It is the pro-
longation of the Bodoc digitation of the Ceahleu Nappe. These
complexes consist chiefly of Barremian-Albian clay-silt hemipe-
lagites, contourites (Bila Tyssa Formation), thick-bedded sandy
turbidites (Burcut Formation) and Albian conglomerates (Bronka-
Bogdan Member). Lower Cretaceous deposits locally pass upward
into the Vraconian-Turonian variegated marls (Suchiv Formation)
and Senonian sandy sediments. The Upper Cretaceous marls and
psammites contrary to the strongly folded rocks of Bila Tyssa For-
mation form the brachyaxial syncline in the basin of the Tereshova
river (Byzova & Beyer 1974).

In the interior of the Suchiv-Burcut Nappe in the Chyvchyn Moun-
tains, the Bila Tyssa Formation passes upward into an olistostrom
with olistoliths of rocks derived from the Marmarosh and Kamyany
Potic nappes. The olistostrom is overthrust by the Marmarosh
(Dilovetsk) Nappe (Bazhenow & Burtman 1990). The mixtite com-
plex also extended in the front of Suchiv-Burcut Nappe. It comprises
rock fragments of Jurassic-Neocomian limestones and basalts.

East of the Luzhanka river Rachiv and Suchiv-Burkut nappes also
contain remnants of Jurassic-Neocomian mafic rocks. These rocks
and basalts of Kamyany Potic Unit are partly of oceanic origin ac-
cording to the petrochemical data (Liashkevych et al. 1995). Proba-
bly Kamyany Potic, Rachiv and Suchiv-Burcut nappes, which
Byzova & Beyer (1974) combined into the Burcut-Rachiv group of
zones belong to the suture and originated from the oceanic realm.

East of the Rika river Suchiv-Burcut Nappe is thrust onto specific
structural units represented by the series of narrow scales. Several
scales are filled by Cretaceous flysh complex, which is coarse-
grained in its upper part (Senonian Krasnoshora Formation).

Model of tectono-sedimentary evolution

During the Early Cretaceous period compressional events built
up the Marmarosh Nappe orogenic belt, which marked the south-
ern “active” convergent margin of the Carpathian Flysch basin.
The Fore-Marmarosh flysch structural-facial units could be re-
garded as the accretionary prism, which appeared as a result of
Cretaceous subduction in front of the Marmarosh belt. In my opin-
ion, the Cretaceous Fore-Marmarosh accretionary prism formed a
ridge (= cordillera), which was like an outer non-volcanic arc and
separated the deep-see trench from the fore-arc basin. The trench
was filled by coarse-clastic (including olistostromes, locally hemi-
pelagites) deposits. These deposits are located in the upper part of
the sedimetary sequences of the Fore-Marmarosh units (upper part
of “Black Flysch” and Rachiv formations, Bronka-Bogdan Mem-
ber, Burcut and Krasnoshora formations). The age of these forma-
tions becomes gradually younger towards the more external units.
This phenomenon is related to the progradation of the accretionary
wedge and to shifting of the trench to the NE. Sedimentary pro-
cesses at the trench were synchronous to the growth of the accre-
tionary prism. The clastic material of trench sediments was de-
rived from both the Marmarosh nappes and the newly created
Fore-Marmarosh flysch nappes.

The Early Cretaceous B-subduction of oceanic crust beneath the
Marmarosh continental crust caused uplift and incorporation step
by step into an accretionary prism Kamyany Potic, Rachiv and Su-
chiv-Burcut nappes. In the Late Cretaceous period the prism (and
Marmarosh nappes) supplied clastic material to the Krasnoshora
trench. During subsequent subduction the sediments of the Kras-
noshora Unit were imbricated and uplifted to form narrow scales.

The Upper Cretaceous shallow-water variegated marls (Suchiv
formations) and psammites, which form the consedimentary Tere-
shov brachyal syncline in the interior of the Suchiv-Burcut Nappe
could be interpreted as the deposits of a trench-slope basin. Basins
were probably formed between the thrusts bounding each accreted
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slice (Mithell & Reading 1986). The Vraconian-Cenomanian shal-
low-water clastic deposits (Sojmul Formation) overlie unconform-
ably the rock complexes of the Marmarosh Nappe. They are locat-
ed inside the Fore-Marmarosh flysch nappes (ancient accretionary
prism). This fact suggests, that these clastic deposits can be re-
garded as sediments of the Cretaceous fore-arc basin.

Thus, the sedimentary and uplift development of the Fore-Mar-
marosh flysch basins was caused by Cretaceous subduction in front
of the Marmarosh Nappe belt and growing accretionary prism.
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Introduction

The study area is located in the SE part of Poland in the Polish
Outer Carpathians (in the vicinity of Biecz town). As far as geolo-
gy is concerned, a so called Biecz fold has been distinguished in
this area. The Biecz-Ciezkowice fold is located in the southern
part of the Silesian Nappe, directly in front of the Magura Nappe
(Fig. 1). This fold extends over a relatively large distance of about
30 km, from the Harklowa tectonic peninsula in the east, through
Biecz up to the anticlinal uplift in Ciezkowice in the west (Guzik
& Pozaryski 1949). All material comes from the Hieroglyphic
Beds underlying the upper Eocene-lower Oligocene Globigerina
Marls. Good outcrops, rich and well preserved foraminiferal as-
semblages as well as the results of the stratigraphical research car-
ried out by Guzik & Pozaryski (1949) in the studied area encour-
aged me to undertake the present studies. The main objective of
this work was to determine occurring species according to the re-
cent systematics of the agglutinated foraminifera as well as to dis-
tinguish foraminiferal zones.

Material and methods

For a microfaunal analysis 21 one-kilogram samples were col-
lected in the vicinity of Biecz town from a tributary of the Ropa
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Fig. 1. Geological sketch-map of the Polish Outer Carpathians (after Malata et al. 1996, modified). 1 — crystaline core of the Tatra Mts., 2 — High Tatra and sub-
Tatra units, 3 — Podhale flysch, 4 — Pieniny Klippen Belt, 5 — Magura Nappe, 6 — Grybow unit, 7 — Dukla unit, 8 — Fore-Magura unit, 9 — Silesian unit, 10
— Sub-Silesian unit, 11 — Skole unit, 12 — Stebnik unit-folded Miocene deposits, 13 — Miocene deposits upon the Carpathians, 14 — Zglobice unit, 15 — au-
tochtonous Miocene deposit of the Carpathians Foredeep, 16 — Miocene andesits, 17 — study area, 18 — Harklowa tectonic peninsula, 19 — Luzna-Szalowa

tectonic peninsula.

river flowing nearby Biecz. All samples were taken from the non-
calcareous green shales of the Hieroglyphic Beds. The material
was subjected to maceration process in the solution of Glauber’s
salt (Na,SO, x 10 H,0). However, most of the investigated sam-
ples came from the archival collections owned by the Institute of
Geological Sciences of the Jagiellonian University.

Results

— The studies of foraminiferal assemblages have revealed the
presence of a stratigraphic sequence of 3 zones from the middle
and late Eocene (according to Geroch & Nowak 1984), based on
index taxa. These zones are: Reticulophragmium amplectens PRZ
(middle Eocene), Ammodiscus latus PRZ (middle Eocene) and
Reticulophragmium rotundidorsatum TRZ (late Eocene).

— About fifty species of agglutinated foraminifera from the
above horizons were determined.

— The species like Ammodiscus peruvianus, Budashevaella
multicamerata and Reticulophragmoides jarvisi were for the first
time found in the deposits of the Polish Outer Carpathians.

— There are no calcareous forms in the investigated material,
so this fact indicates paleoenvironmental conditions below local
CCD — the “ lower slope paleobathymetric zone”.

Faunal reference list of the Biecz fold agglutinated taxa

Ammolagena clavata (Jones & Parker 1860)
Ammodiscus latus Grzybowski 1898

Ammodiscus peruvianus Berry 1928

Ammodiscus tenuissimus Grzybowski 1898
Ammosphaeroidina pseudopauciloculata (Mjatliuk 1966)
Bathysiphon spp.

Budashevaella multicamerata (Voloshinova 1961)
Glomospira glomerata (Grzybowski 1898)
Glomospira gordialis (Jones & Parker 1860)
Glomospira charoides (Jones & Parker 1860)
Glomospira serpens (Grzybowski 1898)
Haplophragmoides spp.

Haplophragmoides horridus (Grzybowski 1901)
Haplophragmoides kirki Wickenden 1932

Haplophragmoides sp., aff. Haplophragmoides suborbicularis (Grzy-
bowski 1896)

Haplophragmoides walteri (Grzybowski 1898)
Hyperammina spp.

Kalamopsis grzybowskii (Dylazanka 1923)
Karrerulina coniformis (Grzybowski 1898)

Lituotuba lituiformis (Brady 1879)
Paratrochamminoides spp.

Paratrochamminoides acervulatus (Grzybowski 1896)
Paratrochamminoides irregularis (White 1928)
Paratrochamminoides mitratus (Grzybowski 1901)
Paratrochamminoides olszewskii (Grzybowski 1898)
Recurvoides spp.

Recurvoides dissonus Mjatliuk 1970

Rhabdammina cylindrica Glaessner 1937

Rhizammina spp.

Reophax elongatus Grzybowski 1898

Reophax pilulifer Brady 1884

Pseudonodosinella nodulosa (Brady 1879)
Reticulophragmium amplectens (Grzybowski 1898)
Reticulophragmoides jarvisi (Thalmann 1932), emend. Gradstein & Ka-
minski 1989

Reticulophragmium rotundidorsatum (Hantken 1875)
Saccammina grzybowskii (Schubert 1902)
Spiroplectammina spectabilis (Grzybowski 1898)
Subreophax scalaris (Grzybowski 1896)

Subreophax splendidus (Grzybowski 1898)
Trochamminoides dubius (Grzybowski 1901)
Trochamminoides grzybowskii Kaminski & Geroch 1992
Trochamminoides proteus (Karrer 1866)
Trochamminoides septatus (Grzybowski 1898)
Trochamminoides subcoronatus (Grzybowski 1896)
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the Transdanubian Range. In the present paper, an over-
view is given on the results of these studies and their fit-
ting into the evolutionary history of the region.

Fig. 1. Sequence stratigraphic interpretation of Middle to Upper Triassic coeval platform

and basin facies in the strike of the Southern Bakony.

Results
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and tectonically controlled slopes between them. Struc-
tural and sedimentological aspects of these slopes were
summarised by Budai & Voros (1992), while the evalua-

Carnian

.

tion of the redeposited bioclasts (crinoids, brachiopods)
was accomplished by Palfy (1986).

During the Ladinian, a large carbonate platform came
into being in the NE part of the Transdanubian Range. In a belt, be-
tween this platform (“Budadrs Platform™) and the basin facies areas
(“Fiired Basin™) in the environs of Veszprém, intertonguing platform
and basin facies and slope deposits are exposed. The stratigraphic pat-
tern reflects mainly the eustatically controlled platform progradations
and retrogradations, thus, providing a tool for the sequence strati-
graphic evaluation of the successions (Haas & Budai in print; Fig. 1).

A dolomite intercalation in the basin succession marks the first
progradation in the Late Fassanian (Budai et al. in prep.). It is ove-
lain by tuffaceous marls and grey nodular limestones (Buchenstein
Fm.). The second progradation of the “Budadrs Platform” com-
menced in the latest Ladinian. In a quarry section, the toe-of-slope
facies (graded allodapic limestones containing lithoclasts of plat-
form origin) and the overlying platform dolomites are excellently
exposed and comprehensively studied.

In the Early Julian, due to a climatic change, the predominance
of the carbonate accumulation was replaced by the deposition of
marls in the basins and a new transgression was initiated to result

Fig. 2. Lithofacies pattern and interpretation of changes in the depositional environment
in the Upper Triassic at Csévar.

in the platform backstepping. This cycle was completed by a plat-
form progradation in the later part of the Julian. Toe-of-slope brec-
cias and brachiopod coquina interlayers in the marl successions
mark the progradation in the marginal belt of the basin.

The appearence of the cherty, deep-water carbonates in the
Buda Mts. and in the Csévar block east of the Danube indicates
the establishment of deep intraplatform basins in the NE part of
the Transdanubian Range in the Julian (Haas et al. 1997).

During late Tuvalian, a large basin in the central part of the
Transdanubian Range had been completely filled up mainly by
fine terrigenous material, thus, giving rise to the formation of a
huge platform during the latest Carnian (Dachstein Platform).
However, in the NE part of the Transdanubian Range, the intra-
platform basins survived until Late Triassic and at least in the
Csévar area until in early Jurassic. The analyses of core and out-
crop sections in Csévar revealed a gradual shift of facies from a
pelagic basin to distal and proximal slope facies in the course of
the Carnian-Rhaetian (Fig. 2).
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In the SW part of the Transdanubian Range, the Main Dolomite
is overlain by the dolomites of the restricted basin facies. This
change is attributed to the initiation of extensional tectonic move-
ments in the external zone of the large Dachstein Platform at the
beginning of the Sevatian (Budai & Kovécs 1986), in response to
the incipient rifting of the Ligurian-Penninic ocean branch. In the
course of the Sevatian, the carbonate sedimentation was replaced
by the deposition of shales (K6ssen Fm.) reflecting probably a cli-
matic change. As a consequence, gentle accretionary slopes were
formed between the remnant part of the Dachstein Platform and
the restricted, oxygen-depleted Kossen Basin (Haas 1993).

Conclusions

Triassic carbonate slopes in the Transdanubian Range were tec-
tonically controlled. Their formation can be bound to extensional
tectonic movements of the Neotethys rifting in the Middle and
Late Triassic and to initiation of the opening of the Ligurian-Pen-
ninic ocean basin from the Late Triassic onward.

The sedimentation pattern of the slopes is governed mainly by the
sea level changes (progradations and retrogradations), by the char-
acteristic of the platform margin (biogenic buildup, biogenic incrus-
tation, loose carbonate sediment, etc.) and by the sedimentation rate
in the basin (state of upfilling) which influenced the slope angle.
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The calcareous nannofossils are very good for the biostratigraphy
because they are abundant, planktonic, rapidly evolving and largely
cosmopolitan. A great number of data on the stratigraphic distribu-
tion of nannofossils is summarized in a number of biostratigraphic
zonation schemes, which are based on the first and the last evolu-
tionary occurrences of species or on the abundance based events.
Such nannofossil zonation scheme was lacking in the Upper Titho-
nian-Barremian interval in the Western Carpathians.

Generally, the Upper Tithonian-Lower Cretaceous nannofossil as-
semblages in the Western Carpathians are poorly preserved and of
low diversity, dominated by the most abundant and insoluble taxa
such as, Nannoconus steinmannii Kamptner subspecies steinmannii,
Nannoconus globulus Bronnimann, Watznaueria barnease (Black)
Perch-Nielsen, Rucinolithus terebrodentarius Applegate, Bralower,
Covington and Wise, Micrantholithus hoschulzii (Reinhardt) Thier-
steiin. Other coccolith marker species were very rare or absent.

In spite of this, some important nannofossil taxa have been identi-
fied in the Upper Tithonian-Lower Cretaceous interval (Table 1):

Tithonian

Conusphaera mexicana Trejo subsp. mexicana, Conusphaera
mexicana Trejo subsp. minor Bralower, FO Polycostella beckman-
nii Thierstein, FO Microstaurus chiastus (Worsley) Griin

Berriasian

FO Nannoconus steinmannii Kamptner subsp. minor Deres and
Achéritéquy, FO Nannoconus steinmannii Kamptner subsp. stein-
mannii, FO Percivalia fenestrata (Worsley) Wise, FO Cruciellipsis
cuvillieri (Manivit) Thierstein, FO Cretarhabdus angustiforatus
(Black) Bukry

Valanginian
FO Calcicalathina oblongata (Worsley) Thierstein,
FO Zeugrhabdotus diplogrammus (Deflandre) Burnett

Hauterivian

FO Nannoconus bucheri Bronnimann, FO Litraphidites bollii
(Thierstein) Thierstein, FO Rucinolithus terebrodentarius Apple-
gate, Bralower, Covington and Wise, LO Litraphidites bollii, LO
Cruciellipsis cuvilieri (Manivit) Thierstein

Barremian
LO Calcicalathina oblongata (Worsley) Thierstein

Aptian

FO Chiastozygus litterarius (Gorka) Manivit, FO Rucinolithus
irregularis Thierstein, FO Flabellites oblongus (Bukry) Crux, FO
Braarudosphaera hochwoldensis Black, FO Ephrolithes floralis
(Stradner) Stover, FO Rhagodiscus angustus (Stradner) Reinhardt

Albian
FO Prediscosphaera columnata (Stover) Reinhardt, FO Eiffe-
lithus turriseiffelii (Deflandre) Reinhardt

The detailed investigations of the Upper Tithonian to Upper Al-
bian sediments of the Brodno and Rochovica sections (Kysuca
Unit, Klippen Belt., Michalik et al. 1999) allowed us to see the suc-
cesion of some nannofossil events in one profile and in established
nannofossil zones (Table 1):

Zone Conusphaera mexicana (NJ20) Bralower et al. 1989

Zone Microstaurus chiastus (NJK) Bralower et al. 1989

Zone Nannoconus steinmannii subspecies steinmannii (NK-1)
Bralower et al. 1989

Zone Cretarhabdus angustiforatus (NK-2) Bralower et al. 1989
Zone Calcicalathina oblongata Thierstein 1973

Zone Litraphidites bollii Thierstein 1973
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Table 1
NANNOFOSSIL
AGE ZONES IMPORTANT NANNOEVENTS
z |= Eiffelithus
< |2 | turriseiffeli 4 FO Eiffelithus turriseiffelii
- | & | Prediscosphaera
I |z columnata NOT DETERMINED IN ROCHOVICA SECTION
g Rhagodiscus
<Zt 3 angustus
= 4 FO Rhagodiscus angustus FO  Ephrolithus floralis
L |= Chiastozygus )
< |3 litterarius FO  Flabellites oblongus
= 4 FO Rucinolithus irregularis FO Chiastozygus litterarius
< ¢ | Micrantholithus
= |- hoschulzii
w |
E:: = ¥ LO Calcicalathina oblongata
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Zone Micrantholithus hoschulzii Thierstein 1973

* Zone Chiastozygus litterarius Thierstein 1973

* Zone Rhagodiscus angustus Manivit 1971, modified Thierstein 1973
* Zone Prediscosphaera columnata Thierstein 1971, emended by
Manivit et al.1977 was not identified in this section

* Zone Eiffellithus turriseiffelii Thierstein 1973

* Zones established in the Western Carpathians by Gaspari-
kova (1984)

Recently the attention is paid to improve the biostratigraphic
resolution, to add the quantitative results (total abundance, specif-
ic diversity) and to find out what opportunities offer the calcare-
ous nannofossils for the sequence-stratigraphic interpretations.

The calcareous nannofossil distribution and its interaction with
the changes of the paleoclimatic and paleoceanographic regime
was studied at the Barremian/Aptian boundary of the Rochovica
section (Kysuca Unit, Klippen Belt, Michalik et al. 1999) and as a
result, the change of nannofossil assemblages composition was
observed. The identification of the species Micrantholithus spee-
tonensis Perch-Nielsen (considered to be an endemic boreal taxa)
in the of Upper Hauterivian sediments at the locality Polomec Hill
(Zliechov Unit, Krizna Nappe) gave an evidence of the Tethys-Bo-
real connection.
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Introduction

On the eastern margin of the Bohemian Massif (BM), some iso-
lated denudation relics of the Miocene marine sediments, geneti-
cally connected with the Carpathian Foredeep (CF), can be found.
Four of them — the localities of Hostim, Nové Syrovice, Ceské
Libchavy and Kralice nad Oslavou — were studied.

Methods

The Miocene sediments were studied from exposures (Nové Sy-
rovice, Hostim, Kralice nad Oslavou) and drill cores (Ceské Lib-
chavy, the borehole LA-1). Sedimentological methods included
the studies of the structures and textures, the grain-size, the shape
and roundness of psephitic and psammitic clasts, the heavy and
light minerals assemblages including zircon varieties. Current pa-
leontological methods were applied to the preparation and deter-
mination of fossils, namely of molluscs and palynomorphs. At
Hostim and Kralice nad Oslavou, the isotopic analysis of C and O
of fossil carbonate shells and of the sediments was made.

Results

At Hostim, fluvial clays to sands were found in the basal parts of
the profile. Higher, marine sands with bioturbation traces, several
laminae of calcareous clays and horizontal thin gravel laminae oc-
cur. The structural studies, grain-size and shape parameters indicate
deposition very near to the shoreline, with intensive influences of
the mainland. Repeated environmental oscillations (upper shoreface
-foreshore-backshore) can be distinguished. The heavy minerals
spectra from both types of sediments generally indicate a common
source from the Moldanubian rocks. Teeth of teleosts and chon-
drichthyes were found in these sands (Schultz in Hladikova,
Hladilovd & Nehyba 1992). Sands with blocks and lentils of algal
limestones occur in the uppermost part of the profile. They are very
rich in fossils, first of all molluscs and cirripeds (Hladilova in
Hladikova, Hladilova & Nehyba 1992). The molluscan fauna indi-
cated depths of 12-20 m, a normal marine salinity and relatively
high water dynamics. This part of the profile represents a transition
to the offshore (a prograding clastic shoreline). The environment
was partially protected, probably by a barrier. The 5'°C and 5'%0
values of the analysed fossil shells confirmed that these organisms
lived under normal marine conditions, at temperatures from 14 to
20 °C. The 3"3C and 3"30 values of calcareous clays from the mid-
dle part of the profile were much lower. It is supposed that these ma-
rine sediments were diagenetically changed by meteoric water in the
vadose zone. The calculated low 3'%0 values of ground water can be
explained by a higher altitude of its recharge area (Hladikova in
Hladikova, Hladilova & Nehyba 1992). With respect to the results
and to the published data (Koutek 1971) we concluded that the sedi-
ments at Hostim are of Lower Badenian age. At Nové Syrovice, the
Tertiary sediments are represented by sands with traces of bioturba-
tion interbedded with a thin layer of sandy gravel. The ferruginous
concretions and crusts occur in the upper parts of the sands. The
grain-size studies together with structural features indicate fore-
shore sedimentation. The heavy minerals association can be derived
from the surrounding crystalline rocks and it is closer to the associa-
tions expected for Lower Miocene sediments rather than for Lower
Badenian ones. The fossils were found only in the ferruginous con-
cretions (Tejkal & Lastovicka 1970; Hladilova & Nehyba 1992). A
predominant part of the fauna has conspicuous Lower Miocene fea-
tures and it is most probably of Eggenburgian-?Ottnangian age.
However, some younger elements were also found among molluscs
and corals, therefore a possible redeposition of the older fauna into
younger sediments cannot be eliminated. The fauna proves the wa-

ter salinity of at least 30 %o, good lighting and aeration of the water,
the warm climate. The sediments accumulated at a depth of up to 30
m, but in an environment somewhat protected from direct surf ef-
fects. At Ceské Libchavy, a considerable amount of Cretaceous re-
depositions, probably from the immediate surroundings of the local-
ity, was found among fauna (foraminifers) and flora (fossil pollen
and spores). The sedimentation took place in a shallow-marine envi-
ronment with highly variable dynamics (claystones). A more precise
stratigraphic classification within the Tertiary was impossible
(Hladilova, Bubik, Dolakova & Nehyba 1998).

At Kralice nad Oslavou, the sediments of Lower Badenian age
were formed in a sea with normal salinity, at a greater distance
from the shoreline and at depths of 60-90 m (HamrSmid 1984;
Hladikova & Hamrsmid 1986). In the uppermost parts of the pro-
file at this locality, the Early Badenian marine regression was doc-
umented paleoecologically as well as isotopically (reduced depth
30-50 m, successive restriction of communication with the deeper
parts of the sea).

Discussion

At Hostim, the beginning of the Lower Badenian marine trans-
gression is documented. The shoreline was situated here for a rela-
tively long time. A comparison with Nové Syrovice shows differ-
ences in heavy minerals assemblages, but some correspondence
between zircon varieties. These results, together with the regional
geological position of both localities and with the type of transport
in the studied sediments, indicate certain stratigraphical differenc-
es with a high probability. At Nové Syrovice, the Badenian trans-
gression probably affected older Miocene (Eggenburgian-?0Ott-
nangian) sediments preserved there. The paleoenvironmental
factors both at Hostim and at Nové Syrovice seem to be very simi-
lar. A mutual comparison between the localities of Hostim and
Kralice nad Oslavou proves a stratigraphical equivalence (Lower
Badenian age), but at Kralice the sedimentation depths as well as
the distances from the shoreline were greater. In upper parts of the
profile, the Lower Badenian marine regression was documented at
this locality. The isotopic compositions of the molluscan shells at
Kralice and at Hostim are very similar, the differences could be
explained by various water depths. The paleobiotope at Ceské Lib-
chavy is generally comparable with the localities of Hostim and
Nové Syrovice.

Conclusion

In the relics of Miocene sediments at Hostim a gradual transi-
tion from terrestrial to marine environments is documented. A
shoreline of the transgreding Lower Badenian sea was situated at
this locality (a prograding clastic shore). The marine environment
was shallow, with depths up to 20 m, high dynamics and tempera-
ture (14-20 °C), good lighting and aeration, with a normal or only
slightly lowered salinity. In comparison with Hostim, the locality
of Nové Syrovice manifests certain differences in stratigraphy
(sediments of Lower Miocene and ?Lower Badenian ages) and a
very similar paleoecological situation (depths to 30 m). The locali-
ty of Kralice nad Oslavou is stratigraphically comparable with
Hostim (Lower Badenian), but there are some differences of the
paleobiotope (greater depths and lower water dynamics). The ex-
act stratigraphic position of the locality of Ceské Libchavy within
the Tertiary is still unclear, but its biotope is generally comparable
with the localities of Hostim and Nové Syrovice. The studied de-
posits represent the maximal extent of marine environment of the
CF onto the BM. Their correlation is important for the paleogeog-
raphy, basinal studies and also for the sequence stratigraphical
concept of the CF (TST-HST).
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The main objective of this work is to briefly summarize princi-
pal results of detailed magnetostratigraphic studies across the Ju-
rassic/Cretaceous (J/K) boundary initiated in 1992. The studies fo-
cused on boundary limestone strata from five selected localities:
1) Stramberk, northern Moravia, Czech Republic; 2) Brodno near
Zilina, western Slovakia; 3) the Rio Argos, Caravaca, Province of
Murcia, SE Spain; 4) the Bosso Valley, Umbria, central Italy; 5)
Puerto Escafio, Province of Cordoba, southern Spain. Although
detailed investigations at the individual localities were preceded
by the studies of essential paleomagnetic properties of rocks,
problems with remagnetization of the studied limestones at the
Rio Argos locality were revealed only after completion of mea-
surements on a larger set of samples. The geophysical investiga-
tions at all localities were preceded by long-term paleontological
(calpionellids, ammonites) studies by many investigators. The lab-
oratory examination of petromagnetic, magnetomineralogical and
paleomagnetic data as well as the construction of magnetostrati-
graphic profiles were catried out in the Paleomagnetic Laboratory
of the Institute of Geology, Academy of Sciences of the Czech Re-
public. For magnetostratigraphy, 1563 orientated limestone sam-
ples were collected and studied in total.
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1) Stramberk, northern Moravia. Pilot samples from the quar-
ries of “Kotou¢” and “Horni skalka” provided very low values of
moduli of natural remanent magnetization J,, with mean values of
J,=98+75%x 10% Am™ and J, = 373 + 372 x 10° Am™}, respec-
tively. After thermal demagnetization, many samples from the
“Kotou¢” locality showed J, ~ 5 x 10%Am™, close to the measur-
ing noise of spinner magnetometers. However, three components
of remanence could be defined in most of the samples. The results
were inferred from 540 samples. The deposition of the Tithonian/
Berriasian limestones took place in a peri-reef zone, in a dynamic
sedimentary environment, which was not favourable for a precise
record of the paleomagnetic field. The inferred magnetostrati-
graphic section is merely informative in its character.

2) Brodno near Zilina, western Slovakia. This section was se-
lected for magnetostratigraphic study on the grounds of evaluation
of data inferred from pilot samples collected at three localities: a)
Brodno, b) Strdzovce between the villages of Ci¢many and
Zliechov, c¢) Hlbo¢ near the village of Smolenice. The values of
moduli J;, from all the samples were found to be higher almost by
one order than those from the Stramberk samples. The study of pa-
leomagnetic properties also indicated that all the three localities
were suitable for magnetostratigraphic study. The good accessibility
of the outcrop for orientated sample acquisition, deposition in a qui-
et basin, results of previous paleontological investigations of the lo-
cality and the favourable physical properties of samples became the
decisive factors for the selection of Brodno as a locality to be sub-
jected to a detailed magnetostratigraphic study. The orientated sam-
ples (n = 368 in total) collected along a section within an interval of
only 20 m of true thickness provided exceptionally reliable magne-
tostratigraphic results. The values of moduli of J, were high enough;
the progressive thermal demagnetization was, therefore, completed
up to the unblocking temperature of magnetite in each sample.
Mean values of moduli of J,, were calculated at J,, = 678 + 343 x 10
Am’! for the Lower Berriasian limestones with normal polarity, J,, =
452 + 386 x 10° Am™ for limestones with reverse polarity, J, =
1068 + 474 x 10°® Am™* for Upper Tithonian limestones with normal
polarity and J, = 1274 + 791 x 10 Am! for those with reverse po-
larity. Remanent magnetization of all samples showed three compo-
nents: A-, B- and C-component. The C-component of remanence, as
the carrier of paleomagnetic directions, was separated after progres-
sive thermal demagnetization in the temperature interval of 300 to
540 °C, or possibly 580 °C. The original synoptic magnetostrati-
graphic profile at Brodno, ranging between the magnetozones M21r
and M17r (Housa et al. 1996), was further logged by additional data
and has now the character of a high-resolution profile at around the
J/K boundary. Two reverse subzones were detected within the mag-
netozones M20n and M19n and proposed to be named “Kysuca
Subzone” and “Brodno Subzone”. These two reverse subzones can
be well correlated with analogous subzones in the M-sequence of
marine magnetic anomalies. Two samples 2 ¢cm thick collected from
the boundary strata of the reverse “Kysuca Subzone“ indicated two
paleomagnetic components (normal N and reverse R) or intermedi-
ate polarity, respectively. The transition from N (R) to R (N) polari-
ty of the Earth’s paleomagnetic field occurred within a time interval
of ca. + 5 Ka at the calculated average sedimentation rate of the
studied pelagic limestones of 2.25 mm/Ka. To make the results of
high-resolution magnetostratigraphic studies available for other
workers, the boundaries of both reverse subzones on the outcrop
were identified by four aluminium cylinders marked “Kysuca” and
“Brodno”, 1 inch in diameter, cemented into the limestone strata.

3) The Rio Argos, SE Spain. This locality was selected for
magnetostratigraphic study as a result of the good previous knowl-
edge of its geology and paleontology and the existence of ade-
quate outcrops of the individual limestone beds ranging from the
latest Tithonian to the Early Aptian in age. In total, 361 orientated
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samples were collected and subjected to combined, generally ther-
mal demagnetization, using the Schonstedt GSD-1 and MAVACS
demagnetizers. The samples were progressively demagnetized up
to the temperature of 590 °C and in many cases up to 690 °C.
Three sets of samples were distinguished on the basis of their es-
sential magnetic properties: i) very weakly magnetic (weathered)
limestones, mean value of J, = 26 + 9 x 10°° Am’Y; ii) more strong-
ly magnetic limestones, I, = 613 + 636 x 10°® Am™'; iii) weakly
magnetic limestones, generally prevailing in the Rio Argos sec-
tion, I, = 134 + 135 x 10° Am™. As shown by the analysis of B-
and C-components of remanence, the limestones sub ii) were total-
ly remagnetized in the Neogene. The samples sub iii) provided
three components of remanence: the A-component separable be-
low 100 °C, the B-component separable in the interval of 100 to
400 °C and the C-component, which could be inferred in the inter-
val of 400 to 580 °C. The B-component indicated a syn-tectonic
origin of remanence, while the C-component could not be used for
a reliable interpretation due to the low values of remanence and
their broad dispersion. Therefore, the Rio Argos section provided
no data for the inference of the magnetostratigraphic profile.

4) The Bosso Valley, central Italy. The section at this locality
was previously synoptically investigated already by Lowrie &
Channell (1983). In total, 197 orientated hand samples were collect-
ed from the basal, 40 m thick portion of the Bosso Valley section in
order to define magnetozones and subzones in much detail and cor-
relate them with calpionellid zones. Most of the samples of the stud-
ied limestones provided reliable paleomagnetic directions with the
values of J, moduli being comparable with those of limestone sam-
ples from Brodno. Mean values were calculated at J, = 295 # 156 x
10% Am™ for the Lower Berriasian limestones with normal polarity,
J, =268 + 355 x 10°® Am™! for limestones with reverse polarity, J,, =
1146 + 1554 x 10 Am™! for Upper Tithonian limestones with nor-
mal polarity and J, = 197 + 71 x 10® Am™! for those with reverse
polarity. The magnetozones M20n to M17r were precisely identified
in the basal, 40 m thick portion of the section. Two reverse subzones
were detected in the middle part of the magnetozone M20n (“Kysu-
ca Subzone”) and in the upper part of the magnetozone M19n
(“Brodno Subzone”), respectively. These reverse subzones detected
in both the Brodno and Bosso Valley sections were found at the
same positions relative to the magnetozones above and below and
can be well correlated with analogous subzones in the sequence of
marine magnetic anomalies.

5) Puerto Escaiio, southern Spain. As the Rio Argos section
provided no results in terms of magnetostratigraphy, another suit-
able section was searched for in the territory of Spain. The section
at Puerto Escafio, recently thoroughly studied by F. Olériz and
J.M. Tavera was selected upon their recommendation. Being locat-
ed some 2 km from the previously magnetostratigraphically stud-
ied synoptic section at Carcabuey, S Spain (Ogg et al. 1984), it al-
lows the biostratigraphic correlation of ammonites, calpionellids
and nannofossils (Tavera et al. 1994). In 1998, in total, 97 orien-
tated hand samples were collected along a relatively short section
across J/K limestones 5.5 m in true thickness. These samples were
subjected to laboratory paleomagnetic study, especially the pro-
gressive thermal demagnetization using the MAVACS demagnetiz-
er. Unblocking temperatures of ca. 560 °C were detected for all
samples, pointing to magnetite as the main carrier of magnetiza-
tion and paleomagnetization. Pilot samples were also subjected to
the analysis of microcoercive forces, and unblocking temperatures
were tested on isothermally magnetized samples (peak fields up to
900 mT). The samples from the Puerto Escailo locality are rela-
tively strongly magnetic. Mean values of J, = 3911 + 1520 x 10
Am’!' were obtained for the Lower Berriasian limestones with nor-
mal polarity, J, = 2977 + 598 x 10°® Am™! for limestones with re-

verse polarity, J, = 8423 + 2462 x 10 Am™ for Upper Tithonian
limestones with normal polarity and values of J, = 6366 + 1408 x
10 Am™! were obtained for limestones with reverse polarity. A
high magnetization of all the studied samples is obvious with the
highest values of moduli J,, alike at the Brodno and Bosso Valley
localities, being shown by samples of the Upper Tithonian lime-
stones. Additional, denser sampling was carried out in 1999 with
the aim to construct a high-resolution profile.

From the geophysical-methodological point of view, it can be
concluded that three components of remanence were detected in the
limestone samples from all the five above given localities: A-, B-
and C-components. The C-components are carriers of paleomagnet-
ic directions (with the exception of the totally remagnetized samples
from the Rio Argos), they were separated after progressive thermal
demagnetization in the interval of 420 + 20 °C to 560 + 20 °C. The
C-components of remanence represent only a small proportion of
remanent magnetization of samples in their natural state. With re-
spect to the measuring noise of the spinner magnetometers em-
ployed, it is critical that the primary values of moduli of natural re-
manent magnetization exceed 100 x 10 A m™.

The hitherto inferred magnetozones and subzones are schemati-
cally shown in Fig. 1 for the localities of Brodno and Bosso Valley
in their final versions and for the Puerto Escafio locality in its
present version. The magnetostratigraphic zonation of the Juras-
sic/Cretaceous boundary strata obtained for all the studied locali-
ties (except for the Rio Argos where magnetostratigraphic zona-
tion could not be established) was correlated with the calpionellid
zonation, where positions of the individual zones and subzones
were determined with the maximum precision possible (within
several centimetres). With respect to the absence of ammonites at
most localities, the Jurassic/Cretaceous boundary was placed at
the base of the Calpionella Standard Zone. At all the studied local-
ities, this boundary lies below the middle of the M19n magneto-
zone, at the level of approx. 35 to 40 % of its local thickness. An-
other significant level of the calpionellid zonation is the first
appearance of species Calpionella grandalpina, which lies at the
same position in all sections studied: immediately below the base
of the magnetozone M19r. The thin “Kysuca Subzone* (in about
the middle of the magnetozone M20n) lies always immediately
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Fig. 1. Correlation of magnetozones and magnetosubzones with some
calpionellid events.



above the base of the Crassicollaria Standard Zone (i.e., near the
base of the Upper Tithonian). The “Brodno Subzone“ (lying in up-
per part of the magnetozone M19n) is Early Berriasian in age and
always overlies the calpionellid horizon known as the acme of the
species of Crassicollaria parvula.

None of the boundaries of the calpionellid zonation precisely coin-
cides with any of the boundaries of paleomagnetic zonation. Howev-
er, in all sections studied, these two scales always show the same mu-
tually identical relationship. As it has been shown by Tavera et al.
(1994) at the the Puerto Escafio locality, the base of the ammonite Ja-
cobi Zone, defining the Jurassic/Cretaceous boundary in the ammo-
nite zonation, is older than the base of the Calpionella Standard Zone
(in this section, it lies 1 m below the base of the Calpionella Zone, i.e.,
also in the magnetozone M19n but immediately above its base, and
within the calpionellid Intermedia Subzone, according to the prelimi-
nary results). The exact positions of other important horizons of am-
monite zonation relative to magnetostratigraphic scale as well as to
calpionellid zonation are the subject of the next study.
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Introduction

The Bohemian Cretaceous Basin is filled by epicontinental ma-
rine sediments of the Cenomanian-Early Santonian age. From a pa-
leogeographical point of view, it was a shallow-water strait which is
considered to have been a probable sea way connecting the northern
margin of Tethys with the North European basins. Kollmann et al.
(1998) noted that the Bohemian/Saxonian Basin represents the
northernmost distribution of Tethyan assemblages as indicated by
nerineacean and other fauna and by paleobotanical evidence of sub-
tropical/tropical climate. They proposed that Tethyan assemblages
in the Bohemian Cretaceous Basin developed on paleo-highs (water
column within 20 m) while the assemblages of deeper portions of
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the basin were under the Boreal influence. This theory is also sup-
ported by the study of foraminifers and calcareous nannofossils.

Material and methods

Data were collected from the Gosau Group of the Northern Cal-
careous Alps, from Waschberg-Zdanice Unit of the Western Car-
pathians and from the Turonian-Coniacian interval of the Bohemi-
an Cretaceous Basin. In addition, the calcareous nannofossils were
compared with the others of the same age from the Miinster Basin,
NW Germany (Svabenicka 1986).

The foraminiferal plankton/benthos ratios were calculated and
the quantitative and qualitative analyzes of these assemblages
were made. A minimum of 300 countings per sample were made
on each nannofossil. The appurtenance of Cretaceous nannofossil
species to provinces was interpreted mainly on the basis of the re-
sults of Watkins et al. (1996) and Burnett (1998).

Results

The foraminiferal assemblages from the Bohemian Cretaceous
Basin were formed by well-preserved tests of agglutinated and
calcareous species which preferred rather cold environmental con-
ditions. The benthic species prevailed (60-70 %) and the study
from the Gosau Group show a similar character of the assemblages
(Tollmann 1960; Hradecka et al. in print). The benthic species that
are common in the Bohemian/Saxonian Cretaceous Basin (Wejda
1993; Hradecka in print) were also recorded in the Gosau Group
and Waschberg-Zdanice Unit. The following species lived syn-
chronously in the above mentioned paleogeographical areas: Tritax-
ia tricarinata Reuss, Dorothia pupa (Reuss), Bolivinopsis praelon-
ga (Reuss), Gaudryina laevigata Franke, G. carinata Franke, G.
pyramidata Cushman, Gavelinella lorneiana (d'Orbigny), G. schlo-
enbachi (Reuss), G. ukrainica (Vasilenko), Globorotalites michelin-
iana (d’Orbigny), Neoflabellina suturalis suturalis (Cushman), N.
suturalis praecursor (Wedekind), Praebulimina intermedia (Reuss),
P. hofkeri (Brotzen), Pyramidina kelleri (Vasilenko), Vaginulina tri-
lobata (d’Orbigny) and others. These species probably occupied rel-
atively deep part of the shelf sea which can be interpreted as the
middle to outer neritic environment with depths ranging between
100-200 m (Wagreich & Faupl 1996). The shallow-marine and
warm-water preferring representatives of the Miliolidae family were
recorded in only the Late Turonian-Early Coniacian sediments in
the Gosau Basin.

The nannofossil associations of the Bohemian Cretaceous Basin
resembled those in the Waschberg-Zdénice Unit and in the Miinster
Basin and shared the following features: 1. relative abundance of
low-latitude species Watznaueria barnesae which reaches up to 35-
40 %, 2. coincident first occurrence of Lithastrinus septenarius and
Marthasterites furcatus. This contrast with the Miinster Basin where
M. furcatus was observed before the appearance of L. septenarius,
3. presence of a typical, high-latitude species Thiersteinia ecclesias-
tica, 4. in the Coniacian, the frequency of Micula decussata (5-10
%) and M. furcatus (3-5 %) is higher. In Gosau Group, the nanno-
fossil associations have a different character (Hradecka et al. in
print; Wagreich et al. in prep.): 1. assemblages are dominated by W.
barnesae (44-61 %), 2. L. septenarius and M. furcatus occur in
small numbers (reaching up to 1 % in maximum), 3. M. decussata is
either absent or occurs sporadically.

Conclusion

The presence of common foraminiferal species in the Bohemian/
Saxonian Basin and the Gosau Basin suggests that during the Turo-
nian-Coniacian interval the Tethyan and Boreal provinces were in
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contact. The absence of the warm-water preferring family Miliol-
idae indicates an increasing influence of the Boreal province in the
Bohemian Cretaceous Basin. The nannoflora contain here both
Tethyan (high frequency of W. barnesae) and Boreal elements (pres-
ence of T. ecclessiastica, higher frequency of M. furcatus and M. de-
cussata species).

The nannofossil assemblages show similar features in the Bohe-
mian Cretaceous Basin, in Waschberg-Zdanice Unit and in Miin-
ster Basin, but differ in character from the Gosau Group.

The above mentioned phenomena indicate a sea way which en-
abled Boreal fauna to migrate to the northern part of the Tethys from
the North European basins (Miinster Basin) through the Bohemian
Cretaceous Basin to the depositional areas of the Waschberg-
Zdanice Unit and Gosau Group that were already parts of Tethys.

References

Burnett J., 1998: Upper Cretaceous. In: Bopwn P.R. (Ed.): Calcareous
Nannofossils Biostratigraphy. Cambridge University Press, 132-199.

Hradecka L., in print: Correlation of the Late Turonian foraminiferal as-
semblage from the Upohlavy and Brezno sections (Bohemian Creta-
ceous Basin) with some other localities (South Moravia, Germany
and Lower Austria). Geol. Carpathica.

Hradecka L., Lobitzer H., Ottner F., Siegl-Farkas A., Svabenickd L. & Zorn
I., in print: Biostratigraphy and Paleoenvironment of the marly marine
transgression of Weissenbachalm, Lower Gosau Subgroup (Middle Tu-
ronian - Early Santonian “Grabenbach Formation”, Northern Calcare-
ous Alps, Styria). Jubildaumsband 150 Jahre Geol. Bundesanstalt.

Kollmann H.A., Peza L.H. & Cech S., 1998: Upper Cretaceous Nerineacea
of the Bohemian Basin (Czech Republic) and the Saxonian Basin
(Germany) and their significance for Tethyan environments. Abh.
Staatl. Mus. Mineral. Geol. Dresden, 43/44, 151-172.

Svabenickd L., 1986: Coccolithen aus der Ober-Kreide der Bohrung Werne
8, westlich Hamm in Westfalen (NW-Deutschland). Geol. Paldont.
Westf., 6, 73-87.

Tollmann A., 1960: Die Foraminiferenfauna des Oberconiac aus der Gosau
des Ausseer Weissenbachtales in Steiermark. Jb. Geol. B.- A., Wien.,
103, 133-203.

Wagreich M. & Faupl P., 1994: Palacogeography and geodynamic evolu-
tion of the Gosau Group of the Northern Calcareous Alps (Late Cre-
taceous, Eastern Alps, Austria). Palaeogeogr. Palaeoclimatol.
Palaeoecol., Amsterdam, 110, 235-254.

Wagreich M., Svabenicka L. & Egger H., in prep.: Late Cretaceous calcare-
ous nannofossil assemblages at a transect from the northern Tethys to
the temperate realm in Central Europe.

Watkins D.K., Wise S.W., Pospichal J.J. & Crux J., 1996: Upper Creta-
ceous calcareous nannofossils biostratigraphy and paleoceanography
of the Southern Ocean. In: Moguilevsky A. & Whatley R. (Eds.): Mi-
crofossils and Oceanic Environments. Univ. Wales, Aberystwyth
Press, 355-381.

Wejda M., 1993: Biostratigraphie und Palokologie kretazischen Foramin-
iferen Faunen des Ober Turon bis Unter Coniac auf dem Kartenblatt
Dresden. Manuscript, Diplomarb., Bergakademie Freiberg.

EVOLUTION OF THE CENTRAL
CARPATHIAN PALEOGENE BASIN IN THE
SPISSKA MAGURA REGION, SLOVAKIA

J. JANOCKO and S. JACKO

Geological Survey of the Slovak Republic, P.O.Box 1, 04 00 Kosice,
Slovak Republic; janocko@dodo.sk.

Key words: Central-Carpathian Paleogene Basin, deep-water deposits,
turbidites, system tract, sea level.

Introduction

The post-Paleogene uplift of the Mesozoic and Paleozoic rocks
of the High Tatras Mts. (ca. 15 Ma ago, Krdl 1977) elevated the
oldest, buried Paleogene deposits which now flank the slopes of
the mountains and reveal a complete section through the Paleo-
gene sedimentary succession in the region. The sedimentary suc-
cession resembles the successions known from the entire northern
and eastern part of the basin (Podhale, Spi§, Levoc¢a and Saris re-
gions), however, some sedimentary features show deposition in
unique subenvironments within the basin which makes it impor-
tant for understanding basin history.

Geological setting

The CCP Basin, developed in a forearc position, lies in the
northern part of the Central Western Carpathians. To the south it is
bounded by the pre-Paleogene, Mesozoic and Paleozoic forma-
tions of the Central Carpathians. In the north it is separated from
the Outer-Carpathian Flysch zone by the Pieniny Klippen Belt.
The northernmost part of the basin extends into Poland where it is
called the Podhale Basin. The tectonics and sediments of the basin
suggest a complex kinematic history with prevailing extensional
regime and minor compression mostly occurring along the Pieniny
Klippen Belt. The main volume of the CCP Basin fill deposits con-
sists of deep-water turbidite systems prevailingly elongated in the
SE-NW direction in the eastern part of the basin and in the NW-
SE and W-E direction in the western part of the basin. A minor
volume of the basin fill is composed of perpendicular, mostly
gravity flow aprons.

Sedimentary succession

The CCP Basin fill in the region of the Spisskd Magura consists
of 1600 m thick sedimentary succession divided into 3 units reflect-
ing different stages of the basin’s evolution. Based on the analysis
of the reflection seismics (profile 754/93) the maximum thickness
of the sediments in the region is estimated at some 1600 m. Brec-
cias, conglomerates, sandstones and sandy limestones comprise the
base of the succession (unit 1). The age of the unit, determined by
analysis of nummulite fauna, is late Middle Eocene and Late Eocene
(Bartonian and Priabonian, P14-P15 zones of planktonic foramin-
ifera). The breccias and conglomerates (subunit 1-1) consisting of
angular dolomite and limestone clasts derived from the directly un-
derlying Mesozoic basement were probably deposited in front of
steep cliffs of a high relief shore as rock falls. The overlying con-
glomerate beds separated by sandstones (subunit 1-2) are better in-
ternally organized. The scoured and sharp bases of conglomerates,
their massive character, poor sorting, occurrence of separating par-
allel and cross-laminated sandstones and fining-upward trend in 6-8
m thick cycles hint at deposition by fluctuating traction flow. We
think that these sediments were deposited on a high gradient slope
in a delta fan environment by hyperpycnal flow. Sandy limestones
probably record deposition on marginal shoals.

The overlying Eocene-Early Oligocene (NP zones 17-21) depos-
its of unit 2 consist of three subunits: subunit 2-1 is composed of
thick conglomerates filling an erosional scar cut into unit 1 and the
Mesozoic basement; subunit 2-2 consists of dark shales containing
up to 5 m thick bodies of conglomerates and thick sandstone beds;
and subunit 2-3 is composed of dark shales with minor thin sand-
stone and conglomerate beds. The up to 200 m thick fining-upward
succession of subunit 2-1 coarse-grained conglomerates and sand-
stones represents the fill of a canyon cut into the deposits of unit 1
or directly into the Mesozoic rocks. The conglomerates are prevail-
ingly massive in the lower part and normally and inversely graded
in the upper part. They are separated by pebbly sandstones and me-



dium to coarse-grained sandstones. The sandstones are horizontally
laminated and cross stratified, occasionally normally graded (facies
F 4,5 and F 6 of Mutti 1992). Water escape structures are common.

The black and blackish-brown shales with thick conglomerate
and sandstone beds comprising subunit 2-2 are interpreted as basin
slope and base-of-slope deposits. The massive and horizontally
laminated shales were deposited from suspension clouds in a sub-
marine slope (or steeply inclined ramp) environment. Poor sorting,
weak internal organization and sharp bases of thick conglomerate
beds are indicative for deposits of cohesive debris flows (e.g.
Hampton 1975). The conglomerates probably originated by slope
failures on shelf edge connected to relative sea level fall. The me-
dium-grained massive sandstones (facies F 5 of Mutti 1992, S3 of
Lowe 1982) of subunit 2-2 are interpreted as high-density turbidi-
ty current deposits generated by slope failures on the shelf edge.

Unit 2 gradually passes into unit 3 mostly showing Early Rupe-
lian age on the basis nanoplankton. The alternating sandstone and
shale deposits may be divided into two subunits based on
sandstone:shale ratio and sandstone bed thickness. The spatial dis-
tribution of both subunits varies both vertically and laterally. The
deposits are interpreted as proximal and distal overbank deposits of
a turbidite system.

Discussion

The lowermost deposits of unit 1 were deposited during marine
transgression and represent a transgressive systems tract. The
coarse-grained deposits of subunit 2-1 and shales with conglomer-
ates and sandstones of subunit 2-2 are thought to be deposited dur-
ing relative sea level fall representing a lowstand systems tract.
The shales of subunit 2-3 reflect deposition in a quiet, low-energy
environment during rise of sea level (transgressive systems tract).
The gradual transition to unit 3, interpreted as turbidite system de-
posits, suggest lowering of relative sea level. The nanoplankton
from these deposits was mostly assigned to the nanoplankton
zones NP 20-21 suggesting building of this turbidite system on
the boundary between Eocene and Oligocene.

Comparison of the relative sea level curve constructed from
sedimentary record in the studied area and the eustatic sea level
curve (according to Abreau & Anderson 1998) shows little match,
suggesting that the eustatic sea level variation was not the main
trigger responsible for the sedimentation in the investigated part of
the CCP Basin. Similarly the climate during the Late Eocene and
Early Oligocene was stable (Brinkhuis 1994) and probably did not
influenced the sedimentation. It seems that the most important fac-
tor influencing sedimentation was tectonic activity. It controlled
basin size and shape, canyon floor gradient, shelf width and local
relative sea level determining the type of sedimentation and result-
ing sedimentary succession.

Conclusion

Timing and environmental interpretation of the studied deposits
provide some new knowledge on the CCP Basin’s history. The
most important determinant governing the sedimentation seems to
be tectonics. We also suggest that the shales of subunit 2-2 com-
monly assigned to the Huty Formation do not necessarily represent
a deep water deposition during one sedimentation cycle as as-
sumed so far (e.g. Barath et al. 1997; Bucek et al. 1998). On the
contrary, we think that it may represent deposition during a low-
stand of relative sea level.
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The Cretaceous epoch is one of the most variable and signifi-
cant time periods from the whole Mesozoic. The four significant
changes associated with the Cretaceous time period are:

1. major plate tectonic changes — such as a flip in the direction
of rifting in the North Atlantic from southward directed to north-
ward directed, continental plates separation; South America from
African plate, Indian and Australian plates from Antarctica and
eastern Africa;

2. paleoceanographic changes — change from latitudinal to lon-
gitudinal ocean circulation in the Atlantic;

3. climatic — the latest Cretaceous is considered by some to be
period of extreme — hot climate, perhaps resulting in major
changes in CO, in atmosphere and in ocean circulation; thus it
could be a model for future global climate development as the in-
dustrial air contamination continues;

4. economic — middle Cretaceous has globally highest source
rock potential for hydrocarbons generation from whole Phanero-
zoic, therefore it represents one of most important time period for
hydrocarbon exploration.

During Cretaceous time period, the North Atlantic Ocean and
marginal basins represented only a small part of the global oceanic
system (1), (Fig. 1). The width of the central North Atlantic during
the mid-Cretaceous was about 2000 km, thus comparable to the
present width of the Norwegian Sea. In contrast, the Pacific Ocean
occupied more than half of the globe. Consequently, smaller scale
tectonic or climatic changes are reflected in the sedimentary de-
posits of the North Atlantic, but less likely they can be read in the
sediments of the Pacific Ocean. The Cretaceous paleogeography
of the North Atlantic oceanic basin and its margins was inherited
primarily from the Triassic-early Jurassic rifting of Pangea. Seven
different rifting processes, some of which could occur simulta-
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Fig. 1. Plate tectonic reconstruction of Early Cretaceous (Aptian), modified after Scotese 1991 (1).

neously but in different parts of the same basin, resulted in geo-
morphologic and paleogeographic interbasinal variability. These
rift related processes include: 1) pure or simple shear; 2) separa-
tion by translation or rotation; 3) symmetry or asymmetry of rift
basins; 4) synchronicity or diachronism of rifting; 5) single or
multiple rifting; 6) subaerial or submarine rifting; 7) volcanic or
avolcanic rifting. Awareness of such variability is important in
studies of biota and eustatic sea level change.

The floor of the early Cretaceous central North Atlantic Basin
was underlain by oceanic crust formed during the middle and late
Jurassic (2). Important changes in the direction of continental rifting
and oceanic spreading occurred near the Jurassic-Cretaceous
boundary, as the region north of the Gibraltar-Newfoundland frac-
ture zone underwent renewed submarine rifting. Final separation of
the North American and European continental plates occurred dur-
ing the Aptian and Albian, when the Grand Banks of Newfound-
land, Galicia Bank and southern Europe drifted apart (3). At the
same time, continental extension affected the equatorial region of
the Atlantic with South American continental plate separating from
Africa. This is confirmed by the major paleogeographic changes oc-
curring at the post-rift unconformity separating different sedimenta-
tion regimes in the Aptian of the Potiquar and Reconcave basins of
Brazil, and in the Gulf of Guinea. The effect of this plate separation
on changes on ocean circulation is poorly understood. Until the
opening of the equatorial Atlantic seaway, deep water flow from the
Pacific Ocean extended through the Mediterranean Tethys and cen-
tral North Atlantic into the proto Gulf of Mexico and across the cen-
tral America seaway back into the Pacific. This circumglobal Tethys
current had to change during the late Cretaceous with the opening of
the equatorial Atlantic seaway. A brief period of oxidized bottom
waters, indicated by the occurrence of reddish colored deposits in
the Cape Verde Basin (4), may reflect this change. However, the de-
velopment of a deep seaway, promoting meridional oceanic circula-
tion in the Atlantic is poorly time-constrained and the influence of
such a seaway on abyssal deposits remains untested.

The oceanic sedimentary deposits provide information not only
on changes in ocean circulation, but also on water chemistry, bio-
productivity and climate. Continuing pelagic carbonate deposition

from upper Jurassic into early Cretaceous indicates that no sub-
stantial changes occurred in the depositional regime and pale-
oceanography of the western Tethys during this time. The first
changes occurred in the Valanginian-Hauterivian, when organic-
rich shale beds became intercalated within pelagic carbonates. In
the Aptian, the black shale became the dominant lithology (3, 4)
and their deposition continued into Cenomanian. Three brief peri-
ods characterized by an dysoxia/anoxia and '*C isotopic shifts in
the midst of a longer period of intermittent oxygen dexyciancy ex-
tending from late Barremian till early Turonian. Various hypothe-
ses, such as a sudden rise in CCD, change in ocean circulation and
water chemistry, bottom anoxia (5) were suggested to explain this
change in sediment composition, but none of these theories is yet
fully accepted. The timing of the onset of “black shale” deposition
is broadly synchronous with thermal subsidence of the oceanic
crust below CCD in western Tethys. Therefore, non-carbonate
composition of middle Cretaceous sediments in the western Tethys
reflects the thermal subsidence of ocean crust in this region. That
pelagic carbonate deposition did not resume in the central North
Atlantic would support the latter conclusion. However, the mid
Cretaceous black shale facies is also extensive in the southern At-
lantic, where the ocean crust is of early Cretaceous age. Therefore,
the origin of mid-Cretaceous black shale facies is much more
complex and their origin is continuing subject of disputes. If there
is a uniqueness to the Aptian-Albian deep-sea deposits, than it is
in the enrichment and preservation of terrestrial and marine organ-
ic matter (4, 6). It is significant that the increased input or organic
carbon into marine deposits coincides with the evolution and ex-
pansion of angiosperms and with a climatic shift from subtropical
to temperate-humid. This climatic change is reflected in high dep-
ositional rates of Aptian to lower Cenomanian deep-sea clastic
sediments in the central North Atlantic, which were locally depos-
ited at rates exceeding 100 m/m.y., and therefore were instrumen-
tal in organic carbon preservation. In comparison depositional rate
for late Cretaceous sediments in the central North Atlantic was
only several mm/m.y. (7).

The depositional conditions in the central North Atlantic
changed dramatically after deposition of a prominent organic-rich
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Fig. 2. A schematic diagram of the carbon cycle in the ocean, modified after Najjar 1992 (14).

shale horizon at the Cenomanian-Turonian boundary (3). This C/T
horizon is correlative with the Bonarelli horizon outcropping in It-
aly. The predominantly marine organic matter locally exceeds
30 % in this clayey horizon. The isotopic analyses of marine car-
bonates and organic matter in this horizon (8) show a sharp in-
crease in their *C/2C isotope ratio. This isotopic shift indicates
an increase in the rate of sedimentary burial of '*C-depleted or-
ganic matter, which is corroborated by deep-sea deposits. The en-
hanced burial rate should have led to a significant drop in the at-
mospheric CO, concentration, which could explain the apparent
climate cooling in early Turonian (9). Study of stable carbon iso-
topes from specific compounds from terrestrial leaves and marine
phytoplankton (10) suggests that such event was rapid and lasted
about 60,000 yr, and was accompanied by a change in plants from
C3 to C4.

The C/T black shale horizon in the central North Atlantic is
overlain by a multicolored, zeolitic clay, deposition of which in
western Tethys continued throughout most of the late Cretaceous
(7). The low sedimentation rate and clay mineral composition of
this zeolitic clay reflects a major eustatic sea-level rise. Therefore,
the C/T black shale horizon (correlative with the Bonarelli horizon

of the western Tethys) developed during the initial stage of major
eustatic sea-level rise. This rise would result in the development of
a “hydrodynamic barrier”, so that terrigenous sediment from the
continent could not be transported into the deep sea. With the con-
tinual transport of nutrients in solution from the continent, very fa-
vorable, brief conditions developed for rapid increase in biopro-
ductivity, as recorded by the deep-sea deposits.

Not all of major paleogeographic and paleoceanographic chang-
es seen in the basinal deposits of western Tethys are recorded in
the marginal North Atlantic basins and vice versa. For example,
one of the most significant, eustatic sea-level draw-down recorded
by the expansion of sand-transporting, fluvial systems and deltas
during early Cretaceous (11), is mostly unrecorded in the deep-sea
deposits. In a contrast terrigenous sediment influx during the late
Barremian-Aptian, associated with major sea-level rise,
“drowned” the remnants of early Cretaceous carbonate platforms
along the eastern North American margin (12) and is broadly syn-
chronous with the onset of a major change in the pelagic sedimen-
tation in the western Tethys (13).

The intrinsic relationship of the sedimentary regimes, paleo-
geography and paleoceanography provides a different focus on the
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marine carbon cycle, and allows to suggest an alternative hypothe-
sis for the origin of extensive late Cretaceous chalk deposits in
western Europe. The Jurassic-Cretaceous deep-sea deposits in the
central North Atlantic document three distinct changes in the car-
bon reservoir. Carbon was buried as calcium carbonate during the
late Jurassic-early Cretaceous and as organic carbon during the
Aptian-early Cenomanian. As result of the organic matter rem-
ineralization, the acidity of seawater increased, which resulted in a
shallower CaCOj; saturation level. The third major change oc-
curred after the Cenomanian, when no carbon accumulated in the
North Atlantic deep-sea sedimentary reservoir. The particulate or-
ganic matter, which rained down, was incorporated into a deep,
dissolved, inorganic carbon (DIC) pool (14) (Fig. 2). The close
synchronicity between cessation of organic carbon burial in the
deep central North Atlantic and the initiation of extensive chalk
deposition over the western European shelf, suggest that both pro-
cesses are intrinsically related. The extensive deposition of late
Cretaceous chalks on western European shelf can be explained by
“inclined carbonate pump”, fueled by the upwelling of eastward
flowing, deep, central Atlantic water, saturated with DIC and en-
riched in nutrients. As this upwelled water was mixed on the shelf,
the biological activity in the euphotic zone converted DIC into
calcium carbonate and organic matter (Fig. 2). The above hypothe-
sis provides evidence for a different oceanic circulation system in
the North Atlantic during late Cretaceous, which was dominated
by a strong clockwise gyre in the central North Atlantic.

The last significant event, which occurred during the latest Cre-
taceous, is a meteorite impact in Yucatan, Mexico. The impact has
been biostratigraphically placed at Cretaceous/Tertiary boundary
(15). It resulted in 65 % of marine biota, dinosaurs extinctions
(16), and in a collapse of a part of the Yucatan continental margin.
The margin collapse produced debris flow that scoured deep ocean
basin floor and can be traced for thousands of km from the impact
site to Cuba (17). It should be noted that outside of the Carribean
and Gulf of Mexico the impact of such large meteorite on the
physical environment is unrecorded.
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Interaction of sea level changes and tectonics had an important
influence on the paleogeography and paleoenvironment of the
Central Western Carpathian basins (Table 1). The depth and the
shape of the basins were predominantly controlled by the main
tectonic events. Eustatic oscillations, reflected in coastal onlaps
were followed mostly by the rise of water paleodepth in the off-
shore environment. The correlation of the constructed curves for
the coastal onlap and predicted paleodepth with global reference
curves (Haq 1991) shows some discrepancies, predominantly
caused by tectonic events during the basin development.

In contradiction to the Burdigalian continuous relative sea level
rise in the Mediterranean (TB 1.5 and TB 2.1 cycles), the paleoen-
vironment of the Vienna and East Slovak Basins changed from
deep water high-energy to shallow water low-energy due to the
compressive collision tectonics in the front of the orogen. The
Late Egerian-Eggenburgian transgression (zone NN2) was fol-
lowed by deepening of the sedimentary environment. The Ottnan-
gian marine ingressions observed in the back arc area (Novohrad
(Nograd) Basin) can be related to highstand conditions. Latter on,
during the Late Ottnangian (zone NN3) a brackish paleoenviron-
ment developed in the Vienna Basin. In the East Slovak and Novo-
hrad (Nograd) Basins the uplift was associated with hiatus or dep-
osition of terrestrial coal bearing formations.
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Table 1: Table illustrating the relationship among chrono- and biostratigraphical division of the Western Carpathian Neogene, Carpathian-Pannonian 3"-order
cycles (CPC) of the sea level changes, first and last appearence of index microfossils (FAD and LAD), as well as correlation between Haqs (1991) eustatic
curve, constructed coastal onlap and supposed paleodepth of the Vienna, Danube, Pétervasara (Filakovo), Novohrad (Nograd) and East Slovak Basins.
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The Karpatian transgression (zone NN4) and highstand deposi-
tional system can be correlated with transgression and global sea
level rise of the TB 2.2 cycle. The intra-Karpatian sea level oscilla-
tions have a regional character and were tectonically controlled dur-
ing the stage of initial rifting in the Western Carpathian basins. In
the East Slovak Basin the local sea level drop led to a salinity crisis.
The following Langian sea level change of the global TB 2.3 cycle
(zone NN4) is observable only in the East Slovak and (Nograd) No-
vohrad Basins. In the Vienna and Danube Basins the erosion of up-
lifted areas or terrestrial deposition in depressions occurred between
the Late Karpatian and beginning of the Early Badenian.

Pronounced Serravalian transgression followed by highstand is
observed in the Vienna, Danube and East Slovak Basins during the
extensional synrift stage of development in the late Early Bade-
nian and Middle Badenian (zone NNS5). This relative sea level
change can be correlated with the global TB 2.4 cycle. The falling
stage and lowstand at the end of this cycle is expressed only in the
East Slovak Basin by the evaporite sedimentation. The next sea
level change, which can be correlated with the global TB 2.5 cycle
is proved by transgression followed by deepening of the sedimen-
tary environment and stratification of water masses during the
Late Badenian (zone NN6-NN7 lower part) in all the Western Car-
pathian basins.

The last well observed Serravalian global sea level change that
can be correlated with the TB 2.6 cycle (sensu Haq 1991) was as-
sociated with the Sarmatian transgression (zone NN7), highstand
and gradual shallowing. The local sea level rises or falls were con-
trolled by synsedimentary tectonics during the basin development.

The Late Miocene global sea level changes cannot be satisfacto-
rily interpreted and correlated in the Western Carpathian basins
due to their isolation and lack of relevant chrono- and biostrati-
graphical data in the Pannonian and Pontian deposits.
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The Magura Flysch Zone is on the contact of the Outer Flysch
Group and Central Carpathians. Geochemical investigation of rocks
is focused to the compounds which give the best evidence of the
sedimentary environments and postdepositional alterations under
conditions of increased temperature and pressure. Organic matter
and clay minerals are the most sensitive indicators of these factors.
The sedimentological research include a taxonomical detailed re-
search of selected leading and index species and testing their strati-
graphic range using planktonic foraminifers and nannofossils. Con-
glomerate layers of the Magura Flysch Zone contain locally
abundant granitoid pebbles. Several hundreds of microprobe analy-
ses of detrital garnets from flysch sandstones were evaluated. The
paper summarises all available lithological, sedimentological,
geochemical, and petrophysical data from the frontal part of the
Magura Flysch Zone and should contribute, in this way, to the for-
mulation of a comprehensive model of the Magura Basin evolution,
tectogenesis and erosion. A special attention is given to the compo-
sition of shales and sandstones that constitute the major part of sedi-
ments and occur in all lithostratigraphic units. A synthesis of new
data in a geodynamic model of evolution of the Magura Flysch
Zone will formulate what mechanism of basin opening and filling,
orogeny and forming of nappe structures is involved.

The general trends are characterised in changes of clastic garnet
associations in the entire sampled stratigraphic interval, and the
psammites of the Cretaceous units are compared with the Paleo-
gene ones. The overall character of the garnet associations is al-
most identical both in quality and quantity. This suggests little
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changes in the material sources of the clastics and frequent rede-
position during the basin evolution of the partial Raca Unit of the
Magura Flysch Zone. Another common feature is the dominant oc-
currence of the clastic garnets typical of greywacks and conglom-
erates of the Eastern and partly also Western Part of the Mora-
vosilesian Culm Basin. Pyrope-almandine and grossular-pyrope-
almandine are the major garnet assemblages. The maximum diver-
sification in the source units is manifested in the most variable
clastic garnet assemblages in the Upper Cretaceous. In the Paleo-
gene, simplification of the garnet assemblages occurred and clear-
ly zoned garnets became more frequent. In the marginal Hostyn
Zone of the Magura Flysch Zone the clastic garnets in the sand-
stones are very polymict both in the Hostyn and Rusava Members.
In general, the variety of the clastic garnets in the Hostyn Zone is
very similar to that encountered e.g. at the base of the Jeseniky
Mts. part of the Easter Part of the Moravosilesian Culm (base of
the Upper Viséan).

Earlier pebble analyses of the coarse-grained sediments include
carbonates (Sotdk 1992), granitoids and metamorphites were in-
vestigated newly (Hanzl 1998). The crystallisation ages of mona-
zite in the granite pebbles of the Soldan Formation and Rusava
Member correspond to the magmatic activity at the Devonian/
Carboniferous boundary. It is evident that the studied samples can-
not be derived from the Cadomian Brunovistulian crystalline base-
ment. Ages of about 350 Ma are very frequent in the I/S granites
of the Tatric Unit of the Western Carpathians.

Results

According to traditional opinions, the Silesian cordillera sepa-
rated the basins of the external Outer Flysch Zone and Magura
Flysch Zone. The present petrographical and geochemical exami-
nation of the granite pebbles in the conglomerate layers in the
Magura Flysch Zone suggests, in contrary to the earlier authors,
that their origin is different from the Brunovistulian crystalline
unit. The studied samples are of calc-alkaline character with domi-
nant peraluminous affinity and geochemically they can be corre-
lated with the Variscan granites of the Moldanubian unit and the
Western Carpathians. The preliminary conclusion is that the possi-
ble source area of the marginal Magura Flysch Zone sediments is a
basement equivalent to the Variscan consolidated margins of the
North European Platform—Moldanubian of the Bohemian Massif.
The palinspastic position of the Magura Basin probably occurred
south of the present North European Platform margin in the area of
the present Eastern Alps or even more to the south. The nappes of
the Magura Flysch Zone were juxtaposed to the Outer Flysch Zone
units during the Eocene and Oligocene orogeny. Our conclusions
support the hypothesis of a lateral extrusion of the Magura Flysch
Zone at the boundary zone of the Alpine and Carpathian paleogeo-
graphic domains (Ratschbacher et al. 1991).

Acknowledgement: The financial support of the Grant Agency of
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knowledged.
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The results of sedimentological and paleoecological studies
(Birkenmajer 1958, 1975, 1986; Krobicki 1994, 1996; Stomka
1986) carried out in the Pieniny Klippen Belt and in the Outer Car-
pathians — Silesian Unit are discussed in this paper.

They were very important parts of the northernmost margin of
the Western Tethys during the Jurassic/Cretaceous evolution of the
whole Carpathian domain.

The effects of the Neo-Cimmerian tectonic movements (Oster-
wald Phase) in the Pieniny Klippen Belt are particularly well-visible
in both the Tithonian and Berriasian sediments. Several tectonic
horsts and grabens were formed partly on the older, Eo- and Meso-
Cimmerian faults (Birkenmajer 1958, 1975, 1986). These move-
ments, which affected mainly the shallowest zone (Czorsztyn Suc-
cession) of the submerged intraoceanic Czorsztyn pelagic swell
(sensu Misik 1994), are documented by facies diversification, hard-
grounds and condensed beds with ferromanganese-rich crusts and/
or nodules, by sedimentary/stratigraphic hiatuses, neptunian dykes
and/or fauna redeposition, and also by sedimentary breccias
(Birkenmajer op. cit.). The best example of synsedimentary breccia
occurs within widely distributed, exclusively carbonate sedimenta-
tion of the Berriasian Lysa Limestone Formation which is tripartite
and consists of Harbatowa Limestone Member, Walentowa Breccia
Member and Kosarzyska Limestone Member (Birkenmajer 1977).
The first and third members are represented by crinoid-brachiopod
sparritic and micritic limestones. However, the most typical product
of synsedimentary tectonic activity is the middle member (Calpi-
onellopsis Zone (D) — Wierzbowski & Remane 1992) composed of
light-coloured pelagic limestones containing angular fragments of
micritic limestones of older, underlying beds (so-called Callpionella
limestones — Sobotka Limestone Member of the Dursztyn Lime-
stone Formation), interpreted as synsedimentary scarp breccia
(Birkenmajer 1958, 1975, 1986). Sedimentation of this breccia co-
incides very well with the moment, when the shallowing effect was
strongest, as indicated by synchronous, very rapid change of brachi-
opod assemblages from “deep” to “shallow” types (from predomi-
nating pygopids s./. to thynchonellids) (Krobicki 1994, 1996). The
sedimentation depth after Neo-Cimmerian uplift can be estimated
on the basis of paleoecological considerations which indicate that
the deposition of the Lower Berriasian Rogoznik coquina (partly
facies equivalent of the Sobotka Limestone Member) took place at
depths between 400-500 m (Cecca 1992). The sedimentological
and the paleoecological data suggest that the Neo-Cimmerian up-
lift of the sea-bottom, reflected in the shallowing-upward record
of sedimentation, reached about 100-200 m.

In the Outer Carpathian basins the most peculiar feature is the
presence of the set of E-W trending troughs, separated by subma-
rine and emergent ridges (cordilleras). The Silesian Basin is one of
the oldest Carpathian basins. To the north it was bound by the Sub-
silesian Ridge containing the Baska and Inwatd cordilleras and to
the south it was bound by the Silesian Ridge.

The Cieszyn Beds (Kimmeridgian-Hauterivian) are the oldest
stratigraphic unit of the Silesian Nappe in the Outer Carpathians.
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Fig. 1. Sketch of the Berriasian paleogeography of the Carpathian Basin and
lithostratigraphic profiles of the Cieszyn Beds (A) (after Stomka 1986): 1 —
Lower Cieszyn Shales; 2 — Lower Cieszyn Limestones; 3 — Upper Cieszyn
Limestones; 4 — Upper Cieszyn Shales; 5 — debris flow deposits; and Ti-
thonian/Berriasian units of the Pieniny Klippen Belt (B) (after Sobodtka
Klippe at Czorsztyn — lithostratigraphical units based on Birkenmajer
1977, stratigraphy after Wierzbowski & Remane 1992): 1 — Czorsztyn
Limestone Formation (red nodular limestone — Ammonitico Rosso type); 2
— Sobodtka Limestone Member of the Dursztyn Limestone Formation (mi-
critic — Calpionella limestone); 3-5 — Lysa Limestone Formation: 3 —
Harbatowa Limestone Member (crinoid-brachiopod limestone); 4 — Walen-
towa Breccia Member (limestone breccia); 5 — Kosarzyska Limestone
Member (crinoid-brachiopod limestone); 6 — detailed view of the Walen-
towa Breccia Mbr. with redeposited clasts of the Sobdtka Limestone Mbr.
Detailed explanations — see text.

They consist mainly of detrital and pelitic limestones, calcareous
sandstones, marls and marly shales. Their maximum thickness ex-
ceeds 800 m. However, the source area that supplied clastic mate-
rial for the Cieszyn Beds is still a matter of discusion. Two con-
cepts were proposed—the first postulated by Ksigzkiewicz (1960),
Peszat (1967) and Malik (1986), holds as the source area exclu-
sively the Inwald Ridge, while the second, advocated by Nowak
(1973), Mencik (red.) (1983), Elias & Eliasova (1984), Stomka
(1986) and Matyszkiewicz & Stomka (1994) suggests an addition-
al supply from the islands located at the northern margins of the
Silesian Ridge.

The Cieszyn Limestones and Upper Cieszyn Shales cropping out
in the Zywiec region comprise several debris-flow deposits. Their
thickness in the particular outcrops ranges from 2.5 to 30 meters.
The share of the clastic framework does not exceed 30 %. These
sediments can be correlated with the facies A1.3 of Pickering et al.
(1986) and facies GyM of Ghibaudo (1992). They include numerous
fragments and pebbles of detrital and pelitic limestones of the
Cieszyn Beds, organodetrital limestones, marly shales, carbonifer-
ous and metamorphic rocks — granitic gneisses, gneisses and crys-
talline schists. Pebbles are randomly arranged in a mass of struc-
tureless, hard, marly silt. Generally both, the clays and embedded
lumps of limestone have bends and folds closing towards the north
suggesting that the sliding mass moved from the south.
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Debris flow deposits indicate the building of the Silesian Ridge
during the initial development of the active cordillera. The carbon-
ate platform was developed at the submarine ridge. The basis of
the carbonate platform consisted of Paleozoic sedimentary and
metamorphic rocks. During the uplift of the Silesian Cordillera the
part of the basin floor covered with the Cieszyn Beds facies rose.
Tectonic activity of the Silesian Ridge caused that the part of the
Silesian Basin floor rose. The Cieszyn Beds were eroded again
and redeposited as debris flows. Much greater participation of the
coarse-grained facies of the Upper Cieszyn Limestones and the
appearance of mass-movement debris-flow deposits containing the
fragments of the older Cieszyn Beds and exotics of the basement
rocks suggest a higher rate of uplift during the Neo-Cimmerian ac-
tivity (Osterwald Phase). As a result the following islands
emerged in the east. Tectonic movements of the Silesian and Sub-
silesian ridges were probably connected with the development of
initial rifting in the Silesian Basin, as documented by the presence
of teschenitic magmatism.

Almost simultaneous tectonic events that took place in different
types of sedimentary basins (Pieniny Klippen Belt and Outer Car-
pathians — Silesian) indicate how important was the role of the
Neo-Cimmerian movements (mainly Osterwald Phase) in the geo-
dynamic history of the northermost margin of the Tethyan Ocean
(Fig. 1). The evolution of several, mainly longitudinal, Carpathian
basins was probably connected with subduction processes (e.g.
initial stages of subduction of the oceanic crust of the Pieniny
Klippen Belt Basin under the southern, active margin (ridge) are
related to these movements — Birkenmajer 1986), riftogenesis
(Silesian Basin — Nargbski 1990; Vasicek et al. 1994), volcanic
activity (Rakus et al. 1988) and even paleoceanographical condi-
tions (Birkenmajer 1986; Krobicki 1996). However, all alterna-
tives were most probably connected with the Neo-Cimmerian tec-
tonic event. Alternatively, the formation of such allodapic rock
beds may also be interpreted as an effect of eustatic events (lito-
horizone Be-7) and very well corresponds with the Berriasian part
of the Nozdrovice Breccia within the Inner Carpathians (Rehakova
& Michalik 1992; Michalik et al. 1995, 1996) that developed as a
scarp breccias along the active submarine fault slopes (Michalik &
Rehakova 1995).
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Mining & Metallurgy, Cracow (No. 11.140.598 & 11.140.51).
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The objective of this study is to highlight some similarities and
differences between the styles of paleotectonic deformation of
rock complexes exemplified by the Western Carpathians (WCA)
and the Bohemian Massif (BM), subjected to Alpine and Variscan
tectonics, respectively. The global tectonic interpretations are
based on the analysis of paleomagnetic data accumulated to the
present day in considerable amounts for the Alpine as well as
Variscan tectonic belts. The whole WCA are assigned to the Al-
pine tectonic belt, and pre-Early Permian formations in the BM are
assigned to the Variscan tectonic belt. Both these territories be-
came subject to intensive paleomagnetic studies in the last thirty
years or more. However, the territories of the WCA and BM are
relatively small to serve as bases for global tectonic interpreta-
tions. Experimentally inferred paleomagnetic results were there-
fore interpreted in the context of data derived from rocks coming
from large regions of the European continent. For the WCA, pale-
omagnetic data were derived from Permian to Neogene rocks and
the interpretation of results was preceded by processing of paleo-
magnetic data from the broader region of the Alpine-Carpathian-
Pannonian zone extending from the Permian to the Neogene. In
the territory of the BM, paleomagnetic data were inferred from
Early Cambrian to Middle Devonian rocks of the Barrandian area
(considered a peri-Gondwanide terrane), Middle to Late Devonian
rocks of the Moravian Zone (eastern margin of the BM, a separate
terrane?) and numerous data were inferred from Late Carbonifer-
ous to Early Permian rocks from different basins and grabens of
the BM. In the BM, paleomagnetic results were obtained from
rocks of Variscan and pre-Variscan age and even the waning of
Variscan tectonic deformations was recorded on the basis of the
decreasing dispersion of paleomagnetic pole positions. Results
from the BM were interpreted again in the context of all-European
data derived from the Devonian to Triassic rocks from large re-
gions of Europe, from the territories north of the Alpine tectonic
belt and west of the Ural Mts as far as to Great Britain. Paleomag-
netic results from the BM, including inferred paleolatitudes for the
respective formations and paleomeridian orientations, were inter-
preted in relation to the all-European Phanerozoic results. Paleo-
magnetic data mostly inferred by only one laboratory but supple-
mented by some data from Slovak, Hungarian and Polish
geophysicists from the WCA and by some data of the paleomag-
netic team in Munich from the BM allow: i) to demonstrate on the
example of the Barrandian area some methodological problems re-
lated to paleomagnetic examination of terrane paleogeography, ii)
to determine the extent of horizontal paleotectonic rotations as the
dominant tectonic deformational effect in all the hitherto studied
rock complexes in the WCA and in Variscan and pre-Variscan for-
mations in the BM.

In the territory of the WCA, rocks from the Inner and Outer Car-
pathians and the Klippen Belt were studied by paleomagnetic
methods and results for the Permian to Neogene interval were ob-
tained. The interpretation of data inferred from a relatively small
area of the WCA was, however, preceded by statistical and global
tectonic processing of paleomagnetic data from the broader region
comprising Permian to Neogene rocks of the Outer Western and
Eastern Carpathians, Inner Western Carpathians including the Lit-
tle Carpathians. A paleogeographical affinity to the African Plate
was found for most of the studied nappes, nappe systems or partic-
ular microblocks. Orientations of paleomeridians for the individu-
al areas of the Alpine-Carpathian-Pannonian zone indicated a pre-
dominating counter-clockwise paleotectonic rotation. Clockwise
rotations were evidenced only for the NE Alps (documented for
the Jurassic and Cretaceous only) and the Outer Eastern Car-
pathians (documented for the Jurassic and — with less probability
— also for the Cretaceous). For the first time ever, horizontal pale-
otectonic rotations were proved for Permo-Triassic rocks of the
WCA already in the initial phases of paleomagnetic studies
(Kotasek & Krs 1965). It was only after the inference of larger sets
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Fig. 1. Western Carpathians. Dependence of paleodeclination, paleoinclination and paleolatitude values on geological age for rocks of the Inner Western

Carpathians, Klippen Belt and Outer Western Carpathians, see text.

of paleomagnetic data for the Alpine tectonic belt and a detailed
paleomagnetic study in the WCA that sufficient amounts of data
were obtained. These data permitted us to formulate a theoretical
model simulating the distribution of paleomagnetic pole positions
due to horizontal rotation of rock complexes (first published by
Krs, Pruner & Potfaj 1992, and later extended by Krs, Krsova &
Pruner 1996). Rocks from the Alpine tectonic belt thus provided
evidence that, besides the effect of continental drift, local and re-
gional deformations markedly affect the distribution of paleomag-
netic pole positions, being mostly represented by horizontal rota-
tions of whole rock complexes, nappes, etc. In the Tethyan realm,
horizontal paleotectonic rotations were proved and exemplified in
a number of case histories (cf. Morris & Tarling 1996 and others).

The values of paleodeclinations, paleoinclinations and paleolat-
itudes for rocks from the WCA in dependence on geological age

are shown in Fig. 1. The “Geological Time Table” of Haq & Van
Eysinga (1987) was used as the reference time scale. Numbers
with the respective data correspond to reference numbers under
which the studied rock formations are listed in the database of Krs,
Krsova & Pruner (1996, Table 1, p. 178). Additional data recently
inferred from virtual pole positions (derived from carbonate
rocks) are marked by letter V. The dispersions of paleomagnetic
directions are relatively wide; similar dispersions were also in-
ferred for rocks from other regions of the Tethyan realm, the Iberi-
an Meseta and adjacent mobile belts, Corsica and Sardinia, from
the territory of Italy including the adjacent parts of the Alps, from
Greece and S Bulgaria, from the Transdanubian region and the
Adriatic promotory, and also from Turkey including the eastern
Aegean region and Cyprus (cf. Van der Voo 1993). Paleoinclina-
tion values, thus also the paleolatitudes inferred from them, are
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charged with considerable errors partly also resulting from the in-
clined bedding planes of flysch sediments. The most prominent
paleolatitudinal drift dates from the Permian and Triassic and sim-
ilar drift was also documented for the Permo-Triassic rocks of the
European lithospheric plate (cf. Dercourt, Ricou & Vrielynck
1993). Marked differences are, however, also present in paleomag-
netic declinations, frequently even for rocks of close or identical
ages but coming from different areas of the WCA. These differ-
ences in paleomagnetic declinations result from prominent hori-
zontal paleotectonic rotations of whole rock complexes.

The results of the paleomagnetic measurements presented in
Fig. 1 relate to the individual rock formations and to specific lo-
calities or areas. The inferred data were processed using yet anoth-
er method: the values of paleodeclinations and paleolatitudes were
recalculated from the paleomagnetic pole positions for a single

reference point in the WCA with coordinates of ¢ = 49°N and A =
17°E. Averaged values of paleomagnetic declination and inclina-
tion were extrapolated to the same reference point from pole posi-
tions for stable Europe published in the papers of Van der Voo
(1993), Besse & Courtillot (1991), Krs & Pruner (1995) and from
pole positions for Africa and western Gondwana given by Van der
Voo (1993) and Besse & Courtillot (1991). Comparison of paleo-
declinations and paleolatitudes recalculated for the same reference
point confirmed the paleogeographical affinity of the studied
rocks of the WCA to the African Plate.

Similar paleotectonic rotations of whole rock complexes, as
originally experimentally inferred and tested on models in the Al-
pine tectonic belt, were later interpreted also in the Hercynian mo-
bile belt including the territory of the BM. Tectonic stability of the
BM was paleomagnetically documented for Early Permian rocks



from different basins and grabens, Late Carboniferous rocks gen-
erally showed a higher dispersion of paleomagnetic data (Krs
1968). The former paleomagnetic results from Permian and Car-
boniferous rocks of the BM were later confirmed using more ad-
vanced interpretation and laboratory techniques, particularly the
multi-component analysis of remanence (e.g. Kirschvink 1980)
and employing the newly developed MAVACS demagnetizer se-
curing a high magnetic vacuum in the process of progressive ther-
mal demagnetization of rock samples (Pfihoda et al. 1980; see da-
tabase in Table 5, p. 19, in Krs & Pruner 1995). Statistical
processing (Fisher 1953) has shown that the semi-vertical angle of
the confidence cone at the 95 % probability level a5 = 2.9° for
seven pole positions inferred from Early Permian rocks and g5 =
6.8° for seven pole positions inferred from Late Carboniferous
rocks. The most remarkable difference in paleomeridian orienta-
tions was detected between the block of the Intrasudetic and
Krkonose Piedmont Basins on one side and the block of the Plzen
and Kladno-Rakovnik Basins on the other side with the paleoazi-
muth difference being 17° + 4°. Permian pole positions inferred
for rocks from a large part of Europe west of the Ural Mts to Great
Britain and north of the Alpine tectonic belt were also processed
using the statistics of Fisher (1953). From the total of 71 Permian
pole positions, Ogs = 2.0° was calculated indicating consolidation
of the European Plate in the Permian (as a component of the
emerging Pangea supercontinent). Values of paleomagnetic decli-
nation determined for rocks older than Early Permian SW of the
Trans-European Suture Zone (TESZ) vary considerably from area
to area even for rocks with the same values of paleomagnetic in-
clination. Prominent paleoazimuth differences for pre-Early Per-
mian rocks in the West European Hercynides (i.e., SW of the
TESZ) were reported by Edel (1987); paleomeridian orientations
indicate predominantly clockwise rotations. Middle Carboniferous
rocks in the West European Hercynides show mean values of
clockwise rotation of approx. 50° and the values for Early Carbon-
iferous reach extreme values of clockwise rotation of 120°. Simi-
lar and even higher values of anomalous paleomagnetic declina-
tions were also reported for rocks of the BM: for the Devonian
rocks from the Barrandian area and Moravian Zone and generally
for all hitherto studied pre-Variscan formations of the Barrandian
area ranging from Early Cambrian to Devonian in age (Krs, Krs-
ova & Pruner 1997).

The values of paleomagnetic declination, inclination and pale-
olatitude inferred from the hitherto studied rocks from the Barran-
dian area, Moravian Zone, Late Carboniferous and Early Permian
rocks from different basins and grabens in the BM are shown in
Fig. 2. The data calculated from paleomagnetic pole positions (see
databases in Krs 1968; Krs & Pruner 1995; Krs, Krsova & Pruner
1997) are marked by numbers. Data calculated from hitherto un-
published virtual pole positions inferred from Early to Middle De-
vonian rocks of the Barrandian area are marked by symbols (D1),
(D2), (D3) and (D4). The data calculated from paleomagnetic pole
positions inferred for the Ordovician and Silurian rocks from the
Barrandian area by paleomagnetists from Munich (Tait, Bachtadse
& Soffel 1994a,b, 1995) are marked by symbols M1, M2 and M3.
The values of paleomagnetic declination for Early Variscan and
pre-Variscan rocks from the Barrandian area as well as the Mora-
vian Zone are markedly anomalous, reflecting horizontal paleotec-
tonic rotations due to the Variscan Orogeny.

The results of the paleomagnetic investigations presented in
Figs. 1 and 2 provide a basic overview of aspects of global tecton-
ic interpretations in Central Europe. The paleomagnetic data were
inferred for rocks from two belts tectonically differing in space
and